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PREFACE 

No longer can the U.S. Government be considered an evergreen 
money tree, forever offering fruit for unrestricted picking. Just as 
ecologists are convincing us that our natural resources are not limit­
less, the Government must convince the world that U.S. Government 
monetary resources are not inexhaustable. Restraints on Government 
spending must be enforced, or Lhe United States, long the world's 
richest nation, will face bankruptcy. 

PUblication of this guide does not mean the Government is launch­
ing a crusade to starve Government contractors. The writers of this 
guide are firm believers in profit, free trade, and the American 
economic system. The Government will continue to award contracts and 
pay costs and fees. Indeed, this guide represents no establishment 
of Government policy, but only an attempt to train direct cost analysts 
to ensure the Government pays fair and reasonable direct costs. We 
seek to teach beginners in direct cost analysis how to be effective 
in their work. 

"Fair and reasonable" may sound like an ambiguous goal. It is; 
for no matter what formulas and techniques are used, in the end the 
costs charged to the Government must represent compromises between 
the Government and contractor. But these compromises also should be 
close to the "real" costs the contractor actually will incur--and 
actually should incur. 

This guide is not a finger-pointing exercise. We are not 
chastising contractors for making mistakes; all humans err. Further­
more, recognizing plant inefficiency is not always easy, even when 
the contractor searches for it. Yet, no matter who is at fault or 
if anyone is at fault, the Government can save money by identifying 
overestimates. 

This guide was published under Contract N00024-7l-C-1382 as the 
first step in a long-range program being undertaken by NAVSEC 6210. 
The program's target is more efficient Government procurements, 
especially military hardware procurements by Department of Defense 
agencies. 
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Section I. ORGANIZATION OF THE GUIDE 

In section II, "Getting Acquainted with Cost Analysis," we define 
direct costs and the other elements of total contract price. We 
introduce people the direct cost analyst works with, and tell you 
about responsibilities in cost analysis and contract negotiations. We 
describe basic concepts and how contractors estimate direct costs. 

In section III, "How to Evaluate Direct Cost Estimates ," we make 
you a direct cost analyst--a "technical evaluator" as we call it. 
Together we analyze the contractor's proposal, backup data, and plant, 
to determine if his direct cost estimates reflect sound logic and 
efficient practices. Not only are you responsible for pointing out 
flaws, you also are charged with noting approval of fair and reasonable 
cost estimates. 

The "Selected Bibliography" contains sources used in preparing 
the guide. These publications, we feel, are excellent and cover a 
wide spectrum of topics, and we recommend you read them. We made no 
attempt, however, to cite all good writings on estimating or analyzing 
costs. If you know of other good sources, read them. 

Terms from the cost expert's vernacular are defined in our 
"Glossary." 

In appendix A, "Experience Curves," we expound on the theories 
and applications of the experience curve, a useful device for estimating 
costs at different points in time. 

Appendix B, "Evaluating Fabrication: Another Point of View," is 
a discussion on the fabrication process in which we go. into greater 
detail than we do in sections II and III. 

In appendix C, "Systems for Accumulating Cost Data," we discuss 
contractOr cost-accounting systems, focusing on how the diversity of 
systems affects direct cost estimates and analysis. 

We do not presume in this guide to tell you everything about 
estimating and evaluating direct costs. No rulebooks dictate exactly 
how contractors must estimate costs, and no guidebook· can tell you 
what to do in every situation. Our aim is to teach you how to react 
in typical situations--how to think as a direct cost analyst. 

I-I 



AN OBJECTIVE EVALUATION WILL YIELD FAIR AND REASONABLE 
RESULTS TO BOTH PARTIES - GOVERNMENT AND INDUSTRY. 

1-2 



Section II. GETTING ACQUAINTED WITH COST ANALYSIS 

Subsection II-A. THE GAME, THE RULES, AND THE PLAYERS 

THE GAME 

The contract negotiations "game" is serious business, with an 
outcome measured in thousands, even millions, of dollars. "Victory" 
for the Government is a fair total contract price. 

First the Government identifies a need for some hardware or 
service. Then to prospective companies it issues a "solicitation"-­
either an invitation for bids (IFB) , request for proposals (RFP), or 
request for quotations (RFQ). 

In the case of an IFB, companies respond with price bids, and the 
Government awards the contract to the lowest bidder. Bidders are not 
required to substantiate their bid prices. Costs are not analyzed. 
The total price is not subject to negotiation. 

In the case of an RFP or RFQ, the contract is awarded primarily 
on the basis of a company's ability to do the work, as demonstrated by 
its contract proposal. Price competition becomes the determining 
factor only when two or more businesses show equal ability to provide 
the needed product or service. Sometim~s, when only one company is 
considered capable of fulfilling the contract, there is no competition 
at all; the solicitation is sent only to that company. Such a company 
is called a "sole-source supplier." 

No matter whether RFP's and RFQ's are issued under limited price 
competition or no competition, the lack of "adequate" competition makes 
it necessary for responding companies* to supply extensive data to 
substantiate their proposed prices. All such contractors, even sole­
source suppliers, must submit contract proposals telling their plans for 
fulfilling the contract, the rationale for those plans, and how much 

*M)re properly called "offerors," we use the common term "con­
tractors" throughout the guide. 
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it all costs. The Government analyzes the quoted costs and negotiates 
with the contractor until both parties agree on a total price or agree 
not to carry through with the contract. 

What are the rules of this cost analysis/price negotiations game? 
What, indeed, are direct costs? 

. THE RULES 

Essentially, the rules were just mentioned: When responding to 
an RFP or RFQ, the contractor must submit, for Government analysis, 
data that substantiate his cost estimates. He must submit a contract 
proposai describing the work to be done, the'material to be used, how 
much the labor and material costs, and any other expenses. In addition, 
either within the basic proposal itself or in backup data accompanying 
the proposal as part of the "proposal package," the contractor must 
explain how he estimated his costs. When contract price is expected 
to exceed $100,000, th~ contractor must fill out a DD Form 633 and 
return it to the Government. (See figure II-A-l.) 

The Government devised the DD Form 633, "Contract Pricing 
Proposal," to standardize the breakdown of cost elements by Government 
contractors. On it, contractors list their total estimate for each 
cost category, add their profit, and propose a total contract price. 
It is a helpful tool for the direct cost analyst. 

CATEGORIES OF COSTS 

"Total price" (line 15, or the "bottom line," on the DD Form 633) 
is the total amount of money, including "profit or fee," the contrac­
tor proposes to charge the Government for fulfilling the contract. 
"Total cost" (listed on the form as "subtotal," line item 13) includes 
the expenses incurred by the contractor in producing and delivering the 
end item called for by the contract. 

"Profit or fee" (line item 14) usually is figured as a percentage 
of cost. That is, after a contractor calculates the total cost he will 
incur in producing a product, he adds to that cost a percentage of the 
cost itself to allow for his profit or fee. If a contractor determines 
his total cost for producing a computer is $100,000, for example, and 
his proposed rate of profit is 10 percent, he would add 10 percent of 
the computer's cost to the $100,000. The computer's price would he 
$110,000. 

II-A-Z 
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Look again at the DD Fonn 633. "Cost elements" is the heading 
over the left-hand column, in which 15 "line items" are listed. All 
line items except "profit or fee" (line 14), "total price" (line 15), 
and the two subtotals are elements of cost. Cost elements are categor­
ies of costs incurred by the contractor; when all cost elements are 
summed up, the result (line 13) is the total cost incurred by the 
contractor for producing the end product. 

Most cost estimators and analysts classify cost elements generally 
as either direct costs or indirect costs. Direct costs are specifically 
and uniquely attributable to a particular product or service; if the 
particular product had not been produced or the service performed, 
costs classified as direct costs of the product or service would not 
have come about. Indirect costs, like direct costs, are necessarily 
incurred by a contractor in conducting his business, but, unlike 
direct costs, they are not easily attributable to anyone product or 
service. 

Except general and administrative (G&A) expenses, royalties, the 
Federal excise tax, and some items included under "other costs ," the 
cost elements on the DD Fonn 633 can be classified further as either 
material costs or labor costs. Total material costs are the costs of 
the physical matter used directly or indirectly to make an end product. 
Total labor costs are the costs to the contractor of keeping all 
workers (direct and indirect) on the job. 

By combining what we have said about direct costs and material 
costs, we can define direct material costs as costs of material that 
becomes part of an end product or special material the contractor must 
buy to make a specific end product. These costs are obviously trace­
able to the production of a specific end product and should vary in 
direct proportion to the number of items produced (that is, if the 
direct material cost for one item were $10,000, the direct material 
cost for two items should be $20,000). A typical direct material cost 
would be a casting especially purchased or fabricated for use in manu­
facturing an antenna pedestal. 

Indirect materiaZ costs are not easily attributable to the 
production of anyone end product and generally do not vary in direct 
proportion to the number of items produced. A sample of indirect. 
material would be a general-purpose oil drawn from stock to lubricate 
a machine used to bore the casting mentioned above. Listed in 
figure II-A-2 are typical direct and indirect material items used by 
Defense contractors. 
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Direot labor costs are incurred as a direct result of a particular 
end product's being produced and vary in direct proportion to the 
number of items produced. Indireot labor oosts are costs for work 
done incidental to the manufacture or design of end products but not 
easily attributable to anyone end product. A typical direct labor 
cost would be the salary paid to a design engineer working on the 
design of a particular end product. If that design engineer's super­
visor spends most of his time supervising engineers working on a 
particular project, his salary also would be a direct cost. But if 
the supervisor spends his time developing engineering standards 
applicable to many products, his salary could be considered an indirect 
cost (it also could remain classified a direct cost but, as we will 
discuss later, would be prorated equally to the applicable products). 
And if his time is spent performing non-product-related duties for 
the contractor, his salary should be put into the indirect labor 
category. 

Figure II-A-3 shows the breakdown of cost categories just described. 

DIRECT 
CpS1S 

FEDERAL 

OTHER ROYAL TIES EXCISE 
TAX 

INDIRECT 
COSTS 

Figure. II-A-3. Cost Categories 
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COST ELEMENTS ARE BROKEN DOWN IN THE DO FORM 633. 

THE DD FORM 633 COST ELEMENTS. 

The cost categories shown in figure II-A-3 are not exactly. the same 
as the cost elements on the DD Form 633 (figure II-A-l). A technical 
evaluator should use the DD Form 633 as a guide to evaluating the differ­
ent parts of total contract cost, but he also should be familiar with the 
terms shown in figure II-A-3. Contractors often use these terms. 

• Line item 1. "Direct material" fits the breakdown on figure 
II-A-3 without modification; it is "direct material" on both the figure 
and the DD Form 633. On the DD Form 633, however, direct material is 
broken down into the subelements of purchased parts, subcontracted items, 
and "other" material. 

• Line item la. "Purchased parts" are standard connnercial items 
the prime aontraator (who deals directly with the Government) buys from 
an outside vendor. These it~ms, charged as direct material costs because 
they are bought specifically for use in a particular end product, include 
transistors, switches, relays, and like items. 
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• Line item lb. "Subcontracted items" are parts, components, or 
assemblies produced or services performed by an outside vendor (a 
subcontractor), who for specific reasons can produce the required item or 
service more economically than the prime contractor can. These direct 
material items differ from purchased parts in that subcontracted items 
must conform to specifications developed for the proposed contract and 
cannot be drawn from preexisting stock. As we discuss later, the prime 
contractor must be able to show that his decision on whether to make or 
buy such items has sound basis. 

• Line item 10. "Other material" includes the direct material sub­
subelements of raw material, standard commercial items, and inter­
divisional transfers at other than cost. 

• "Raw material" is raw and some processed material items (such as 
aluminum plates) the prime contractor buys from an outside vendor in such 
a condition that additional processing will be required. 

• "Standard corrnnercial items" are such items as preassembled power 
supplies, which the prime contractor fabricates and keeps in stock. In 
many cases, prime contractors list these items in a catalog and sell them 
to other manufacturers. ' 

• "Interdivisional transfers (at other that cost)" are items sold at 
selling price by one division or plant to another division or plant under 
common ownership. The receiving division, which is contracting to the 
Government, pays cost plus profit to the transferring division, which is 
acceptable under certain conditions as described later. 

• Line item 2. ''Material overhead," paradoxically, includes in­
direct labor costs. Forklift operators, stockroom and tool-bin workers, 
kit preparers, and other employees who handle direct material, 'except 
fabrication, assembly and quality control workers, are charged to 
material overhead. Even warehouse guards are charged to material over­
head. In addition, taxes on warehouse property, FICA payments for 
material handlers, and the cost of telephone service from warehouse to 
factory usually are included in this cost element. 

• Line item 3. "Interdivisional transfers at cost" are direct 
material items differing from interdivisional transfers at other than 
cost only in that the receiving division pays no profit or fee to the 
transferring division. 

• Line item 4. "Direct engineering labor" belongs in the direct 
labor cost category and includes cost for such efforts as design, 
reliability and maintainability, quality assurance, manufacturing, and 

',sustaining engineering and 'the documentation labor required to support 
those engineering efforts. 
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• Line item 5. "Engineering overhead" includes both indirect labor 
and indirect material costs, typical of which are engineering supervisors' 
salaries, social security and taxes applicable to engineers, and 
engineering supplies. 

• Line item 6. "Direct manufacturing labor" is the direct labor cost 
for constructing and testing the end product. Samples of direct manufac­
turing laborers are listed below, by manufacturing process. 

Fabrication 

Machinists 
Sheet-metal operators 
Electroplaters 
Finishers 

Assembly 

PB board assemblers 
Hand solderers 
Touchup workers 
Wave-solder machine 
operators 

Quality control* 

Mechanical testers 
Continuity testers 
Environmental testers 
System testers 

• Line item? ''Manufacturing overhead" includes indirect labor and 
material costs (and other indirect costs, such as the "fixed" costs 
listed below). Sometimes called manufacturing burden, this cost element 
includes costs that can be classified as either variable overhead costs 
(which vary with the number of items produced) or fixed overhead costs 
(which do not vary proportionately to the number of items produced). 
Examples of each are listed below. 

Variable 

Salaries of: 
Supervisory personnel (foremen) 
Quality control personnel+ 
Maintenance personnel 
Manufacturing engineers+ 
Tool-crib attendants 
Shipping department personnel+ 
Utility personnel 
Clerical personnel+ 

Overtime premiums 
Educational loans 
Stationary and office 
supllies 

Annual and sick leave 
Group insurance 
FICA 

Fixed 

Rent 
Depreciation 
Land taxes 
Property 

insurance 

*Contractors may classify quality control laborers as either 
manufacturing workers or engineering workers. We classify them as direct 
manufacturing laborers. 

+Costs may be charged as manufacturing overhead costs by some 
contractors and direct manufacturing labor costs by others; they may 
even be charged partly to direct cost accounts and partly to overhead 
accounts by a given contractor. There are no rules against any of this, 
but as a technical evaluator you should be aware that this does happen 
so that with DCAA's help you can identify any mistakes that may result 
in a double charge. 
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• Line item 8. "Other costs" consists of direct costs that do not 
fall logically into any other of the form's direct cost elements. Typical 
expenses entered here are the costs for special tooling; preservation, 
packaging, and packing; special test equipment; computer use; and travel. 

• Line item 9. This subtotal is the sum of all product-related 
expenses the contractor expects to incur (line items I through 8). 
G&A expenses usually are calculated as a percentage of this subtotal, 
then added to it. 

• Line item 10. "General and administrative expenses" are usually 
called indirect labor costs, but actually they do not relate directly or 
indirectly to the design or manufacture of end products. Examples of 
G&A expenses are salaries paid to such workers as personnel officers, 
bookkeepers, salesmen, advertising experts, and company executives anu 
their supporting workers. 

• Line items 11 and 12. "Royalties" and "Federal excise taxes" are 
strictly regulated by Federal laws, compliance with which is monitored 
by appropriately empowered regulatory and auditing agencies. 

TIlE PLAYERS 

TIlE COST ANALYSIS TEAM 

When a technical evaluator sets out to evaluate costs proposed by a 
Government contractor, he is not alone. He is part of a team of 
Government cost specialists. He is a key team member, but the work of 
his fellow team members also is important. Let us look at this team of 
Government experts. 

The contracting officer or his representative is the captain of the 
team. He assembles the team members the Government regularly calls on 
for cost analysis work and, as he can, recruits whatever other experts 
whose efforts and advice may help in evaluating cost estimates. Although 
the Armed Services Procurement Regulations (ASPR) and Department of 
Defense, service, and command directives specify the basic requirements 
for various organiZations' participation in Government procurements,* 
the contracting officer is charged with obtaining and using to full 
advantage the available Government talent. He coordinates the activities 
of his cost analysis team, accumulates data and cost recommendations from 
all team members, and has final responsibility for evaluating the total 
quoted contract price. He formally negotiates with the contractor until 
contract terms are settled or the contract proposed is rejected. 

*See ASPR 3-801.3(b) for cost analysis responsibilities. 
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The Defense Contract Audit Agency (DCAA) regularly audits Defense 
contractor's cost-accounting methods, including the methods used by 
major subcontractors to prime Defense contractors. Each DCAA audit covers 
the accounting methods used for the time period of one whole contract, 
from pre-contract award to contract completion. After DCAA approves a 
contractor's accounting methods, they are accepted by the Government 
until the next DCAA audit, and the contractor must use the methods 
until then. The contracting officer initiates a DCAA audit whenever he 
is required by Government regulations or suspects a contractor's 
accounting methods are improper. Otherwise, DCAA audits are performed 
at intervals established by Government directives, and for contracts 
awarded between audits, it ensures only that the contractor is abiding 
by validated methods. DCAA helps the contracting officer by determining 
how the contractor has categorized and estimated costs and by validating 
the material unit costs, hourly labor rates, and overhead and general 
and administrative (G&A) rates. 

Government project office engineers possess training and experience 
in how to design, test, package, or exercise other specialized engineer­
ing skills. They ensure product design and delivery comply with the 
many Government-invoked specifications and schedules, and identify any 
"gold-plating" of technical or delivery requirements. ("Gold-plating" 
means trying to sell services or product features not really needed or 
desired by the customer.) 

"BUT WE DON'T NEED GOLD-PLATED RADIATOR ORNAMENTS." 
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Regional or resident plant representatives, such as the Naval Plant 
Representative Office (NAVPRO), the Air Force Plant Representative Office 
(AFPRO), and the Defense Contract Administration Services (DCAS), 
maintain offices in specific geographical areas and, sometimes, in 
specific plants of major Defense contractors.* These offices provide 
reviews and services in such areas as production monitoring, inspection, 
acceptance, safety, labor relations, and administration. 

Other gover'nment oivilian and military experts, such as lawyers and 
industrial specialists, report to the contracting officer on such areas 
as interpretations of RFP's and RFQ's the status of appropriations and 
budgets, and requirements for inserting or waiving particular contract 
clauses. 

Now this seems to be a formidable team--contracting officer, DCAA, 
project office engineers, resident plant representatives, and such other 

"LADIES AND GENTLEMEN . .. THIS WILL BE YOUR 'PRIMARY TOOL' 
IN COST ANALYSIS." 

*See DoD Instruction 4105.59 of 20 August 1970 (NAVMATINST 4330. 29A 
of 20 October 1970) for additional discussion on the Department of 
Defense Plant Cognizance Program. 
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Government experts as lawyers and industrial specialists. 
ber performs a vital function, sometimes including direct 
So why are technical evaluators needed? 

Each team mem­
cost analysis. 

In almost every contract negotiation there 1S little time between a 
proj ect office's receipt of a contract proposal and contract settlement, 
and this is the time allotted to the cost analysis team to evaluate the 
contractor's proposed costs. As you can see from the above, each team 
specialist has particular responsibilities, and no team member mentioned 
so far has a primary responsibility of evaluating all proposed direct 
costs. On the rare occasions when time permits, some of the above team 
members may get around to evaluating some of the proposed direct costs. 
Most often, however, none of these team members has the time to examine, 
in detail and in the contractor's plant, the bases for the direct cost 
estimates. Someone is needed to concentrate on these bases. 

TIlE IMPORTANCE OF TIlE DIRECT COST ANALYST 

Not only did we say that the technical evaluator was needed on the 
Government cost analysis team, we said that he was a key team member. 
Why? What is it about direct costs that makes direct cost analysis so 
important? 

Direct costs are the nucleus around which total contract price is 
built. Overhead cost elements usually are calculated as a percentage of 
some direct cost element, G&A expenses usually 'as a percentage of direct 
and overhead costs, and profit or fee as a percentage of the total cost 
incurred by the contractor. 

Figure II-A-4 shows how contractors usually develop total contract 
price from a nucleus of direct costs. First, material overhead costs are 
calculated as a percentage of direct material costs. Next, engineering 
overhead costs are calculated as a percentage of direct engineering 
labor costs. Then manufacturing overhead costs are calculated as a 
percentage of direct manufacturing labor costs. 

All of these cost elements are added together, and G&A expenses are 
calculated as a percentage of the direct and overhead costs on the DD 
Form 633. G&A expenses, along with any royalties and Federal excise 
tax, are added to the direct and overhead cost elements to derive a 
total cost estimate. Profit or fee is calculated as a percentage of -
total cost, then added to it to derive the total contract price. Note 
in the figure that the direct costs -(circled elements) amount to $1060, 
or 50.5 percent of total cost or 45.9 percent of total price, which is 
typical. 

Now look at figure II-A-5. The direct cost values of figure II-A-4 
were reduced by 10 percent, while the overhead, G&A, and profit or fee 
percentages remain unchanged. The result is a total price reduction of 
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Figure II-A-4. DD Form 633 with Hypothetical Dollar Values 

$230.86 ($2308.63 minus $2077.77). This means that for every dollar saved 
in direct costs, approximately 2.2 dollars are saved in total price. 

In figure II-A-6 we left the direct costs constant and reduced 
overhead and G&A costs by 10 percent. The result is a $114.20 reduction 
in the total cost given in figure II-A-4 and a $125.62 decrease in 
total price. Compare this result with the result of figure II-A-5, when 
the 10 percent reduction was applied to the direct rather than indirect 
cost elements. Although total price savings per dollar of direct cost 
savings depend on the particular percentage factors used for the indirect 
costs and profit, typically a dollar saved in direct costs yields 
between two and three dollars saved in total price. 

Note that in our examples the percentage of profit or fee was not 
changed. This was done only to simplify the discussion. Remember that 
profit and fee interlates with the other elements on the DD Form 633 and 
must be considered by the contracting officer during negotiations. 
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Subsection II-B. DIRECT MATERIAL 

How much direct material should the contractor charge to the Govern­
ment? 

Other than the end product's design, the most important factor in 
the contractor's material quantity estimates is his usage practices--how 
he uses the material. If the technical evaluator finds that the esti­
mates reflect inefficient usage practices, he should recommend that the 
quantity estimates be reduced. 

The technical evaluator, then, is responsible for evaluating the con­
tractor's efficiency in using direct material. 

DCAA or a similar auditing agency evaluates prices charged by outside 
vendors for individual illlits of material. All direct material, at some 
time, is bought from outside vendors. Contractors can choose whether to 
make or buy particular parts, but even for those parts they make themselves 
they must buy raw material from which to make the parts. (Figure II -B-1 
shows the different types of material entering and leaving the plant.) 

If DCAA concludes that any material illlit price may be overstated, it 
may "challenge" that price in its audit report. And it challenges the whole 
illlit price, not just the excess. If $100 is quoted for an item, and DCAA 
finds that it should cost $97, it challenges all 100 dollars, not just 
the $3 difference. 

Are we saying that the technical evaluator deals only with quantities, 
and DCAA only with prices? 

No. The two are inseparable. All unit prices, even those found 
acceptable in audits, may be challenged by the contracting officer if the 
technical evaluator finds evidence that those prices may be too high owing 
to contractor inefficiency. DCAA looks mainly at vendor performance, 
jUdging it in light of what the vendors were asked to do and current market 
prices for similar items. Unit prices, however, also are affected by the 
number of units the contractor buys at one time; as quantities go up, 
illlit prices shOUld come down. In other words, unit prices are affected 
by the contractor's efficiency in planning his buys. 
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The technical ev.aluator, then, is also responsible for evaluating 
the contractor's efficiency in buying direct material. 

The relationship between total direct material cost and the quantity 
estimates is obvious. Taken together, many units cost more than few units. 
In evaluating the contractor's quantity estimates, the technical evaluator, 
at the same time, is evaluating the proposed costs. 

The technical evaluator makes his recommendations to the contracting 
officer in terms of costs, not quantities. To do this he must learn DCAA's 
findings on unit prices, consult with DCAA about his own findings, and 
with DCAA determine what the unit prices should be. Then he can multiply 
the recommended unit prices by his recommended quantities to find out how 
much should be spent on direct material. 

BILLS OF MATERIAL 

The technical evaluator's most valuable tool for analyzing direct 
material estimates is the contractor's bills of material (also called 
parts lists, lists of material, and parts summaries). Most contractors 
can supply bills for the complete system and all the subsystems, assem­
blies, and subassemblies.* 

What is a bill of materials? 

It is a listing and description of the material used in making an 
end product or particular portion of the end product. For example, in a 
typical bill of material for an assembly, the items comprising the assem­
bly would be enumerated and the following information about each item 
would be given: 

• Part number 
• Part name 
• Quantity required per assembly 
• Physical characteristics 
• Quantity purchased per assembly (when it becomes known) 
• Unit price (when it becomes known) 
• Total cost (purchased quantity times unit price) 

In addition, such miscellaneous information as vendor codes may be given. 
When purchase quantities and unit prices become known and are entered on 
the bill, it becomes a "priced bill of material." Figure II·- B-2 is a 
typical priced bill of material for an assembly. 

*In descending order, a hardware· system can be broken down into the 
following levels: the complete system, subsystems, assemblies, sub­
assemblies, components, parts, and raw material. 
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Master Parts List for Assemly-Lock 42659 ~ 

Required No. Name of ~tity 
Item Part No. Part Name per Assemly Material Fonnfl Specification Purchased 

1 42659 Asseni>ly-Lock 1 

2 65132 Key 2 Steel SAE 1020 Strip 1/8" X 1" 3 

3 53265 End-Shackle 1 Steel CRS Bar 1/4" th 3 

4 41920 Front-Shackle 1 Steel 303SE Bar 1/211 rd 2 

5 42411 End-Keyway Assembly 2 

Ii 33421 Keyway 1 Teflon 1301 Sheet 1/2" sq 3 

7 43264 Assembly-Shackle 1 Steel 3035E Bar 1/2" rd 3 

8 52612 Spring-Shackle 4 MlL-S-11316 Plate 630 

9 72653 Assembly Back 2 

10 44321 Spring-Back 2 MlL-S-1l310 320 

11 53618 Post-Back 1 Steel 30SSE Bar 1/2" rei 3 

12 I 56234 Back 1 Steel SAE 1020 Strip 1/8" X 2" 3 
-

*AU raw stock 144 inches in length lDlless otherwise specified 

Figure II-B-Z. Priced Bill of Material for an Assembly 

Unit Cost Vendor Total 
(in Dollars) Code Cost' 

1 20 RSC 360 

1 80 RSC 5 40 

10 00 RSC 20 00 

32 75 UPI 98 25 

10 00 RSC 30 00 

10 Effi 6 30 

08 EIE 2 56 

10 00 RSC 30 00 

2 04 RSC 6 12 
-- -



HCJIT CONTRACTORS ESTIMATE THEIR 
DIRECT MATERIAL REQUIREMENTS 

Contractors estimate their direct material requirements by adding up 
the material specified in their engineering drawings and specifications. 
But they also must consider that the direct material actually used to 
make the end product always will be greater than the direct material that 
ends up in the end product. 

SHRINKAGE FACTORS 

Have you ever done any woodworking? If you have, you know that the 
furni ture you make is less wood than you bought. Unavoidably, you remove 
wood when you saw, plane, joint, lathe, drill, and sand. When you make 
mistakes, you must either rework the bad pieces or throw them away. 

Similar operations take place in hardware production, with similar 
results. For example, if a l2-foot aluminum extrusion were to be cut into 
l2-inch lengths, only 11, not 12, l2-inch pieces could be obtained no 
matter how efficient the operator. Assuming the saw blade were as small 
as one-sixteenth-inch thick, eleven-sixteenths inch of the extrusion would 
be lost from the blade's passing through 11 times. This would leave 
eleven l2-inch lengths and one ll-4/l6-inch length. The short length, 
too short for use, would have the same fate as the scrap churned out by 
the saw blade's teeth. 

Now suppose one of the eleven l2-inch lengths were improperly fabri­
cated in a subsequent operation. Such a material loss would be avoidable, 
because it is due to operator inefficiency. No one can elude mistakes 
altogether, but they should be minimized and inefficient practices shOUld 
stop. 

"Overage" is the direct mate­
rial not ending up in the end pro­
duct. It is bought to account for 
"shrinkage"-- the loss of material 
during manufacturing operations. 
To estimate overage, contractors 
apply percentage factors to the 
amount of direct material in the 
end product. These "shrinkage fac­
tors> " representing the proportion 
of ' material consumed to material de­
livered, are developed from records 
of past productions of similar items 
or by measuring consumption in 
"trial runs," in which a few samples 
of the end product are produced. 

SPOILAGE AllOWANCES SHOULD BE 
REASONABlE,SUPPORTABlE,AND 
BASED ON VALID PRODUCTION RISKS, 
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To put this into perspective, suppose a contractor's history indi­
cates that for fabricating a particular part he must buy 4 pounds of a 
raw material for every 3 pounds he delivers. His overage would be 1 
pound, or 33-1/3 percent of the 3 pounds in the finished part. His shrink­
age rate would be 25 percent, because the lost pound is one-fourth of the 
4 pounds bought. To allow for this rate of shrinkage in future fabrica­
tions of the part, he would apply a shrinkage factor of 1.33 to the 
quantity of raw material that will be delivered with the finished parts. 
(Three times 1.33 is about 4.) 

"Scrap" is the direct material that unavoidably does not become part 
of the end product. "SpoilGfje" is the loss resulting from mechanical or 
human mistakes in fabrication or assembly. Together, scrap and spoilage 
are called "waste." Some waste can be sold to dealers specializing in 
reclamation of raw material; other waste is useless and is "junked." 

"Surplus material" is the material not consumed because it was not 
needed. The contractor overestimated material shrinkage and bought more 
material than needed to fulfill the contract. Surplus material is put 
into a "residual inventory" for later use, and it should not be charged 
to the current contract when not used on it. 

c.1<1:~ 
A I RPL.. ... NE 
r~Cl"'O"'y 

THE GOVERNMENT WILL NOT PAY FOR MATERIAL THAT WILL BE USED 
ELSEWHERE. 
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A change in product design can render material "obsolete." As pro­
duct design becomes less subject to change, fewer instances of material 
obsolescence should be expected. lIighly sophisticated products, such as 
complex electronic equipment, are highly prone to material obsolescence 
because of "technological progress." Contractors may quote obsolescence 
factors apart from other shrinkage factors because, unlike waste, obsoles­
cence is not directly influenced by manufacturing efficiency. 

Manufacturing conditions and product characteristics are the two 
major influences on material shrinkage. The manufacturing conditions that 
affect material shrinkage are (1) the number of units produced in a produc­
tion run, (2) the degree of tolerance attainable in the shop, and (3) the 
degree of automation in the shop. The product characteristics that affect 
material shrinkage are (1) the physical characteristics of the end product 
and (2) the value of the material within the end product. 

Manufacturing Conditions 

Production Quantity. Material unavoidably is wasted each time a 
machine is set up for a production run because of the "trials and errors" 
required to get the machine at its proper setting. In a job shop in which 
parts are produced in lots 'of from one to 20 units, shrinkage should be 
between 10 and 50 percent. For every ten parts produced, from one to five 
parts should be scrapped. In a mass production shop in which parts are 
produced in production runs of about 1000 units, no more than ten parts 
should be wasted during the production run--which is a shrinkage of no 
greater than 1 percent. 

Tolerances. Reasonably skilled operators using common machine tools 
should be able to maintain a tolerance of ±0.020 inch; that is, a rea­
sonably skilled operator using common metal-removal equipment should be 
able to machine a part to within ±0.020 inch of the dimensions specified 
for the part. By employing a highly skilled operator or a sophisticated 
machine, a tolerance wi thin a range narrower than ±O. 0 20 inch, perhaps 
±0.0050 inch, could be maintained. 

Many part specifications tell how close to the specified dimensions 
the operator must come. If he fails to perform within this specified 
tolerance range, the part cannot be used unless it can be reworked. When 
part specifications state a narrow range of tolerance, the. contractor must 
decide whether to pay for expensive labor and equipment to ensure that 
tolerance is maintained steadily or to pay for a high overage. He should 
not pay for both. 
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Automation. Automation provides more consistency and accuracy than 
is possible in manually controlled operations. An operator using a 
numerically controlled drill, for example, should be able to maintain a 
repeatability of ±O.OOOI inch. Each hole he drills should come within 
±O.OOOI inch of being identical to all the other holes drilled when the 
drill is operating under one program. 

Automation also reduces the craftmanship required of machine opera­
tors. A tape-controlled punch press perforates each piece of sheet metal 
in the same way no matter how inefficient the operator might be during 
machine-controlled time. 

Because automation increases consistency and accuracy and reduces 
the craftsmanship required to produce end products, shrinkage factors 
should be lower for automatic operations than for manual operations. 

Product Characteristics 

Physical Characteristics of the Product. In an electronic assembly 
you should expect shrinkage for such active, high-reliability components 
as diodes and transistors to be greater than the shrinkage for such pas­
sive components as capacitors and resistors. High-reliability components 
usually are more fragile than are passive components, and an intricately 
designed product will be highly subject to design changes. A shrinkage 
rate of up to 5 percent would be normal for active devices, with a maximum 
shrinkage of 3 percent the normal for passive devices. For such special 
items as multilayer boards and encapsulated or protected devices a shrink­
age rate of up to 8 percent can be expected. 

Value of the Product. When estimating shrinkage, contractors usually 
give some consideration to the value of the items comprising the end pro­
duct. For items with high unit costs he probably would allow his workers 

. \/ALLEY'FO.eC;E: 
AMMUNITION 

A LARGE SHRINKAGE FACTOR MAY 
INDICATE MANUFACTURING 
INEFFICIENCY. . 

plenty of time to process the items 
to minimize the loss of material 
through worker mistakes. For items 
with low unit costs he would be less 
apt to give his workers all the 
time needed to ensure material 
shrinkage is as little as possible. 

A contractor also should con­
sider the kind of labor needed to 
control material shrinkage. Better 
qualified manufacturing workers and 
more product inspectors are required 
when attempts to control shrinkage 
are stressed than when controlling 
shrinkage is less crucial. Keeping 
these laborers on the job for one 
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hour costs the contractor more than keeping moderately qualified manufac­
turing workers on the job for an hour. In other words, when a contractor 
attempts to control shrinkage of a high-cost item, he usually pays more 
for an hour of labor as well as for more hours. In planning for an ac­
ceptable rate of shrinkage, contractors should compare labor costs with 
material costs to determine whether to accept added labor costs to con­
trol shrinkage or to accept the shrinkage to avoid paying added labor 
costs. 

MATERIAL EXPERIENCE CURVES " 

This method for estimating material costs involves mathematical 
theories and formulas that we feel are a bit heavy for this narrative. 
They are desctibed in detail in appendix B. 

Although similar in theory to the labor experience curve, the mate­
rial experience curve has not been as thoroughly documented. The mate­
rial experience curve's basic premise is that as production quantity in­
creases, the amount of material used per unit of product decreases 
because of the increase in labor efficiency and the decrease in the num­
ber of design changes. It also can be used to account for decreases in 
direct material unit prices owing to the contractor's scheduling larger 
production runs as his workers become more efficient. Doing this enables 
the contractor to buy and store material in larger quantities, which 
means he can take advantage of more price breaks. 

Available historical data indicate that typically the material ex­
/ perience curve follows a:t0 percent Wright cumulative average curve,?' 

(discussed in appendix B). . ... .. -.-

CONTRACTOR DECISIONS THAT AFFECT 
MATERIAL UNIT COSTS 

The contractor's make-or-buy, lot-size, and multiyear-buy decisions 
affect how much the Government pays for each unit of material. 

MAKE-OR-BUY DECISIONS 

Figure II-B-3 shows the reasons for a contractor's making a part or 
paying an outside vendor to make it. 

When an expensive or complex end product is required by a Govern­
ment contract, the contractor must submit a "make-or-buy program" to the 
contracting officer. According to ASPR 3-900, "the make-or-buy program 
is required in all cases except when the 
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Reasons for making 

The contractor--

• Can make the parts more 
economically 

• Is familiar now with how to 
make the part 

• Has greater control over • changes 
• Can avoid paying high freight 

costs 
• Designed the part 
• Can absorb fixed overhead 

costs 

Reasons for buying 

The contractor--

• Can buy the parts more 
economically 

• Has limited capital 
• Has limited manpower 
• Prefers that the vendor assume 

the risks 
• Needs alternate sources of 

supply 

Figure II-B-3. Reasons for Making or Buying 

"(1) Bottom line is less than $1,000,000; 
"(2) Contract is for research and development; 
"(3) Price is competitively based; or 
"(4) Work is not complex. " 

L --

When a make-or-buy program is required, it should include: 

• A list of parts considered by the contractor to be "must-make" 
items 

• A list of parts considered by the contractor to be "must-buy" 
items 

• A list of parts considered by the contractor to be "can-make-or­
buy" items 

• A statement of his reasons for his make-or-buy recommendations 
in sufficient detail for evaluation of his technical judgment 

• A statement of any "special factors" contributing to his make-or­
buy recommendations 

According to ASPR 3-900, "special factors" are: 

"(1) Contractor's economic justification for performing work that 
differs significantly from his typical operations, 

"(2) Contractor's consideration of other firms as subcontractors, 
especially small business and labor surplus area concerns; 

"(3) Contractor's past make-or-buy history; and 
"(4) Other practical elements, such as contractor's capability, 

market conditions, availability of material and personnel, and future 
requi remen ts. . . ." 
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ASPR 3-900 requires contractors to explain any "special factors" 
because under normal conditions the contracting officer shoUld not agree 
to a contractor's recommendations for making an item when: 

• The item is not regularly made by the contractor and can be sup­
plied by another company. at nearly the same or a lower price, within 
the quality, quantity, and delivery requirements. 

• The item is regularly provided by the contractor but is available 
with appropriate quality, quantity, and deli very from another company at 
a price lower than the contractor offers. 

When ASPR 3-900 requires a contractor to submit a make-or-buy pro­
gram, he is not required to explain his recommendations for individual 
work efforts that cost less than either I percent of the total end­
product cost or $500,000, whichever is less. 

PURCHASE AND ProDUCTION LOT SIZE DECISIONS 

Besides his decision to make or buy a part, a contractor must decide 
how many units he should make or buy at one time to get the most from 
his money. A "purchase lot" is a quantity of items that a contractor 
receives and pays for at one time. A "production lot" is a quantity of 
parts that a contractor makes at one time. 

Many vendors vary their unit prices according to how many units are 
in the lot purchased. Because their "fixed" production costs, such as 
rent and administrative costs, can be spread over more units in a large 
buy than in a small buy, they often give "price breaks" to contractors 
who buy many units at one time. Therefore, to minimize their costs, con­
tractors should buy as many units at one time as they can keep on hand 
practically. 

Because machine setups cause material waste, contractors also should 
make as many parts at one time as is economically feasible, taking into 
account schedule constraints. Decreased shrinkage, however, must be 
balanced against increased storage costs for parts that are finished but 
not immediately needed. In both production and purchase lots, tradeoffs 
must be made between savings resulting from price breaks and reduced 
scrap and expenditures for storage costs and maintaining large inven­
tories. (See' appendix C for how to calculate "economical" purchase and 
production lots.) 

MULTIYEAR-BUY DECISIONS 

Presently, most Congressional funding is for I year only. When it 
is, the project office receiving funds generally receives only enough 
to pay the contractor for the fiscal year following the funding. 

Hardware production for the Government frequently is more than a 
I-year project. In the Department of Defense, projects that will take 
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longer than a year generally are awarded competitively, with funds tenta­
tively committed for .up to 5 years. The 5-year ceiling on fund commit­
ments is because the Defense Department has geared project funding to its 
Five-Year Defense Program. Competitively awarded Defense contracts 
taking from 1 to 5 years for completion are called "multiyear buys." 

When multiyear buys are funded annually, funding beyond the first 
year--in the "outyears"--can be only tentative when the contract is nego­
tiated. The project office, at the outset of production, can pay only 
for the first year. And for the out years, it can state only its intent 
to carry through with the proj. ect and to pay for it. In any out year , if 
no money is. available, the contractor must cease work on the contract. 

Contract cancellation clauses give contractors some protection. By 
these clauses the Government pledges partial reimbursement to the con­
tractor in the,event out year funding does not come through. Cancellation 
clauses, however, mayor may not allow the contractor to recover aZZ of 
his expenses. 

In a multiyear contract, normally only the first year's quantity is 
funded, and funding for quantities in the out years depends on subsequent 
congressional action. Xn such a case, the Government pays the contractor 
at the unit cost that would be incurred if all contractually required 
units were delivered with no production breaks. Then, if work on the 
contract stops before the contract is completed, the difference between 
the unit cost at the time work ends and the unit cost paid by the Govern­
ment is calculated, and the contractor is reimbursed for the difference. 

For an example of this, consider a 2-year contract calling for 25 
systems. Ten systems are to be delivered the first year and 15 the sec­
ond. The unit cost for each of the first ten systems is $15,000. With 
a break in production the unit cost for the final 15 systems is $12,000. 
With no break in production the unit cost for all 25 systems would be 
$11,000. In a multiyear buy with options the project office would pay 
the contractor $11,000 apiece for the first year's ten systems, assuming 
no break in production because of the stated intent to buy 25 systems. 
Then, in the second year, if no funds are available and work has to stop, 
the project office pays the contractor the difference between the unit 
cost for 25 systems and the unit cost for ten systems .. For each of the 
ten systems delivered, the project office would reimburse the contractor 
$4000. 

The contractor should plan his multiyear purchases in either of two 
ways. He can buy the first year's material with firm options for the 
out years , which is the procedure just described for the Government's buy­
ing from him. Or he can make his purchases without options, but plan 
them in light of the availability of funds and his delivery requirements. 

For an illustration of this second method for planning multiyear 
buys, imagine a 3-year contract calling for a total production of three 
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radar pedestals. One pedestal is to be produced each year and delivered 
on November 1, 1972, November 1, 1973, and November 1, 1974. Funding 
becomes available on October 20, 1971, October 20, 1972, and October 20, 
1973. With this arrangement, the contractor could buy material only for 
the year in which it would be used, allowing no decrease in the cost to 
the Government for the material used. Thus, if the first pedestal costs 
$10,000, the second would cost about $10,040, and the third about $10,080. 
(Inflation has caused an actual rise in material unit costs.) 

Now suppose that the delivery dates are October 20, 1972, October 20, 
1973, and October 20, 1974, and funding is available June 30, 1971, 
September 30, 1971, and October 1, 1973. With 2 year's funding available 
before the first unit is produced, the contractor should buy enough mate­
rial for the first two pedestals. By taking advantage of price breaks in 
buying in larger quantity, the total cost for the first two pedestals 
would be about $19,000, which, added to the $10,080 for the third unit, 
would give a total cost of $29,080--a savings of almost $1000. 

TIlE DIRECT MATERIAL ELEMENTS 

Purchased parts, subcontracted items, raw material, standard commer­
cial items, and interdivisional transfers are the direct material elements 
on the DD Form 633. 

\.4 
iI', . 

.... ' .. 

Q ~ 

A 'l ~~ ---'" . .""1<> (~. _~, , ~,,/.,. '-Il1I~""" ,).", \,l, 
ALTHOUGH SHRINKAGE ALLOWANCES ARE PERMITTED FOR IN-HOUSE 
PIECE-PARTS, NO FACTOR SHOULD BE APPLIED TO EXPENSIVE 
SUB-CONTRACTED ITEMS_ 
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PURCHASED PARIS AND SUBCONTRACfED ITEMS 

Purchased parts and subcontracted items are items a prime contrac­
tor orders from an outside vendor, either because the prime contractor 
lacks the production capacity to make the item himself, or because the 
vendor has demonstrated that he can product the item for less, usually 
because he specializes in producing the particular kind of item. Al­
though the vendor is working under contract arrangement, the prime con­
tractor is liable to the Government for the quality of the subcontracted 
item. The contractor who has issued subcontracts or purchase orders 
must be able to supply adequate cost data for cost analysis of the·item, 
or he must demonstrate that the item was purchased with adequate price 
competition. 

A contractor should not propose a shrinkage factor for purchased 
parts or subcontracted item~. These items almost always are valuable 
enough to be guaranteed by the supplier, and he will replace items 
found to have manufacturing defects at no charge to the prime contrac­
tor. When ordering items from outside suppliers, prime contractors 
should order them in the number actually required for use on the prime 
contract. 

RAW MATERIAL 

Of all types of material, raw material shrinks the most. Never­
theless, when contractors buy raw material, which they must do whenever 
they fabricate parts, they should allow for reasonable shrinkage rates. 
They also should purchase raw material in economical lot sizes. 

STANbARD COMMERCIAL ITEMS 

For an item to be classified "standard cOllllllercial" it must be used 
regularly for other than Government purposes and sold or traded as part 
of normal business operations. The Government does not require cost 
analysis of standard commercial items required on a Government contract 
if they are sold at the same price (most favored customer price) in sub­
stantial quantities to the general public. Furthermore, the purchase 
price of a noncommercial item may be based on that of a commercial item, 
provided that the item being purchased is sufficiently similar to the com­
mercial item to permit the difference between prices to be identified and 
justified without resort to cost analysis. 

INTERDIVISIONAL TRANSFERS 

Many corporations are highly decentralized. Occasionally in such 
corporations one division may be able to supply needed parts or material 
to another division that is' contracting to the Government. Because both 
divisions are in the same corporation, you might assume that the 
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contracting division would charge the Government only the cost for the 
transferred items, without adding the originating division's profit or 
fee for supplying the items. After all, the contracting division is 
charging the Government a fee for producing the end product. To charge 
the Government another fee for an item going into the end product would 
seem to be a double-charge on the part of the corporation. 

The Armed Servioes Proourement ReguZations, however, establishes a 
Government policy that allows such an originating division to charge a 
reasonable fee for interdivisional transfers made under either of two con­
ditions: (1) The price (not cost) is an established catalog or market 
price of commercial items sold in substantial quantities to the general 
public. (2) The price was favorable under adequate price competition. 
Under neither condition should the price exceed the transferor's current 
sales price to his most favored customer. (See ASPR lS-20S.5S(e) and 
ASPR 3-807.I(b).) 

For any interdivisional transfer, the contracting division should 
not double-charge overhead and G&A when it uses common accounts with the 
transferring division •. This would occur if the two divisions use the 
same accounts, the transferring division includes overhead and G&A in its 
prices, and the contracting division puts those prices on its bills of 
material without modifying either the prices or the overhead and G&A rates 
on the DD Form 633. If separate accounts are used, both divisions are 
entitled to their overhead and G&A costs. 

STANDARD AND NONSTANDARD PARTS 

"Standard parts" are purchased parts, standard commercial items, or 
interdivisional transfers for which the Government has written a specifi­
cation describing their physical design, reliability, function, and other 
parameters that characterize the part. Ideally, a hardware system could 
be composed totally of standard parts, but new products demand new parts. 
On occasion contractors will have need for nonstandard parts to meet new 
design requirements. 

Unlike the performance of standard parts, the performance of non­
standard parts has not been documented. This frequently results in ex­
tensive qualification testing of the parts by the contractor, which adds 
to the system's cost. 

Another disadvantage of nonstandard parts is that neither contractor 
nor the Government can procure them competitively, which tends to inflate 
their prices. In short, the Government should discourage widespread use 
of nonstandard parts. 

SPARE PARTS 

"Spare parts" is not .on the DD Form 633, but the spare parts business 
is something the technical evaluator should think about when evaluating 
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the direct material elements. Obsolescence in the current contract af­
fects the business of supplying replacement parts once the completed hard­
ware is in field use. 

After a contract has been fulfilled and the hardware is in field use, 
parts eventually wear out and must be replaced. Some parts must be re­
placed, too, because of obsolescence occurring after the hardware has 
been installed in the field. This means that someone must continuously 
manufacture replacement parts. The Government prefers to buy spare parts 
under competitive conditions, but price competition may not be possible 
when a part's "complexity" is so great that only the original manufac­
turer has the manufacturing mow-how to make it. And too often the truth 
is that a part's complexity is increased greatly by repeated changes in 
design by the original manufacturer, 

But if the original manufacturer does win the spare parts business 
while working on the current-contract, he should buy material for the 
spare parts at the same time as he buys material for the contract. This 
would increase the chances for price breaks, which mean lower unit costs. 

OVERHEAD 
SUPPLIES 

MATERIAL COSTS SHOULD NOT BE INCLUDED TWICE-ONCE IN OVERHEAD 
AND AGAIN IN DIRECT MATERIAL 
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HOW CDNTRACfORS ESTIMATE THEIR 
INDIRECf ~1ATERIAL CDSTS 

"What's this? The book's about direct cost analysis. Why throw in 
all this stuff about indirect costs? Isn't that someone else's job?" 

The technical evaluator primarily is responsible for analyzing direct 
costs and DCAA is responsible for analyzing indirect costs. The technical 
evaluator, however, is also responsible for identifying single contractor 
expenditures that have been charged twice to the Government--once as a 
direct cost and once as an indirect cost. To identify such double-charges, 
he should know how indirect costs are estimated. 

Indirect material costs·may be included either in the plantwide 
manufactuPing overhead account or in special proratable ao;ounts main­
tained by individual departments within the plant. 

SPECIAL PRORATABLE ACCOUNTS 

Like the plantwide manufacturing overhead account, special proratable 
accounts are applied as a percentage of direct material cost, direct labor 
time, or direct labor cost. Unlike the plantwide account, however, special 
proratable accounts are used to account for indirect material items that 
are not used throughout the plant and, therefore, are not used for all con­
tracts coming through the plant. The costs of special proratable items 
(such as epoxy and chemical etching material) are charged by the department 
using the items, as a percentage of some direct cost category of the parti­
cular department, and only to contracts routed through that department in 
the contractor's plant. 

In other words, because of the low unit cost of these items or their 
lack of "obvious traceability," charging them as direct costs of specific 
end products is not feasible. And because they are not used in all con­
tracts worked on by the contractor, their costs cannot be incorporated 
into a plantwide manufacturing overhead rate. They must be charged on a 
departmental basis. 

Special-proratable-account rates usually are reviewed and revised 
more frequently than are plantwide overhead rates (often monthly rather 
than yearly). Because special proratable items are not used in all con­
tracts and, therefore, their use is less predictable than the use of 
plantwide overhead materials, contractors normally do not buy them in 
quantities as large as the quantities in which plantwide overhead items 
are bought. 

II-B-18 

) 



PLANTWIDE OVERHEAD RATES 

Two methods to account for indirect material used throughout a plant 
are the "lump-sum" method and the "allocated min-max" method. Both call 
for the material's cost to be included in the plantwide manufacturing 
overhead account (DD Form 633 lime item 6). 

The Lump-Sum Method 

At the close of his accounting period, the contractor using this 
method adds up all costs recorded for direct and indirect material. Then 
he calculates the percentage of direct material cost that indirect mate­
rial cost represents by dividing the total indirect material cost by the 
total direct material cost. DCAA, in its audit of the contractor's meth­
ods, analyzes the contractor's accounting records to see if the total 
direct and indirect material costs are acceptable and accounted for cor­
rectly. If DCAA approves the contractor's indirect material percentage 
factor, the contractor can apply that percentage factor (as part of man­
ufacturing overhead) to the total direct material cost of each contract 
he undertakes within the subsequent accounting period. 

Suppose a contractor adds up all his direct material costs for his 
accounting period and finds a total expenditure of $1 million. OVer the 
same time he has spent $56,000 for indirect material. By dividing $56,000 
by $1 million, he can find that his indirect material costs have amounted 
to 5.6 percent of his direct material costs for the past accounting 
period. If DCAA approves the 5.6 percent, the contractor can use that 
percentage as a multiplying factor (0.056) for application to the direct 
material costs proposed for contracts issued in the next accounting 
period. Mter that he must calculate a new figure based on historical 
cost data. 

The AZZocated ~n-Max Method 

This method, used mostly by relatively large contractors, is about 
the same as the previously described method. The exception is that, in­
stead of two categories material is broken down into four major categor­
ies: (1) direct mechanical material, (2) direct electrical material, 
(3) indirect mechanical, and (4) indirect electrical material. 

Indirect mechanical material costs are calculated as a percentage of 
direct mechanical material costs, and indirect electrical material costs 
as a percentage of direct electrical material costs. Once validated by 
DCAA, the indirect mechanical material percentage and the indirect elec­
trical material percentage can be applied, respectively, to the direct me­
chanical material and direct electrical material contract costs estimated 
by the contractor during the ensuing fiscal year. Depending on whether 
the contractor specializes in electrical or mechanical work, one of the 
percentages will be consistently smaller than the other~ the larger 
percentage is the maximum factor applied. 
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Take again the example of $1 million in direct material costs and 
$56,000 in indirect material costs. Suppose that the $1 million could 
be broken down into $600,000 for direct electrical material and $400,000 
for direct mechanical material. Right away we can see that probably 
this contractor's "min" will be mechanical material, and his "max" elec­
trical material. Now suppose that indirect electrical material costs 
amount to $48,000 and indirect mechanical material costs corne to $8000. 
Forty-eight thousand dollars would be divided by $600,000 to find the 
percentage of indirect electrical material costs, which would be 8 per­
cent. This.8 percent, when approved, can be allocated to all contracts 
during the subsequent accounting period as a percentage of direct elec­
trical material costs. Eight thousand dollars would be divided by 
$400,000 to determine the percentage of indirect mechanical material 
costs; the answer would be 2 percent, which could be applied to all con­
tracts during the subsequent year. The 0.08 factor, for indirect elec­
trical material costs, would be the "max" allocation; the 0.02 factor, 
for indirect mechanical material costs, would be the "min" allocation. 

We found that by dividing the total indirect material cost by the 
total direct material cost we would get a factor of 0.056 to be applied 
to subsequent contracts' .direct material costs. But by the min-max alloca­
tion method, the min and max factors combined give a total indirect mate­
rial percentage of 6.8 percent for the 1973 contract cost estimate. This 
additional 1.2 percent is acceptable, however, because it is based on a 
ratio of expenses actually incurred by the contractor. 

Although this method necessitates more paperwork by the contractor, 
it usually proves beneficial to him and acceptable to the Government. 
The Government does insist that min-max allocations be supportable by 
historical data, and the technical evaluator should examine the data when 
he suspects double-charging. The min-max breakdown should help the 
evaluator in locating possible double-charges. (See figure II-B-4 for 
the examples described for calculating plantwide overhead.) 
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FISCAL YEAR 1972 DATA 

'!HE "LUMP -SUM" METIIOD 
$1,056,000 = Total material costs 
$1,000,000 = Direct material costs 
$ 56,000 = Indirect material costs 

56,000/1,000,000 = 5.6% = allocable overhead for all material 

'!HE ''MIN-MAX'' METHOD USING '!HE SAME DATA 
$1,056,000 = Total material costs 
$ 648,000 = Total electrical material costs 
$ 600,000 = Direct electrical material costs 
$ 48,000 = Indirect electrical material costs 

48,000/600,000 = 8% = allocable overhead for electrical material 
$ 408,000 = Total mechanical material costs 
$ 400,000 = Direct mechanical material costs 
$ 8,000 = Indirect mechanical material costs 

8,000/400,000 = 2% = allocable overhead for mechanical material 
(Because 8 percent is larger than 2 percent, the electrical allocation is 
the "max" and the mechanical allocation the "min. ") 

1973 CONIRACT COST ESTIMATES 

$5,000,000 = Total material cost 
$1,000,000 = Direct material cost 
$ 800,000 = Direct electrical material cost 
$ 200,000 = Direct mechanical material cost 

ALLOCATING '!HE LUMP-SUM OVERHEAD FROM '!HE 1972 DATA 
$1,000,000 x 0.056 = $56,000 = Total material overhead 

ALLOCATING THE MIN-MAX OVERHEAD FROM '!HE 1972 DATA 
$ 800,000 x 0.08 = $64,000 = Electrical material overhead 
$ 200,000 x 0.02 = $ 4,000 = Mechanical material overhead 

Total overhead under the min-max method = $68,000 

(Note: By dividing $68,000 by $1,000,000, we find that the total material 
overhead by the min-max method is 6.8 percent of the direct material 
costs. Unlike' the lump-sum method's 5.6 percent, this allows the con­
tractor to recover all indirect material costs.) 

Figure II-B-4. Calculating Plantwide Overhead 
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Subsection II-C. DIRECT ENGINEERING LABOR 

On line 4 of the DO Form 633 contractors may include not only their 
engineering costs, but also costs for efforts associated with engineering. 
Paperwork the engineers turn out must be transformed into legible, coherent 
documents. Quality control workers conduct tests the engineers develop.* 
Supervisors assign engineering duties and coordinate the work. 

Any or all of these efforts may be charged to direct engineering 
labor. Indeed, sometimes management costs not directly related to engi­
neering are included in the line 4 figure. Because all of these costs are 
in support of an end product's production, they are called "technical sup­
port costs." 

Engineers are busy people. But unlike manufacturing work, it is hard 
to describe engineering efforts in terms of specific tasks and time re­
quirements before those efforts are under way. Engineers do research, 
they deal with concepts, and their results seldom are as obvious as the 
items constructed by manufacturing workers. Also unlike manufacturing 
efforts, engineering efforts do not regularly consist of operations similar 
or identical to operations performed many times in the past. 

Likewise, document preparation time can be hard to predict, because 
it depends on the status of the engineers' paperwork--how much they do and 
when they do it. Management time depends on how long it takes to do the 
job, so management time--especially engineering management time--is not 
easily predictable. Quality control time usually can be predicted more 
readily and accurately than the other technical support requirements, but 
even when making this estimate the contractor may have to anticipate his 
engineers' test descriptions. 

Despite the difficulties, contractors develop estimates for technical 
support costs--estimates that must be analyzed. 

*Test labor may be included in the direct engineering labor esti­
mate, but usually contractors put it under direct manufacturing labor, 
which is where we discuss it. 
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FOUR GENERAL INFLUENCES ON 
TECHNICAL SUPPORT COSTS 

Four general influences on technical support requirements are: 

• Product newness 
• Product complexity 
• The contractor's manufacturing technology 
• The contractor's readiness 

These influences are interrelated, and any or all can affect a con­
tractor's technical support estimates. 

PRODUCT NEWNESS 

A product can be "new" in an absolute sense--no one ever has produced 
it--as is the circumstance of many products produced by the electronics 
industry. A product also can be new to a particular contractor. Other 
contractors have made the same or a similar product, but the particular 
contractor submitting the proposal has never made the sort of product 
called for. Also to be reckoned with in product newness is the number 
of times the contractor previously has made a similar product. 

?---
• 

, ..... -: ............ .. 

PRODUCT NEWNESS AFFECTS TECHNICAL SUPPORT COSTS. 
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The Government does not believe that a contractor without experience 
in making some product necessarily lacks the ability to make the product. 
But it does recognize that technical support requirements, especially 
design and test requirements, generally increase with product newness. 
In general, a new product will require more of the nonrecurring one-time 
efforts of initial design development than will a product the contractor 
is familiar with. Moreover, when product design has not been established 
in prior contracts, chances are greater for the recurring efforts of de­
sign modifications. (In the engineer's vernacular, product design would 
be "uns table" in such a case.) 

Major design changes are priced apart from the original proposal 
price by procedures called "engineering change proposals" (ECP' s), which 
require separate accounts and payments. But contractors also often make 
allowances in their original estimates for an anticipated number of design 
changes, based on prior experience. The Government should not pay for 
both ECP's and similar design changes anticipated in the basic proposal. 

Product newness affects test requirements in that a new product re­
quires more inspection and testing than does a product the contractor's 
workers have experience with. 

A rule to remember about product newness is that the nwnber of tech­
nicaZ support hours required decreases with the increase in design sta­
biUty. 

PROIlJCT COMPLEXITY 

The Ar-med Services Procurement ReguZation ManuaZ for Contract Pricing 
(ASPM No.1) says the following about product complexity: 

If the contractor is operating at the outer limits of the 
state of the art, his engineers face the problem of designing 
equipment which will operate outside known envelopes of per­
formance. New techniques and methods may be required to manu­
facture the items, and new materials also may be required. 
Such requirements sometimes drastically increase the engineering 
man-hours estimates •••• yet, while the complexity of the item 
is quite important, a company's talk about advancing the 
state of the art ••• can be misleading. For years, the Govern­
ment and its. defense contractors have pushed forward in re­
search and in the development of new systems and, while 
items are becoming more complex, the base of knowledge today 
is far broader than it was years ago •••• The problems re­
quiring engineering effort ••• may not be greater now ••• than 
they have been in the past and they may be simpler •••• 
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As implied by ASPM, a product may appear complicated on paper, but 
its complexity really depends on how many new concepts it presents to the 
contractor. Product complexity, then, differs from product newness only 
in degree. A new product can present one, a few, or any number of new con­
cepts to the contractor; a complex product presents many new concepts. 

Sometimes contractors compensate for complexity by simple addition 
to the technical support estimate. Suppose. a contractor's original esti­
mate calls for three quality assurance engineers. On further analysis, 
the contractor finds several previously unaccounted for design concepts 
with which all of his quality assurance engineers lack experience. In 
lieu of experience, then, the contractor can add an additional quality 
assurance engineer to his estimates to allow for the product's complexity. 

Another way contractors compensate for complexity is by a complexity 
factor. A complexity factor is a multiplying factor applied to increase 
contract costs by some specific percentage, depending on the product's 
complexity. A contractor may apply such a factor by multiplying his 
estimated direct engineering hours by a factor of, say, 1.25. In this 
case, if 2000 engineering man-hours originally were called for, the com­
plexity factor would increase the estimate to 2500 man-hours. Note that 
increasing the number of quality assurance engineers from three to four 
would be the same as applying a 1.33 complexity factor. 

A COMPLEX PRODUCT REPRESENTS MANY NEW CONCEPTS. 
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Also note that "complexity factor" can be considered a factor applied 
to labor standards, as discussed in subsections II-D and III-D and appendix 
A. The complexity factor we have been discussing applies only to techni­
cal support hours. It shouLd not be applied to Leibor estimates deveLoped­
from Leibor standards because these estimates already should include all 
time allowances, including allowances for product complexity. 

1HE CDNfRAcrOR'S MANUFACI'URING TErnNOLOGY 

"Manufacturing technology" refers to the degree to which up-to-date 
machines and methods are used in a plant. It often is related to product 
newness and complexity in that manufacturing methods may need revision 
when a CGntract calls for the production of a new or complex system. 

Manufacturing improvements should be judged for their overall net 
effects. That is, once new equipment has been installed, it may be re­
tained for future use, in which case the contractor's expanded profits 
will offset his initial outlays.* If the new machines cannot be used on 
other contracts, the contractor must either discard them or surrender them 

~ 
.. ., . . ,...,,_ ....... 

1~-;1.:. 

COMPLEX NEW PRODUCTS MAY REQUIRE A NEW PRODUCTION TECHNOLOGY. 

~Vhen these improvements are new machines, they are considered capi­
tal investments and their depreciation costs are charged to overhead. 
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to the Government. Whether he discards or surrenders them, he must seek 
to recover his costs as direct costs of the contract for which he in­
stalled the necessary equipment. 

Increases in manufacturing technology do not entail corresponJing 
increases in the total number of direct hours. True, whenever manufac­
turing technology is advanced there must be increased engineering labor 
to program and maintain the new equipment. But subsequent to these tech­
nological advances, the number of direct manufacturing labor hours should 
decrease because of the increased productivity that should ensue. This 
decrease in manufacturing labor should be greater than the increase in 
direct engineering labor. 

Production conditions affect the amount of technical support required 
to foster manufacturing improvements. Technical problems faced by a small­
lot shop will be greater than those faced by a mass-production shop. Each 
time the product mix changes, manufacturing engineers have to make the 
programming changes and other adjustments necessary to maintain the 
automatic equipment. 

Total technical support requirements are affected by whether or not 
the new processes and equipment have already been installed. If the ad­
vanced technology has been in use for some time, the contractor should 
not charge for the nonrecurring efforts of implementing the innovations. 

TIlE CONTRACTOR'S READINESS 

To varying degrees, product newness, product complexity, and the re­
quired manufacturing technology can affect the contractor's readiness to 
begin production. If he is unready, his support costs will be greater 
than usual. 

You can classify the contractor as being in any of three states of 
readiness: (1) not ready, (2) as ready as circumstances allow, and (3) 
fully ready. A contractor who is not ready has not completed enough of 
the support efforts needed before he can begin production. A contractor 
who is as ready as circumstances allow perhaps faces production of a 
never-before-produced system, which precludes having prior engineering 
experience and perhaps the certainty that he has installed the technology 
that would allow the most efficient production. A contractor who is 
fully ready has solved all of his technical support problems. (He may 
never be fully ready, but at least that should be his goal.) 
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OFFICE 

FACILITIES, EQUIPMENT AND MANPOWER ARE PREREQUISITES TO READINESS. 

REaJRRING AND NONREaJRRING EFFORTS 

Contractor estimates should be based on data recorded for prior 
similar work, with requirements for recurring and nonrecurring efforts 
about the same as the requirements for the proposed contract. All techni­
cal support efforts are either recurring or nonrecurring. 

A recurring effort is repeated during the contract; a nonrecurring 
effort is done but once. Because a recurring effort is repeated, if the 
contractor overestimates his costs for that effort, his overestimate 
will be multiplied by the number of times the effort is performed. Also, 
because costs' are incurred every time an effort is repeated, contractors 
should not confuse recurring and nonrecurring efforts. Most nonrecurring 
efforts occur early in a contract, often before production begins. 

ENGINEERING CATEGORIES 

By now you know the engineers we are talking about are not train­
drivers. But what do they do? 
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Engineers working on Defense contracts and having college degrees 
usually have majored in either electrical, mechanical, or industrial 
engineering. Electrical engineers have studied the properties of electri­
city and the makeup and operation of electronic apparatus. Mechanical 
engineers specialize in the overall design and operation of hardware. 
Industrial engineers are experts in coordinating men, machines, and 
material to achieve maximum productivity at minimum costs. 

Contractors may quote costs for any of these engineering types. But 
more often they quote costs by the type of work the engineers do on the 
contract, regardless of their academic backgrounds. These efforts can be 
broken down into design, manufacturing, quality assurance, reliability 
and maintainability, and sustaining engineering. 

DESIGN ENGINEERING 

By the time a contractor begins production, his design engineers will 
have specified the end product "s physical characteristics. The Government 
requests a product with certain performance capabilities, but often the 
contractor's design engineers must come up with exact dimensions and 
material specifications for the product. They cooperate with documentation 
personnel to produce design specifications, drawings, parts lists, sche­
matics, technical manuals, spares lists, and other documents describing 
exactly what is to be built (see figure II-C-I). 

Design engineering requirements depend mostly on product newness and 
complexity. If the contractor has produced a similar or identical item be­
fore, his engineers should be able to use much or all of the prior work's 
documentation. Designing a complex end product from scracch takes more 
effort than designing a simple one, but remember that product newness and 
product complexity interrelate. Designing a complex item may take less 
effort than designing a less-complex item if the contractor has previously 
made items similar to the complex item but not to the less-complex item. 

Initially developing a product's design is a nonrecurring effort. 
Recurring design engineering efforts are modifications to the existing 
design. 

MANUFACTURING ENGINEERING 

Manufacturing engineers, sometimes called production planners, plan 
the direct manufacturing labor activities needed to produce the end pro­
duct. They are responsible for writing process instructions and methods 
sheets, for organizing work stations, for assigning tools and machines, 
and (if they are responsible for production control) for generating and 
administering schedules to match shop capacity with contractually im­
posed deadlines. 
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MANUFACTURING ENGINEERING 
INVOLVES THE DEVELOPMENT AND 
IMPLEMENTATION OF EQUIPMENT 
AND METHODS IMPROVEMENT. 

Manufacturing engineers' plan­
ning efforts, such as writing pro­
cedures, assigning machines, and 
setting up schedules, generally are 
nonrecurring. Their administrative 
efforts, such as reviewing schedules 
and manufacturing methods, are re­
cUrring. 

Two basic documents these 
engineers develop are the visual aid, 
or work aid, and the process sheet, 
or manufacturing outline. A visual 
aid is a coded chart or diagram for 
shop workers to follow when perform­
ing particular assembly operatjons. 
(Figure ll-C-2 shows a visual aid 

used in the assembly of electronic components.) Process sheets take more 
time to prepare than visual .aids because fabrication and assembly methods 
must be described and estimates for individual operations must be de­
veloped and entered on the sheets. (An assembly process sheet is il­
lustrated in figure ll-C-3.) Visual aids are subordinate to process 
sheets and depict the assembly operations described in the process sheets. 

The number of process sheets required on a particular contract w:'..ll 
be directly proportional to the number of parts or modules being produced. 
In the fabrication area, each part will have its own sketch and process 
sheets. For assembly operations, one or two sheets are required per 
module, three to six per subassembly, and seven to ten sheets per full 
assembly. Each process sheet and associated visual aid ·will require 
about 4 hours of manufacturing engineering time, depending on product 
complexity. 

Manufacturing engineering generally requires from 8 to 16 percent 
of the estimated direct manufacturing labor hours. In the proposal, for 
every manufacturing engineer called for, there also should be from six 
to 12 direct manufacturing workers should be proposed. 

QUALITY ASSURANCE ENGINEERING 

Quality assurance, quality control, or test engineering is the 
creative effort needed to formulate standards and specifications de­
scribing tests and inspections for ensuring that the end product meets 
the performance criteria expressed in the Government's solicitation. Be­
sides specifying test procedures, quality assurance documents describe 
the actual design of special fixtures and equipment to be used in 
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ASSEMBLY PROCESS SHEET 

Date: 9/1/72 
Initial: EAM 
Dept: 1622 

Part No.: 234567-1 
Part Name: Top, Console 
Issue: 2 

Task: Assemble and solder components to PCB per attached work aid 

Operation 
number Operation description 

10 Preform 2-lead components 

20 Preform 5-lead components 

30 Preform transistor 

40 Preform PC leads (cam type) 

50 Preform jumper 
60 Assemble 2-1ead components 

70 Assemble 5-lead components 

80 Assemble jumper wire 

90 Hand-solder lead 

100 Flow-solder PCB 

llO Assemble hardware per nut/bolt 

120 Assemble hardware per nut 

130 Clean PCB 

140 Mask per side 

150 Conformal coat 

Total 

Leveled run time (.851 hr) x PF&D (1.15) 
(.979 hr) 

Std 
hrs Qty 

.010 20 

.020 1 

.015 

.050 

.010 1 

.0078 20 

.015 1 

.010 1 

.005 

.050 1 

.010 

.010 4 

.100 1 

.050 4 

.050 1 

Setup 
Run. hrs hrs 

.200 .050 

.020 .050 

.010 .050 

.156 .050 

.015 .050 

.010 .050 

.050 .050 

.040 .050 

.100 .050 

.200 .050 

.050 .050 

.851 .550 

= allowed std run hrs per PCB 

Leveled setup time (.550 hr) x PF&D (1.15) = allowed std setup hrs per 
lot (.633 hr) 

Figure II-C-3. Assembly Process Sheet 
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conducting the tests. Before the 
first piece of incoming material can 
be inspected or the first finished 
item tested, quality assurance 
engineers must develop the tests and 
the designs of the test equipment 
and quality control workers must 
install the equipment. 

Some degree of quality assur­
ance normally is required at each 
stage of,hardware development, from 
the fabrication of a small part to 
the assembly of the complete system. 

. At the completion of each inspection 
or test, quality assurance engineers 

QUALITY ASSURANCE INSPECTIONS 
ARE INTENDED TO ENSURE DELIVERY 
OF A SATISFACTORY PRODUCT. 

analyze the test results, reject substandard material, and make recom­
mendations to the design engineers on whether to continue with or modify 
the design. 

In quality assurance engineering, developing test procedures and de­
signing special test equipment would be nonrecurring. Ex~ept in first buy 
or research and development situations, these efforts should take little 
time compared with other nonrecurring engineering efforts. The analyses 
of test results, special testing, and review of ECP's would be recurring. 

If the equipment and material used in developing and installing test 
stations can be used on many contracts, it may be called "capital tooling" 
and included in engineering or manufacturing overhead. On the other hand, 
if it is easily traceable to tests of particular products, it may be 
called "material setup charges" and charged directly to particular con­
tracts as direct material. 

~1ajor activities for ensuring an end product meets the Government's 
needs are shown in figure II-C-4. 

RELIABILITY AND MAINTAINABILITY ENGINEERING 

Reliability engineers are charged with ensuring that end products 
are so designed and manufactured as to meet longevity requirements spec­
ified by contract. In addition, they are responsible for carrying out a 
program of documentation and testing to demonstrate compliance with re­
liability specifications. 

~1aintainability engineers work to ensure that end products function 
properly throughout their useful life cycles, taking into consideration 
the cost-effectiveness of keeping the products in operation. They pre­
pare training and repair requirements, monitor repairs, and perform other 
efforts to ensure favorable ratios of product use time to product downtime. 
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Nonrecurring reliability and 
maintainability engineering efforts 
include the development of preventive 
maintenance schedules and written 
procedures for field tests and equip­
ment maintenance. Recurring efforts 
include performance of mean-time­
between-failures CMTBF) tests and 
mean-timeCto-repair ~R) tests and 
advising the design engineers of the 
test results. 

The function of design engineers 
and reliability and maintainability 
engineers overlap. Reliability and 
maintainability engineers test the 
product's design and submit recom­

~.; i •. 
RELIABILITY ENGINEERING ESTIMATES 
COVER PROCEDURES AND REPORTS 
AND TESTING TO VERIFY FAILURE·FRE 
OPERATION. 

mendations to the design engineers on how to improve the product. The 
design engineers consider the recommendations, make design modifications 
if required, and have the products with the new design tested once more by 
the reliability and maintainability engineers. 

SUSTAINING ENGINEERING 

In essence, "sustaining engineering" is a synonym for "recurring 
engineering." Contractors must assign engineers to watch over production 
and testing for the lifetime of the contract. These same engineers may 
have some of their time charged to any of the other categories we have 
discussed, but the contractor should not charge time for the same effort 
to both sustaining engineering and some other engineering category. 

HOW CONTRACTORS ESTIMATE ENGINEERING LABOR HOURS 

Similar to his job of evaluating material unit prices, DCAA evaluates 
the contractor's charges for an hour's worth of labor, both engineering 
and manufacturing. But if the technical evaluator sees something he 
thinks will affect hourly labor rates, he should tell DCAA and the con­
tracting officer about it. 

He should keep an eye on the contractor's hiring and firing practices, 
for new, inexperienced employees usually earn less than veteran workers 
do. He should look for increased automation, because fewer but better­
paid workers come with increased use of sophisticated machinery. 

The technical evaluator also should check the proposed labor rates 
as they relate to contract timing. OWing to cost inflation and worker 
promotions, labor costs tend to rise over time. The wages the contractor 
pays at the end of a contract likely will be higher than those he pays 
at the beginning. The technical evaluator should ensure that the proposed 
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SUSTAINING ENGINEERS ARE THE "FIREMEN" ON THE PROJECT. 

labor rates are at the midpoint of the rates paid during the contract, 
not the highest rates. The contractor may pay higher wages after the 
midpoint, but before this he pays lower. 

Otherwise, the technical evaluator will be concerned with the pro­
posed numbers of labor hours. 

~~st contractors develop a separate estimate for each engineering 
type, then sum up all the estimates. For all of these estimates, how­
ever, three methods are commonly used: (1) the work breakdown structure, 
(2) the level of effort, and (3) the production-to-engineering ratio. 

By the work-breakdown-structure approach (see MIL-STO-88l), the total 
production effort is broken down into tasks, subtasks, and, finally, "work 
packages" assigned to individual workers or worker groups. The contractor 
examines each work package to determine what engineering effort is re­
quired to support the production effort described in the work package. 
This approach also is called the "task" or "work-package" approach. 
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The ZeveZ-of-effort, or man-loaded, technique presumes that engineers 
will be needed throughout production. Consequently, a specific quantity 
of end products produced over a long time span will require more engi­
neering hours than the same quantity produced over a short span~ Further­
more, early in hardware development, engineering effort must be keyed to 
design changes, tooling changes, production disruptions, and schedule 
changes. This means more engineers are needed then than when stability 
is achieved. This is illustrated in figure II -.C-5. 

The produation-to-engineering-ratio approach, although perhaps not 
as precise as other techniques, permits quick estimates. It is used 
mainly for estimating recurring engineering efforts, but on occasion it 
may be applied to nonrecurring efforts or even the total effort. By this 
method, the ratio of manufacturing workers to engineers is found for prior 
work and applied to the proposed contract. The amount of engineering 
time expended per unit diminishes faster than the amount of production 
time, but there is a direct relationship between the two. If a contrac­
tor's history shows that, for a particular type of work, engineering time 
has been a certain percentage of production time, he can project his 
engineering man-hours for the proposed contract once .he has estimated 
his production man-hours. The data substantiating proposed ratios can be 
found by analyzing either payroll records, labor analysis reports, or 
industrial engineering surveys. 

HOW CONI'RACTORS ESTIMATE OOCUMENTATION LABOR HOURS 

Deliverable data items are documents the Government project office 
asks the contractor to prepare and submit and that would not have been 
prepared otherwise. These documents are not essential to the contractor's 
engineering or production efforts, and the contractor would not have 
incurred costs for their preparation had the Government not asked for 
them. Chapter 18 of ASPM No. 1 describes these costs as being "over and 
above" the costs of hardware production. After reviewing such a document 
and its quoted price, the Government can either accept it or reject it. 

The Government requires the contractor to price deliverable data 
items separately from other contract costs. It provides the DD Form 
1423, "Contract Data Requirements List" (CDRL), for contractors to list 
these items and their prices. In filling in the DD Form 633 contractors 
usually include all costs, including costs of deliverable data items .. 
Should the Government decide not to buy some data item, its price, as 
stated on the DD Form 1423, should be deducted from the DD Form 633. 

The documents the contractor would prepare anyway may be charged to 
overhead, G&A, or direct engineering labor. All documents charged on 
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the DD Form 633 must be prepared either because they were essential to 
production or because· the Government requested them. 

The following are specific types of documents: 

• Engineering documents 
--Drawings and sketches of assemblies, parts, and tools 
--Bills of material 
--Instructions for packaging and handling 

• Technical manuals 
--Users' guides 
--Installation instructions 
--Repair manuals 
--Training handbooks 

• Provisioning documents 

• Financial and administrative documents 

• Other technical documents 

The "engineering documents" above are essential to designing and pro­
ducing any piece of hardware, so their costs are accounted for under direct 
engineering labor. Technical manuals and provisioning documents, al­
though resulting from engineering efforts, may not be required in the 
normal course of fulfilling the contract. If they are not, their costs 
should be listed on a CDRL and their preparation shown to be in response 
to a Government solicitation. Financial, administrative, and some "other" 
technical documents may be charged to direct engineering labor. They 
also may be charged to G&A or overhead, but never should they be charged 
to more than one DD Form 633 line item. . 

All documents belong in either of two major classes: textual docu­
ments and graphic documents. 

TEX1UAL DOCUMENfS 

Textual document costs include the costs for the engineering, writing, 
editing, typing; proofreading, illustrating, reproduction, collation, and 
binding efforts necessary to produce manuals, specifications, standards, 
handbooks, reports, instructions, and other written documents. AI though 
these efforts represent quite a variety of salaries and activities, con­
tractors usually quote a lump number of hours to prepare a document page. 
All of these efforts are considered in the proposed labor cost for I hour. 
Contractors figure total document time by multiplying the hours per page 
by the estimated number of pages to be published. Then they calculate 
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total document cost by multiplying the total number of hours by their rate 
for I hour of documentation labor. 

Whether or not a document is being generated for the first time is 
the greatest influence on its cost. If production entails new design or 
other engineering concepts, a document's cost per page will be higher 
than it would be otherwise. If a similar product has been produced pre­
viously, the contractor's engineers and publication specialists may need 
only to make changes to existing documents. The extent of changes would 
depend on product differences, and the extent of documentation work would 
depend on the usefulness of any existing documents, negatives, plates, 
and so on. 

Changes to manuals already in use are charged on a per-page basis 
according to the average percentage of each page being changed. If'more 
than 70 percent of a page is changed, an entirely new page normally is 
developed, which takes about 8 hours--4 hours writing, 2 hours liaison, 
I hour editing, and I hour typing, copying, and collating. Changes amounting 
to between 25 and 70 percent of a page will necessitate a revised page, 
which takes about 4 hours. Changes amounting to no more than 25 percent 
of a page should call for about 2 hours of documentation time. 

The above times apply to instructional manuals addressed to operating 
personnel. Manuals developed in a research and development environment 
may take up to twice as long to prepare. 

The costs for preparing provisional technical documents, as spare 
parts lists are called, should be easily traceable. The amount of work 
required depends on the number of line items in the particular list. 
Most contractors will require no more than 0.7 hour per line item for 
preparing a list of less than 250 items, from 0.6 to 0.7 hour per line 
item for a list of between 250 and 500 items, and no more than 0.6 hour 
per line item for a list of more than 500 items. 

Many of the same labor types required for other textual documents 
are also needed to prepare provisioning documents. The times given above 
for provisioning documents include all the required activities, from 
engineering research and writing through binding and collation. 

GRAPHIC DOCUMENrS 

In addition to the illustrations placed in technical texts and whose 
costs are included in per-page costs, contractors generate drawings to 
show the design of parts on up to and including the complete system. 
These design breakdowns are charged according to the time spent on them, 
which is determined by: 
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• Draftsmen's skill 

• Quality of the specifications given to the draftsmen 

• Percentage of reworkable drawings 

• Complexity of the drawings 

• Drawings sizes 

• Quantity of each size 

• Number of sheets per drawing 

• Time required to check out the drawings 

• Time required to supervise the draftsmen 

Drawing labor costs frequently are based on estimates of hours per 
square foot of drawing. Hours per drawing will vary from less than 1 
hour per square foot for simple repetitive drawings to over IS hours per 
square foot for complex designs. For example, a single drawing depicting 
a servo system with many functions would require better skilled draftsmen 
for much more time than a simple sheet-metal cutout drawing would require. 

The number of hours quoted to prepare a given drawing mayor may not 
include the job of checking drawings and supervision. The time consumed 
by checkers, who review drafting work for appearance,. clarity, and accu­
racy, may be charged direct! y to individual drawings. This time normally 
amounts to about 20 percent of the actual drawing time. 

The quantity of each size drawing to be made or modified, if known, 
is frequently used as a factor for estimating the total drafting costs. 
A percentage factor based on the number of drawings made or modified 
from previous similar contracts may also be used. 

Table II-C-l presents a conversion of common drawing sizes from 
inches to square feet and an approximation of the number of drafting 
hours that should be consumed. Engineering and checking time is not in­
cluded in the table. MIL-STD-IOO specifies standard sizes for drawings. 

HOW CONTRACTORS ESTIMATE MANAGEMENT COSTS 

You may find management costs under direct engineering labor, direct 
manufacturing labor, other direct costs, G&A expenses, engineering over­
head, manufacturing overhead, or divided among some of these elements. 
Top-level management usually. is charged to overhead or G&A because its 
Work is unrelated to anyone item's production. Management costs that 
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Tabl~ II-C-l. Engineering Drawing Data 

Drawing Size Typical Standard Time per drawing 
designato.r In Sq It quantity time size (hrs) 

( ,. 

A 8.5 x 11 2/3 100 2 200 

B 11 x 17 1-1/4 30 4 120 

C 17 x 22 2-1/2 24 8 192 

D 22 x 34 5-1/4 16 16 256 

E 34 x 44 10-1/3 10 28 280 

F 5 60 300 

G 3 84 252 

Subto.ta1 188 1600 (8.5 hrs 
avg) 

Checking time @ 20% 320 

To.tal effert 1920 

Average effert per drawing 1920/188 = 10.15 hrs 

can be charged as direct cests are preject management cests, line manage­
ment cests, and clerical cests asseciated with the direct management 
cests. 

All direct management cests may be charged to. direct engineering 
labor and eften are. But line management cests incurred as a direct re­
sult ef manufacturing activities more eften are charged to. direct manu­
facturing laber. Fabricatien and assembly shep supervisers and feremen 
are such line managers. Other line managers, such as engineering, quality 
centrel, and decumentatien supervisers, almost never have their cests 
charged to. anything but direct engineering laber. Centracters who. cannet 
decide where to. put a direct management charge may put it under "ether 
cests." 
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No matter where a contractor accounts for his management costs, if 
he counts them as direct costs he probably will use the ratio of manage­
ment time to the people-being-managed time. For a sample of this method, 
a contractor's historical records may show that for every ten design engi­
neers employed, one design engineer supervisor would be employed. So if 
a contract calls for 200 design engineers, he could estimate 20 design 
engineers supervisors, and charge them to direct engineering labor. 

Remember, to be considered a direct cost, a management cost must be 
generated by the needs of a particular contract, be based on reliable 
historical data, and not be included in any G&A or overhead account. 

LEARNING TO WINK TIME 

Technical evaluators spend a large portion of their time evaluating 
the proposed hours for doing a specified amount of work. Labor efficiency 
is not measured by the salaries of \vorkers, but by the time workers take 
to do their assigned work. Frequently, direct engineering labor and 
direct manufacturing labor are the two greatest expenditures on Defense 
contracts. To ensure the Government pays for a reasonable number of 
labor hours, technical evaluators must learn to think time. 

In measuring labor. time, labor 
can be expressed in units ranging 
from thousandths of a man-hour to 
thousands of man-years. Listed 
below are commonly expressed measure 
ments of working time. We recommend 
you memorize them. 

• 1 man-hour - labor expended 
by one person during 60 minutes 

• 1 man-day - 8 man-hours 

• 1 man-week - 5 man-days or 
40 man-hours 

• 1 man-month - about 160 man-hours or 20 man days* 

• 1 man-year - about 12 man-months, 250 man-days, or 2000 man-hours 

*Man-months and man-years· are. rounded off to expedite estimates. 
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Most contractors express direct manufacturing labor time (leveled 
times, standard times, actual times, and bid times) in decimal tenns, and 
technical evaluators must know what they are talking about. If a con­
tractor says an operation requires 0.617 decimal minute, or just 0.617 
minute, a technical evaluator should recognize this as 61.7 percent of 
1 minute--37 seconds--rather than as some other length of time. Moreover, 
when running in-shop checks on contractor estimates, the technical 
evaluator may need to use a decimal timepiece when accurate time measure­
ments are essential. 

The formulas for deriving decimal equivalences are: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Seconds 60 = decimal minutes 

Min~~es = decimal hours 

Seconds = decimal hours 
3600 

Decimal minutes x 60 = seconds 

Decimal hours x 60 = minutes 

Decimal hours x 3600 = seconds 

Table II-C-2 shows decimal minute and hour equivalences for 1 through 
60 seconds. The relationship between seconds and decimal minutes is the 
same as the relationship between minutes and decimal hours, so the table 
can be used to convert minutes to decimal hours. Just substitute the 
heading ''minutes'' for "seconds" in the first column and the heading "deci­
mal hours" for "decimal minutes" in the second column . 

• 
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Table II-C-2. Conversion of Seconds into Decimal Minutes 
and Decimal Hours 

• ~ 
Decimal Decimal Decimal Decimal 

Seconds minutes hours Seconds minutes hours 

1 0.017 0.00028 31 0.517 0.0086 
2 0.033 0.00056 32 0.533 0.0089 
3 0.050 0.0008 33 0.550 0.0092 
4 0.067 0.0011 34 0.567 0.0094 
5 0.083 0.0014 35 0.583 0.0097 
6 0.100 0.0017 36 0.600 0.0100 
7 0.117 0.0019 37 0.617 0.0103 
8 0.133 0.0022 38 0.633 0.0106 
9 0.150 0.0025 39 0.650 0.0108 

10 0.167 0.0028 40 0.667 0.0111 
11 0.183 0.0031 41 0.683 0.0114 
12 0.200 0.0033 42 0.700 0.0117 
13 0.217 0.0036 43 0.717 0.0119 
14 0.233 0.0039 44 0.733 0.0122 
15 0.250 0.0042 45 0.750 0.0125 
16 0.267 0.0044 46 0.767 0.0128 
17 0.283 0.0047 47 0.783 0.0131 
18 0.300 0.0050 48 0.800 0.0133 
19 0.317 0.0053 49 0.817 . 0.0136 
20 0.333 0.0056 50 0.833 0.0139 
21 0.350 0.0058 51 0.850 0.0142 
22 0.367 0.0061 52 0.867 0.0144 
23 0.383 0.0064 53 0.883 0.0147 
24 0.400 0.0067 54 0.900 0.0150 
25 0.417 0.0069 55 0.917 0.0153 
26 0.433 0.0072 56 0.933 0.0156 
27 0.450 0.0075 57 0.950 0.0158 
28 0.467 0.0078 58 0.967 0.0161 
29 0.483 0.0081 59 0.983 0.0164 
30 0.500 0.0083 60 1.000 0.0167 
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Subseation II-D. DIRECT MANUFACTURING LABOR 

A contractor estimates total direct manufacturing labor time by 
estimating the time required for every direct manufacturing labor pro­
cess or operation* needed to fulfill the contract. To do this, he relies 
on either his history or his labor standards, or a combination of the two. 
His choice of estimating techniques should be based on his system for 
accumulating cost data--his cost-accOl.D1ting system. 

THE JOB ORDER COST SYSTEM 

Under this system cost information is accumulated by individual jobs 
or orders. This means that whenever the contractor using this system 
finishes either a complete contract or a production run of a specially 
made part to be used in a contract, he records his cost data. Mostly 
the data are historical data, telling only what the contractor actually 
did. They tell what was produced, how it was produced, in what quantity 
it was produced, how long and how much money it took to produce it, 
what material was used, and any other pertinent information. 

Most contractors who use this system are job-shop contractors. They 
do not continuously mass-produce a line of products but make relatively 
short runs of products according to each customer's specifications. Be­
cause of product dissimilarities, the contractor cannot accumulate cost 
information with the intention of using it to forecast costs for a great 
number of jobs or orders. 

THE PROCESS COST SYSTEM 

Under this system, cost information is accumulated at the close of 
cost-accounting periods (usually each month) rather than at the 

*The total direct manufacturing effort required for manufacturing a 
system can be broken down into the "processes" of fabrication, asse~bly, 
and quality control (if quality control is not considered as ~ englneer­
ing function). These processes, in turn, can be broken down mto 
"operations," such as la.the, welding, and test setup operations. 
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completion of jobs or orders. Most contractors who use this system either 
continuously mass-produce a particular end product or continually manu­
facture a particular kind of end product. Either situation demands the 
continual repetition of identical or highly similar operations. Because 
work-method changes from job to job or from lot to lot are minimal, the 
contractor does not need to gather all data necessary to recalculate 
costs for each new contract or production IUri. More readily than the 
job-shop contractor, he can develop and apply labor standards. The data 
recorded, although telling what the contractor has done, are recorded in 
a form useful for the development of a labor standards program. They are 
called "standard-related data." 

Standards, though usually based on industrial engineering efforts, 
may be based on past performances--on a contractor's history--so con­
tractors using standards can and do call at least some of their data 
"historical data." The major distinction between the data may be that 
historical data are usually thought of as straightforward, raw accounts 
of past events and standard-related data have been translated into 
factors and allowances. 

Note that contractors using the job order cost system may develop 
standards for certain operations or processes, especially ones they per­
form regularly. Furthermore, for some estimates contractors using the 
process cost system can decide not to spend money on the industrial 
engineering efforts needed to develop standards and, instead, base their 
estimates solely on historical data. (See appendix C.) 

USING HISTORICAL ITATA AS THE PRIMARY 
BASIS FOR THE DIRECT MANUFACTURING 

LABOR ESTIMATE 

"Actual time" is a record of the time that actually elapsed when 
some specific task, operation, or process was performed in the past. If 
a task, operation, or process performed for a past contract is required 
for a contract under negotiation, and the contractor has on file a 
reliable actual time for that task, operation, or process, he can use 
that actual time as his bid time. 

"Bid time" is the time a contractor quotes in his proposal as the 
time for performing a task, operation, or process. To use an actual time 
as a bid time, without modification, the actual time must be reasonable, 
demonstrably accurate, and recorded for work done under conditions nearly 
identical to those expected for the current effort. 

Conditions affecting the use of historical data as the sole basis 
for determining a bid time are: 

• Manufacturing processes physically relocated to another site 
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• Realignment of production flow within the existing structure 

• Changes in type and munbers of equipment 

• Changes in overall plant efficiency as shown in current worker 
output 

• A change in position on the experience curve, if used as an estimat­
ing tool 

When a contractor estimates costs for an item slightly different 
from some item he has produced in the past, he may apply factors to his 
cost data to accomt for production differences. That is, when the 
contractor is using historical data to estimate costs for an item 
slightly different from the items made in the past, he can estimate the 
effects of the difference in terms of time and costs. This estimate is 
based on his engineers, judgement, and can be called either a "plant 
condition factor," "manufacturing allowance," or a "complexity factor." 
CThis "complexity factor" should not be confused with the complexity 
factor frequently applied to engineering labor estimates. See sub­
sections II-C and III-D.) 

1m experience 
to estimate costs. 
section. 

curve can be plotted from historical data and used 
We discuss experience curves later in this sub-

Figure II-D-l shows how direct manufacturing labor costs can be 
determined solely from historical data. 
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Figure II-D-l. Using Historical Data To Estimate 
Labor Cost. 
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USING LABOR STANDARDS AS THE. 
PRIMARY BASIS fUR THE DIRECT 
MANUFACTURING LABOR ESTIMATE 

The Defense Department prefers to award contracts to manufacturers 
with a demonstrated ability to produce a particular kind of product. 
This means that, although a particular contract may call for a never­
before-produced end product, the Defense contractor probably will have 
experience in making similar products. Many of the required operations 
will be highly similar or idenhcal to operations performed time and 
again in the· past. 

In other words, most Defense contractors use labor standards and 
maintain a labor standards program. A labor standards program is a 
file of labor standards the contractor's organization has developed, 
standard-related data accumulated from within his organization, labor 
standards developed by other companies, and standard-related data from 
other sources. (Note: Standards quoted by a contractor are generally 
his standards and not universally used by industry. Company standards 
may be considered proprietary information--not for use by other 
companies.) 

A labor standard can be expressed as an output standard or as a 
time standard. 

• An output standard specifies 
a production rate for a given product 
unit produced by a given production 
method. "Two components (less 
soldering) mounted per minute" is an 
output standard . 

• A time standard is the amount 
of time to produce one unit or com­
plete one operation. '7hirty sec­
onds to mount one component (less 
soldering)" is a time standard. 

"Labor standards," "output 
standards," "standard outputs," 
"time standards," and "standard 
times" are used interchangeably and 
mean the same thing: the rate of 
production that an average worker 
should be able to achieve under 
normal conditions. But to be more 
precise, consider the terms as 
follows: 

A FAIR DAY'S PAY FOR A FAIR DAY'S 
WORK. 
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• "Labor standards" is the all-encompassing generic term. 

• "Output standards" and "time standards" are the terms you use when 
speaking of labor standards and you need to describe a particular type of 
standard. 

"Standard output" and "standard time" are the terms you use when 
you need to indicate that an output or time value is a "standard" amount 
someone should be able to achieve. 

In this guide we use the term "standard times." 
Two definitions of standard time are: 

• The time necessary for a qualified workman, working at a pace 
ordinarily used under capable supervision and experiencing normal fatigue 
and delays, to do a defined amount of work of specified quality when 
following the prescribed method. 

• Normal or leveled time plus allowance for personal needs, fatigue, 
and delays. 

Standard time is not necessarily the contractor's bid time. Quite 
often it is not his bid time because standard time usually cannot be 
achieved until production has been under way for some time. Most bid 
times, in effect, are standard times plus time allowed for below-standard 
worker performance owing to inexperience and other reasons. Why sub­
standard performance should exist and why such performance should not be 
counterbalanced by above-standard performance when experience is gained 
are questions a technical evaluator should ask, but first let us look at 
standard time. 

STANDARD TIMES DEVELOPED IN SHOP 

"Standard times developed in 
shop" are standard times developed 
for application within a particular 
department in the contractor's 
company. Many departments use some 
standard-related data and standards 
from other sources, but for now we 
will assume the contractor is ac­
cumulating data within a particular 
department ·for use in developing 
standard time.s for that department. 
We are going to develop a standard 
time from scratch. 

The following equation will give 
you standard time: 
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Leveled time + PF&D allowance + special allowance = standard time 

Leveled Time 

Leveled time traditionally lias lieen defined as: too working time only 
that average-skilled worker making an average effort lD1der average condi­
tions normally spends performing a specific operation or process. It 
does not include special allowances or allowances for personal needs, 
fatigue, or delays. The three most commonly used techniques for deter­
mining the leveled time for an operation are: the time-study technique, 
the predetermined-leveled-time technique, and the work-sampling 
technique. 

The Time-Study Teahnique. This technique involves subdividing "work 
cycles" (operations or tasks) into "elements," which consist of distinct, 
describable, and measurable flD1damental IIlJtions. In a turret lathe 
operation, for example, an element could be "get stud from table and 
place in chuck," "tighten chuck with socket wrench," or "start machine." 

Measuring Performance Time. The elements are listed on a time-study 
sheet in the sequence in which they are to be performed. The person 
conducting the study makes one or several continuous observations of the 
work cycle, during which he makes stopwatch timings of each element and 
records them on the time-study sheet on which he has listed the elements. 
Also, he records the skill and effort displayed by the worker, the con­
ditions lD1der which the work is performed, and how much consistency is 
attained for the kind of work that is being done. Note that when a stop­
watch recording is made, the time recorded represents performance time, 
not leveled time. 

Figure II-D-2 is a sample time­
study sheet with 12 elements listed 
across the top. The 12 ''T'' columns 
represent individual timings of the 

\l6i11'1 .. t",' work cycle's 12 elements. The 12 
f\"':.~~~ "R" collu11I1s, going from left to right, 

represent cumulative recordings taken 
from a stopwatch that ran continuous­
ly over the entire work cycle. Under 
element I, for example, the first "T" 
and "R" recordings are 18, or 0.0018 

~~l hour (6.48 seconds). Going across 
the sheet, the "T" recording under 
element 2 is 19, or 0.0019 hour IN A TIME STUDY, THE OBSERVER 

MEASURES AND RECORDS THE TIMES 
REQUIRED FOR SEVERAL CYCLES OF 
SOME SPECIFIC WORK ELEMENT. 

(6.84 seconds), which was the timing 
for element 2 taken during that ob­
servation. The "R" recording under 
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STUDY No.3 

SHEET No. 

OF 1 

SHEETS 0YilA' tj. & tj.&~ 
~ .., ~'f ;'''''l..J'l.'f 
~ ~ ~iIJ ~'v 

,,'I; tj. ~ ~ ,,<:> FOREIGN ELEMENTS 

NUMBER 2 10 11 12 s 
v R T DESCRIPTION 

NOTES LINE T R T R T R T " T " T " M 

1 18 18 19 37 18 210 10 20 14 34 13 47 A I~:a 500 BREAK STUD 

2 21 68 20 88 26 72 10 82 13 95 13 508 B I'" 341 64 GET 14 STUDS 

3 20 28 20 48 .2 51 77 ~ GET DRINK 21 35 11 " 16 35 15 .2 c 6" 109 

• 25 802 16 18 ~ DROP WRENCH 
28 1013 11 24 18 42 12 54 o 1085 38 WIPE OFF HANDS 

5 19 73 20 93 19 79 11 90 17 1307 11 18 E f--

• 25 43 19 62 25 42 10 52 14 66 'J4 1600 F f--

7 23 23 0 33 28 1812 - - - - - - G r--
8 A 

2330 15 45 18 24 28 16 44 18 62 12 74 H r--

• 20 94 20 2614 23 78 11 89 16 2805 13 18 I r--,. 18 36 19 55 32 48 12 60 ~ 82 10 92 J f--

11 18 110 17 27 29 303 12 15 18 33 ~ 41 K -
12 • 430 4 73 25 22 46 14 60 11 71 C 792 L-12 

13 21 813 14 27 20 1012 12 24 16 40 12 52 M -

I. 28 80 
0 
,. 1137 - 1301 14 15 18 33 11 44 N-

15 O-

,. SKill EFFORT 

17 

Al 
SUPER 

Al 
EXCESSIVE A2 A2 ., 

EXCELLENT 
., 

EXCELLENT 
.2 .2 

18 -"- .g. GOOD Cl GOOD 
C2 C2 

I. 0 AVERAGE 0 AVERAGE ., 
FAIR " "FAIR 

.2 .2 
2. - .g. POOR F1 POOR 

2 F2 

CONDITIONS CONSISTENCY 

TOTALS "T" 0299 0218 0315 0189 0134 A IDEAL A PERFECT 

NO. 14 12 OBSERVATIONS 13 12 11 • EXCELLENT B EXCELLENT 

AVERAGE "T" 00214 00182 
C GOOD C GOOD 

00242 00158 00122 10/ 0 AVERAGE 0/ 0 AVERAGE 

MINIMUM "r' 0018 0014 0018 0011 0010 • FAIR • FAIR 

MAXIMUM "T" 0028 0020 0032' 0018 0015 F POOR F POOR 

"AT 0 C1C1DD 
S.E.C .• CY.I 

GENERAL SKILL EFFORT CONO. CONST. 

RATING 
LEVELING 1.11 FACTOR 

FOR +.06 +.05 .00 .00 
STUDY 

L.F. X AVE. 'T' 00238 00202 00269 00175 00135 
STUDY STUDY OVERALL 

" ALLOWANCE 15 15 10 15 15 STARTED FINISHED TIME 

TIME ALLOWED 00274 00232 00296' 00201 00155 
A.M. A.M. HRS 8:46 P.M. 9: 12 P.M. .433 

Figure II-D-2. Sample Time-Study Sheet 
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element 2 reads 37 (0.0037 hour or 13.32 seconds), which represents the 
time recorded for both elements 1 and 2 from a continuously running stop­
watch. 

The final "R" recording at the right of the first observation rep­
resents the total recorded time for performing the work cycle. Fourteen 
observations were made of the work cycle, so to find the average perform­
ance time either of any element or of the entire work cycle, the time­
study man can add the recordiQgs down the appropriate column and divide 
by 14. Average performance time, however, as you will soon see, does not 
necessarily represent the leveled time for an element or work cycle. 

Leveling. Because worker skill and effort vary, some means must 
be used to make the timings of worker performance represent the average 
working time of the average worker working under average working con­
ditions. Without leveling, observed performance time could represent 
anything from the best performance of the contractor's best worker to the 
worst performance of a newly hired employee. 

Finding a worker with average skill giving average effort under 
average conditions is unlikely. Even for a worker with average skill 
and appearing to give average effort, all stopwatch recordings will not 

~------:;;: 
BETTSY ROSS 

MILITARY BUTTON 
F 

WITHOUT LEVELING, OBSERVED PERFORMANCE TIME COULD REPRESENT 
ANYTHING FROM THE BES1 PERFORMANCE OF THE CONTRACTOR'S BEST 
WORKER TO THE WORST PERFORMANCE OF A NEWLY HIRED EMPLOYEE. 

II-D-8 



r-" , .;..--' 

, . 

" 

be identical because of minor, often 
nearly imperceptible differences in 
motions and effort. But by rating 

..... .,: 

~WA his effort and skill, the conditions 
of the shop, and the "consistency" 
attainable in the type of work, you 
can determine a leveled time for the 
operation he is performing. 

Skill often is rated in the fol­
lowing descending order: (1) super 
skill (the skill exhibited by a 
"perfect" worker), (2) excellent 

AN EXTREME CONDITION THAT SLOWS sk~ll, (3) go?d sk~ll, (4) average 
THE WORKER'S OUTPUT MAY BE CON- sk~ll, (5) fan sklll, and (6) poor 
SIDERED IN LEVELING HIS MEASURED sklll. 
WORK RATE. Effort often is rated in the 
following descending order: (1) excessive effort (best possible effort 
from all standpoints but those of health and safety), (2) excellent 
effort, (3) good effort; (4) average effort, (5) fair effort, and (6) 
poor effort. 

The conditions accounted for by leveling are conditions that affect 
the operator, not the operation. For example, a machine operator's hands 
and fingers may be stiffened as a result of the plant being unusually 
cold on a Monday morning in the winter. This unusual condition will 
cause the operator to take more time, and the leveling factor can be used 
in this case to account for the unusual conditions that affect the 
operator's performance time. But if a broken conveyor belt forced an 
assembly worker to walk to pick up parts instead of his receiving a con­

tinuous flow of parts, the operation 
not the operator, would be affected 
by the broken belt, and this con­
dition could not be accounted for 
the leveling factor. 

Conditions should be rated 
according to what is average or 
normal for the place you are 
evaluating. Because of the extreme 
heat in a department or plant that 
is engaged in forging, for example, 
you may think the working conditions 
are nearly intolerable. But if 

AN UNUSUAL BREAKDOWN IN THE those conditions usually prevail in 
FACILITIES DIRECTLY IMPACTS THE that department or plant, they 
OPERATOR'S WORK RATE BUT IS NOT. should be rated average or normal 
TO BE COVERED IN THE LEVELING for that particular place. 
FACTOR. 
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Conditions, in fact, usually will be 
rated average. 

Timings of manual operations 
will vary more than the timings of 
automatic operations because human 
work is more irregular. The kind of 
manual operation also influences 
the degree of timing variations. 
Workers can develop steady rhythms 
for such elements as picking up 
moderately sized machine parts. But 
such an ele~ent as picking up circuit 
components will have irregular tim-

.. /4..' • 

.~:. 

ings because sometimes they can be WHEN PROPER SKILL AND REASON· 
picked up easily and other times they ABLE EFFORT ARE USED TOGETHER, 
can be extremely elusive. THE AVERAGE RESULT IS MORE 

PRODUCTIVE. 
Highly skilled operators usually are more consistent operators than 

are unskilled operators and great effort, particularly from operators who 
are not highly skilled, tends to cause inconsistency. 

A large variance in time needed to perform an element usually means 
that something is wrong with either the operator or the operation. Small 
inconsistencies can be accounted fOr by leveling, but the reasons for 
large variances shoUld be uncovered and corrected. 

After skill, effort, conditions, and consistency have been rated, a 
numerical value can be applied to the ratings. Figure II-D-3 is a per­
formance rating table Used by many industrial engineers. Then the numeri­
cal ratings can be added to determine the leveling factor for the work 
performed. The sum of the numerical 
ratings for skill, effort, condi­
tions, and consistency--the level­
ing factor--is the percentage above 
or below average that a particular 
timing represents. 

Look at the sample time study 
shown as figure II-D-2. To determine 
the leveled time for element 1, add 
the stopwatch timings down column T 
for all 14 observations of element 1. 
Your answer should be 0.0299 hour 
(1.80 minutes). If any stopwatch 
timing for element 1 has been !lab­
normal"--either extremely high or 
extremely low compared with the 
other timings--it should have been 

EXCESSIVE EFFORT WITHOUT 
COMPARABLE SKILL DOES NOT YIELD 
AN AVERAGE LEVELED TIME. 
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Skill Effort 

Letter Nomerica1 Letter Numerical 
Description Grade Rating Description Grade Rating 

Al +0.15 Al +0.13 
Super Skill A2 +0.13 Excessive A2 +0.12 

B1 +0.11 B1 +0.10 
Excellent B2 +0.08 Excellent B2 +0.08 

C1 +0.06 C1 +0.05 
Good C2 +0.03 Good C2 +0.02 

Average D 0.00 Average D 0.00 

E1 -0.05 E1 -0.04 
Fair E2 -0.10 Fair E2 -0.08 

F1 -0.16 F1 -0.12 
Poor F2 -0.22 Poor F2 -0.17 

Conditions Consistency 

Letter Numerical Letter Numerical 
Description Grade Rating Description Grade Rating 

Ideal A +0.06 Perfect A +0.04 

Excellent B +0.04 Excellent B +0.03 

Good C +0.02 Good C +0.01 

Average D 0.00 Average D 0.00 

Fair E -0.03 Fair E -0.02 

Poor F -0.07 Poor F -0.04 

Figure II-D-3. Perfonnance Rating Table 
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disallowed when computing leveled time. In element 2, for example, two 
stopwatch timings (0.0010 hour and 0.0043 hour) are abnormal and should 
not be included when adding the time values in column T. 

After you have added the 14 timings for element 1, you must divide 
the sum of the timings (0.0299 hour) by the number of timings (14) to 
get the average timing for element 1. Your answer should be 0.00214 
hour. 

At the bottom right of the time-study sheet is space for rating the 
skill, effort, conditions, and consistency shown during the time study 
For the time study in figure II-D-2, skill is rated good, or Cl; effort 
is rated good, or Cl; conditions are rated average, or D; and consistency 
is rated average, or D. Applying the numerical values listed in figure 
II-D-3, skill is rated +0.06, effort is rated +0.05; conditions are rated 
0.00, and consistency is rated 0.00. The leveling factor is found by 
adding +0.06, +0.05, 0.00 and 0.00 to 1.00. The leveling factor for 
figure II-D-2 is 1.11. 

The leveled time for eiement 1 is determined by multiplying the 
average elapsed time of 0.00214 hour by the leveling factor of 1.11. The 
leveled time for element 1 is 0.00238 hour. That the leveled time of 
0.00238 hour is 11 percent greater than the average elapsed time of 
0.00214 hour indicates that the workers observed during the time study 
were performing at a faster pace than that expected of average workers 
exerting average effort under average conditions and displaying average 
consistency. 

By repeating for the other elements the procedure just described, you 
can find the leveled times for all elements. Add them together and you 
have the leveled time for the entire work cycle. A simpler method would 
be to add the average elapsed timings for all elements and then apply the 
leveling factor, but this would preclude developing standard data for 
any particular element. 

Description 

Reach 8 inches to part 
Grasp part by itself, easily grasped 
MOve part to assembly and assemble 
Reposition part during move 
Release part . 

Time 

7.9 
2.0 
8.1 

2.0 

Figure II-D-4. 
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The Predetermined-LeveZed-Time Technique. Predetermined leveled 
times (often called "predetermined standards") are measurements of the 
time taken to perform basic body motions, such as reaching for a part or 
releasing a part •. Methods-time measurement (MIM) is an often-used system 
for developing predetermined times, a sampling of which is shown as 
figure II-D-4. There are other commonly used systems besides ~IT)1. A 
few contractors develop their own systems. 

With the MTM system, leveled times are measured in time-measurement 
units (TMU's). A TMU equals 0.00001735 hour or one-sixteenth of a second, 
its origin·being the length of time to shoot one motion-picture frame 
using a 16-millimeter camera when photographing body motions. 

Whatever the source of the predetermined leveled times, the contrac­
tor can use them to develop his internal standard times. By adding to­
gether the predetermined leveled times for the body motions required to 
perform an operation, the contractor can determine the total leveled time 
for performing the complete operation. Note that each predetermined 
leveled time is leveled, so no further leveling should be required. Pre­
determined standards for innumerable body motions made under various con­
ditions are available in industry publications (see the bibliography). 

If predetermined leveled times are used properly, standards should 
be more accurate than they would be if some other technique were used. 
Development of predetermined leveled times, however, is expensive because 
much industrial engineering expertise is required. Individual worker 
motions must be measured precisely because any error or misjudgement will 
be multiplied many times by the time all the contract's operations and 
processes are complete. Consequently, predetermined leveled times are 
used mostly by contractors engaged in high volume produ~tion. These con­
tractors repeat work operations over a relatively long time period, so 
they can afford the expense of relatively infrequently developing pre­
determined standards. 

The detailed application of the techniques used in developing pre­
determined leveled times are beyond the scope of this guide (see the bibli 
ography). In practice, development of an operation's leveled time via the 
predetermined standards system follows about the same steps as development 
via the time-study method, except that body motions instead of elements 
are measured and leveled. 

Work-SampZing Techniques. The work-sampling technique, unlike the 
predetermined-Ieveled-time and the time-study techniques, is not based 
on continuous. observations of several performances of one or a few care­
fully selected workers. It is based on random timings of randomly se­
lected workers. Also, the timings of work samples are not of individual 
worker motions or elements of a work cycle. They are of an entire work 
cycle (an operation ora process), with accurate leveling difficult, if 
not impossible. 
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When work-cycle times are long, the work-sampling technique usually 
is used so that the contractor can minimize the time and expense required 
to measure and to evaluate work-cycle performance. But when work cycles 
are short and will be repeated many times during the contract's fulfill­
ment, work-sampling may be too imprecise for accurate estimates. The 
predetermined-leveled-time and time-study techniques, if properly used, 
produce more accurate results from the timing of one or a few work cycles 
than work-sampling produces. To develop reliable standard times for 
short work cycles, more time and money could be spent taking enough work 
samples to ensure statistical reliability than would be spent if the other 
techniques were used. 

AUowanaes 

If operators could work without interruption, leveled time would be 
standard time. But uninterrupted work is unlikely, and when determining 
how long an operation or process should take, allowances must be made for 
reasonable interruption. The two basic allowances are the personal, 
fatigue, and delay (PF&D) allowance and the special allowance. 

Allowances may be calculated for each time study with the data ac­
cumulated over a period of time and average allowances developed. Most 
contractors, however, keep on file a percentage allowance calculated by 
sampling the interruptions that normally occur in their facilities during 
the workday. Generally, such an allowance would be validated annually 
through work-sampling. 

PF&D AZZowanae. The singular term "PF&D allowance," which actually 
encompasses three allowances, is used because the three allowances 
usually are considered as one component ?f standard time. For example, 
a personal allowance of 5 percent, a fat1gue allowance of 5 percent, and 
a delay allowance of 5 percent would be combined to become a PF&D allow­
ance of 15 percent. A reasonable combined PF&D allowance, under normal 
conditions, would be no greater than 20 percent. 

Personal Allowance. The personal allowance is for compensating for 
the time required by the average operator to take care of such personal 
needs as getting a drink of water, going to the restroom, and washing his 
hands. A personal allowance normally does not include rest periods that 
are specified in collective bargaining agreements. These rest periods 
are considered time for recovery for fatigue. Some contractors, however, 
do include these rest periods in their personal allowance. Lunch periods 
are not included in PF&D allowances. 

The personal needs of employees vary with their physical makeup, so 
contractors determine the average time taken by employees to take care 
of their personal needs. This is done by sampling seve:ral workers' 
personal time requirements for a workday and dividing by the number of 
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THE PERSONAL ALLOWANCE COVERS THE LOSS IN PRODUCTIVE TIME 
WHEN WORKERS MUST ATTEND TO PERSONAL NEEDS. 

workers. Note that employees need more personal time than normal when 
the work is heavy or is done under unfavorable conditions (see R. M. 
Barnes, Motion and Time study). 

Fatigue Allowance. The amount of time that workers need to recover 
from fatigue is complex and controversial; even medical authorities dis­
agree about it. And according to Prof. A. G. Anderson, " ..• industrial 
operations as carried on in a modern, progressively managed manufacturing 
plant do not subject the workers to undue fatigue, either physical or 
mental, ••• fatigue is not a factor tending to limit production .... "it 

Fatigue does have little effect in most industries today because· the 
workday is shorter than ever and machinery and automation have made work 
easier than ever. Work is less hazardous, so mental fatigue resulting 
from fear has been reduced. 

*A. G. Anderson, "A Study of Human Fatigue in Industry," an 
abstract of a thesis, University of Illinois, p. 22. 
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SCHEDULED REST PERIODS PERMIT 
WORKERS TO RECOVER. 

At present, the effects of 
fatigue can be measured only by ob­
serving output declines as the 
workday passes, and even then we 
cannot be certain that the decreased 
production results frcm fatigue. It 
may be because the worker is tired, 
or it may be because he is sick or 
just does not want to work. 

Despite any controversy over 
fatigue, the Government accepts 
fatigue allOwances when contractors 
can show that their personal allow­
ances are insufficient for complete 
fatigue recovery. A guide to de­
termining how much rest a worker 

should require is that an average worker normally needs as much time to 
recover from a significant energy expenditure as he spent during the sig­
nificant energy expenditure. Handling between 30 and 50 pounds of mater­
ial would cause a "significant energy expenditure." The time needed to 
recover from fatigue varies among individuals, but companies usually de­
velop a companywide fatigue allowance. 

To control fatigue recovery, companies prohibit work during the 
organized rest periods, which may be included in either the personal al­
lowance or the fatigue allowance (but not both). Typically they prcvide 
one midmorning and one midafternoon rest period, with each lasting from 
5 to 15 minutes, depending on the type of work. The la-minute rest period 
is most common. Also, unassisted workers are not allowed to handle 
material weighing more than 50 pounds. 

There is a growing tendency in industry to design work efforts so 
that fatigue is minimized and to limit fatigue recovery time to organized 
rest periods. Nevertheless, in some types of work the rest periods may 
be insufficient. The worker may need short breaks between operations--so 
short that they can be observed only through time studies. Workers in 
machine shops, foundries, loading and unloading docks, warehouses, and 
other material-handling facilities with·harsh environmental conditions 
or requiring strenuous work may need an allowance of up to 5 percent of 
the workday besides the time allowed in rest periods. 

Delay Allowance. This allowance is for unavoidable, predictable 
delays. Avoidable delays result either from operator failure to exercise 
reasonable skill or judgment or from mismanagement, as evidence by in­
adequate or improper instructions or supplies. Avoidable delays should 
not be included in a delay allowance because they should not happen. 
Such unavoidable delays as those caused by power failures, major machine 
breakdowns, and interruptive acts of nature should not be included in a 



delay allowance because they are unpredictable in both frequency and 
duration and cannot be considered normal. Lost productive time resulting 
from such unpredictable delays usually is compensated for in overhead 
rates. 

Delays that can be included in a delay allowance are the unavoidable, 
predictable, nonproductive time periods needed to replenish material at 
the immediate work station, to reject occasional substandard parts, to 
make minor repairs to'tools and equipment, and to receive instructions. 
In some plants, the morning startup, which includes oiling the machines, 
and the end-of-day cleanup, which includes sweeping, are considered 
unavoidable delays to be included in the PF&D allowance. In other plants, 
these delays are considered part of the special allowance. The kind 
and amount of delays should be determined by periodic stUdies. 

Three to 8 percent--14 to 38 minutes--of an 8-hour workday is a 
reasonable range for delay allowances, with 5 percent being an acceptable 
average. Delays included in the PF&D allowance should not be included in 
a realization factor or in a special allowance. 

Mathematics of the PF&D Allowance. A PF&D allowance of 15 percent 
of the workday means that 72 minutes of each 8-hour day are nonproductive. 

To find this allowance, divide the PF&D minutes by the total minutes 
in the working period, which are 480 minutes for an 8-hour day. If ob­
servations show that the average daily PF&D time is 72 minutes, the 
72 minutes divided by the 480 minutes of an 8-hour workday is 0.15, or 
15 percent. Fifteen percent of each workday can be allowed for PF&D. 

But sometimes a PF&D allowance of 72 minutes an 8-hour workday is 
not considered a 15 percent PF&D allowance. Many contractors consider 
the PF&D allowance to be a percentage of leveled time. A 72-minute daily 
PF&D allowance means that 9 minutes of every hour in the workday are non­
productive. A contractor would be paying for 60 minutes of work each 
hour, but he would be receiving only 51 minutes of actual work. The time 
for which he is paying is 17.6 percent more than the time he receives in 
labor. 

By subtracting a daily PF&D allowance of 72 minutes from the work­
day's 480 minutes you will derive a daily "leveled" time, of 408 minutes. 
By dividing the 408 minutes by 72 minutes, you will find that the PF&D 
allowance is 17.6 percent of the leveled time. If you know an operation 
takes so many minutes in leveled time you can find the standard time 
(minus any sp~cial allowance) for that operation by multiplying the 
leveled-time minutes by 0.176 (17.6 percent) and then adding the result 
to the number of minutes. * 

*Another method is ,to multiply the number of minutes by 1.176, or 
by 117.6 percent, which represents 100 percent of the leveled time plus 
the PF&D allowance, which is'17.6 percent of the leveled time. 
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Special Allowance. A special allowance can be used to allow for 
delays not included in the PF&D allowance or realization factor. Typical 
delays included in this allowance are such unavoidable delays as time 
for cleaning and oiling machines and cleaning the work area, if these 
duties are regular assignments of the direct manufacturing laborers to 
which the particular standards apply. 

Special allowances are based on work interruptions and are calculat­
ed in about the same manner as PF&D allowances: first they are determined 
first as minutes; then they are converted to a percentage. Because the 
cost of these delays should be applied equally to all affected contracts, 
the contractor usually applies his special allowance as a constant per­
centage to all applicable leveled times. 

Special allowances can be included in the PF&D allowances and 
applied with them; they can be included in realization factors; or they 
can be applied as a separate allowance. If a special allowance is 
applied separately, it can be computed, as a percentage of the workday 
leveled time just as we did for the PF&D allowance, or it can be computed 
as a percentage of leveled time plus the PF&D allowance. 

Some special allowances are applicable only to specific operations 
and may be applied when: 

(1) A special job cycle allowance is justified. F. C. Hartmeyer, 
in his Electronics Industry Cost Estimating Data, maintains that as the 
job cycle grows larger, assembly efficiency decreases. He says (page 
227) that "even after the learning period is complete, the operator 
installing 100 different wires will take longer per wire than one instal­
ling 10 wires." He further quantifies this allowance in terms of minutes 
per work cycle. 

(2) There is an existing leveled time for an operation, but some 
means is needed to allow for differences in methods or material. For 
one operation, a contractor may keep in his data files different leveled 
times to allow for differences in working conditions or methods. But if 
a new contract calls for some modification in method, which is accounted 
for in none of the existing leveled times, and if time or industrial 
engineering costs discourage development of yet another leveled time, 
the contractor can apply a factor to compensate for the difference between 
an existing leveled time and the "leveled time" under the newly proposed 
method. 

Suppose a contractor develops a leveled time from time studies for 
drilling a series of 1/8-inch-diameter holes through a l-inch-thick 
aluminum plate while sitting at a work station and using a conventional 
hand-operated electric drill.' This leveled time would prove inaccurate 
if the worker had to drill the same amount of holes in the same aluminum 
plate if the plates were in an overhead position attached to a major 
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assembly. This position would be similar to drilling straight up into a 
ceiling with the arms fully extended. The contractor would allow addi­
tional time for this method to compensate for both additional elemental 
time required and additional fatigue encountered. In this instance, the 
allowance, probably expressed as a percentage to be applied to the exist­
ing leveled time, would be based on an engineering judgment rather than 
on time studies because of the time and costs involved. 

Note that if the existing leveled time had been developed from pre­
determined standards, a change in method probably could be compensated 
for by the substitution of other predetermined standards. Predetermined 
standards for various body movements and positions are widely available, 
and an operational leveled time consisting of predetermined standards can 
be readily modified without resort to estimated special factors. Note 
also that even if the prescribed labor method in the initial assumption 
did not change but the material was changed from aluminum to steel, the 
leveled time for the actual drilling (only) would have to be adjusted. 
This presumes that the same drill bit was used for both metals. * This 
allowance, as well as the allowance for method change, may be termed a 
"complexity factor" or a "manufacturing allowance" or, for that matter, 
whatever the contractor wants to call it. 

Once developed for a given task, operation, or process, ordinarily 
a leveled time remains constant unless the prescribed method changes. 
Depending on management policy, no change in leveled time is likely 
until it becomes from 3 to 5 percent inaccurate. This change in leveled­
time value may result from a single method change or from an accumulation 
of small, subtle changes. 

The Allowances and Leveled Time "Tightness." "Tight" leveled times 
include little time not used by a worker in actual production of the end 
item. The time a worker consumes resting, receiving instructions, and 
servicing his machine is confined to the allowances, factors, and curves. 

Tight leveled times usually are applied to mass-production and wage­
incentive conditions because production is carefully monitored during 
these conditions. Close monitory is required in mass-production condi­
tions because the cost of one item's production will be multiplied many 
times and accuracy in billing must be demonstrable. 

"Loose" leveled times, on the other hand, include some time not 
used by a worker in actual production of the end item. In a job shop, 
contracts do not call for the production of many items and conditions 
are not as predictable as in a mass-production shop. Workers frequently 
have to reset their machinery for different kinds of jobs and their tools 

*See appendix B. 
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usually 
shops. 

are less sophisticated and efficient than those in mass-production 
Production usually cannot be monitored closely in a job shop. 

If a contractor has used tight leveled times, he probably has com­
pensated himself for nonproductive time in higher than normal PF&D and 
special allowances and realization factors. If a contractor has used 
loose leveled times, his allowances and factors should be less than nor­
mal. Although tight leveled times are expected for mass-production 
conditions and loose leveled times are expected for job-shop conditions, 
these expectations do not occur always (see table II-D-I). 

Table II-D-l shows that production time is greater in a job shop 
than in a mass-production shop, which is reasonable. The setup and run 
times for the job and mass-production shops, however, are unreasonable. 
The contractor has used his PF&D and special allowances and the realiza­
tion factor to compens'ate for the unUSU2-.l tightness of the job-shop 
leveled time and the unusual looseness of the mass-production shop leveled 
time. 

STANDARD TIMES DEVELOPED FROM OUTSIDE DATA 

In developing standard times, a department within the contractor's 
organization can use standards and standard-related data from other 
sources. Six other sources are: 

(1) Textbooks 
(2) Industry magazines and pamphlets 
(3) Individual equipment specifications 
(4) Competitors 
(5) Other departments or divisions 
(6) Central group that develops companywide standards 

Textbook data may be "raw operational data," which usually are tabu­
lar and represent recommended optimum operational time. Typical of this 
type of data are tables that deal with such operations as drilling, mil­
ling, and grinding. These tables include information about feed speeds, 
tooling, and performance time. In addition, textbooks concentrating on 
a single industry's productive processes, such as F. C. Hartmeyer's 
Electronics Industry Cost Estimating Data, are available. Although some 
tables include recommended job setup times, they usually do not include 
PF&D and special allowances. Other textbook data are "weighted average 
standards or norms," which include not only averages of raw operational 
data, but average standard times for performing average tasks. These 
data may be in either table or nomograph form. 

Other sources of published standards and norms are industry maga­
zines, pamphlets, and published texts of seminar presentations. The in­
formation contained in these publications usually is limited to the 

II-D-20 



Table II -D-1. Unexpected Tight and Loose Leveled Times * 

Time Values 

Tight Leveled 

Time in a 

Job Shop 

LEVELED TIME 

Setup Time 36.0 min 

Run Time per Part 3.8 min 

ALLOWANCES 

Special Allowance 20% 

PF&D Allowance 20% 

STANDi\RD TIME 

Setup Time 51. 8 min 

Run Time per Part 5.5 min 

REALIZATION FACTOR 1.20 

BID TIME FOR PRODUCING 
FOUR PARTS+ 88.6 min 

BID TIME FOR PRO-
DUCING 500 PARTS+ 3362.2 min 

Loose Leveled 

Time in a 

Mass­

Production Shop 

56.0 min 

4.2 min 

10% 

10% 

61. 7 min 

5.1 min 

.95 

78.0 min 

2481.1 min 

*All values are for illustration only. 

Reasonable Level­

ed Time m a 

Moderate Produc­

tion Shop 

45.0 min 

4.0 min 

15% 

15% 

59.5 min 

5.3 min 

1.05 

84.7 min 

2845.0 min 

+'Ihe special allowance is a percentage of leveled time added to level­
ed time. The PF&D allowance is a percentage of leveled time plus special 
allowance and is added to them, which results in a standard time. Bid 
times are determined by multiplying the standard run time per part by 
the number of parts, then adding the standard setup time to determine 
the standard time for producing the specifi ed munber of parts, and, 
finally, multiplying this value by the realization factor. 
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experiences of only one organization and contrasts with textbook informa­
tion, which usually is derived from several organizations. 

Individual equipment specifications, usually published by the manu­
facturer of the equipment, tend to be biased to promote equipment sales. 
Their acceptability depends on (1) whether the material represents 
optimum or average performance and (2) whether the quoted time is pure 
machine-controlled time or overall operation time including worker 
functions. 

Although most organizations publish their cost-estimating data for 
in-house use as proprietary information, this information can and does 
become known throughout industry. Competitors are prone to use each 
other's data in their own estimating systems, thereby reducing the cost 
for developing and maintaining their systems. Although this may seem to 
suit Government preferences for price competition, competitors' data 
should be used only when consideration is given to differences among 
companies i production methods. 

In some organizations, some departments or divisions are ahead of 
others in developing standards and cost-estimating techniques, and some­
times one group will use data from amother. They should be used with 
extreme caution, because standards and norms developed in one environment 
may be either reasonable or unreasonable for use in another environment, 
depending on such variables as equipment, work flow, and working condi­
tions. 

Some contractors develop intracompany or companywide labor standards, 
which can be applied anywhere in the plant. They include leveled times, 
allowances, and standard times, all of which should be used with the same 
caution due than interdivisional or interdepartmental data. 

No matter their source, standard times shOUld consist of certain 
components applied in a logical way. The usual components of standard 
time are shown in figure II-D-S. 

PROJECIING BID TIMES FROM STANDARD TIMES 

Standard performance seldom can be maintained throughout production 
because unpredicatable delays do' occur, because all workers are not 
"average-skilled," and because workers seldom begin at or maintain .stand­
ard performance. Moreover, although predictable delays usually are in­
cluded in standard times, a contractor can account for these interrup­
tions by other acceptable means. 
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Figure Il-D- 5. Standard Time Components 
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MANUFACTURING 
LABOR COST 

Direct manufacturing labor cost is estimated by multiplying the 
hours of "bid time," not standard time,by the base hourly wage rate. 
The Government would like to pay for operations and processes completed 
in their standard times--their "should-take" times--but it acknowledges 
that standard performance may not be achievable. It accepts "bid times" 
that exceed standard, so long as the gaps between standard and proposed 
perfonnance are reasonable and the contractor can support them. 

Even when actual times in themselves cannot be accepted as a bid 
times, they can be used with standard times to project bid.times. Once 
the standard time is detennined for an operation or process, the bid 
time for that operation or process can be determined by formulas that 
project the difference the contractor historically has maintained be­
tween standard and actual perfonnance. 

These formulas are realization factors, efficiency factors, experi­
ence curves, and rework factors. Figure II-D-6 shows the application 
of these factors •. 

Realization Faotors 

A realization factor is the ratio of actual time to standard time. 
For example, if a process's standard time were 1 hour, and l-l/Z hours 
actually were spent on the process, the realization factor would be 
1.50. You derive 1.50 by dividing the actual time (l-l/Z hours) by the 
standard time (1 hour). A realization factor of 1.50 means that the 
actual time required for a process is 50 percent more than the standard 
time. Multiplying the realization factor by the standard time should 
give you the bid time. 
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THE REALIZATION FACTOR COVERS THE DIFFERENCE BETWEEN 
STANDARD TIME AND BID TIME. 

A contractor determines realization factors by comparing actual 
performance with standard time. That is, the contractor records the 
time actually spent to perform specific activities. Then, for each 
activity, he divides his recorded actual time by the predicted standard 
time for the activity. By averaging his historical realization factors, 
he can determine an average realization factor that can be used to cal­
culate the difference between standard and "bid" performance. 

If the contractor needs to project a realization factor for a type 
of work with which he lacks actual experience, he could project a 
realization factor based on trial samples of the activities to be per­
formed. That is, by taking sample timings of his workers' performance 
of specific activities, the contractor can determine realization factors 
for those activities by comparing the actual times of the sample per­
formances with the standard times for those activities. 

Realization Factors and Unpredictable Delays. Some delays may not 
have been included in a PF&D allowance because foreseeing them was im­
possible. These delays can result from such acts of nature as thunder­
storms and floods, from such accidents as fire, and from equipment 
failure. 

Although these delays probably could not have been anticipated, the 
recurrence of many of them could be prevented or minimized, such as by 

II-D-25 



fire-prevention or replacing obsolete equipment. 

Realization Factors and PF&D Allowances. We have defined standard 
time as leveled time (working time only) plus PF&D and special allowances, 
but the contractor's definition of standard time may not completely agree 
with ours. His standard time may not include allowance that you have 
included in your PF&D allowance. For example, your PF&D allowance may 
include a fatigue allowance for 2-minute rest periods that a worker lift­
ing heavy obj ects takes throughout the workday. The contractor, however, 
may have included an allowance for the rest periods in his realization 
factor rather than his PF&D allowance. Although the contractor's method 
is not ordinary, you should accept it if it produces reasonable results. 

Suppose a contractor says his realization factor is 1.26 •. You deter­
mine this means that 8 hours is required for work that should be produced 
in a standard time of 6.35 hours, which probably is unreasonable. But if 
the 1.26 realization factor includes PF&D (15 percent) 'and special (4 per­
cent) allowances that are cumulatively 20 percent of the contractor's 
standard time of 6.35 hours, and standard time in reality is leveled 
time, it would be reasonable. If you add the 20 percent for allowances 
to the 6.35 hours (6.35 hours times 120 percent), you get a standard time 
7.62 hours. The realization factor of an actual time of 8 hours to a 
standard time of 7.62 hours is about 1.05. 

Efficiency Factors 

Some contractors use efficiency factors rather than realization 
factors. An efficiency factor, the mathematical reciprocal of a realiza­
tion factor, is derived by dividing standard time by actual time •. Sup­
pose eight units should be produced in an 8-hour day (1 standard hour per 
unit) but only six units actually are produced. If you divide the 6-hour 

PERFORMANCE AND EXPERIENCE 
ARE RELATABLE. 

standard time by the 8-hour actual 
time you will get an efficiency fac­
tor of 0.75, or 75 percent. A 75 per­
cent efficiency factor is equal to a 
133 percent realization factor. An 
efficiency factor of 75 percent means 
that the contractor's workers are pro­
ducing 75 percent of what they are 
supposed to produce in standard time. 

Experience Curves 

Another method for projecting 
the difference between actual and 
standard performance is the experi­
ence curve. The basic theory of 
the experience curve is that perform­
ance improves with each repetition 
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A WORKER LEARNS AS 
HE WORKS . .. 

of an operation or process. A 
worker learns as he works; as he 
repeats an operation, his efficiency 
increases and his direct labor time 
input per unit declines. And be­
sides the effects of individual 
worker learning on production, an 
experience curve can be used to 
account for the effects of the fol­
lowing: 

• Development of tools, 
machines, and methods that are more 
efficient than the ones used when 
contract work began 

• Solution of engineering prob­
lems, resulting in stabilization of 
design 

• Use of subcontractors who can produce components more cheaply than 
the contractor can 

• Simplification of designs 

• Improvement of material procurement and handling methods 

• Management improvements, such as simplification of procedures, In­
stallation of sophisticated tooling, and automation 

T. P. Wright wrote that the rate of improvement is predictable.* 
He said that the cumulative average labor cost for any quantity of pro-

duct decreases by a constant amount 
as that quantity of product doubles.+ 
(Applying his hypothesis to time 
rather than money, this means that 
if 1000 hours are required to produce 
the first unit, the cumulative 

~ average time to produce each of the 
~;~~..o:; first two units would be 800 hours, 

~::- . . ""."'-
~ ~ ---.--*-J-o-urn--aZ of the AeronauticaZ 
~ Se&ences, February 1936. 

'::::iili!!ii!ll~~;; +Both unit and cumulative 

AS HE REPEATS AN 
OPERATION, HIS EFFICIENCY 
INCREASES . .. 

total curves have been developed 
from this hypothesis and are dis­
cussed in appendix A. 
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each of the first four units 640 
hours, and so on, if the constant 
rate of improvement is 20 percent for 
each doubling of the numbers of units 

, produced. When the rate of improve-
/'\ ment is 20 percent for each doubling, 

-n P!"""""~>,,, the slope of the experience curve is 
d"/7V /~-- said to be 80 percent. Figure II-D-7 
~ YA'" illustrates Wright's hypothesis. 

-~ ..l~~. Table II-D-2 shows three different 
'.." --__ slopes developed from this hypothesis. 
~.- . 

". The Experience Curve and Standard 
--- Time. All experience curves eventu­

AND HIS LABOR INPUT PER 
UNIT DECLINES. 

ally cross standard. That is, regard­
less of how much time or money is 
spent to produce the first unit, in-
evitably the time will corne when a 

unit is produced in standard time and even in less than standard time be­
cause the worker output cqn and does exceed standard output. Theoretical­
ly, as long as the contractor continuously produces a type of product, 
each unit of product will take less time to produce than did the previ­
ously produced units of that product. In real life the curve will 
"flatten out" shortly after it crosses a standard that represents normal 
or average production. Figure II-D-8 illustrates this point. 

Table II-D-2. Comparison of an 80, 85, and 90 Percent 
Wright Cumulative Experience Curves 

Unit 80% Slope 85% Slope 90% 'Slope 

1 1000 1000 1000 

2 800 850 900 

4 640 723 810 

8 512 614 729 

16 410 522 656 

32 328 444 590 

64 262 377 531 

128 210 321 478 
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ALL EXPERIENCE CURVES EVENTUALLY CROSS STANDARD TIME. 

The Wright Method and the Crawford Method. Because the Wright 
Method and the Crawford Method are the two most commonly used methods for 
plotting experience curves, we will compare these two methods. 

Under the Wright Method, the cumuZative average time or cost for any 
number of products decreases by a constant amount as the number of pro­
ducts is doubled. That is, if the first item produced cost $1000 and a 
second item is produced, the cumulative average cost of the two items 
would be $800 if you were using a 80 percent curve slope. If four items 
were produced and you used a 80 percent curve, the· cumulative average cost 
of all your units would be $640 ($640 is 80 percent of $800). 

Under the Crawford Method, the curve is based on unit costs, which 
decrease by a constant amount as the number of units produced doubles. 
Tables II-D-3 and II-D-4 compare these two methods. 
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Table II-D-3. Comparison of the Wright Method and 
the Crawford Method, Uni t One Cornmon to Both 

Wright Crawford 

80% 80% 
Unit Cumulative Unit Cumulative 

Unit . CUrve Curve Curve Curve 

1 1000 1000 1000 1000 
2 600 800 800 900 
3 506 702 702 833 
4 454 640 640 785 
5 418 596 596 747 
7 371 534 534 691 

10 329 477 477 632 
20 261 381 381 524 
30 228 335 335 467 
50 193 284 284 402 

100 154 ZZ7 227 327 
500 92, 135 135 199 

Table II-D-4. Comparison of the Wright Method 
with the Crawford Method, Unit 1000 Cumulative Average Cornmon to Both 

Wright Crawford 

80% 80% 
Unit Cumulative Unit Cumulative 

Unit CUrve Curve CUrve Curve 

1 1000 1000 679 679 
2 600 800 543 611 
3 506 702 477 566 
4 454 640 435 533 
5 418 596 405 507 
7 371 534 363. 469 

10 329 477 324 429 
20 261 381 259 . 356 
30 228 335 227 317 
50 . 193 284 193 273 

100 154 227 154 222 
500 92' 135 92 135 

,,1000 73 108 73 108 
4!. 
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KNOW YOUR METHOD. 

As shown in the tables, the Crawford Method also includes a way to 
compute cumulative averages. But, although the Wright Method's cumu­
lative average cost is equal to the Crawford Method's unit value when 
the same number of units is produced, the Wright Method's unit value is 
not equal to the Crawford Method's cumulative average value. Also, the 
Wright Method's unit value is not equal to the Crawford Method's unit 
value. and the Wright Method's cumulative avePage value is not equal to 
the Crawford Method's cumulative average value. regardless of the unit 
one, the slope, or the number of units produced. (For an elaboration on 
these concepts, see appendix C.) 

The Slope of the Curve. The slope of the experience curve has the 
same effect regardless of whether you use the Wright Method or the 
Crawford Method: the steeper the slope, the, greater the rate of reduction 
after unit one. When using the Wright Method, for example, if you assume 
a unit-one cost of $1000 with a 90 percent slope in the experience curve, 
when 64 units are produced the cumulative average cost will be $531. If 
you apply an,8S percent slope to a unlt-one cost of $1000, when 64 units 
are produced ,the cumulative average cost will be $377 (see table 
II-D-2). ' 

As you can see, when the number of units pluduced increases, the 
effect of a difference in the slope of the curve increases. In the 
above example, if the contractor arbitrarily chose a 90 percent slope 
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rather than an 85 percent slope, his 
decision would increase the cumulative 
average cost of 64 units by approxi­
mately 41 percent. 

Unit One. Experience curves 
can be used to determine the number 
of direct manufacturing labor dol­
lars or hours required to produce 
the proposed quantity. If the con­
tractor knows how much time it takes 
to produce the first unit, and he 
knows how many units his workers 
must produce before they can pro­

THE STEEPER THE SLOPE, THE MORE duce one unit in standard time, he 
RAPID THE DESCENT FROM UNIT ONE. can plot an experience curve. By 

developing an experience curve, the 
contractor can determine how much time producing any one unit on the 
curve will take. (Note that the term "realization time" can be applied 
to points on the experience curve.) From this information the cumulative 
average hours for the proposed quantity can be obtained. 

The time or cost required to produce the first unit, which the con­
tractor must know to have a valid experience curve, can be determined 
either actually or theoretically. An actual unit one can be obtained 
from historical production records that reveal how much time or money 
was spent on unit one (the contractor should be able to prove these 
historical records are reliable). When historical records for unit one 
are unavailable, the contractor must be able to project a theoretical 
unit one. To project a theoretical time, the contractor must know (1) the 
performance time or actual cost of two or more units on the curve or (2) 
at which unit the curve crosses the standard and the rate of improvement 
in production. Knowing either of these, he can work back to unit one. 

. SELECT YOUR PEAK BASED ON 
HISTORICAL PERFORMANCE. 

Automatic and semiautomatic 
operations require less "learning" 
than manual operations, so curves for 
automatic and semiautomatic opera­
tions should be less steep. Suppose 
a semiautomatic flow-solder opera­
tion with an average belt speed of 
only 2 feet per minute and loaded 
at the rate of one printed circuit 
board per foot (multiple boards per 
tray) will produce 120 boards per 
hour. Even allowing a combined 
PF&D allowance, special allowance, 
and rework factor of 133 percent of 
this leveled time, the machine will 
produce at a rate of 90 boards per 
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minute. Because the machine normally requires a two-man crew, one to 
load and one to unload, a reasonable bid time per board would be 3 man­
minutes. 

Assuming that this machine has already been "debugged" the experi­
ence curve should be extremely shallow, possibly a 95 percent Wright 
cumulative average slope. There should be very little "learning" re­
quired from the workers and virtually none from the machine operation 
itself. Therefore, using 3 man-minutes per board at unit 1000, the maxi­
mum unit-one time would be only 5.0 man-minutes per board; at unit 100, 
only 3.6 man-minutes per board; and at unit 500, 3.2 man-minutes per 
board. 

Suppose, now, that a contract calls for 25 harnesses consisting of 
ten wires each, with each wire being 3 feet long. The bid time for 
each of the 250 wires was 11.1 minutes per wire, which included cutting, 
stripping, identifying ·and laying up each wire and lacing the harness, 
but did not include attaching the connectors. 

The bid time was arrived at by plotting a standard time (including 
all allowances) of 8.0 minutes per wire at unit 1000,* on an 85 percent 
Wright cumulative average curve. 

When the contractor bid on a follow-on buy with no break in produc­
tion, actual times were available through 200 wires. The actuals re­
affirmed the 85 percent slope because the cumulative average time through 
unit 200 was 11. 7 minutes per wire. Yet, on the second buy calling for 
25 harnesses the contractor bid 8.4 minutes per wire instead of 7.7 
minutes per wire. He had considered the actual at unit 200 to be the 
actual for unit 251 and had continued down the slope until unit 500 was 
reached. He had "straight-lined" the value at unit 200 through unit 
250 and had violated the principle of extrapolation, which is described 
in appendix A. The result of the contractor I s approach was a 9 percent 
inflation of the bid time. 

HistoricaZ Data and the. Experience Curve. Deciding the rate of im­
provement--the "slope of the experience curve"--shouZd never be arbitrary. 
If the contractor has insufficient historical data of his own to develop 
an experience curve, he should use an experience curve based on the 
actual experience of other contractors or industry in general for that 
type of work. In other words, all experience curve slopes should be 
supportable by historical data. 

*If the contractor had a semiautomatic operation, he might have 
bid 3.0 minutes per wire at unit 1000. Contractors with automatic 
backplanners might bid 0.12 minute per wire at unit 1000. 
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Influenoes on the Experienoe Curve. Two influences on the develop­
ment and use of the experience curve are whether or not the buy is a first 
buy and whether or not the buy will include breaks in production. 

Although a contract may be a first buy from a contractor, chances 
are the end product will not be the first item the .contractor ever made. 
In almost all cases, experience on similar items should provide enough 
historical data for projecting an experience curve for the first-buy item. 

The production break is the·time lapse between the completion of 
certain units of equipment and the beginning of a follow-on order or 
contract for identical units of equipment. This time lapse disrupts the 
continuous flow of production and necessitates revising an existing ex­
perience curve. In some procurements, follow-on orders and contracts are 
received prior to the delivery of the last units of the first order. 

An example of a production break would be when circuit board assem­
blies have been completed and the assembly line has been shut down. To 
accommodate a new order, the assembly line would have to be reestablished. 
A break in production for awaiting material would be included when the 
experience curve for the particular production run was calculated. Such 
a break is not cause for revising an experience curve . 

., . . -
:Eo -::;. . 
~ 

. '-.' 

-
PRODUCTION BREAKS CAN BE OVERCOME. 
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No reliable method for compensating for learning losses stemming from 
production breaks has been established. Practice ranges from the use of 
perhaps unsupportable percentage factors to statements that no learning 
was retained after a production break. The total loss of learning is a 
common misconception that holds that worker learning is the only consider­
ation in shop performance. 

The loss of experience varies with the duration of the production 
break. If any impact from a production break exists, the greatest im­
pact would be on direct labor .learning and the least impact would be on 
methods improvements developed during the initial production run. A re­
turn to unit one as starting point for a follow-on order or contract is 
unreasonable. 

When a multiyear buy or a follow-on contract entails no break in pro­
duction, the experience curve developed for the initial quantity can be 
used for the succeeding quantities if it is reliable. But if actual per­
formance recorded for the first quantity varies from the performance as 
predicted by the curve, a new curve should be plotted from the actual 
data and projections should be based on the revised curve. 

Rework Factors 

When a part or assembly is rejected in an inspection or test, if pos­
sible it is sent back for correction of its deficiency. Furthermore, 
some completed parts and assemblies must be reworked to incorporate 
minor design changes. Rework costs usually are included in the direct 
manufacturing labor estimate. Not to be included are costs for reworking 
items with design changes charged in engineering change proposals. 

When a contractor bases his projected bid time on data derived from 
a standard cost system, a rework factor usually is applied as a percentage 
of leveled time. But generally when a historical cost system is used as 
the data base, the rework costs already included in the actual times 
eliminate the need for applying special rework factors. Contractors 
using a historical data base and maintaining separate rework data and 
applying rework factors risk making double-charges. 

Although rework costs are usually included in direct manufacturing 
labor costs, a contractor might include them under "other costs" on the 
DD Form 633 because ·of his particular accounting system. Although this 
approach is rare, it is used. 

A 1.05 to 1.07 rework factor applied to standard would be reasonable 
for electrical assembly work. A 1. 03 to 1. 05 factor would be reasonable 
for machine-shop operations. Note that rework time may be included in 
the realization factor. If so, it should not be compensated for again 
in a separate rework factor. 
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FABRICATION, ASSEMBLY, AND QUALITY. CONTROL 

For the most part, we take it for granted that we are talking about 
fabrication and assembly when we discuss direct manufacturing labor. 
Most man-hours in the direct manufacturing labor estimate are hours 
estimated for constructing the end product--fabrication and assembly 
hours. Quality control labor time, however, is usually a significant 
portion of the direct manufacturing labor estimate. Now, we are going 
to define fabrication and assembly, then spend a few pages focusing on 
the third category of direct manufacturing labor. 

FABRICATION LABOR 

The fashioning of parts from raw material is fabrication. This in­
cludes such machine-shop operations as sawing, perforating, drilling, 
punching, and lathe operations. In addition, depending on a contractor's 
management structure, welding, by definition an assembly operation, may 
take place in or near the machine shop and be considered a "fabrication" 
function. 

ASSEMBLY LABOR 

Most large plants have separate areas for assembling parts, sub­
assemblies, assemblies, and subsystems to make the end products. Unlike 
fabrication, assembly usually takes place in progressive steps coming 
one after another--on an assembly line. 

In electronics, "assembly" usually is considered to be the process 
by which components are manually inserted into, or attached to other 
components. Inserting a transistor would be an assembly operation within 
the process of assembling a printed circuit board. 

QUALITY CONTROL LABOR 
" 

Quality control labor is the effort of setting UP. and tearing down 
inspection and test stations and carrying out the inspections and tests 
specified by quality assurance engineers. Some contractors estimate 
quality control time jointly with quality assurance time, both as engin­
eering time. But most contractors consider quality control labor to be 
direct manufacturing labor and estimate it in much the same manner as 
they estimate other direct manufacturing labor time requirements. 

Material Inspection 

Before it is used, material coming into the contractor's plant must 
be inspected, either by the contractor or his outside supplier. "Govern­
ment source inspection" does not relieve contractor and supplier from 
making required inspections. 
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MIL-Q-9858 and MfL-I-45208 discuss Government source inspection. 
These specifications say that the Government may elect at any time to 
visit a vendor's or subcontractor's facility to determine his conformance 
to contract requirements--that is, to inspect material at its source. 

Government source inspection does not relieve the contractor of his 
inspection requirements, but if he is paying for rigid vendor inspection 
or lot certification in his purchase prices,'he should not fully rein­
spect the purchased items coming into his plant. Perhaps a small degree 
of sampling inspection would be justified, but 100 percent ih.spection 
would not be. 

There are two possibilities here for double-charges. The first 
would be the contractor's charging for inspection of incoming material 
when, in fact, he does not inspect the material because of his misconcep­
tion of Government source inspection. The contractor then would be re­
imbursed for a cost not'incurred. The other possibility would be the 
contractor's charging for vendor inspection in his material estimates and 
then charging for inspection of incoming material in his quality control 
estimates. In this case, the material charge for vendor inspection would 
be acceptable, but the contractor should not fully reinspect the material 
nor should he charge for it. 

Aside from double-charges, the above two cases represent bad in­
spection practices. The first case represents under inspection because 
Government source inspection would not free the contractor from having to 
inspect the incoming material. The second case represents overinspection 
because a thorough vendor inspection would free the contractor from hav­
ing to inspect all the incoming material. 

Mechanical Inspection 

After material has been subjected, by the contractor, to fabrication 
and assembly operations, it must be inspected to ensure it meets design 
specifications and can be used as an integral portion of a specific 
machine. When parts are fabricated in the machine shop, the time normally 
required for inspection of the finished parts generally amounts to be­
tween 7 and 9 percent of the hours used to fabricate the parts. In final 
assembly higher levels of the end product by hand, between 9 and 11 per­
cent of the assembly hours typically would be required for inspecting the 
assembled items. Material incoming inspection may be part of material' 
handling, material overhead, or a direct cost against fabrication or assem­
bly. If the contractor accounts for this cost as a direct cost, a 5 per­
cent increase in the above inspection costs can be expected. ~ 

Test 

After material reaches an operational status, its performance eventu­
ally must be tested. The total time required for testing an end product 
or particular portion of the end product is based on: 

( 
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• The time required to set up each test station 

• The number of times each station must be set up and tom down 

• The run time of each test 

• The total number of units produced for which quality assurance is 
needed 

• The percentage of produced units that must be tested to comply 
with the quality assurance specifications 

• The number of units that can be tested simultaneously 

• The degree of test automation 

• How data are recorded 

The time required to set up a test station depends on the test equip­
ment and conditions needed. If electromagnetic isolation is required, for 
example, more setup time would be needed than if no such environmental 
condition were required. Complex equipment would have to be set up to 
produce such a condition. 

The total setup time required for all tests of a product (subassembly, 
assembly, or system) can be determined by multiplying the time required for 
each setup by the number of times the test station must be set up. 

A contractor can estimate the run time for testing a unit of product 
by using his own historical data, by developing standards, or by using 
published industrial standards. No matter how he does it,'his unit run 
time estimates should include consideration of his test worker's experi­
ence, both in the past for similar testing and in the future for the 
experience that will be gained as the contract is fulfilled. 

The number of units to be tested depends on the total number of units 
to be produced and the degree of quality assurance needed to ensure the 
customer gets an acceptable end product. The degree of quality assurance 
needed depends on· how much, if any, quality assurance the contractor has 
demonstrated in producing the product for prior contracts. His quality 
assurance engineers will calculate a percentage factor that can be applied 
to the total number of produced units to determine the number of units 
to be tested .. 

If a tester can test more than one unit at a time, total test time 
should be shorter than if the units must be tested one at a time. Also, 
aside from simultaneous testing, some machines are faster than others. 
An automatically fed tester that can handle two units at a time should 
be faster than a manually fed.tester handling two units together. When 

II-D-40 



using an automatic tester, 2 minutes of test run time per card and 10 
minutes setup time for the entire lot (including analysis and recording 
of data) would be typical. 

Usually included in the total run time for testing a product is the 
time needed to record data pertaining to the success or failure of the 
unit tests. Test workers may not have the opportunity to stop their test 
apparatus after each unit test long enough to record data in all the 
necessary detail, so data recording time may not be included in unit test 
run time. But data must be recorded sometime, and data recording time is 
included in total test time. The labor time required to record test data 
dependS on the amount of data to be recorded, the time required to ex­
tract the data, and whether the data are recorded manually or automatical­
ly. 

The following examples give the approximate time durations of typical 
test operations in the electronics industry. 

A. Test description: Manually test integrated circuit module per 
procedure and record reading. 

Equipment: Vacuum tube voltmeter (VTVM); signal generator 
(supplies input); oscilloscope (receives output); power supply 

Run time: 2.5 to 3.0 minutes per reading, which includes 
handling time and allowances. Equipment setup time and 
rework are not included in run time. 

Note: For a large number of modules the above equipment 
should be integrated into an automatic test station, 
which would significantly reduce individual run times. 

B. Test description: Manually test printed circuit board (up to 
50 discrete components) per procedure. 

Equipment: VTVM; Signal generator; oscilloscope. 

Run time: 30 minutes, which includes rework of defective PCB's 
and their subsequent retest. 

C. Test description: Perform programmed test of printed circuit 
board per procedure (for large quantities). 

Equ~pment: Special automatic test set. 

Run time: 6 minutes per completed card--overall time--or 10 
"good" cards per hour. 
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Note: The hour consists of 20 minutes of actual. test and data 
recording, two defective cards reworked at 15 minutes . 
each, and 4 to 10 minutes to retest two cards that have 
been reworked. 

D. Test description: Test and record 360-degree antenna pattern. 

Equipment: Varies, but output is generally recorded graphically 
wi th rotating dnun and ink stylus. . 

Run time: 15 minutes per test or four tests per hour. 

E. Test description: Test system or unit for voltage standing 
wave ratio (VSWR). 

Equipment: General-purpose electronic test equipment 

Run time: 3 minutes per test including allowances; no rework 
or retest included. 

F. Test description: Test high-voltage unit or system for im­
pedance in megohms. Perform "Hi-Pot-Megger" test. 

Equipment: General-purpose electronic test equipment. 

Run time: 10 minutes per test or action. 
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Subsection II-E. "OTIffiR COSTS" 

Depending on the contractor's accounting system, he may incur 
direct costs difficult to classify as direct material, engineering labor, 
or manufacturing labor costs. Such costs include special tooling; 
facilities; special test equipment; special plant rearrangement; pre­
servation, packaging, and packing; spoilage and rework; warranty; auto­
matic data processing; and travel. Costs such as these may be charged 
in the "other costs" line item on the DD Form 633. Now let us highlight 
special test equipment costs, "other material" costs, travel costs, and 
automatic data processing (ADP) costs. 

SPECIAL TEST EQUIPMENT 

Test equipment can be either capital (general-purpose) equipment 
or special test equipment. Capital test equipment is test equipment that 
can be used for more than one contract. It should not be treated as a 
direct cost item but treated as an overhead item. It includes such 
equipment as oscilloscopes and signal generators. Costs for capital 
test equipment depreciates over time, based on the equipment's expected 
life. Special modifications to capital test equipment can be accepted 
as direct costs. 

Special test equipment is required for specific test requirements 
when capital equipment.cannot do the job. Fabrication of special test 
equipment is a nonrecurring cost, much the same as the cost for fabri­
cating a prototype model of the end product. 

"01HER MATERIAL" COSTS 

Earlier, we defined indirect material as being not "obviously 
traceable" to the production of specific end products. Direct material, 
we said, is obviously traceable and generally becomes part of the end 
product. Some direct material, however, does not become part of the 
end product although it can be readily traced as a cost of producing 
that specific product. This material includes such low-cost items as 
special tooling, one-of-a-kind jigs and fixtures, spoilage if it was 
not already included in the material estimate, and such unique packaging 
material as specially shaped styrofoam protective inserts. 
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By placing items like the abave in the "ather casts" categary, the 
cantractar is saying he feels they belang in neither the direct material 
categary nar an averhead accalIDt. Ordinarily, "ather material" daes nat 
accalIDt far a significant partian af the tatal direct cast. 

TRAVEL 

Prapased travel in cannectian with the cantract is an acceptable 
direct cast that usually is charged to. the "ather casts" accalIDt. Trips 
may be required far engineering design ar pragram management caardinatian 
meetings with Gavernment autharities, ather pragram caardinatian meetings 
with ather manufacturers assaciated with the averall praject, negatia­
tians with patential subcqntractars, and saurce inspectian af items 
purchased fram autside suppliers. 

In quating travel expenses, the cantractar shauld specify the ralIDd­
trip distance af the trips, the number af persans to. travel, transparta­
tian casts, per-diem expenses to. caver avernight accammadations, and 
autamabile rental fees and ather assaciated casts. These figures, 
hawever, shauld nat include any direct labar invalved in the trips be­
cause such labar will be charged to. the labar elements an the DD Farm 

COSTS FOR NECESSARY ·TRAVEL MAY BE INCLUDED IN THE PROPOSAL. 
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633. (Travel expenses are subject to DCAA audit.) 

AUTOMATIC DATA PROCESSING 

Automatic data processing has become so routine that it is likely to 
be charged in any production proposal. In the minimum application, it 
may be that only the company's cost-accounting and payroll systems are 
computerized, which will affect the proposal only in some increase to 
the overhead rates. 

More connnonly, however, the 
contractor uses ADP to control his 
material and inventory, to coordi­
nate design configurations, and to 
schedule production. ADP also may 
be used to accumulate and evaluate 
quality assurance and reliability 
test data. 

ADP labor may be charged as 
either a direct cost or an overhead 
cost. If it is charged as a direct 
cost, the keypunch hours, program­
ming hours, and machine processing 
hours should be specified in detail. 

AMQ IIBIVS IJUIf.! AUT(JMArIiD ~LL 
_MArl/HA,S:JW6W1AIG TIM L~~$T 
'-""'R lISID 1p ESTI_rr 'T:~ 
M:~ Dl'f'S IAiINIR"'~L. 

AUTOMATED INFORMATION SYSTEMS 
USED ON CONTRACT ARE A DIRECT 
COST. 
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Seation III. HOII' TO EVALUATE DIRECT roST ESTI~lATES 

Suhseation III-A. DIRECT COST AI\IALYSIS: AN OVERVIEW 

As Walter Cronkite said in his old TV program, "You are there!" You 
are a technical evaluator, about to try your hand at direct cost analysis. 
You are enthusiastic, knowing that you and people like you are guardians 
of the U.S. Treasury, friends of the taxpayer, and, at the same time, 
helpers of the Govenunent contractor, showing him how to increase his 
efficiency, thus his productivity, thus his profits. 

You know the basic terms and procedures contractors use. 
you apply your enthusiasm and basic knowledge? Specifically, 
technical evaluator do? 

But how do 
what does a 

In subsections III-B through III-E we try to tell you step by step 
what to do. But before we leap headlong into this pool of details, let 
us stand back and look from a distance. Let us see, in general, what 
direct cost analysis is all about before we get our feet wet. 

THE THREE PHASES OF THE TECHNICAL EVALUATION 

In section II and again in this section we talk, in turn, about 
direct material, direct engineering labor, direct manufacturing labor, 
and other direct costs. We have to discuss these cost categories 
separately. Each category, by definition, is different from the others 
Contractors usually use certain techniques for estimating each category s 
total cost. And you must look for certain key items when evaluating the 
estimate for each category. 

None of this means that you should aompZeteZy evaluate first the 
direct material estimate, next the direct engineering labor estimate, and 
so on. A technical evaluation consists of three major phases, during 
each of which you should give whatever attention is required to each 
direct cost category. If in any of the phases you feel that an estimate 
requires no further attention, you can put aside that estimate and 
concentrate on the others. 

The three phases of the technical evaluation are the previsit phase, 
the onsite phase, and the postvisit phase (see figure III-A-I). 

THE PREVISIT PllASE 

A technical evaluation is no vacation. You have only a few days to 
. pick through stacks of data, look through the plant and see what goes on 

there, exchange facts and opinion with contractor and Govenunent 
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persoIUlel, and delive.r your cost recorrunendations to the contracting 
officer. You must do a good job, too, because the Goverrrl:!(;nt pays for 
overestimates you overlook. 

So plan to use your scarce time wisely. Develop a ~,l::m of action 
during the previsit phase of your evaluation, before you (;\'E;r go to the 
contractor's plant. From the contractor's DD Form 633 identify the order 
of potential savings from the direct cost estimates. For example, sup­
pose the proposed costs are $500,000 for direct manufacturing labor, 
$50,000 for direct engineering labor, $5,000 for direct material, and 
$50 for "other costs." What should you do? 

You should plan to concentrate on the direct manufacturing labor 
estimate, because the $500,000 cost offers more potential for greater 
savings than the other costs offer. In each of the three phases, I,hen' )'ou 
become satisfied with your efforts on direct marrufacturing labor, you can 
go on to direct engineering labor, then, time permitting, to direct 
material. Note that if either the direct engineering labor cost or th~ 
direct material cost seems grossly overestimated, you should spend at 
least enough time on the.affected category to determine an approxir.ate 
fair cost. You should spend little time on the "other cost" estil~ate of 
$50, an insignificant portion of total contract cost. 

ACCUMULATE AND EVALUATE DATA DURING THE PREVISIT PHASE. 
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In addition to the DD Form 633, you will be helped in your previsit 
phase by the contractor's proposal, all availahle DCAA and DCAS audit 
reports on the contractor, the design data package, and your coworkers' 
advice. In the previsit phase you should accumulate as much data about 
the contractor and his proposal as you can get. 

Read the contractor's proposal. Find out how he estimates his costs. 
Add up all the estimated costs in the proposal, and compare the sum with 
the total of the direct costs listed on the DD Form 633. 

If the two sums are not the same, either the contractor's math is 
wrong or he has failed to include in his proposal supporting data for his 
DD Form 633 estimates. Later, during the onsite phase, bring this to the 
contractor's attention, and request any absent information. 

If the two sums are the same, you can assume the contractor correctly 
tallied his estimated costs in preparing both the basic proposal and the 
DD Form 633. Furthermore, there likely will be data of some sort with 
his proposal to back up each direct cost estimate. Your job now is to 
evaluate the backup data, to see if they reflect sound logic and efficient 
practices. 

The contractor's supporting data may be statements and calculations 
within the basic proposal itself, or worksheets attached to the proposal. 
A typical proposal package would contain a basic, formal proposal docu­
ment that includes descriptions of the estimating procedures used and 
the actual estimates. Attached to this basic proposal would be the work­
sheets on which he recorded information and figures estimates of indi­
vidual cost items. But remember, a contractor can put his supporting 
data wherever in his proposal package he wishes, and his worksheets can 
be in whatever format he finds suitable. What is important is whether 
or not the data really show that the contra.ctor's estimates represent 
fair and reasonable costs to the Government. 

A contractor has the option of submitting a work breakdown struc­
ture (WES) with his proposal, as described by MIL-STD-881. If he does, 
it will help you. 

A WES is a family-tree-type arrangement beginning with general 
descriptions of the overall work effort, then breaking the effort down 
by steps into smaller, more tightly defined work efforts (see figure 
III-A-2). The lowest level of work on a WES is the "work package," 
which is a specific task to be performed by a specific worker or group 
(see figure III-A-3). A "cost account" is the lowest level of work for 
which the contractor accumulates cost records, and consists of one or 
several work packages. 
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COMMUNICATIONS 

Figure III-A-2. Sample Work Breakdown Structure 

SUMMARY WBS 
lAW MIL STD 881 

CONTRACTOR'S 
EXTENSION 

The work effort included in a cost account can be anything from 
putting together an assembly to doing some simple procedure in'a fabrica­
tion operation. As a rule, cost accounts should represent a group of 
tasks taking no longer than a year to perform. Efforts taking longer 
usually cannot be specifically defined or accurately measured. 

Work packages normally account for about 90 percent of the work in 
the total WBS. The other 10 percent is accounted for by "levels of 
effort." Work put into levels of effort cannot be clearly defined, 
measured, and put into work packages assigned to individuals or groups. 
Engineering work would be in this category. 

A contractor can assign work packages by using a chart that breaks 
down his labor force to form a matrix with his WBS. Such an arrangement 
is shown as figure III-A-4. Besides helping the contractor assign work, 
such an arrangement will enable you to see who does what. 

Now look at the contractor's proposal package and identify all the 
items listed as direct costs. Some of these items, you may feel, are 
borderline items, which could have been classified as either direct or 
indirect costs. Moreover, based on your experience with similar Govern­
ment contracts and perhaps with the particular contractor, you may know 
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WORK PACKAGE DESCRIPTION/JUSTIFICATION 

WP# : 4ACB TASK TITLE: Develop Process Sheet 

AlITH: EAM SECfION# : 31622· I ISSUE#: 1 

WORK PACKAGE TOTALS 

SAL HRS 4,20 GRADE S~6 DIRECT MAT 
HRLY HRS 0,75 GRADE ...&L OTHER DIRECT 

TASK DESCRIPTION: Develop process sheets for manifold end caps, part !UlI1l-
bers 9538261-1, -2. 

Sub task 01: Prescribe fabrication operations 

Subtask 02: Prescribe cosmetic finishing process 

Subtask 03: Apply labor standards to operations 

COST JUSTIFICATION: 

Subtask 01: Task requires definition of appropriate method of fabri-
cation by prescribing (ten) operatiOns at 0.25 hour 
each, based on similar part !UlI1lber from prior contract. 
Sal Hrs 2.50 

Subtask 02: Task requires definition of appropriate method of finish-
ing by prescribing (three) operations at 0.15 hour each. 
Sal Hrs 0.45 

Subtask 03: This task requires that each operation have applied to 
it a labor standard based on similar parts, standard 
data, or engineering judgment. These parts are judged 
to be moderately complex requiring 1.25 hours for this 
effort. Sal Hrs l.25 
Clerical labor to support this task is estimated at 
0.75 hour. Hrly Hrs 0.75. 

Figure III-A-3. Work Package Description/Justification 
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WORK BREAKDOWN STRUCTURE 

LEVU I 

LEVU '1 

LE-VEL 3 

FUNCTIONAL O~GANllATION 

UVEL 4 

I 

~~~~-':--~-----i-,rn::n -r----4 
I 

PRO.IECT 

SUMMARY 

W"' 

CONTRACT 

W"' 

Figure III-A-4. Integration of WBS and Organizational Structure 

that, in the past, some of the borderline items 
sidered indirect costs and charged to overhead. 
charges. 

in fact have been con­
You must look for double-

DCAA audits contractors' overhead rates, but in its audit reports 
it usually does not identify all the direct costs represented in the per­
centage rates. Instead, it will either approve or "challenge" the rates, 
recommend new percentages for the challenged rates, then leave it up to 
the contractor to adjust his rates. Later, at the negotiation table, 
the contractor must show the contracting officer that the rates are in 
line with DCAA's recommendations or explain why not. 

This means that if double-charges are possible, and DCAA has not 
itemized the indirect costs represented in the overhead rates, you will 
have to calIon DCAA. EVen though its audit report does not list all 
costs charged to overhead, DCAA has reviewed and recorded the costs 
historically charged to overhead. You should get this information if you 
need it. 

This does not mean the audit reports are of little value to you. In 
addition to overhead rates, DCAA audits cover cost-accounting procedures, 
material unit costs, and labor pay rates--all helpful information. If 
DCAA challenges the contractor's estimating procedures, it has isolated 
an area for you to evaluate. Material unit costs and labor pay rates in­
terplay respectively with material quantities and labor hours, which you 
evaluate. ' 
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The design data package gives details about the end product to be 
built--its performance capabilities and, at some point, its physical 
characteristics. For new products, the Government project office may send 
with its solicitation a design data package giving only performance cri­
teria. The contractor must develop the specifications and drawings 
describing size, shape, weight, and the other physical characteristics 
of the end product and all its components. As these specifications and 
drawings are developed, they are sent to the Government project office, 
which incorporates them into the design data package. 

For products made before, the Government project office sends the 
contractor a complete design data package with its solicitation. Such a 
package contains all design specifications, drawings, and references to 
other specifications and drawings needed to construct the end product. 

Try to get an up-to-date design data package from the Government 
project office. (You probably will not get one unless you ask for it.) 
From it you can judge approximately the product's complexity ani the 
effort, material, and technology required to build it. You will be un­
able to do this alone. You will need help from engineers on the Govern­
ment cost analysis team. 

You also should discuss the contract in general with the other mem­
bers of your team. Try to answer such questions as why was this contrac­
tor chosen for the contract, what prior experience does he have in making 
the particular end product, and what, if any, special assets permit him 
to produce the product more cheaply than other contractors could. You 
probably will find that the contracting officer picked the particular 
contractor because of some technical or cost advantage, but ask these 
general questions anyway. You may learn specifics about the contractor 
you can use in your onsite evaluation. 

After you have completed your discussions with your Government team­
mates, add their opinions to the formal data you have accumulated from 
the contractor, DCAA and DCAS. Begin to isolate problems for which you 
will need to seek solutions during your onsite evaluation. 

Throughout your previsit evaluation you should be listing the prob­
lems for which you plan additional research. Include all problems re­
lated to mathematical errors and inconsistencies, insufficient backup 
data and questionable existing data. List your questions for the con­
tractor or some particular part of his organization. 

In summary, during the previsit phase you should solve whatever prob­
lems can be solved by paperwork alone, isolate the problems that can be 
solved only by witnessing plant operations or by face-to-face talks with 
the contractor and his employees, and decide where in the plant you may 
be able to solve these problems. Do not consider this phase to be time 
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lost from the onsite factfinding. It is your chance to plan your onsite 
efforts so that your time will be spent meaningfully. 

Now, having reviewed all available data, having secured counsel from 
your fellow Government specialists, having made your lists or problems 
and questions, having determined which cost categories offer the greatest 
potential for Government savings, and having given ample forethought to 
your onsite activities, you can visit the contractor. 

THE ONSITE PHASE 

Arrange to meet with DCAA and DCAS representatives when you arrive 
at the contractor's plant. They may be able to supply additional backup 
data unavailable to you previously. 

Soon after this begin asking the contractor for any additional data 
you need for your evaluation. Rarely does a proposal package contain a 
complete, unquestionable description of every direct cost item. Some of 
the key documents that are not normally included in the proposal and that 
may help you are bills of material and documents that specify the con­
tractor's labor standards program, his material allowance factors, and 
his prior contract performance. 

When you ask for cost data, remember that Public Law 87-654 gives 
you the legal right to all cost data used by the contractor. ASPR 3-807-3 
i.nterprets this law to mean that a contractor rust submit, and not merely 

\' JoliN MINUTE 

YOU HAVE THE RIGHT TO REQUEST AND INSPECT ALL COST DATA USED 
BY THE CONTRACTOR IN ARRIVING AT HIS PRICED PROPOSAL. 
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make available, to any authorized Government representatives all ~q­
quested cost and pricing data for any contract valued in excess of 
$100,000 and awarded in the absence of adequate price competition. "CDst 
and pricing data" are defined in ASPR 3-807.;3 as " ... al1 facts which can 
reasonably be expected to contribute to sound estimates of future costs 
as well as to the validity of costs already incurred." 

A contractor's submission of data is important, but ASPR 3-807.3 also 
adds that the data be "accurate, complete, and current." Cost data devel­
oped or accumulated within the last 2 years may be considered turrent. 
Older data are questionable unless they have been properly validated 
against recent comparable data. 

You will have only a few days to spend in the plant, so you should 
get familiar with the plant as quickly as possible. The best way to do 
this is to arrange a plant tour. During the tour you should get to know 
the contractor's plant, where everything is, the general goings-on, and 
who is in charge of what. Afterward you can return to specific areas of 
the plant, and seek out answers to the questions evolving during the 
previsit phase and the tour. 

You may find some answers by asking the contractor's production 
workers about machine capabilities and the amount of technical support 
necessary to maintain the equipment. Be polite; the responses will be 
better then if you are pushy or patronizing. Do not make a show of 
recording every word, but write down your important findings when you 
can be inconspicuous. 

Next will be a series of in-depth 
fact finding sessions with the con­
tractor. You should now be familiar 
enough with the contractor's data, 
plant, manufacturing procedures, and 
estimating methods to ask him specific 
questions about possible overcharges. 
Ask him about any discrepancies 
between the Government's solicitation 
and his proposal, suspected mathe­
matical inaccuracies, and anything 
else that may help you to evaluate 
his proposed costs. 

During these sessions you should 
AT THE COMPLETION OF EACH DAY'S have pen in hand, vigorously taking 
EVALUATION EFFORTS YOU SHOULD notes on anything you feel is impor-
ACCUMULATE YOUR N(>TES AND tanto Besides helping you with your 
ANALYZE YOUR FINDINGS. evaluation of the contractor's 

proposal, your notes should reveal 
any differences in what the contractor 
himself says about his manufacturing 
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and cost-estimating techniques and what the contractor's representatives 
and production worker say. 

Your methods in these sessions can range from a line-by-line 
challenge of the proposal and the DD Form 633 to a recalculation of some 
of the mathematical formulas the contractor used. At each day's end, 
probably in your motel room, you should accumulate your notes and 
analyze your findings. 

The final act in the onsite evaluation is the exit interview. You 
and the other Government specialists have had time to evaluate your 
findings, although your findings may not yet be in terms of dollars and 
cents. You will talk in general terms with the contractor and his re­
presentatives about what you think is wrong with the proposal, about 
costs for which you wish to see additional substantiating information, 
and about how you think plant efficiency can be improved. Because the 
contractor's management is responsible for ensuring that the entire plant 
complies with your recommendations for improving efficiency, insist that 
a top management representative attend the exit interview. 

Just because we call the last big happening in your onsite evaluation 
an "exit interview" does not mean that you shout a few words over your 
shoulder as you step out the plant door. You should allow enough time 
to discuss everything you wish to talk about. An exit jnterview can 
last from as little as an hour to as much as a full day. 

THE POSTVISIT PHASE 

Your postvisit evaluation is an evaluation of your previsit and 
onsite evaluations. Up to now you should have been recording everything 
you suspect could affect the contractor's estimates. During your post­
visit evaluation, you should assess your findings, determine which of 
your findings really reveal contractor errors or inefficiences, and 
organize your findings into a document package the contracting officer 
can use in the formal negotiations. 

Probably the notes taken during your evaluations will not be pretty, 
many of them having been hastily scribbled. The postvisit phase is your 
chance to tidy up. 

Also, many of your findings would have been noted on terms of 
material quantities or labor hours. These notes have to be translated 
into dollars-and-cents terms, because the formal negotiations will be 
of the direct costs as specified on the contractor's proposal . 

. You c~ use whatever worksheets you wish to figure your estimates 
of reasonable direct costs. But when you finish, your findings should 
be put into a format that corresponds with the order in which costs are 
presented in the contractor's proposal. During the negotiations, when-
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DURING THE POSTVISIT PHASE, ORGANIZE YOUR DOCUMENT PACKAGE TO 
GIVE TO THE CONTRACTING OFFICER. 

ever a particular cost category is up for review, the contracting officer 
should not have to spend time searching through his paperwork to find 
the data supporting the Government position. You can include notes and 
worksheets with the formal documents, but the notes and worksheets 
should be references to the part of the proposal to which they pertain. 

Finally, having itemized your findings to correspond with the order 
of the proposal, and having arranged your supporting paperwork in a 
legible form properly referenced to the applicable parts of the proposal, 
you can work toward your direct cost recommendations. 

DATA SOURCES 

Where do you find data with which to verify a contractor's proposal? 
As you gain experience, you will learn about the types of support data and 
where to find them. You will develop the key asset of being able to ask 
the right contractor department head for the right information. 

Tables III-A-I and III-A-2 show data sources and data items typically 
used by cost analysts. Ideally, you could find enough support information 
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in the proposal package to eliminate the need for a personal onsite 
review. (This ideal seldom, if ever, occurs.) 

Some of this information gives physical descriptions of the product, 
the contractor's work force, and his facilities. Other data describe 
the efforts, time, and money required to produce the product. A knowledge 
of the first type of data will enable you to evaluate the second. For 
example, knowing the contractor has several numerically controlled machine 
centers, you can accept more technical support hours than you would other­
wise. 

Table III-A-l. Data Items and Their Sources 

Data description Data source 

Engineering drawings 
Product specifications 
Written description of ' product 
Bills of materials 

Organization chart 
Ratios of labor, support, and 

engineering organization 
Job descriptions and skill-level 

breakdown 
Collective bargaining contract 
Definition of direct/indirect 

labor categories 

Description of plant facilities 
Special equipment and processes 
Management information system 

and ADP capability 
Manufacturing capability 

Process sheets 

Make-or-buy program 
Production schedules 

Purchase orders 
Material allowances: 

Estimates 
Actual 

Proratables 
Cost-Estimating procedure 
Production output records 

Design data package 
Design data package 
Proposal 
Manufacturing engineering, purchasing 

dept 
Personnel dept 

Personnel dept 

Wage and salary administration 
Labor relations dept 

DCAA audit, production management, 
wage administration 

Proposal, process engineering 

ADP management 
DCAS capability study, prior contracts 
Industrial and manufacturing 

engineering depts 
Proposal 
Solicitation, proposal, production 

scheduling dept 
Purchasing dept 

Proposal, bills of material 
Production records of start quantity 

less shipped quantity 
Proposal support data 
Proposal, cost-estimating dept 
Accounting department, production 

control department, management 
information system 
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Table III-A-l. Data Items and Their Sources (Continued) 

Data description 

Rework allowance 

Schedule backlog 

Labor efficiency report 

Variance from standard perform­
ance 

Breakdown of raw material dis-
persals 

Estimated spread sheets 
Departmental estimates 
Experience curve derivations 

Cost-estimating worksheets 

Work measurement standards 
Subcontractor quotes 

Historical costs: 
Estimated and actual spread 

sheets 

Direct cost factors 

Independent audits 

Data source 

Proposal support data, inspection 
records, quality control dept, 
production management 

Production scheduling dept, manage­
ment information system 

Production management, industrial 
engineering dept 

Cost-accounting dept, industrial 
engineering dept 

Inventory control dept, raw material 
stores 

Proposal support data 
Respective department management 
Cost-estimating dept, industrial 

engineering dept 
Cost-estimating dept, industrial 

engineering dept 
Industrial engineering 
Proposal, make-or-buy program, 

purchasing dept 

Contracting officer, direct cost 
analysis files 

Prior contracts in contracting 
officer's files, contractor ADP 
files 

DCAA, private consultants, NAVPRO, 
AFPRO, DCAS 

Table III-A-2. Data Sources and Data Items 

Data sources Data items 

Manufacturing engineering files Process sheets 
Manufacturing process capabilities 
Engineering drawings 
Bills of material 
Tooling requirements 
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Table III-A-2. Data Sources and Data Items (Continued) 

Data sources Data items 

Design engineering files Product specifications 

Management information systems 

Production control 

Industrial engineering files 

Cost-estimating dept files 

Quality assurance files. 

Reliability 
Quality 
Functionality 

Engineering drawings 
Special requirements 

Temperature 
Handling 

Summary production reports 
Inventory 
Output 
Schedules 
Labor efficiency 

Production schedules 
Production output records 
Material allowances and accounting 

procedures 
Bills of material for current jobs 
Material storage and dispersal 

procedures 

Development of cost-estimating 
techniques 

Predetermined time values 
Standard data 
Worksheets 
Work-sampling studies 
Exoerience curves 

Process sheets 
Historical labor performance data 
Job descriptions and skill bre~downs 
Description of plant facilities and 

capabilities 

Cost-estimating and accumulating 
procedure 

Departmental manpower requirements 
Product material estimates 
Experience curve applications 
Labor performance factors 

Inspection plans and procedures 
Rework history 
lmusual product specifications 
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Table III-A-2. Data Sources and Data Items (Continued) 

Data sources Data items 

Purchasing dept files Current purchasing policy 
Purchase orders 
List of vendors 
Quotes from subcontractors 

Historical purchasing policy 
Make-or-buy program 

Personnel dept Relative labor mix, amount, and 

Production management files 

Top Management 

Accounting dept files 

quality 
Ratios of various labor groups' 
Organization characteristics 
Names of key personnel and contractor 

organization terminology 

Labor performance reports 
Definitions of labor categories 

Direct/indirect 
Skilled/unskilled 

Explanation of questionable policies 
Authority for capital expenditures 
Knowledge for other data sources 

Cost breakdowns of labor category 
versus major product assembly 

Differentiation between direct and 
indirect costs 

Breakdown·of overhead items 
Actual cost data (historical) 
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Subsection III-B. EVALUATING DIRECT MATERIAL ESTIMATES 

Imagine a Government contract calling for hardWare production, with 
a military standard specifying enameled steel for the particular type of 
hardWare. The contractor's purchasing department, wishing to ensure the 
enamel arrives in time to avoid production delays, orders fiftyl-gallon 
cans of enamel before production begins. Then the Government requests 
that production be "put on hold." The enamel arrives. 

When the "hold" is lifted the Government says it wants anodized 
aluminum rather than enameled steel, its own standard notwithstanding. 
The enamel is of no use for the contract. 

Who pays? 

The Govennnent I s "change in direction" would mean that it should pay 
for the enamel--but not necessarily what the contractor paid. The con-
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tractor likely was inefficient in buying I-gallon cans. A IO-gallon 
can of enamel usually'costs less than ten I-gallon cans, so probably 
buying five IO-gallon cans would have been more economical than huying 
fifty I-gallon cans. If so, the technical evaluator should recommend 
a cost reduction. 

Our example shows how a technical evaluator could sav~ the ('..overn­
ment money by spotting a contractor inefficiency in buying direct 
material. Contractor inefficiencies in either buying or using material 
can be costly. How can you spot them? 

1HE PREVISIT PHASE OF YOUR DIRECT MATERIAL EVALUATION 

In the previsit phase you should get as much paperwork about the 
direct material estimates as you can get. It is possible, although 
unlikely, that in this phase you can gather enough valid data to sup­
port the contractor's estimates or to pinpoint deficiencies in them. 

You should have the Government's solicitation (RFP'or RFQ) and 
the contractor's proposal package. Compare them. Is the contractor 
promising to deliver what the Government asked for? Is the material 
the contractor plans to buy really needed to build what the Govern­
ment wants? Government project office engineers can help you answer 
these questions. 

DCM's audit report will be a great aid to you. Although it does 
not tell everything about the contractor's estimates, it can tell you 
such things as how much of the cost estimate is based directly on 
quotes from outside vendors and how much has been estimated by some 
other technique, the contractor's waste and obsolescence factors, any 

shrinkage factors proposed by out­
side vendors, purchase and produc­
tion lot sizes, and the contractor's 
methods for allocating indirect 
material costs. 

During this phase you may try to 
validate the contractor's estimates 
by calculating some ratios, if suf­
ficient data are available. If the 
contractor has produced identical 
equipment before, find out the actual 
costs he incurred. Then calculate 
the ratio of his direct material cost 
to his direct labor cost. Next, cal­

THE CONTRACTOR'S PROPOSAL DATA culate the same ratio from the direct 
SHOULD SUPPORT HIS MATER,IAL material and labor estimates in the 
ESTIMATE, proposal. Compare the ratios. 



If the ratios are close, you may decide to accept his direct material 
estimates without fUrther analysis, provided that you feel that the actual 
costs incurred by the contractor were reasonable. To save yourself from 
going into cost analyses of prior contracts, calculate ratios from as 
many prior contracts as you have time, and take the average. Some ratios 
will be available in industry publications. 

If the contractor has not made the same equipment before, you can 
still check out his raw material estimates by calculating ratios. When­
ever the contractor is using raw material he has used before in the 
same way, you can use ratios' from his past work for comparison with his 
raw material estimates. Some of the ratios you could calculate are: 

• End products produced to raw material used 
• Raw material used to direct labor hours expended using it 
• Raw material cost to either direct labor hours or direct labor 

cost 

What if your past and present ratios differ significantly? Well, 
if you consider the past ratios about right, you can make gross esti­
mates of what the current contract's material requirements should be. 
Just apply the ratios of the past contracts to the current proposal. 

For illustration there is the procedure many contractors use to 
estimate raw material costs in their sheet metal shops. Each accounting 
period these contractors calculate (1) the total labor hours expended in 
the shop and (2) the total cost of raw material used in the shop. Then 
they figure the ratio of labor hours to raw material costs for the ac­
counting period. This ratio can be used in future contracts either for 
estimating labor hours when raw material costs are known or for estimat­
ing raw material costs when labor hours are known. DCAA audits such 
ratios when contractors use them for cost-estimating. To keep them 
reliable, contractors should review them each accounting period. 

The principle is that ratios should hold constant over time. When­
ever they differ from their historical relationships, one of the 
estimates probably is overstated. If the historical ratio of labor to 
raw material is 1 to 1, all new estimates for like products should be 
adjusted until their ratio is about 1 to 1. 

Even if prior data are inadequate for making your comparisons, cal­
culate ratios for the proposed contract anyway. You can use them 
later when evaluating similar contracts. 

TIlE. ONSITE PHASE OF YOUR DIRECT MATERIAL EVALUATION 

In few previsit phases will you find enough data to back up the con­
tractor's direct material estimate in full. In most direct cost analyses 
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you must get additional information from contractor personnel and in­
vestigate the contractor's material purchase and usage practices whiZe 
in his pZant. 

TIlE PLANT TOUR 

Your initial plant tour should take you along the 'material flow 
routes," which include the plant areas where material enters the plant, 
is handled, and leaves the plant. These areas include the receiving, 
storing, dispensing, fabrication, assembly, inspecting, and shipping 
departments. 

Take your note pad along on your tour. As you witness inefficiencies, 
document them. And as you gain experience, you may be able to estimate 
the contractor's shrinkage during such tour. With your rough estimates, 
coupled with your notes on plant efficiency, you can begin to assess 
whether or not the contractor's proposed factors are reasonable. 

Also during your tour you should observe the degree of automation 
and relate the contractor's current capabilities with those he may have had 
for any previous Government buy. Automation affects both labor time re­
quirements and shrinkage factors, and a switch from a manual to an auto­
matic operation makes use of historical data dubious. If you determine 
the contractor's data are outdated, you must rely on your personal expe­
rience and published industry data to evaluate his material allowances. 

TI-IE PURCHASING DEPARTMENT 

Either during your plant tour or on your subsequent return to the 
plant for an in-depth analysis, you should get to know the purchasing 
department. This department is responsible for material unit prices, pur­
chase lot sizes, material deliveries, receipt of material, and expediting 
material on to production. It produces priced bills of material and keeps 
material cost, receipt, and delivery records. 

TI-IE MATERIAL PLANNING AND COORDINATING DEPARTMENT 

You also shOUld get acquainted with the group charged with overseeing 
material's flow through the plant. This group reviews material purchases, 
establishes purchase and production lot sizes, sees to it that the proper 
material is available at the right place when it is needed, estimates 
shrinkage, and is the focal point for the information on which the contrac­
tor's direct material estimates are based. A common name for this group 
is the material planning and coordinating department. 

As soon as you have time, ask this group some questions. What 
shrinkage factors are applied? How are they applied? Can data support 
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these factors? What kinds of documents were used to record historical 
scrap, spoilage, and obsolescence rates? Was there competition among 
outside suppliers to achieve minimum costs? What evidence can be supplied 
to support the contractor's production and purchase lot sizes? Was a 
material experience curve used? If so, is it documented? 

Figure III-B-I is a list of documents containing data needed by the 
material planning and coordinating department to plan the purchase and 
use of direct materials. Facsimiles of typical report documents that 
back up the contractor's proposed material factors are shown in figures 
III-B-2, III-B-3, III-B-4, and III-B-S. Note that the format used for 
the contractor's material documents is immaterial, so long as the reports 
are up-to-date, accurate, and available. Remember, also, these documents 
are hi?torical documents; they tell only what did happen in the contrac­
tor's plant and not what should have happened. 

Sometimes this group can answer all your questions about the con­
tractor's direct material estimates. Other times it cannot. And some 
contractors do not have such a group. 

When contractor personnel cannot satisfy you that the contractor's 
estimates are what they should be, and material costs are significant, you 
should take a closer look at the contractor's estimates. To do this you 
will need the same data that would be used by a material planning and co­
ordinating department and listed in figure III-B-l. The most useful docu­
ment is the bill of material. 

SELECTING ITEMS FROM 1HE BILLS OF MATERIALS 

You will not have time to evaluate every contractor estimate. To 
cross-check the contractor's estimates, you must select a few items to 
evaluate. Then, if the same inefficiencies keep crawling in, you must 
assume they prevail in all the contractor's estimates. If you find, for 
example, that poor purchase planning has elevated the costs for your se­
lected items, not only should you ask for cost reductions for those items, 
you also should ask the contractor to show why all of his material esti­
mates should not be reduced. 

A priced master bill of material shows a breakdown of the complete 
end product and can be used as a guide to high-cost assemblies. You should 
select high-cost assemblies for analysis because finding an inefficiency 
in them ensures the Government of greater savings than finding the same 
inefficiency in inexpensive assemblies. Although you can generalize your 
findings, it is better to have documented evidence on items offering the 
greatest potential for cost savings. 

After you have selected some high-cost assemblies, get the bills of 
material for those assemblies, which you should select because you will be 
evaluating lot sizes. These items give you a better chance to see if the 
contractor is taking full advantage of price breaks. 
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I MANUFACTURING ENGINEERING 

ENGINEERING DRAWINGS 
BILLS OF MATERIAL 
MINIMUM QUANTITIES 
METI-IODS OF MANUFACTURING 

SPECIFICATIONS 
COMPLEXITY OF PRODUCT 
TOLERANCES 

KNOWLEDGE OF SHOP CAPABILITIES 

,...-----.. --1 PURCHASING 

MATERIAL 
PLANNING AND 
COORDINATING 

PRICED BILLS OF MATERIAL 
PURCHASE LEAD TIMES 
STORAGE CAPACITY 
VENOOR CAPABILITY 
PRICE STRUCTURES, COMPETITION 

PRODUCTION CONTROL 

CONTRACT SCHEDULE REQUIREMENTS 
MANUFACTURING SHOP LOAD 
COl>MITMENTS TO OTHER CONTRACTS 
OVERALL SHOP SCHEDULE 

Figure III-B-l. Direct Material Data 
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Figure III-B-2 .. Scrap Analysis Reflecting Trend of Variance 
from Allowed Cost of Scrap per Unit of Production 
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Description 

Part 

No. 

647C 

87lR 
1122 

1816 

187l 
2167 

2173 

227l 

Name 

Hinge 

Ring 

Flap 
Support 

Spoon 

Ruler 

Cap "R" 
Cap ''Til 

Total 

No. of Pieces 

Produc­

tion 

12,320 

8,620 

3,110 

8,520 

11 ,890 

1,245 

14,505 

8,140 

Percent 

Scrap Scrapped 

207 1.68 
73 .85 

672 2.16 

40 .47 
90 .76 

1,070 7.38 
72 .88 

Cost Reason 

$ 8.28 

3.65 
282.21 Defective die 

16.00 
1.80 

$107.00 Substitute material 

23.60 

$ 440.57 

Cost of Scrap--Year to Date $18,497.12 

Figure III-B-3. Summary Scrap Report 
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REPORT OF SCRAP 

DEPARTMENT 
PEflCENTOF 
SCRAP TO PARTS 
SATISFACTORILY 
COMPLETED 

7 

6 
---- --- 7 

r-.... -- --- --- _cp~ !!!Q'=. !.I~!T":'_ ---
5 

" V ./ 4 

3 
(WEEK ENDING: . ',1/11 1/181/25 2/1 2/8 2/15 2/22 3/1 3/8 3/15 3/223/29 

Figure III-B-4. Graphic Scrap Report 

DEFECTIVE WORK REPORT 

DATE NO. 
DEPARTMENT RESPONSIBLE STANDING ORDER NO. 
NATURE OF DEFECTS 
CAUSE OF DEFECTS 

DESCRIPTION COSTS INCURRED 

OF WORK 
DEPT 

LABOR NO. MATERIAL 
MFG. TOTAL 

TO BE DONE 
HOURS COST XPENSE COST 

SIGNED: 

Figure III-B-S. Report on Unsatisfactory Work 
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COMPARE BILL OF MATERfAL REQUIREMENTS FOR HIGH-COST ITEMS WITH 
QUANTITIES PURCHASED IN ORDER TO CHALLENGE SPECIFIC CASES OF 
EXCESS PROCUREMENT. 

EVALUATING SHRINKAGE FACTORS 

The DCAA audit report will contain an assessment of the contractor's 
shrinkage factors for various materials and operations. But remember, 
DCAA performs audits periodically--and not necessarily at the time any 
particular proposal evaluation takes place. The shrinkage factors DCAA 
evaluates are those the contractor actually incurred in past work. The 
audit considers whether or not the contractor's historical shrinkage fac­
tors are reasonable enough for estimating the overage in future work. 

This means that DCAA probably does not take into account the quanti­
ties required for the proposed contract. As production runs grow larger, 
shrinkage rates should diminish. When contracts have large material 
requirements, larger. production runs can be planned for, meaning fewer 
setups and less shrinkage. 

DCAA's audit, then, considers only past quantities. If the proposed 
contract calls for material quantities significantly larger or smaller 
than the quantities dealt with in the past, you will have to see that this 
is reflected in·the contractor's proposed shrinkage. 

DCAA analyzes shrinkage factors by comparing them with shrinkage fac­
tors found to be average for the indus try • Many average shrinkage factors 
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for particular material items and operations can be found in industrial 
journals and manuals (see the bibliography) . 

Sometimes contractors must work with material they have never worked 
with before, in which'case there will be no actually incurred shrinkage 
for DCM to evaluate. Whether or not this is true, you should check the 
proposed shrinkage factors for the high-quantity items you selected from 
assemblies' bills of material. But if a high-quantity item is not covered 
in the DCAA audit, you should analyze the proposed shrinkage rate for that 
item with especial thorouglmess. If the contractor has not based shrink­
age on his ,own history, you should find the basis for his estimated shrink­
age. 

How do you analyze shrinkage factors? 

You do it about as DCAA does it. You compare proposed shrinkage 
factors with industrial averages for the same or similar items. If the 
contractor has quoted no shrinkage percentages in his proposal, you can 
find them out yourself by studying bills of material for items already 
purchased. Listed on such bills will be the numbers of items required and 
the numbers of items purchased, and by subtracting required items from 
purchased items you can tell the shrinkage the contractor has anticipated. 

You should look for consistency in the contractor's application of 
shrinkage factors for identical items. If inconsistencies in the bills of 
material suggest that the allowed-for shrinkage is based not on calculated 
factors but on arbitrary guesses, question the contractor. 

When satisfied with the contractor's consistency, go ahead with your 
comparisons. Are the contractor's proposed shrinkage rates in line with 
the averages for the industry? If they are not, ask the contractor about 
them. 

The contractor may have some good reasons why his factors are out of 
line with industrial averages. For this reason, you should talk with 
Government engineers knowledgeable about shrinkage and the effects on 
shrinkage caused by manufacturing conditions, product characteristics, and 
lot sizes. Then look at how the contractor historically has controlled 
shrinkage, to see, if his shrinkage rates differed with industry's in prior 
similar contracts. This information will be available in such documents 
as listed in figure III-B-I, which the contractor used to record actual 
shrinkage in prior contracts. 

If the contractor has not differed with industry in the past but is 
differing now, find out why. Again, you will need help from project of­
fice engineers--this time to study possible changes in manufacturing con­
ditions necessitating the altered shrinkage rates. 
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EVENTUALL Y THE GOVERNMENT AND BIDDER MUST AGREE ON AN ALLOW· 
ABLE RATE OF SHRINKAGE. YOU MUST CHECK ON INEFFICIENCIES IN· 
FLUENCING THE FACTOR USED. 

You will need help from your engineering teammates when you work to­
ward the Government's position on the proposed factors. If some factors 
are found satisfactory and others are not, record those found unsatisfac­
tory and ask the contractor about them when you have the chance. 

Finally, check with DCAA about the contractor's resale of scrap dur­
ing the previous year. Selling scrap may allow the contractor to recover 
a substantial portion of his scrap losses. 

EVALUATING EXPERIENCE OJRVES 

See appendix B. 

EVALUATING mNTRACI'OR DECISIONS THAT 
AFFECI' MATERIAL UNIT mSTS 

Make-or-Buy Decisions 

. You should ensure that 
gram, if one was required. 
the following questions: 

the· contractor has submitted a make-or-buy pro­
Get a copy of the program, and try to answer 
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YOU SHOULD CHALLENGE THE COST OF IN-HOUSE FABRICATION OF AN 
ITEM THAT THE CONTRACTOR CAN BUY FROM ANOTHER SOURCE AT A 
LOWER PRICE IN THE REQUIRED QUALITY AND QUANTITY_ 

• Is the contractor's list of make and buy items complete? 
• OVerall, are his recommendations based on sound logic? 
• Do you agree with all of his recommendations? 
• Which, if any, do you disagree with? Why? 

Purchase and Production Lot Size Decisions 

After selecting some high-quantity items, ask the contractor's pur­
chasing department for purchase orders for those items. From them you 
can determine how many items were bought, the quantity per order, and 
any price breaks. You also should try to get a list of other contracts 
that will require identical items so that the possibility of combined 
purchases can be examined. Buying at one time for more than one contract 
1ncreases the likelihood of price breaks. (See appendix B, page B-24, for 
how to calculate economical lot sizes.) 

MuZtiyear-Buy Decisions 

Ask Government contract administration personnel about the length of 
the proposed contract, the conditions set by cancellation clauses, con­
tract options, and any information the contractor might have about future 
buys of the same end product. The timing of material purchases and multi­
year funding are critical. You must know them. 
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AfJNllAL RmUIRt:MENTS,,~ Q.U~NTlTlf5 OF 
PARTS ON DRDI:R FOR FIRST&SECOIIDY£/WS 

------------/---+--\------/---+--+--+ 

LEARN THE TIMING OF MATERIAL 
PURCHASES AND MULTIYEAR 
FUNDING 

Purchased Parts, Subcontracted Items, and Shrinkage 

Examine the proposal and bill of material to ensure the contractor 
is buying purchased parts and subcontracted items in the quantity actually 
needed for the end product. He should allow for no shrinkage in buying 
these items, for they are fabricated by an outside vendor who should 
guarantee his work. He should replace defective items at no cost to the 
contractor or Government. 

Raw Material--How Much? 

Contractors' have to allow for some shrinkage when buying raw 
material, and you should evaluate their proposed factors as previously 
described in this subsection. Also, you should evaluate their purchase 
lot sizes. 

Standard Commercial Items 

If a bill of material contains standard commercial items, make sure 
the costs meet the guidelines presented in ASPR 3-807.1. ASPR3-807.1 
stipulates that the cost for a standard commercial item be an established 
catalog or market price of a.commercial item sold in substantial quanti­
ties to the general public. 
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You will not have to analyze these items' costs if they are sold 
to the general public in substantial quantities at costs consistent 
with the costs charged to the Government. The contractor should have 
a catalog listing their prices, which will allow you to compare costs. 

Interdivisional Transfers: At Cost or Other than Cost? 

Interdivisional transfers at cost is the rule; at other than cost 
the exception. Whenever an interdivisional transfer is charged to 
the Government, you should find out if the cost quoted by the contractor 
includes profit or fee for the originating division. If so, make sure 
that one of the two following conditions is met: 

• The pr~ce is the established catalog or market price of a 
standard commercial item sold in substantial quantities to the general 
public. 

• The price was favorable under adequate price competition. 

You also should ensure that under neither condition does the price 
exceed the originating division's price to his most favored customer. 

For interdivisional transfers at either cost or cost plus profit, 
if the originating and contracting divisions use common overhead and 
G&A accounts. If they do, make sure that the Government has not been 
double-charged for these elements--once in the bills of material, then 
again on the DD Form 633. 

Standard versus Nonstandard Parts 

Bills of material should point out which parts are nonstandard. 
By studying contractor data and getting help from project office en­
gineers, you should see whether use of nonstandard parts is really 
necessary and, if so, whether their proposed costs are reasonable. 

An analysis of proposed nonstandard parts can save the Government 
considerable amounts of money. For example, one contractor proposed a 
nonstandard cabinet designed to withstand the MIL-S-901 high-impact 
shock test. Thirty such cabinets were to be constructed, costing the 
Government $14,000 ,each. Government cost analysts, however, recom­
mended that the contractor purchase a standard commercial cabinets at 
$900 each, then install shock mounts at a cost of $100 for each 
cabinet. This recommendation enabled the contractor to comply with 
MIL-S-901'sdesign requirements, and it enabled the Government to 
save $390,000 in direct material costs. 
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SEE IF CHEAPER STANDARD PARTS CAN BE SUBSTITUTED FOR EXPENSIVE 
NONSTANDARD PARTS. 

Spare Parts and Continual Obsolescence 

Most of your efforts will take place before production begins. 
Nevertheless, you should watch for items you feel are highly subj ect to 
design changes during production. Few technical evaluators are quali­
fied design.engineers, so most likely you will have to work with pro­
ject office engineers to verify or remove your suspicions. If you 
find an item is highly subject to design changes, remind project office 
engineers to examine each proposed change to see if any additional 
expense is justifiable by product improvements. 

With some design changes, the item becomes harder to make. This 
means that repeated obsolescence can enable a contractor to capture 
the spare parts business. By claiming sole capability of manufacturing 
an item, the contractor can win the business for himself, thus elimi­
nating price competition. This is undesirable to the Government and, 
again, you should remind project office engineers to safeguard the 
Government's interests. 

Finally, you should remind project office engineers to watch the 
contractor's purchase lot sizes if he does win the spare parts busi­
ness. Material for both the original hardware and the spare parts 
should be bought at the same time if possible. 
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EVALUATING INDIRECT MATERIAL COSTS 

Evaluating overhead accounts is a DCAA function, but you should 
be familiar with them to prevent double-charges. You should look for 
material costs that normally are found in plantwide overhead or special 
proratable rates but that have been charged as a direct cost. Further­
more, you should identify which material costs are in plantwide over­
head rates and which are in special proratable account rates, and 
question any material cost charged to both. 

No matter how a contractor calculates overhead, you shOUld be 
able to recognize a reasonable overhead rate. The range of fair per­
centage~ can be determined by your experience with other overhead 
rates or by reference to published indus fry data. The contractor 
should be able to provide historical support for all overhead rates and, 
of course, to explain high rates. 

TIlE POSTVISIT PHASE OF YOUR DIRECT MATERIAL EVALUATION 

You are now out of the contractor's plant, working on your recom­
mendations to the contracting officer. As time has allowed, you have 
examined the available contractor data and the level of efficiency in 
the plant. Now you have to wade through your findings and come up with 
direct material costs the Government should pay. To do this, here are 
some questions you should answer: 

• What shrinkage factors are applied? How are they applied? Can 
data support them? Has the resale of scrap been considered? 

• Was a material experience curve used? Is it documented? Is 
it acceptable? 

• Was a make-or-buy program required? Is it complete? Do you 
agree with all of the contractor's recommendations? Which, if any, 
do you disagree with? Why? 

• Was there adequate competition arrong outside suppliers to 
achieve minumum costs? 

• Considering storage and handling costs, has the contractor 
planned to take full advantage of price breaks in his material purchases? 
Considering storage, handling, and shrinkage, are the contractor's pro­
duction lot sizes economical? 

• For multiyear buys, what protection is offered by cancellation 
clauses and options? In planning his material purchases, has the con­
tractor shown awareness of multiyear funding and his delivery ob-

'ligations? . 
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• Do you know the material unit prices recommended by DCAA? Based 
on your observations of the contractor's make-or-buy, lot-size, and 
multiyear-buy decisions, do you feel that the recommended unit prices 
should be adjusted? Have you talked this over with DCAA representa­
tives, and arrived at unit prices the Government should pay? 

• Has the contractor or his subcontractors proposed shrinkage 
allowances for guaranteed purchase parts or subcontracted items? 

• For standard commercial items--are the costs consistent with 
market prices? Has ASPR 3-807.1 been adhered to? 

• Has the contractor proposed use of interdivisional transfers 
at other than cost? If so, is the price the established catalog or 
market price of a standard commercial item, or was it favorable under 
price competition? Does the price exceed the originating division's 
price to his most favored customer? For all interdivisional transfers, 
do the originating and contracting divisions use common overhead and 
G&A accounts? If so, is the Government being double-charged? 

• Has the contractor proposed use of nonstandard parts? lVhy? 
Are their costs reasonable? 

• Do you feel that repeated design changes may enable the con­
tractor to capture the spare parts business for some items? Have 
you consulted project office engineers? 

• Are any material costs charged to more than one of the following: 
the plantwide overhead account, a special proratable account, a direct 
cost account? Are the overhead rates reasonable? 

• Have you developed cost recommendations for all direct material 
elements on the DD Form 633? 

• Are you really satisfied? 
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Subseation III-C. EVALUATING DIRECT ENGINEERING LABOR ESTIMATES 

Spotting engineering inefficiencies in the plant is difficult. 
Engineers deal with concepts. They may appear to be daydreaming when 
really they are concocting a revolutionary technological breakthrough. 
Thus your engineering evaluation time may be better spent analyzing con­
tractor data than looking for inefficiencies in the plant. 

You can tell more readily which documentation workers are idle. 
Still, such workers as writers may appear nonproductive when, in fact, 
they are concentrating on their work. Also the workload the engineers 
submit determines how busy the documentation workers can be. Worker 
idleness may be due to a short-term lull in engineering paperwork activ­
ity. Because documentation requirements are directly related to engi­
neering requirements, again you may have better results by studying the 
contractor's data than by looking around his shop. 

Management inefficiency is almost impossible to detect in the plant. 
The level of supervision demanded of each manager depends on such im­
measurable factors as attitudes and personalities. You will have to 
rely on data. 

THE PREVISIT PHASE OF YOUR TECHNICAL SUPPORT EVALUATION 

EVALUATING ENGINEERING ESTIMATES 

Earlier we told you that when contractors estimate costs it is hard 
to break the engineering efforts down into specific operations with def­
inite time requirements. In his proposal the contractor probably has 
not given a detailed breakdown of engineering labor such as he should 
give for direct manufacturing labor. Instead, his engineering work de­
scriptions will be general, with the number of hours qU9ted for each 
effort in much larger time increments than the time proposed for manufac­
turing operations. For example, he may quote "360 man-hours for design of 
analog-to-digital conversion circuitry" without giving any further breakdown 

Nevertheless, the contractor's engineering estimates should be based 
on prior work by himself or other manufacturers--work consisting of in­
dividual efforts by individual workers. You should try to break down 
these efforts. The contractor's work descriptions in the basic proposal 
may be general, but he should be able to supply backup sheets that reveal 
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specific engineering tasks and the grades of the engineers assigned to 
them. If such sheets do not come with the proposal, you should try to 
get them once you get to the plant. 

Identify the recurring and nonrecurring efforts. If you suspect the 
contractor has quoted costs for a nonrecurring effort more than once, 
find out from Government engineers if the effort, indeed, is recurring. 
If it is not--or should not be--a recurring effort, plan to ask the con­
tractor about it and to tell the contracting officer what you find. 

Check the technical support estimate for a complexity factor. If 
you think engineering change proposals are likely after production begins, 
you shoul~ ensure the complexity factor is not so high as to cover major 
redesign efforts. ECP's are priced apart from the basic proposal, and 
the contractor should not be reimbursed for the same design changes in 
both the basic proposal and the ECP's. 

Also check the contractor's estimating techniques. If he has used 
labor standards to estimate any part of his technical support costs, he 
should not apply the complexity factor to that part of his overall esti­
mate. Product complexity is considered in the labor standards themselves. 
Otherwise, a reasonable complexity factor may be applied if a complex end 
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THE ALERT ANALYST WILL LOOK SHARPLY AT THE COSTS PROPOSED 
FOR STAFF SUPPORT AND DESIGN TEAMS. 
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product is to be pro~uced from a Government specification describing only 
its performance capabilities. 

Design Engineering 

The solicitation will describe the end product either by specifying 
its performance or by reference to preexisting hardware designs. If the 
product has not been produced before, the Government defines it only in 
terms of what it should be able to do. In· such a case, you should expect 
more design engineering hours than you would if the same or a similar 
product had been produced previously and was documented. 

From the design data package you can identify subassemblies that are 
common ~o more than one assembly. A subassembly to be used in more than 
one assembly should not need complete redesigning for each application. 
Likewise, you should also watch for material and components that will be 
used in several subassemblies or assemblies and for which hardware stand­
ards have been deve1o~ed. These standards should be developed only once, 
not for each item. And they should not be duplicated in the subassembly 
or assembly estimates. 

Manufacturing Engineering 

Because the development and implementation of equipment and method 
improvements should increase the productivity of the contractor's direct 
manufacturing workers, much of the improvements' costs will be offset by 
savings in direct manufacturing labor. For example, a contractor may ask 
for 100 man-hours of manufacturing engineering labor for the development 
of color-coded assembly instructions that would save him 500 man-hours of 
direct manufacturing labor. 

Also look for the contractor's proposing advanced technology when a 
not-so-advanced technology would be just as efficient and less costly. 

QuaLity Assurance Engineering 

Try to break down the total quality assurance effort into specific 
tasks, such as preparation of a test or inspection standard, design of 
test equipment, or writing of performance specifications and procedures. 
Contractor data and the contractor's quality assurance engineers should 
be able to describe the efforts comprising the total quality assurance 
estimate. Also, you should try to get records of the contractor's .(or 
other contractors') past quality assurance efforts for similar contracts. 

ReLiabiLity and MaintainabiLity Engineering 

Reliability and maintainability engineering estimates, although in 
general terms, may be referenced to applicable manufacturing efforts in 
the proposal. For example, reliability engineering efforts may be refer­
cenced to the manufactured assemblies to which they apply. 
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COSTS PROPOSED FOR RELIABILITY TESTING SHOULD BE BASED ON 
CORRECT METHODS OF SAMPLING AND TESTING. 

Check for double-charges of reliability and maintainability engineer­
ing estimates. You may find, for example, that studies aimed at the 
manufacture of parts to meet certain reliability requirements have been 
priced both as a design engineering effort and as a reliability engineer­
ing effort. The contractor should be able to show you that these efforts 
include both design and reliability engineering efforts and are coordinat­
ed, not duplicated, efforts by his design and reliability engineers. 

Sustaining Engineering 

Look for double-charging of single efforts to both "sustaining 
engineering" and another engineering category. 

EVALUATING DOCUMENrATION ESTIMATES 

NASA's Data Cost Estimating and Analysis Standard (DM018-0l2-l), 
published in 1969, provides excellent guidance on how to estimate costs 
for documents ranging from electrical schematics to technical manuals. 
We will not delve into the contents of this publication; we recommend 
that you read it. We caution you, however, to allow for the cost in­
flation since 1969 when you look at the·cost figures in the book. 

III-C-4 



THE PROPOSAL SHOULD NOT INCLUDE MORE SUSTAINING ENGINEERING 
THAN NEEDED FOR "BRUSH-FIRES". 

Finding out what the cost per page represents is your best chance to 
uncover overcharges. Contractor records and Government experience with 
similar contracts can tell you about how much and what kind of effort 
shOUld go into a contract's documentation preparation. ' 

Documentation costs may be included in the design engineering esti­
mate. If they are, you shOUld examine these costs along with the quoted 
design engineering costs and see if the quoted design engineering efforts 
correspond with the quoted documentation efforts that supplement them. 
That is, the design documentation effort should supplement the design 
engineering efforts specified in the proposal and backup data. 

Design documentation efforts should not be duplicated for common 
components. Whenever a series of near-identical subassemblies is re­
quired, each with some small degree of change, look for evidence that 
standard drawing formats will be used, thus eliminating much copywork. 

Suppose' 'a. quote for producing a technical document includes the 
following item: 
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LOOK FOR STANDARD DOCUMENTATION. 

"Reproduction of final draft manuscript: 2500 hours 
(estimate based on 50 copies of 250 pages at 0.2 hr /page)" 

A natural reaction would be that two-tenths of anything could not be 
much and that the estimate is probably reasonable. Furthermore, you 
should give priority to potential significant overcharges, and such a 
fraction as 0.2 certainly does not seem especially foreboding. For that 
matter, the total document reproduction time, a little more than 1 man­
year, probably would not be much compared with the total time required to 
fulfill the contract. 

But look again. The 2500 hours is for but one document, and likely 
other documents are required on the contract. And 0.2 hour really is not 
so small; it is 12 minutes, an extravagant amount of time for most 
methods of reproducing a page. Unless your time is running out and you 
have more pressing problems, you should take a few minutes' evaluation 
time to look into this. How many pages will be reproduced for all con­
tract documents? What work effort is the contractor including in his 0.2 
hour standard. 

A 50 percent decrease in only the reproduction standard should save 
the Government somewhere between 2500 and 4000 hours, assuming there are 
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ANY EXCESSIVE DOCUMENTATION 
COSTS SHOULD BE QUESTIONED. 

two or three more documents similar 
to the one described. Moreover, be­
cause the reproduction effort is 
overestimated, you may find that 
other parts of the total documenta­
tion effort are overestimated as 
well. 

Separately priced documents and 
their costs should be listed on a 
CDRL. For the engineering, drafting, 
and other costs for producing the 
documents, you should ensure that 
these activities would not have 
been performed anyway during the 
design and manufacture of the end 
product. 

The Government could be double-charged if specific tasks quoted in 
the proposal are for both hardware development and document preparation. 
For example, a research effort quoted both as a documentation effort and 
as an engineering effort would be a double-charge. The CDRL should list 
all costs for producing separately priced documents, and you can use it 
to check for such double-charges. 

EVALUATING MANAGEMENT ESTIMATES 

To spot management overestimates, examine the contractor's proposal 
to see how many managers are proposed and for how long. Then compare 
these numbers with the numbers you find for the people they manage. Is 
overmanagement proposed? Government industrial engineers may have to 
help you. 

THE ONSITE PHASE OF YOUR TECHNICAL SUPPORT EVALUATION 

During this phase you should try to get data unavailable during the 
previsit phase. You should try to get as much backup data as you can 
during the previsit phase, but ·often you must go to contractor personnel 
for the information you need. The contractor's historical records, for 
example, will be hard to get until you get to the plant. 

If you have engineering questions for the contractor's personnel, 
when possible go directly to his engineers rather than his management. 
Who can better answer engineering questions than the engineers responsible 
f or the work? 

Look for obvious technical support inefficiencies. Perhaps certain 
work areas could be arranged so that workers would not have to walk so 
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far to go about their"jobs. Although you may be unable to tell what any 
one writer or engineer is thinking about at some particular time, you can 
get a general idea of how busy the workers are by your observations. How 
much chatting can you hear? Are the restrooms full? Is it break time? 
Are the pens stroking and the typewriters humming? 

Compare the equipment on the floor with the equipment listed in the 
proposal. See if the new equipment specified in the proposal is already 
on the floor, and find out how long it has been there. If the equipment 
has not been installed, much of the labor estimate having to do with the 
equipment should be for the nonrecurring effort of installation. But if 
the equipment has been in use for some time, no installation costs should 
be charged but only the recurring costs for maintaining the equipment. 

You can check on documentation by looking at some of the notes the 
engineers give to the publications people. Writers and editors have to 
work longer with hastily scribbled, scarcely legible notes than they do 
with typewritten copy close in format to the finished product. Likewise, 
draftsmen must work longer and do more layout thinking with a note or 
comment describing the desired artwork than they do with a rough sketch 
or a marked-up drawing. 

You may also be able to gauge whether or not more effort is being 
spent per page than is really required. How much work do the changes to 
existing documents justify? How much can be salvaged? Government work­
ers experienced in publications may be able to help you, if you think you 
can save the Government a significant amount of money. 

WE POS1VISIT PHASE OF YOUR TErnNICAL SUPPORT EVALUATION 

Gather your findings and call contractor or Government experts if 
you have last-minute questions. Work with DCAA on the hourly labor 
rates. Then develop your cost recommendations to the contracting 
officer. Are you satisfied with your recommendation for: 

-Design engineering? 
-Manufacturing engineering? 
-Quality assurance engineering? 
-Reliability and maintainability engineering? 
-Sustaining engineering? 
-Documentation? " 
-Management? 
-The total estimate for DD Form 633 line 4? 
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Subseotion III-D. EVALUATING DIRECT 
MANUFACTURING LABOR ESTIMATES 

THE PREVISIT PHASE OF YOUR DIRECT 
MANUFACTURING LABOR EVALUATION 

Now it is prior to your plant visit. You are examining the proposal 
and backup data, finding out what you can about the contractor, the pro­
posed contract, and the contractor's cost estimates. When you consider 
the contractor's direct manufacturing labor estimate, first you should 
find out whether or not DCAA, DCAS, or other Government or private audi­
tors have analyzed the contractor's estimating data and methods within 
the past year. . 

THE ITINERARY FOR YOUR JOURNEY TOWARD A REASONABLE DIRECT 
MANUFACTURING LABOR COST WILL TOUCH ON ALL ELEMENTS OF BID 
TIMES. 
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If the contractor was audited within the past year, get the audit re­
port and determine whether or not the contractor's data and methods were 
approved. If some data and methods were approved and some "challenged," 
examine the challenged items. For example, if the contractor uses labor 
standards, and DCAA judged his PF&D allowance to be overestimated by IS 
percent, make sure the contractor either has reduced his allowance by IS 
percent or adequately explained why not. 

Also give some attention to approv~d items. Estimating data can be­
come invalid if the contractor's manufacturing methods or plant conditions 
change. In the contractor's proposal and backup data, you should look for 
evidence of such changes occurring since the last audit or planned for 
the near future, while the proposed contract is in progress. 

If no audit was performed within the past year, if auditors chal­
lenged the contractor's entire estimating system, or if you find evidence 
of major changes in man~facturing methods or plant conditions, you should 
take a closer look at the direct manufacturing labor estimates. 

EVALUATING ESTIMATES BASED PRIMARILY ON HISTORICAL DATA--PREVISIT PHASE 

Some contracts call for a partially new product, which the contrac­
tor has not made before but which contains items he has made. For the 
items he has made or is making, reasonable actual times or costs are 
acceptable as bid times or costs, provided that no procedure changes have 
occurred or are anticipated. For the items he has not made, his bid 
times should be based on his history in producing similar items, plus any 
reasonable factor necessary to account for differences in product require­
ments. He should be able to substantiate any such factor. 

Remember that personal needs, fatigue, unavoidable delays, and re­
work are already accounted for in "actuals." Unless the contractor sub­
mits convincing data, verified by DCAA, that such time requirements are 
accounted for separately, do not accept addition of such allowances or 
factors to actuals used as bid times. 

Experience curves can be used in this estimating system. If so, they 
should be based on approved actuals. CWe discuss experience curves again 
in this subsection.) 

EVALUATING ESTIMATES BASED PRIMARILY ON LABOR STANDARDS--PREVISIT PHASE 
1\ 

Leveled Time 

In the proposal data, look at how the contractor determined leveled 
times. Examine the number of time studies or work samples to establish 
whether or not the contractor made enough studies or samples to develop 
accurate leveled times. You may need help from Government industrial 
engineers to do this. 

III-D-2 



To evaluate leveled times based on predetermined standards, compare 
the predetermined standards the contractor used with those in industry 
publications (see the bibliography). Also, find out if the contractor 
has attempted to level any operation times based on predetermined 
standards. Predetermined standards themselves are leveled, so no leveling 
factor should be applied to operation performance times determined by 
combining predetermined standards. 

AUowances 

A contractor may allow for such work as work-station cleanup and minor 
minor machine maintenance in either a PF&D allowance, a special allowance, 
or a realization factor. tlake sure, however, that he does not duplicate 
the time allowed for any such effort. Unpredictable or avoidable delays 
should not be covered in the allowances or the realization factor. 

If you find a caritractor using a special allowance to compensate for 
unusual working conditions, examine his backup data. Ensure that no extra 
time is included in the leveled time or another allowance to account for 
the special working conditions. 

Claiming that they do not operate under conditions identical to those 

.~ 
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UNPREDICTABLE DELAYS FROM FLOOD . .. FIRE . .. ETC . .. MAY NOT BE 
COVERED IN THE ALLOWANCES OR THE REALIZATION FACTOR. 
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under which predetermi~ed standards were developed, some contractors use 
special allowances to adjust leveled times developed by such organization 
as the MTM Association for Standards and Research. The conditions indeed 
may differ, but you should ask what the differences are and why they exisL 
Because predetermined standards are developed under typical shop condi­
tions, you should not allow adjustments unless the contractor can explain 
why he operates under less-favorable conditions. If the contractor real­
ly cannot operate under better conditions, and his explanations are good, 
you may accept a small allowance. 

A contractor who presents no data to back up a special allowance may 
have relied on an engineering estimate rather than time studies to deter­
mine the allowance. If such is the case, plan to ask the contractor to 
explain his estimating procedure. Should he be unable to convince you 
that his method has produced an acceptable allowance, develop your own es­
timate of the allowances, if you think an allowance is justified. 

Realization Factors 

Ordinarily, the experience curve represents actual performance. When 
the experience curve is uSed, no realization factor should be applied to 
the curve because "realization" is considered in the curve itself (see 
figure III-D-l). (There is an exception, which we discuss later in this 
subsection. ) 

A realization factor of greater than 1.00 means that work is below 
standard. If the contractor is proposing bid times that are greater than 
standard, try to find out why from the contractor's backup data. 

A contractor may apply a realization factor to account for below­
standard work owing to the inexperience of newly hired employees 
is acceptable, but you should check his labor rates. Remember, his pro­
posed pay rates should be the average of the rates paid during the life­
time of the contract. Lower wages should be paid to inexperienced work­
ers, thus reducing the average. 

Efficiency Factors 

Efficiency factors and realization factors are twins. in purpose, but 
they are mathematical reciprocals. A realization factor is actual time 
divided by standard time. An efficiency factor (actually, an allowance) 
is standard time divided by actual time. Confusion could be costly. 

experience Cur~es 

Check the contractor's mathematics. (See appendix A for how.) If 
his math is all right, go on to his data. 

The contractor's unit one and curve slope should be based, if 
possible, on his organization·' s past production of identical or highly 
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similar end products--in other words, on his own history. 
such data, he can develop his own unit one from reasonable 
and slopes based on published industrial data. 

If he lacks 
standard times 

In his proposal data, the contractor should identify the sources for 
his curves. If his sources are not identified, be sure to ask for them 
when you arrive at the plant. You can choose your own sources for cross­
checking the contractor's sources. As you gain experience in evaluating 
experience curves, you will develop a "nose'~ for what a reasonable experi­
ence curve would be for particular types of work. 

The SZope of the Curve. The contractor must substantiate the proposed 
curve slope with historical data, either his own or someone else's. He 
should not select one slope from one contract (unless his history is that 
limited) and propose that slope for the contract you are evaluating. The 
proposed slope should be an average slope for similar or identical pro­
duction. 

When substantiating data are unavailable, the validity of the curve 
slope becomes the cost analysis team's opinion versus the contractor's. An 
area for negotiation has been found. 

unit One. If a contractor quotes a steep slope, he is saying he will 
gain experience more rapidly than he would had he used a shallow experience 
curve slop~, but look at his unit one if he does. An 80 percent experience 
curve is more impressive than a 90 percent experience curve, but a steep 
experience curve can be offset by a high unit one. For example, if an 80 
percent curve is applied to a unit one time of 100 hours, when the 50th 
unit is produced the time required for each unit will be 28.38 hours. If a 
90 percent curve is applied to a unit one of 52 hours, when the 50th unit 
is produced the time required for each unit will be, again, 28.38 hours. 

Unit one is determined either by actual production of one unit or by 
projecting a theoretical unit one back from standard time by means of the 
curve. The contractor shOUld show either that his actuaZ unit one is rea­
sonable, based on his historical data, or that his labor standards and 

A SLOPE SHOULD NOT BE CHOSEN 
BLINDFOLDED! 

THE CONTRACTOR SHOULD NOT RE­
START AT UNIT ONE WITHOUT THOR­
OUGH JUSTIFICATION. 
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IN GOING TO A THEORETICAL UNIT ONE, THE CRAWFORD ROUTE WILL 
TAKE YOU TO THE LOWER VALUE. 

curve slope are valid and are used correctly to project a theoretical 
unit one. 

Unless a contractor can prove that his plant is totally inexperienced 
at making a particular product, do not accept estimates starting from unit 
one. Production breaks may cause some loss of experience, but once a con­
tractor has significant experience at producing a particular product he is 
not likely to lose all of that experience. 

The Wright Method versus the C1'CMforo Method. When actual unit one 
data are known, the Wright Method usually benefits the Government more 
than the Crawford Method does. Conversely, when developing a theoretical 
unit one from a given labor standard, use of the Crawford Method usually 
is more beneficial to the Government. Nevertheless, in the absence of 
conclusive data, apply both methods and advocate the method that is fair 
to both parties. If you suspect the contractor's unit one is incorrect, 
you can check it by plotting a Crawford curve. 

Examine how the contractor collects data for his curves. If he ac­
cumulates data by the Wright cumulative average method and proposes costs 
py the Crawford unit method; his cost estimates may be inflated by as 
much as 30 percent. (See appendix A.) 
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CONTRACTORS SHOULD USE ONE METHOD TO ACCUMULATE DATA AND 
ESTIMATE COST. 

The Experience Curve and Standard Time. In theory, a shop's or a 
worker's "learning" never ends. Eventually, however, the mere gaining of 
knowledge and experience becomes a negligible factor on prQductivity. 
The curve "flattens out." 

But before a curve slope levels off, shop performance should equal 
or surpass standard. Such things as worker turnovers and the addition 
of new, inexperienced workers should be offset by procedural innovations 
and the continuous improvement of workers who have been around long enough 
to exceed standard performance. 

The point at which the experience curve is projected to cross stan­
dard time is of utmost importance. The Government pays the labor cost 
per unit of product at the end of the contract. Until the curve crosses 
standard, work is substandard. If the contractor produces 999 units of a 
product, and standard performance is projected for the lOOOth unit, the 
Government pays"for less than standard performance. 

The Experience Curve and ReaZization. When we discussed realization 
factors, we said that usually the curve represents "realized" performance, 
requiring no factoring to determine the actual performance time at any 
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point on the curve. On a few occasions, however, you may find a contrac­
tor using a curve representing productive performance only, not including 
time for taking care'of personal needs, resting, or unavoidable delays. 

In such a case, the contractor can plot productive performance time 
to any point on the curve, from unit one to "standard" (should-take) per­
formance time to contract's end. Then, to propose a bid time, he can 
apply an allowance or factor to the point on the curve for which he needs 
to determine "realized" performance time, including acceptable nonproduc­
tive time. He can call this allowance or factor a PF&D allowance, a 
realization factor, or anything else he wants to call it, as long as his 
estimates are fair. 

It would help if the allowance factor were analyzed and approved by 
prior audit. Then you could focus on making sure the curve, in fact, 
represents productive time and does not already include nonproductive time. 
If the allowance or factor has not been verified, you will have to check 
it out. You do this in the same manner we describe for evaluating allow­
ance and factors applied to leveled time and standard time, making sure 
allowed times are not duplicated. You evaluate the productive time in 
the curve by reviewing cost data on similar items and later, by onsite 
observations of similar ,efforts. 

Rework Factors 

Rework factors should be supportable by abundant historical data. 
The contractor should not select a rework percentage from a few contracts 
or short time periods. One year's accumulated data should provide a 
reliable index of a contractor's plantwide historical percentage of re­
work. 

Also, if the Government is paying for high-cost/high-reliability 
material in direct material. costs, the contractor should'return any 
defective material to the supplier who sold it to him, and get reimburse­
ment. The Government should not pay for rework of such material. 

Selecting Samples in the Previsit Phase 

During the onsite phase, you will verify bid times for ce'rtain opera­
tions by measuring the performance times you observe for identical or 
highly similar'operations. You will·not have time to measure the time 
for every operation in the proposal. Instead, you will have to pick out 
a few operations, check out the bid times for those operations, then 
generalize·your findings. If you find mistakes repeating themselves in 
the few bid times you analyze, you.should ask the contractor to show that 
the mistakes ... do not prevail in all his estimates. If he cannot do so, he 
should adjust all of his bid times. 

Remember, it is wise to document findings on items offering the 
greatest potential for savings. You should take your samplings from 
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operations that are costly to perform or that will be performed many times, 
resulting in a high total cost. The previsit phase of your direct manu­
facturing labor evaluation is your chance to select costly operations for 
your onsite analysis. 

TIlE ONSITE PHASE OF YOUR DIRECT 
MANUFACTURING LABOR EVALUATION 

EVALUATING ESTIMATES BASED PRIMARILY ON HISTORICAL DATA--ONSITE PHASE 

Actual times are records of the time it took to perform certain opera­
tions by specific methods under certain conditions. If a contractor 
changes his manufacturing methods or conditions within his plant, likely 
his actual times will changes. The actual times he has on record cannot be 
used for estimating bid times, unless the changes are so small that the 
actual time can be factored to account for the difference in performance 
time. If the changes are major, actual times become as outdated as last 
year's calendar. 

In the previsit phase, you should have accumulated the available his­
torical data and examined it to determine the contractor's past production 
methods and working conditions. Early in the onsite phase, gather and 
examine the historical data you could not get earlier. Document your 
findings. Beginning with the initial plant tour, compare the production 
methods and plant conditions cited in the contractor's history with the 
methods and conditions you observe firsthand. 

COt-h1"'~ Q6·..,a.uess 
LIB 

THE CONTRACTOR'S HISTORICAL DATA ARE ESSENTIAL TO YOUR ANALYSIS. 
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IVhat if the contractor says his PF&D allowance was underestimated? 
The 10-minute rest period was the only interruption you ohserved, so you 
should ask the contractor why he needs a greater PF&D allowance. Even 
if he can support some increase in his allowance, his proposed leveled 
time is 194 percent of the average time you observed. To claim an 
additional 94 percent of the leveled time as a PF&D allowance would mean 
that nearly half of the proposed leveled time would have heen nonpro­
ductive. Such a leveled time would be too loose for acceptance. 

You did "not spend a whole workday observing worker performance. 
You should expect some PF&D allowance besides the 10-minute rest period 
you observed. But even if 2S percent of the ohserved performance time 
(0.17 hour) is added as PF&D allowance, your standard time would be only 
0.21 hour--still significantly less than the proposed leveled time of 
0.33 hour. . 

Suppose the contractor made a mistake. The 0.33 hour, he says, is 
his standard time for the operation, not his leveled time. He says that 
his leveled time, indeed, is 0.17 hour and his PF&D allowance is 2S per­
cent of his leveled time,. giving a total of 0.21 hour. Then, he says, 
he must apply a special allowance of S7 percent of the 0.21 hour, which 
gives him his 0.33-hour standard time. 

In other words, out of an 0.33 hour standard, the contractor would 
be allowing 0.12 hour for "special" production delays. In addition to 
his PF&D allowance, he would be allowing 36 percent of his standard 
performance time for nonproductive time. Combining his PF&D and special 
allowances, 94 percent of the proposed standard time would be allowed for 
nonproductive time. You should not accept this unless the contractor 
can thoroughly justify it. 

Another way to evaluate leveled time is to compare the machine feed 
rates specified on the contractor's process sheets with the actual feed 
rates you see in his machine shop. Remember that fabrication cost esti­
mates of machining operations are based on the feed rates specified in 
industrial engineering standards. If workers discover they can increase 
the feeds and speeds on their machines beyond the values listed on the 
contractor's process sheets, "inflated," or "loose," labor standards will 
result. .. 

You must become familiar with the process sheet for a given part 
before you begin the floor evaluation. When you l;now where on each 
machine the feed control setting is located, begin observing feed setting 
on as many machines as you feel represent the shop conditions. 

Suppose a process sheet operation description calls for a metal­
cutting madline operator to maintain a feed rate of 9 inches a minute. 
You observe that the cycle time is 2 minutes--l minute for loading and 
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unloading the madline and 1 minute for metal removal- -and that the feed 
rate actually is 12 inches a minute. Because the cutting of the metal 
represents one-half the total cycle time, the ope:r;ator' s increasing his 
feed rates by 50 percent should result in a 25 percent increase in actual 
output. In checking the operator's output reports, however, you probably 
will find that his production is closer to 100 percent of that expected 
than to the 125 percent of which he is capable. Workers probably would 
rather have free time than have the recognition of increased productivity, 
because with that recognition would corne revised feed rate recommendations 
and increased management expectations. 

Your On-the-Floor Evaluation of the Allowances 

Check one or two of the contractor's allowances when you are on the 
shop floor. If you check a personal allowance, note the distances from 
drinking fountains and toilets to the work areas. If you check a fatigue 
allowance, note the lighting, heating, air-conditioning, and cleanliness 
of the work area; the danger involved in the job; and what position the 
operator must work in. If you check a delay allowance, do not permit a 
startup or a cleanup time in a PF&D allowance (or special allowance) 
to be duplicated in a realization factor. If you check a special allow­
ance, make sure the time compensated for in it is not compensated for 
in some other allowance. 

r"-
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SLOPPY WORKMANSHIP RESULTING IN DELAYS SHOULD NOT BE ALLOWED. 
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If a contractor tells you that part of his delays are because he does 
not have enough lift trucks available to bring work to a given area, that 
should be his problem and not the Government's. The cost of buying or 
leasing additional lift trucks may be offset by the money the contractor 
saves by reducing lost labor time. 

If a contractor allows his employees to take unlimited breaks, again 
that is his business and he should bear the burden of the cost. Two 10-
minute breaks a day are reasonable for most kinds of work. Sometimes 
heavy work necessitates longer than 10-minute breaks. But even so, you 
should ensure that his personal allowance does not duplicate elements in 
the fatigue allowance. And if employees wander about the shop, if the 
restrooms remain densely populated throughout the day--especially by 
nonusers--or if you think too much time is wasted in chatter, you should 
question the contractor's allowances. 

Your On-the-FZoor EVaZuation of ReaZization Factors 

Review the historical data the contractor used to get his realization 
factors. Did he accumulate actual times from a department performing 
a process that consisted of several operations? Did he accumulate actual 
times of each of several workers performing a single process, then deter­
mine an average "actual" time for their performance? Did he accumulate 
actual times on several performances of one worker doing a specific opera­
tion? Or did he determine the actual time one worker spent performing 
the operation? 

A one-worker sample may be adequate if only a few workers must 
perform an operation or process a few times during the contract., Still, 
you should sample other workers' performance times for the same process 
to make sure the realization factor is based on a representative actual 
time. If the contractor determined how long each of several workers 
took to perform a process, or if he measured several performances of one 
worker performing one process, see if unusual variations exist between 
individual measurements. If so, ask why. 

For contracts that require many complex processes, departmentwide 
realization factors may be acceptable time-savers. Such a realization 
factor would be based on the actual time of a whole department performing 
an entire process, which may include several operations., If so, the 
realization factor will be the average realization of all the operations 
in the process. If the contractor lists some of the operations in his 
proposal, but not all, he should account for any significant differences 
in realization for the individual operations and realization for the 
total process. 

Inefficiency. A high realization factor indicates a wide gap 
between standard and actual performance, which suggests shop inefficiency. 
Some reasons for inefficiency are: 
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TOO MUCH PAPERWORK EQUALS TOO 
MUCH TIME. 

• I~ployee abuse of mail-deli­
very and phone privileges during 
production time 

• Excessive service times and 
requests for service at tool cribs 

• Use of inexact jigs and 
fixtures from a prior similar job 

• Inadequate support 
personnel, which causes operators 
to perform indirect jobs such as 
material handling and restocking 

• Ratio of indirect to direct workers out of proportion 

• Excessive housekeeping before and after shifts, breaks, and lunch 
periods while working on continuous operations 

• Poor housekeeping methods and excessive scrap 

• Excessive paperwork by labor rather than management, which re­
sults in a general operator inefficiency 

• Expected output not communicated to employees 

• Lack of low-cost power tools, such as suspended pneumatic screw­
drivers 

• Tool storage and line stock storage areas located·remotely from 
production area 

CRAMPED ASSEMBLY STATIONS CAUSE 
INEFFICIENCY FROM EXCESSIVE PER· 
SONAL CONTACT AND LACK OF STOR· 
AGE SPACE. 

• Improper arrangement of 
fabrication work stations, which 
impedes work flow (see Figure 111-
D-2) 

• Improper arrangement of 
tools and material at work stations 
(they should be arranged in the or­
der in which they are used) 

• Hand motions not replaced 
by foot pedals when possible 

• Drop delivery of finished 
"item or scrap not used where 
possible 
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• Gravity feed of materials and components not used where possible 

• Raw-material storage areas not fully stocked at beginning of 
shifts 

• Too many elements per operation, which prohibits memorization of 
required element sequences and the development of an efficient assembly 
rhythm, or cycle 

• Not enough elements per operation, which causes excessive hand­
ling time 

• Components and raw material not mass-preconditioned prior to 
subsequent operation, which causes delays in individual elements of the 
operation 

• Assembly stations located too close to each other, which creates 
excessive personal contact, lack of storage space, artd cramped conditions 

• Assembly stations located too far apart, which causes excessive 
handling of material and isolating workers 

• More or less production in an adjacent assembly-line operation, 
which causes an unbalanced assembly line and idle operator time 

• Lack of standards or output goals in the production shop 

• Lack of methods analysis function, which creates: 

(a) Temporary operator-fashioned tools and accessories' 

(b) Inconsistent work methods from day to day, operator to 
operator, and operation to operation 

(c) Slow learning or learning by trial and error 

(d) Undue operator fatigue and compiaints 

(e) Poor design of workplace, parts bins out of reach, and 
clumsy or inapplicable tools and fixtures 

• Low-wage employees when operation requires highly skilled workers 

• Highly skilled, highly paid workers when less-skilled workers can 
do the job 

• Incomplete contractor process sheets 

• Generally poor work pace because of poor worker attitudes, worker 
failure to follow prescribed methods, and so on 
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U - NEED-MOORE 
PAPER. eLl ~ 

C",..,.."AN'I 

COMPARE JOB TITLES AND PAY GRADES FOR RANDOMLY SELECTED 
WORKERS WITH WHAT YOU BELIEVE THE WORK JUSTIFIES. 

Onsite observations are necessary for identifying these sources of 
inefficiency because they are not always obvious from the contractor's 
data. Later, you may want to quantify your observations. For example, 
if you feel a shop's production is reasonable or average, you could rate 
it at 100 percent. But if you observed conditions that you felt were un­
reasonable, you could rate the production at, say, 80 percent. What you 
are doing is constructing a rationale with which to refute realization 

INEFFICIENCY CAN BE SEEN IN A GEN· 
ERALL Y SLOW WORK PACE. 

factors that compensate for in­
efficiency . 

Suppose the contractor has a 
realization factor of 1.20 and you 
rate his production level at 80 
percent. You have nullified his 
realization factor. If his reali­
zation factor had been more than 
1.20 and you rated this production 
level at 80 percent, you would 
not completely nullify 
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realization factor but you would have 
determined that at least part of it 
results from inefficiency. 

Prepare for yout observations by 
selecting a typical work station. 
Do not permit the contractor to se­
lect his most efficient work sta­
tion, but neither should you observe 
an inexperienced operator who is· 
using antiquated equipment. 

~"V 
, 1,\1,\. 

LOOK FOR THE SMALL AS WELL 
AS THE LARGE CONTRIBUTORS 

Now gather data that describe the TO OVERALL SHOP INEFFICIENCY 
the operation performed at the work station, historical data on both 
machine and operator, the projected work schedule of the work station, 
and such other data as drawings of parts currently being fabricated and 
related process sheets. Then, observe the work station operator. 

If you spot any inefficiencies, document them on a "data sheet for 
sources of inefficiency" (?ee figure III-D-3). Try to rate the level of 
efficiency for each operation you observe, as we described above. If 
the machining of low-quality castings at a given work station causes high 
rework and scrap rates, document these inefficiencies on your data sheet 
and use your notes as the basis for rating the efficiency at the work 
station. 

IVhen you are satisfied that you have seen enough to determine the 
average level of efficiency at a work station, observe other stations. 
Document their inefficiencies until you are satisfied that you are fami­
liar with the shopwide efficiency level. If particular inefficiencies 
are observed in several work stations, you must assume that they affect 
production of the whole shop. 

Now let us talk about the data you should put on your data sheet for 
sources of inefficiency. 

General Data. General data are equipment, worker, or procedure de­
scriptions that cannot be categorized within your specific data list but 
that should be filed by you for future reference. During·your evaluation 
of a contractor's shop or while you perform several evaluations, you may 
find one or more general data items becoming constant. If you are 
assigned to a few contractors who produce similar products, you may wish 
to organize your general data file according to type of component or 
specific shop area. 

Specific Data. These are: 

• Part/assembly number and name; which can be obtained from the 
paperwork associated with the. parts and the work station 
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GENERAL DATA 

Contractor 
Contract description 
Shop area 
Type of production 
Name of product/part 

SPECIFIC DATA 

Part/as~embly number 
Part/assembly name 
Work station/machine type 
Equipment model/make 
Operation description 
Quantity per lot 
Quantity per contract 
Rework history 
Direct labor per part 

Quoted 
Actual 
Recommended 

Operation variables 

mMMENTS 

Feed per inch 
Quoted 
Actual 
Recommended 

Number of parts at one time 
Quoted 
Actual 
Recommended 

Reasons for inefficiency 
Projected machine/work station load (hours) 
Estimated percent difference in direct cost 
Prior contract quotes/actuals 

Cost factors Excessive Percentage 

Leveled time 
PF&D Allowance X 2 
Realization factor X 2 
Rework history X 2 
Material ,attrition 
Direct tooling 
Learning (remaining) 20 

Note: Date entries are hypothetical .. 

Satisfactory 

X 

X 
X 

Figure III-D-3. Data Sheet for Sources of Inefficiency 
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• Work station/machine type, including such descriptions as auto­
mated, manual, tape-controlled, drill press, and turret lathe, which can 
be derived by observation or from an engineering list of equipments 

• Equipment model/make, a record of equipment age and manufacturer, 
which you should be able to find from direct observation, process sheets, 
and other contractor data 

• Operation description as quoted by the contractor, which should 
be in the process sheets that follow parts through the shop 

• Quantity per lot. A quick test of the contractor's economic 
awareness can be made by calculating the economical lot quantity, as de­
scribed in appendix B, and comparing this calculation with the quantity 
being run on the floor. The quantity per lot can be obtained from a 
master schedule or from on-the-floor observation. 

• The quantity per contract, a parameter in the economic lot quan­
tity calculation, which can be obtained from either the master schedule 
or the master bill of materials 

• The contractor's rework history, which he should make available 
upon your request. Examine the operation to determine how a high or 
moderate rework factor can be reduced. Rework can be the fault of a 
labor, an engineering, a quality control, or a management group, and the 
fault should be determined to eliminate rework as much as possible. 

• Direct labor per part by the following categories: (1) quoted, 
(2) actual, and (3) recommended. You can obtain the quoted labor from 
the contractor's backup sheets or from his process sheets. The·actual 
labor per part can be determined either from the operator's output records 
or from an on-the-floor stopwatch check. Based on your observation, such 
parameters as feed rate, work methods, and lot size can be revised and 
your reasons for revision noted under "comments" at the end of your data 
sheet. Then, based on your revisions, you can derive a recommended labor 
rate for this operation. 

• Operation variables, which are documented in the same way as is 
direct labor. The variables will be important in later discussion with 
the contractor about discrepancies between his and your estimates of 
reasonable labor content. You should determine whether such operation 
variables as feed rate and number of parts per cycle are left to the 
operator or are specified in the process sheets. If they are specified, 
the variables directly affect the quoted leveled time. If they are not 
specified, any inefficiency could be attributed to less than optimum work 
methods and may show up in a realization factor or false experience curve. 

Comments. The i terns lis.ted under "comments" on your data sheet, ex­
cept for "prior contract quotes/actuals," have been mentioned. If 
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estimated or actual data exist from the product or operation in question, 
such as from prior contracts, these data should be compared with the data 
on your data sheet. If an operator could stack and drill four printed 
circuit boards in one stroke last year, he can surely do the same this 
year. 

Opportunities for Increased Efficiency. Opportunities for increased 
efficiency are chances to improve utilization of a direct laborer's time 
when, because of production conditions, he is placed in a nonproductive 
position, such as during: 

• Machine downtime (machine is inoperable) 

• Machine-controlled time (machine is operating automatically) 

• Time waiting for tools, work, or assistance 

Imagine a bandsaw'operator cutting a 3-inch-diameter steel bar into 
1/2-inch-deep discs. Each cut takes from 5 to 7 minutes. During this 
time, the operator is idle, except that when the machine cycle ends he 
makes sure the material automatically advances. For an order of 20 parts, 
production would require about 2 hours of machine time. During this 
time, the operator is standing idle about 1-3/4 hours. This time is an 
opportunity for increased productivity. The operator could use this time 
to complete paperwork, to arrange material, or to set up for the next job. 

Somewhere about any machine shop should be a tool crib where you can 
perform an informal time. study. Answer the following: 

• How often do operators come to the crib? 

• How much time do operators spend getting the attendants' atten­
tion and receiving service? 

• How often do operators leave the crib dissatisfied because a tool 
was not in stock, they had the wrong tool identification number, or sim­
ilar causes? 

• How many attendants are at the crib? 

Numerically controlled machines are a major source of operator idle 
time. These machines operate automatically once supplied with a pro-· 
grammed tape. lUring an operation cycle, which can last up to an hour, 
the operator needs only to load and unload the machine and start the 
cycle. One operator should be able to run several machines, but the 
contractor may not allow this because close observation is required to 
prevent unexpected damage to expensive parts and tools: operators, how­
ever, should be productive in some supporting way while the machine 
fabricates the part. 
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ONE SOURCE OF SHOP INEFFICIENCY MAY BE EXCESSIVE SERVICE TIMES 
AND REQUESTS FOR SERVICE AT TOOL CRIBS AND STOCKROOMS. 

THE POSTVISIT PHASE OF YOUR DIRECT 
MANUFACTURING LABOR EVALUATION 

YOUR JOB IS NOT MERELY TO FIND 
FAUL T, BUT ALSO TO VERIFY THE 
CONTRACTOR'S ESTIMATES. . 

Review your findings on the 
contractor's: 

• Actuals 

• Leveled times 

• PF&D allowances 
• Special allowances 

• Realization factors 

• Efficiency factors 

• Experience curves 

• Rework factors 
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• Bid times 

Is the direct manufacturing labor estimate fair and reasonable? 
Make your cost recommendation to the contracting officer. 
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Subsection III-E. EVALUATING "OlliER COSTS" ESTIMATES 

You should evaluate labor and material costs charged to "other 
costs" in the same manner as you evaluate costs charged to direct manu­
facturing and engineering labor and direct material. In the previsit 
phase, accumulate and examine as much cost data as you can get and 
develop an action plan for your onsite phase. In the onsite phase, 
gather and analyze more cost data, ask contractor personnel pertinent 
questions, and examine plant efficiency. In the postvisit phase, review 
your findings and work toward your cost recommendations. 

Such costs as travel and computer-use expenses, which are not labor 
or material costs, should be supported by cost data made available 

PROPOSED COSTS FOR CONTRACT TRAVEL MUST BE CAREFULLY 
ANALYZED TO BE SURE THAT THEY ARE NOT EXCESSIVE. 
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during either the previsit or onsite 
phase. Onsite observations will 
help little here, because overall 
plant efficiency has little bearing 
on these costs. 

For proposed trips by contrac­
tor personnel, examine the contrac­
tor's backup data to see how many 
trips are proposed, to where, and 
how many are to go. The data also 
should tell why the trips are neces­
sary. Consult with other members of 
the cost analysis team, as necessary, QUESTION EXCESSIVE COMPUTER 
to determine whether the trips are RUNS. 
justified and how many contractor employees should be allowed to travel. 

For computer-use costs, look at the amount of work the contractor 
proposes to do by computer. Excessive computer use is costly. Government 
experts may be able to tell you whether the contractor is relying too 
heavily on his computers .. 

Many items charged to "other costs" probably could have been charged 
to other DD For 633 line items. Consider special tooling. To develop a 
special tool, engineers must design the tool, draftsmen must draw the 
tool, and direct manufacturing laborers must fabricate the tool. A con­
tractor could charge design and drafting costs to the direct engineering 
labor element and fabrication costs to the direct manufacturing labor 
element. On the other hand, he could charge special tooling costs to 
the "other costs" element. A contractor may even charge special tooling 
to manufacturing overhead. As you can see, when you evaluate "other 
costs," you should keep a sharp eye for double-charges. 

If the contractor proposes special test equipment, you should ensure 
that: 

• It is not charged to both an overhead account and "other costs" 

• It has not already been paid for by prior contract work. 

• It is unlikely to be used on other contracts 

• Government-furnished equipment cannot be made available. 
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Subseotion III-F. A REVIEW OF BASIC PRINCIPLES 

Perhaps the most important principle in direct oost analysis is 
this: A manufaoturer's effioiency--or lack of efficiency--is rooted in 
the praotioes of his total labor force. A one-time gross ineffioienoy 
involving a single worker is less important than a few minutes of inef­
fioienoy repeated many times by many workers. 

There are thousands of examples of the value of this principle, 
Contrast these two cases: 

(1) You find a worker produces nothing yet is proposed to work under 
direct charge to your contract. Your finding, an extreme case, might 
save $10,000 in wages plUS, say, $10,000 in indirect costs plus profit 
over the course of a year. Total savings: about $20,000. 

(2) You make a series of observations at a module assembly area in 
a contractor's plant. You find that the average worker waits for 20 
minutes a day for parts to be restocked. (Further, you find that mod­
ules are checked one by one on testers that can test up to ten at a time, 
amounting to a total of 30 man-hours wasted per day. 

Looking even further, you find only one time clock. " Employees, 
wishing to leave at quitting time, stop work early to line up at the 
timeclock. The average wait to clock out is 10 minutes per day per worker. 
There are about 100 assembly workers proposed for your contract for the 
first 6 months. 

Add up the wasted time: EaCh worker loses 20 minutes a day waiting 
on parts and 10 minutes a day lining up to punch out. Thirty minutes per 
worker per day times 100 workers equals 3000 man-minutes, or 50 man-hours 
lost from productive work each day. Add in the 30 man-hours per day for 
inefficient use of testers, and you find 80 man-hours wasted per day. 
In 6 months, 5 man-years of "effort" will be lost. Total savings possible 
sible: about $100,000. 

A seoond"basio principle of direot oost analysis is this: Not all 
losses in produotive labor time or direot material can be avoided. Dis­
oerning avoidable and unavoidable delays and material waste is essential 
to a fair analysis of direot oost estimates. 
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~!aking this distinction can be difficult, as we show in the follow­
ing two examples. 

(1) A contractor says a standard practice of his is to add 3 per­
cent to his direct manufacturing labor estimate to account for periodic 
work stoppages resulting from electrical failures, machine breakdowns, 
and union-required safety inspections. He supports these claims with 
historical data showing that these delays, in ,fact, have consumed about 
60 hours per year, or 3 percent of each worker's time. You check with 
DCAA and find that overhead does not already account for the delays. 
You are satisfied that the delays are unavoidable. 

(2) The same contractor says that it is also his standard management 
practice to purchase one size of aluminum plate stock for fabricating all 
chassis frames, unfortunately, he says, with your product he can cut only 
one chassis per plate, resulting in 36 percent scrap. He shows you actual 
purchase records to support his claim. Despite his history, the con­
tractor need not stick with one stock size, "standard management prac­
tice" notwithstanding. You should recommend a reduction in the proposed 
high scrap rate. 

A third basic principle is that authorized Government representa­
tives have the legal right to all cost data used by the contractor, no 
matter whether or not he considers the data to be 'proprietary informa­
tion." Besides having this right, you, as a technical evaluator, have 
the obligation to obtain the data you need. Often, you will not get 
needed information unless you ask for it. 

The difference between data and no data is often the difference be­
tween fair estimates and overestimates. Consider these two contrasting 
cases: 

(1) You are analyzing a proposal for specially designed, high­
capacity, high-pressure pumps being obtained "sole-source." The pro­
posed price is $36,000 per pump, of which $15,000 is direct cost. The 
Government plans to buy 100 pumps, for a total price of $3.6 million. 
Cost data included in the proposal lists $250,000 under "Test and Test 
Support--Direct Labor." You think that $2500 per pump ($250,000 divided 
by 100) may be too much. You visit the plant and observe about 25 tech­
nicians busily working in the test bay. You ask the test supervisor what 
they all do, but his response leaves you confused. You see no glaring in­
efficiencies. In summary, unless you can get more backup data, you can­
not analyze the proposed cost. 

(2) Same contractor, same pumps, same $250,000 in test. This time, 
you do some homework before visiting the plant. You ask the contracting 
officer to get a detailed breakdown of the quality control labor force by 
pay grade (such as, senior technician or junior mechanical test engineer) 
and by hours per level of labor per test. When you arrive at the plant, 
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the data listings are given to you. 
category, you observe. You ask the 
to brief you on test requirements. 

Most labor is in the "senior" 
Government project engineer with you 

Next day, you both visit the test bay and ask the test supervisor to 
give you a 5-minute overview of the test flow. You ask a few pertinent 
questions: About how long does it take to test one of our pumps? Does 
that include both functional (performance) and environmental (shock and 
vibration) tests? What's the breakdown for each test, individually? 
Who gets involved in which tests? Later that day you compare data, ob-· 
servations, and answers to questions. You find that senior personnel 
initially are required for functional tests but not for all tests, as was 
proposed. You an-i the project engineer develop your own estimate: $1000 
for test of each pump. Later, your findings are presented in negotiating 
sessions. You have the data to support your position. The Government 
saves $140,000 in direct costs and about $340,000 in total price. 

Another principle you should have is to be professional in your work. 
Your common sense in detecting inefficiency must be followed by facts if 
you hope to correct inefficiency. 

Being "professional" means being able to develop your own direct cost 
estimates. Two important reasons for being able to do this are: 

• It ensures that the Government's position on direct costs is based 
on evidence. 

• It provides the contracting officer with flexibility at the 
negotiation table. 

The latter point is of great significance. Your contracting officer 
is interested in anything that will help him to be flexible, to weigh the 
facts, to listen to the contractor, to act with good faith, and to main­
tain the initiative at the negotiation table.* 

Being professional in your work does not mean you have to be an in­
dis trial engineer before you can be an effective member of the cost 
analysis team. It means that you understand your goals, your current 
capabilities, and your limitations. You know when to get help and the 
importance of always being willing to learn. Then you can do your job 
well. 

*See The Art of Negotiation by Gordon Rule (Director, Procurement 
Control and Clearance Division, NAVMAT). You are encouraged to study 
sections V-A and V-B of that. document. These sections contain long­
proved cardinal rules for those who participate in negotiation. 
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YOUR COUNTRY THANKS YOU, "SIR", FOR A JOB WELL DONE. 
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GLOSSARY 

ACO--Adrninistrative Contracting Officer--Official responsible for admin­
istering any resulting contract. 

Actual Cost--The sum of the allowable direct and indirect costs (allocable) 
incurred as a result of producing a part, product, or service. 

Actual Time--The time taken by a workman to complete a task or an e1.ement 
of a task. 

Additive Factor--Factor used to increase the basic make time of an item 
or component--usually expressed as a percentage and includes such 
factors as shrinkage, PF&D, and realization. 

ADP--Automatic Data Processing--Computer used to accumulate, calculate 
and report the financial and operating status of a company and its 
contracts. 

Allocated Min-Max--A method based on historical costs for estimating the 
cost of indirect materials. Two percentages are developed which 
define a range of allowable and auditable indirect material cost. 

Allowance--A time increment included in the standard time for an opera­
tion to compensate the workman for production lost due to fatigue 
and normally expected interruptions, such as personal and unavoid­
able delays. It is usually applied as a percentage of the normal or 
leveled time. 

Allowed Time--The leveled time plus allowances for personal needs, fa­
tigue, and· unavoidable delays (see Standard Time). Special allow­
ances can also be included in the allowed time of an operation. 

Assembly--Two or more parts or subassemblies joined together to form a 
complete unit, structure, or other article. 

Attrition--Tlie lost of a resource due to natural causes in the normal 
course of events such as turnover of employees or spoilage and obso­
lescence of material. 
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Automaticity--The ability to perform hand, arm, leg, or body motions or 
motion patterns without apparent mental direction, as a result of 
practice. 

Average Earned Rate--The total earnings of an individual or group of indi­
viduals for a period divided by the number of man-hours worked dur­
ing the period. Total earnings include all of the components which 
are a function of pay per hour such as base rate earnings, shift 
differentials, incentive earnings, overtime premiums, and the like, 
but not profit-sharing bonuses, Christmas bonuses or otfler bonuses 
that are not a function of pay per hour. 

Average Earnings--The total earnings of an individual or group of indi­
viduals during a specified period divided by the number of man-hours, 
man-days, man-weeks, man-pay periods, or any similar measure of the 
time elapsed during the specified period. 

Average Elemental Time--The sum of all the unleveled, individual actual 
time recorded for an element divided by the number of unleveled, 
iildividual actual times. 

Average Time--The arithmetical average of all the actual ~imes, or of all 
except the abnormal times, taken by a workman to complete a task or 
an element of a task. 

Avoidable Delay--Any time during an assigned work period which is within 
the control of the workman and which he uses for idling or for doing 
things unnecessary to the performance of the operation. Such time 
does not include allowance for personal requirements, fatigue, and 
unavoidable delays. . 

Balanced Line--A series of progressive related operations with approxi­
mately equal standard times for each, arranged so that work flows at 
a desired steady rate from one operation to the next. 

Balancing Delay--The delay which occurs when one body member performs its 
work faster than another body member because of different motions, 
due to the requirements of the layout or the required sequence of 
motions, and therefore, must wait for the slower member or must work 
more slowly so as to finish its work simultaneously with the slower 
body member. 

Bank--A planned accumulation of work-in-process to permit reasonable fluc­
tuations in performance times of coordinated or associated operations. 

Base Pay--See Base Wage Rate. The product of a workman's base wage rate 
and the time he worked during a pay period, when expressed in the 
proper measurement units •. 
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Base Wage Rate--The amount of pay per hour, or other unit of time, estab­
lished to compensate the workman for the requirements and conditions 
associated with a job. 

Bid Hours--The total number of labor hours proposed by the contractor in­
cluding all allowances and additive factors. 

Bill of Material--A document produced from product specifications which 
breaks down one level of the product into its sublevels with corre­
sponding quantities. 

Bin Stock--See Line Stock. 

Bonus--The portion of wages, in excess of base wages and overtime earn­
ings', derived from incentive-plan payments. Synonym: premium. 

Bonus Plan--(See Financial-Incentive Plan) 

Bottom Line--Total contract price, or bottom line of DD Form 633. 

Burden--See Overhead. 

Catalog Price--Price quoted for parts and equipment which are manufactured 
to inventory and which (price) may be quoted independently of a spe­
cific contract. 

CDRL--Contract Data Requirements List--A contractual document which speci­
fies end item documents and reports (see DD Form 1423). 

CER--Cost Estimating Relationship--The curve of a cost function which 
relates the cost of a product to some measurable characteristic of 
its manufacture and from which extrapolations and interpolations may 
be extracted for estimating purposes. 

Commercial Item--An item sold regularly to the general public by a Govern­
ment contractor. 

Complexity Factor--A judgment/experience factor to take care of the de­
gree of unknowns and design growth anticipated within a component or 
project. 

Contingency--An activity which will probably occur but the cost of which 
is unknown. 

Convergence Point--The value (on the X-axis) where the experience curve 
crosses the horizontal line representing the labor standard. The 
point in time (unit number) when workers, on a learning curve attain 
standard performance. 
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Cosmetic Finish- -The "finishing" of fabricated or assembled parts by per­
forming metal plating, painting, anodizing, or other operations 
which affect the appearance of the parts' external surfaces. 

Cost Accounting--A system of methods and records which organizes and dis­
plays the actual costs associated with a given production contract. 

Cost Analysis--The review and evaluation of a contractor's cost or pric­
ing data and of the judgmental factors applied in projecting from 
the data to the estimated costs, in order to form an opinion on the 
degree to which the contractor's proposed costs represent what per­
formance of the contract should cost, assuming reasonable economy and 
efficiency. It includes the appropriate verification of cost data, 
the evaluation of specific elements of costs, and the projection of 
these data to determine the effect on prices (RE: ASPR 3-807.2). 

Cost Center--Any subdivision of an organization comprised of workmen, 
equipment areas, activities, or combination of these that is estab­
lished for the purpose of assigning or allocating costs. Cost cen­
ters are also used as a base for performance standards. Synonym: 
burden center, cost pool. 

Cost Data--Recorded information on costs previously incurred in any place 
of a business. 

Cumulative Average--The average expenditure per unit for all units pro­
duced through any given unit. 

Cumulative Total--The total expenditure for all units produced through 
any given unit. 

Cutting Speed--The relative velocity, usually expressed in feet per min­
ute, between a cutting tool and the surface of the material from 
which it is removing stock. Synonym: cutting rate. 

Data Item--A document or report required by contract (see CDRL). 

Day Rate--Rate of compensation for day work as differentiated from incen­
tive work. Usually expressed in terms of money paid per period of 
time. 

Day Work--Work for which the hourly or daily compensation is not directly 
dependent upon the quantity of production, as is the case in incen­
tive work. 

DCAA--Defense 'Contract Audit Agency. 

DCAS--Defense Contract Administration Service, reporting to Defense 
Services Administration. 
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Delay--A period during which conditions (except those which intentionally 
change the physical or chemical characteristics of an object) do not 
permit or require immediate performance of the next planned action. 

Delay Allowance--A time increment included in a time standard to allow 
for predictable contingencies and minor delays beyond the control of 
the workman. 

Depletion--A lessening of the value of an asset due to a decrease in the 
quantity available. It is similar to depreciation except that it 
refers to such natural resources as coal, oil, and timber in forests. 

Direct Cost--Labor and material charged and traceable to an end product. 

Direct Engineering--Engineering effort directly traceable to the design, 
manufacture, or control of specific end products. 

Direct Labor Standard--A specified output or a time allowance established 
for a direct-labor operation. 

Direct Manufacturing LaQor--Work which alters the composition, condition, 
conformation, or construction of the product; the cost of which can 
be identified with and assessed against a particular part, product, 
or group of parts or products accurately and without undue effort 
and expense; colloquially called "direct labor." 

Direct Material--All material that enters into and becomes part of the 
finished product (including waste), the cost of which can be identi­
fied with and assessed against a particular part, product, or group 
of parts or products accurately and without undue effort and expense. 

Distribution Costs--Costs incurred in promoting sales and in moving the 
product to the customer. 

Double-Charge--A cost incurred once by a contractor but charged to the 
Government twice. 

Downtime--A period of time that is usually equal to or greater than a 
specified minimum during which an operation is haited due to a lack 
of materials', a machinery breakdown, or the like. 

DSA--Defense Services Administration. 

Earned Hours--The time in standard hours credited to a workman or group 
of wor~en as a result of their completion of a given task or group 
of tasks. 
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Economic Lot Size--That number of units of material or a manufactured 
item that can be purchased or produced within the lowest unit-cost 
range. Its determination involves reconciling the decreasing trend 
in preparation unit costs and the increasing trend in unit costs of 
storage, interest, insurance, depreciation, and other costs incident 
to ownership, as the size of the lot is increased. 

ECP--Engineering Change Proposal--Request for authorization to make a 
change in configuration (design, documentation, support, etc.) 

Efficiency Factor--The ratio of standard performance time to actual per­
formance time, usually expressed as a percentage. 

End Product--Products deliverable to the customer as specified in the con­
tract.' Frequently referred to as "contractor end item". 

Experience Curve--A curve plotted in a cortesian (X-Y) coordinate system 
whose axes are units .of time and production quantity. The curve de­
picts the relationship between quantity and time such that (1) as the 
quantity increases the average production time for that quantity de­
creases at an exponential rate, or (2) as the quantity increases the 
unit production time decreases exponentially. 

Fair Day's Work--The amount of work that can be produced during a working 
day by a qualified individual with average skill who follows a pre­
scribed method, works under specified conditions, and exerts average 
effort. 

Fair and Reasonable Cost--A cost is reasonable if, in its nature or 
amount, it does not exceed that which would be incurred by an ordi­
narily prudent person in the conduct of competitive business. 

FAT--Factory Acceptance Test--Contractor performed final inspection and 
test on items of completed product before submission to the Govern­
ment for acceptance. 

Fatigue--A physical and/or mental weariness, real or imaginary, existing 
in a person, adversely affecting the ability to perform work. 

Fatigue Allowance--Time included in the production standard to allow for 
decreases or losses in production which might be attributed to 
fatigue. (Usually applied as a percentage of the leveled, normal, 
or adjusted time.) 

Finance Costs--The cost of supplying money or credit necessary to conduct 
the operations of the business--an overhead cost. 

First Piece Time--The time required to produce the first of a number of 
identical units including all necessary setup and make-ready time. 
See Prototype factor and Unit One. 

Gloss-6 



Fixed Costs--Costs which must be paid regardless of the quantity of pro­
ducts produced. 

G & A Costs--General and Administrative Costs--An overhead cost category 
for accumulation of such costs as personnel department, accounting, 
purchasing. 

Gantt Chart--A graphic representation on a time scale of the current re­
lationship between actual and planned performance. 

GAO--General Accounting Office. 

Group Incentive--Any financial-incentive plan under which the output of 
workmen performing the same, related, or interdependent operations 
is pooled and their earnings resulting from production above the 
established standard are distributed to the members of the group 
according to some predetermined plan. 

Guaranteed Annual Wage--A minimum amount of money which an employee is 
assured he will receive during a given year. 

Guaranteed Time Standard--An established, expected performance level which 
management assures will not be changed regardless of workmen's earn­
ings unless there is a significant change in quality, requirements, 
method, materials, tools, layout, equipment, feeds, speeds design, 
or working conditions. 

Guaranteed Wage Rate--The assured minimlUll amount of compensation per hour, 
or other unit of time, paid under a financial-incentive plan even 
though the workman fails to reach the established standard or speci­
fied level of performance. 

Hardware--Any manufactured equipment, system or component thereof, rep­
resenting the product(s) of a production contract. 

Historical Cost System--Accumulates actual costs after operations have 
taken place. 

Idle Time--A time interval during which either the workman, the equipment, 
or both do not perform useful work. 

Incentive--Any factor which motivates a workman to maintain or exceed an 
established standard of performance--may be financial or nonfinan­
cial in nature. 

Incentive Earnings--The amount of money paid to a workman in excess of 
the guaranteed hourly rate for performance at or above the estab­
lished standard. 
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Incentive Performance--The execution of work by a qualified individual 
following a specified method in such a way that his average output 
during a specified period of time equals or exceeds the established 
standard level of output. 

Incentive Rate--The hourly wage rate used for incentive calculations. 

Indirect Cost--Costs necessary in manufacturing which cannot be readily 
identified with or charged to a particular part, product, or group 
of parts or products. 

Indirect Expense--See Indirect Cost. 

Indirect Labor--Work which is performed rendering services necessary to 
production, 'the cost of which cannot be assessed against any part, 
product, or group of parts or products accurately or without undue 
effort and expense. 

Indirect Manufacturing Expense--See Overhead. 

Indirect Material--Material consumed in the process of production or manu­
facture that does not become a part of the finished product and/or 
cannot be readily identified with or charged to a particular part, 
product, or group of parts or products. 

Industrial Engineering--The art and science of utilizing and coordinating 
men, equipment, and materials to attain a desired quantity and qual­
ity of output at a specified time and at an optimum cost. This may 
include gathering, analyzing, and acting upon facts pertaining to 
building and facilities, layouts, personnel organization, operating 
procedures, methods, processes, schedules, time standards, wage 
rates, wage-payment plans, costs, and systems for controlling the 
quality and quantity of goods and services. 

Interdivisional Transfer--The transfer of material under common control 
between separately managed divisions of the same company. 

Interference Time--A period of time during which one or more machines are 
not operating because the workman or workmen assigned to operate 
them are buSy operating other machines in their assignment or are 
performing necessary duties related to operating such other machines 
such as making repairs, cleaning the machines, or inspecting com­
pleted work. 

Internal Review--A recommended procedure to be done by the contractor ll1 

order to audit and update his own estimating or quoting system. 

Inventory--All of the materials, parts, supplies, expense tools, and in­
process or finished products recorded on the books by an organi:a­
tion and kept in its storerooms, warehouses, or plants. 
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Job Lot--A relatively small number of a specific type of part or product 
that is produced at one time. The part or product may be a standard 
item that has been and will again be produced, or it may be a spe­
cial item destined for a specific customer who has not ordered it 
before and may not order it again. 

Job-Lot Production--The manufacturing of parts or products to customer or 
stock orders in small quantities. 

Job Order Cost System--Direct and overhead cost data are accumulated by 
each contract or order. 

Job Shop--A manufacturing enterprise devoted to producing special or cus­
tornrnade parts or products usually in small quantities for specific 
cus tome rs . 

Job Standardization--The establishment of a prescribed method for perform­
ing an operation or procedure and the specifying of its minimum re­
quirements. 

Labor Cost--That part of the cost of goods, services, and the like attri­
butable to wages. 'It commonly refers only to direct workmen, but 
may include indirect workmen as well. 

Labor Productivity--The rate of output of a workman or group of workmen 
per unit of time, usually compared to an established standard or ex­
pected rate of output (see Efficiency). 

Labor Standard--See Standard Time. 

Level of Effort--A bidding (estimating) technique which specifies the 
amount of labor to be expended on the basis of a given number of 
people working for a given time. 

Leveled Time--The average time adjusted to account for differences in 
skill, effort, conditions, and consistency between workmen and the 
factors surrounding an operation (see Normal Time). 

Line Production--A method of plant layout in which the'machines and other 
equipment required, regardless of the operations they perform, are 
arranged in the order in which they are used in the process (lay­
out by product). 

Line Stocke-Parts or components (for example, screws, washers, solder, 
cornrnon,resistors, etc.) which are physically identifiable with the 
product; but which are of very low value, and therefore, do not 
warrant the usual item-by-item costing techniques. 
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Machine Attention Time--That portion of a machining operation during which 
the workman performs no physical work yet must watch the progress of 
the work and be available to make necessary adjustments, initiate 
subsequent steps or stages of the operation at the proper time, and 
the like. 

Machine Controlled Time--That part of a work cycle that is entirely con­
trolled by a machine and, therefore, is not influenced by the skill 
or effort of the workman. 

Machine Element--A work-cycle subdivision that is distinct, describable, 
and measurable, the time for which is entirely controlled by a ma­
chine, and, therefore, not influenced by the skill or effort of the 
workm,an. 

Machine Idle Time--That portion of a regular working period during which 
a machine that is capable of operating is not being used (see Down­
time). 

Make-or-Buy--Analysis performed by a contractor to determine whether an 
item should be made "in-house" or purchased from an outside supplier. 

Man-hour--A unit for measuring work. It is equivalent to one man work­
ing at normal pace for 60 minutes, two men working at normal pace 
for 30 minutes, or some similar combination of men working at normal 
pace for a period of time--forms the basis for man-day, month, and 
year. 

Manual Element--A distinct, describable, and measurable subdivision of a 
work cycle or operation performed by one or more human motions that 
are not controlled by process or machine. 

Manufacturing Engineering--Preproduction planning and operation analysis 
applied to specific projects. Other similar functions include sus­
taining (on-going) engineering, production engineering, and produc­
tion planning. 

Manufacturing Outline--See Process Sheet. 

Manufacturing Overhead--A form of indirect costs--accumulated manufactur­
ing costs prorated over all products in process, generally as a per­
cent of direct labor and/or material. 

Measured Daywork--The establishment of standard or allowed times for 
operations without providing the opportunity for incentive earnings. 
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Methods Engineering--The technique that subjects each operation of a 
given piece of work to close analysis in order to eliminate every 
unnecessary element or operation and in order to approach the 
quickest and best method of performing each necessary element or 
operation. It includes the improvement and standardization of meth­
ods, equipment, and working conditions; operator training; the deter­
mination of standard times; and occasionally devising and administer-
ing various incentive plans. . 

~~thods-Time ~asurement-~A system for development predetermined 
leveled t~es for human body motions (see Predetermined 
Standards) . 

Minimum Buy--The purchase of material in standard bulk quantities even 
though the contract requirement is less than the standard quantity. 
This is done when price does not decrease proportionately for quan­
tities less than the standard quantity. 

Motion-Time Analysis--A system of predetermined motion-time standards 
used for describing and recording an operation in terms of its mo­
tions. The value of each motion is predetermined both as to utility 
and time allowance (abbreviated as MTA). 

Multiyear Buy--A procurement of more units of product than can be funded 
by the Government in a single year. The total purchase is divided 
into annual segments which are negotiated at one time. Under multi­
year conditions, the Government pays lower unit prices due to larger 
buys; however the contractor is protected from annual cancellations 
through clauses in the contract. 

NC--Nurnerical Control--Tape controlled machine operation which provides 
high repeatability for multiple process steps. 

Negotiated Contract--Method of arriving at understanding and agreement on 
all terms and conditions of the contract (see ASPMNo. 1 Ch. 13). 

Nominal Cost Center--Grouping of costs for convenience only--no parti­
cular activity conducted. Frequently associated with indirect over­
head items such as payroll and other taxes (Indirect Cost Center). 

Nonrecurring--A descriptive term applied to a type of work, operation, 
part, or the like that does not recur frequently or in any reason­
able regular sequence (also Nonrepetitive). 

Nonstandard Parts--Parts for which no military specification has been 
written docurnenting the parts f physical nature, price and source. 
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Normal Pace--The work rate usually used by workmen performing under cap­
able supervision but without the stimulus of an incentive-wage-pay­
ment plan. This pace can easily be maintained day in and day out 
without undue physical or mental fatigue and is characterized by 
the fairly steady exertion of reasonable effort. 

Normal Time--The time required by a qualified workman, working at a pace 
which is ordinarily used by workmen when capably supervised to 
complete an element, cycle, or operation when following the pre­
scribed method. 

Obsolescence-~A decrease in the value of an asset or resources brought 
about by the development of new and more economic methods, processes, 
and/or machinery or by the change in design of the end product. 

Operation--The intentional changing of an object in any of its physical 
or chemical characteristics; the assembly or disassembly of parts or 
objects; the preparation of an object for another operation, trans­
portation, inspection, or storage; planning, calculating, or the 
giving or receiving of information. 

Output Standard- -Specifies the number of items or amount of services that 
should be produced in a specific amount of·time by a specific method. 

Overage Factor--See Shrinkage. 

Overhead--Fixed and semi variable costs which are charged directly to over­
all operation and prorated over all contracts. 

POO--Procurement Contracting Officer--Contracting officer assigned re­
sponsibility for making the procurement. 

Personal Allowance--Time included in the production standard to permit 
the workman to attend the personal necessities such as obtaining 
drinks of water, making trips to the rest room, and the like. Usu­
ally applied as a percentage of the leveled, normal, or adjusted 
time. 

Predetermined COSt System--Costs are computed in advance of expenditures. 

Predetermined Standards--Measurements of the time taken to perform basic 
bodily motions (reaching, grasping, releasing) (also called Prede­
termined-Level Time Techniques). 

Premium Pay- -Overtime and/or night shift pay generally at a higher rate 
than for regular hours. 

Price--Total contract dollars including direct cost, overhead, profit 
(see DD Form 633; colloquial-bottom line). 
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Price Analysis--The process of examining and evaluating a prospective 
price without evaluation of the separate cost elements and proposed 
profit of the individual prospective supplier whose price is being 
evaluated (RE: ASPR 3-807.2). 

Price Break--A decrease in the unit price of an item offered by a vendor 
to those purchasing the item in large quantities. 

Process Cost System--Total costs for producing a type of unit and the 
number produced are determined for regular accounting periods and an 
average unit cost based on that data is determined. 

Process Sheet-A document, originating in manufacturing engineering and 
sent to the production floor, which describes and illustrates meth­
ods and tools to be used in fabricating or assembling specific parts 
or subassemblies. 

Production Center--The area contalnlng the machine or machines operated 
by a workman or workmen as well as the space required for the storage 
of materials at the machine and for loading and unloading it; aux­
iliary tools, benches, jigs, and the like; and the free and safe 
movement of the workman while working which, for administrative and 
accounting purposes, is considered a unit. 

Production Control--The procedure of planning, routing, scheduling, dis­
patching, and expediting the flow of materials, parts, subassemblies, 
and assemblies within the plant from the raw state to the finished 
product in an orderly and efficient manner. 

Production Cost Center--Units, functions, or areas where a particular type 
of work is done (sometimes called direct cost centers). 

Production Engineering--The function of planning where and when to per­
form work necessary to produce a product and of coordinating in­
ternal and external orders, deli very dates, workman, machines, and 
the like, thereby promoting efficient operation. 

Production Load--The demand for output established by scheduling based on 
consumer orders or sales forecasts. Usually it is stated in terms 
of the time 'required to produce the demanded output or as a percent 
of capacity output, normal output, available machine-hours, or the 
like.' , 

Production Lot--Quantity of parts that a contractor makes at one time. 

Production Planning--The systematic scheduling of men, materials, and 
machines by using lead times, time standards, delivery dates, work 
loads, and similar data for the purpose of producing products effi­
ciently and economically and meeting desired delivery dates. 
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Production Standard--See Performance Standard. 

Productivity--The actual rate of output or production per unit of time 
worked. 

Profit--Excess of income realized over costs incurred (also fee). 

Prorated Costs--Costs that are divided or distributed proportionally to 
different products, cost centers, or contracts. 

Prototype Costs--The costs incurred during the manufacture of the original 
(or model) in the pre-production phase of the procurement cycle. 

Prototype Factor--A factor to increase the standard time due to start up 
conditions and non-standard manufacturing methods employed on initial 
units before learning occurs. 

Provisioning--Activity associated with spares, initial outfitting and 
associated documentation. 

Purchase Lot--Quantity of raw materials or parts that a contractor buys at 
one time. 

Quality Assurance--An engineering discipline which designs procedures for 
testing and measuring the functionality of the finished product. 

Quality Control--The procedure of measuring the variation in size, weight, 
finish, etc., for products or services and of maintaining the result­
ing goods or services within these limits. 

Rate--To estimate the worth or value of anything by comparing it with a 
standard or scale as, for instance, in performance rating. 

Rate Setting--The establishing of production standards by time study, 
predetermined motion times, standard data, time formulas, or some 
other means. 

Ratio Delay Study--See Work-Sampling Study. 

Ratio of Support--A method of estimating support costs based on prior con­
tract cost data which shows a percentage relationship between support 
hours and direct factory labor hours. 

Realization Factor--The ratio of actual performance time to standard per­
formance time, usually expressed as a decimal nwnber. 

Recurring Effort--An effort repeated during a contract's duration. 
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Reoperation--Any work done on material or an item in order to correct 
work done improperly or to comply with revisions in design or speci­
fications. 

Repetitive--The general term used when referring to processes, operations, 
elements of operations, or the products resulting therefrom that 
occur or are produced over and over again with negligible variation. 
The term must be qualified or explained when it is used in order to 
have a concrete meaning. 

Replaceable Assembly--An assembly that is capable of being easily removed 
and replaced as an integral item. 

Residual Inventory--An inventory or stores location of spare or unused 
parts purchased on previous contracts. It should be screened as to 
usable parts for each subsequent contract and priced at the lower of 
market or cost. 

Rework--See Reoperation. 

RFP--Request for Proposal--Package of information submitted to prospective 
bidders which specifies the products required and the form and con­
tent of cost and price data backup. 

Sampling--The practice of selecting a small portion (usually determined 
statistically) of the total group under consideration for the purpose 
of inferring the value of one or several characteristics of the group. 

Scheduling--The prescribing of when and where each operation necessary 
to the manufacture of a product is to be performed. 

Scrap--Residual material resulting from machine or assembly processes, 
such as machine shavings, unusable lengths of wire, faulty parts. 

Select Time- -See Leveled Time. 

Semi variable Costs--Costs which vary according to the number of units 
produced but not proportionately. 

Service Cost Center--Generally indirect costs are accumulated for such as 
building, machinery, equipment and power plant maintenance (Indirect 
Cost Center). 

Setup--Making ready or preparing for the performance of a job or operation. 
Machine setup involves equipping a machine with the appropriate ac­
cessories, tools, and fixtures, setting the proper feed, speed, and 
depth of cut, and so forth. In manual work, setup is the arrange­
ment prior to commencing the work, of the tools, accessories, compo­
nent parts, and details involved. It also includes the teardown to 
return the machine or work area to its original or normal condition. 
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Should-Cost Estimate--.A highly detailed, long-term cost analysis devel­
oped for the Government's use in determining what a defense system 
should cost. 

Shrinkage--An additional quantity of material added to the quantity listed 
on the Bill of Material to provide for spoilage, scrap, waste and 
natural attrition (see Attrition). 

Slope (of an experience curve)--A percentage figure that represents the 
steepness (rate of improvement) of the curve; colloquially, the end 
line. . 

Software--Documentation in the form of drawings, manuals, processed data, 
etc., serving as support for contract hardware or even as contract 
deliverable items. 

Sole Source--Non-competitive award of contract to a qualified contractor. 

Special Factor--A factor or circumstance which influences a contractor 
either to "make" a part at his own facilities or to "buy" the fin­
ished part from a private vendor. 

Special Time Allowance--A temporary time value applying to an operation 
in addition to or in place of a standard allowance in order to com­
pensate for a specified, temporary, non-standard production condition. 

Spoilage--A form of waste material resulting from misuse of material or 
errors in workmanship. 

Standard- -See Performance Standard, Standard Time, Standard Hour, Direct­
labor Standard, Guaranteed Standard, and so on. 

Standard Cost--The normal expected cost of an operation, process, or prod­
uct including labor, material, and overhead charges, computed on the 
basis of past performance costs, estimates, or work measurement. 

Standard Data--See Standard Time Data. 

Standard Hour--An hour of time during which a specified amount of work of 
acceptable quality is or can be performed by a qualified workman 
following the prescribed method, working at normal pace, and exper­
iencing normal fatigue and delays. 

Standard Part".-A part for which a military specification has been written 
documenting the part's physical nature, price, and source. 
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Standard Time--The time which is determined to be necessary for a quali­
fied workman, working at a pace which is ordinarily used under ca­
pable supervision and experiencing normal fatigue and delays, to do 
a defined amount of work of specified quality when following the 
prescribed method. 

Standard-time Data--A compilation of all the elements that are used for 
performing a given class of work with normal elemental time values 
for each element. The data are used as a basis for determining time 
standards on work similar to that from which the data were deter­
mined'without making actual time studies. 

Subassembly--Two or more parts joined together to form a unit which is 
only a part of a complete machine, structure, or other article. 

Subcontracted Item--A part, component, assembly, or service produced or 
performed by other than the prime contractor but in accordance with 
his design and direction. This may be accomplished through a sub­
contract or purchase order. 

Support Costs--Direct ~d indirect costs not directly attributable to the 
actual, physical fabrication and assembly of an end item. 

Time Standard--See Standard Time. 

Time Study--The procedure by which the actual elapsed time for performing 
an operation or subdivisions or elements thereof is determined by 
the use of a suitable timing device and recorded. The procedure 
usually but not always includes the adjustment of the actual tine as 
the result of performance rating to derive the time which should be 
required to perform the task by a workman working at a standard pace 
and following a standard nethod under standard conditions. 

TMU--Time-measurement unit--equals 0.00001735 hour (approximately one­
sixteenth of a second) but generally used as 0.00001 hour (about 
one-twenty-eighth of a second). 

Tolerance--A measure of the accuracy of the dimensions of a part or the 
electrical characteristics of an assembly or function. 

Total Package Procurement--A contract concept which provides simultane­
ously for the purchase of all required operating hardware plus all 
software, including training and services and provisioned spares. 

Unavoidable,pelay--A production delay that the operator cannot prevent. 
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Unavoidable-delay Allowance--Time included in the production standard to 
allow for time lost which is essentially outside the workman's con­
trol; as, interruption by supervision for instruction, waits for 
crane, or minor adjustments to machines or tools (usually applied as 
a percentage of the leveled, normal, or adjusted time). 

Unit Costs--Cost per single unit generally direct costs only, but some­
times with indirect costs prorated. 

Unit Curve--A line drawn on a graph representing the man-hours (or cost) 
of each unit. 

Unitized Construction--A type of unit construction consisting predomi­
nately of replaceable assemblies. 

Unit One--The first complete system or end product (or its associated 
cost) to be produced on a production contract. Usually associated 
with the first unit on the X-axis of an experience curve. 

Variable Expense--Expenditures that vary in proportion to the volume of 
production, such that an increase/dec-rease in production causes an 
increase/decrease in the variable cost. 

Variance--The difference between any standard or expected value and an 
actual value. For example, the difference between the established 
standard cost and the cost actually incurred in performing a job or 
operation. 

Wage-incentive Plan--A method of payment which directly relates earnings 
to production. A system which enables workmen to increase 'their 
earnings by maintaining or exceeding an es.tablished standard of 
performance. 

Waiting Time--See Downtime. 

Waste--Scrap and Spoilage which result from errors of manufacture and 
excess material (shavings, etc.). 

Work Aid--A device such as a pattern, template, or sketch used to enhance 
a worker's ability to learn and perform a task efficiently. 

Work Breakdown Structure--A means of structuring the product and its 
associated costs so as to provide an orderly way of accumulating 
contract costs at any desired assembly or work package level. 

Work Cycle--A pattern of motions and/or processes that is repeated with 
negligible variation each time an operation is performed. 
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Work Package--Identification of a specific set of tasks required to ac­
complish an activity (see Work Breakdown Structure (WBS)). 

Work Sampling Study--A statistical sampling technique employed to deter­
mine the proportion of delays or other classifications of activity 
present in the total work cycle. 
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Appendix A. EXPERIENCE CURVES 

INTRODUCTION 

The earliest known work in the time/cost relationship known today as 
the experience curve was published in 1936 by T.P. Wright. His article, 
"Factors Affecting the Cost of Airplanes," has evoked the controversy ex­
pected by Mr. Wright, who said that "this subject is one which can always 
be relied upon to start a discussion whenever it is raised in aircraft 
circles. Great differences of opinion will be voiced as to the relative 
importance of various factors, depending somewhat on whether the discussion 
is between persons in the industry who are engaged in sales, engineering, 
design or factory work." Mr. Wright was indeed prophetic; controversy 
still exists some 36 years later. 

Mr. Wright's hypothesis, that the cumulative average labor cost for 
any quantity of airplanes produced decreases by a constant amount as the 
quantity of airplanes is doubled, was initially called and still is common­
ly called the learning curve. The learning curve, both in concept and in 
use, has been subjected both to praise and to criticism. Because it is 
mathematically complex to those of us who are not mathematicians, indus­
trial engineers, and the like, and because its derivation, application, 
and accuracy as an estimating tool are controversial, the following explan­
ations are presented to give a concise, simplified, and objective treatment 
of this subject. 

TERMINOLOGY 

Before exploring the technical aspects of this subject, some terms 
must be defined clearly. The terms "learning curve," "improvement curve," 
"experience curve," " cost -reduction curve," " manufacturing- time fore­
casting curve,", ''W,right curve," "Crawford curve," and "Stanford-B curve," 
all are nearly synonymous. Each of these terms is an expression of the 
notion that costs decrease as learning or experience increases. 

Costs may be expressed in actual dollars or in the basic elements of 
cost--namely, direct labor hours and units of material. Many persons 
logically, assume that the term "learning curve" applies to direct labor 
hours; but depending on individual company vernacular, it could apply to 
the entire procurement cost. Conversely, "cost curve" implies a conglom­
erate of costs, but that term may well mean direct labor learning expressed 
in dollars instead of man-hours. Because of the differences in company 
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vernaculars, a prerequisite to any examination is to identify the ingre­
dients that make up the curve under study. 

Historically, "learning curve" has referred to worker learning. Al­
though worker learning does contribute to a reduction in man-hours or cost 
during a production process, it is not always clear just how much of the 
total reduction can be attributed to worker learning. Worker learning, 
per se, is confined to memorization and motor response improvement. In an 
assembly operation, for exanple, the sequence of tasks for putting into 
place a bolt, washer, lock washer, nut as opposed to bolt, lock washer, 
nut, are memorized, and the movements of reaching and grasping and the 
position applicable to each movement are "learned" while general dexterity 
improves. Memory of methods and improvement of dexterity do occur over 
time, and that they are factors contributing towards cost reduction is 
indisputable. But management initiates factors that may be equal to or 
greater than the individual worker's contribution toward total cost re­
duction. Some of these factors are: 

• The development of more efficient tools, machines, and processes 

• The solution of engineering problems 

• The use of subcontractors 

• The simplification of designs 

• The increase of efficiency in the procurement and handling of 
material 

• Simplified procedures, value engineering, sophisticated tool­
ing, automation 

The relative impact of these factors on each other as well as to overall 
cost reduction will vary from company to company, department to depart­
ment, and product to product, and so worker learning cannot be considered 
necessarily the single most significant contributor to time/cost reduction. 
The tenn "learning curve," therefore, may be inadequate. 

The tenn "experience curve" may be more appropriate than "learning 
curve" because experience (that is, history documented in empirical data) 
furnishes the data points from which these variously named curves are 
plotted. "Experience" (or "history") can apply to any of several areas, 
(such as, labor, material, or gross cost, whereas the tenn "learning" 
might be cumbersome when addressing topics other than direct labor. There­
fore, in this discussion, the tenn "experience curve" will be used to cover 
the general case. 
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DEFINITIONS 

As a prerequisite to understanding Mr. Wright's hypothesis, certain 
key phrases listed below must be learned. 

• Slope of the Curve--A percentage figure that represents the 
steepness (constant rate of improvement) of the curve. Using Wright's 
hypothesis, this percentage represents the·value (e.g., man-hours or cost) 
through each doubled production quantity in relation to the previous 
quanti ty . For example, wi th an experience curve having an 80 percent 
slope, the value at unit two is 80 percent of the value of unit one, the 
value at unit four is 80 percent of the value at unit two, the value at 
unit 1,000 is 80 percent of the value at unit sao, and so on. 

• Unit one--The first unit of product actually completed during 
a production run. This is not to be confused wi th a uni t produced in any 
preproduction phase of the overall procurement program. 

• Cumulative Average Man-Hours*-- The average man-hours expended 
per unit for all units produced through any given unit. When illustrated 
on a graph by a line drawn through each successive unit, the values form 
a oumulative average ourve. 

• unit Man-Hours--The total direct labor hours expended to com­
plete any specific unit. When a line is drawn on a graph through the 
values for each successive unit, the values form a unit curve. 

• Cumulative Total Man-Hours--The total man-hours expended for all 
units produced through any given unit. The data plotted on a.graph with 
each point connected by a line form a oumulative total ourve. 

The data in table A-I illustrate Wright's cumulative average phenom­
enon and the derived unit and cumulative total data. 

Figure A-I graphically shCMs the cumulative average "curve"; figure 
A-Z shows the relationship between the cumulative average and unit "curves." 
As you can see, the shape of a curve appears when the line is drawn on 
conventional graph paper. 

*For simplicity and consistency, the experience curves in this dis­
·cussion hereafter will be considered as applicable to direct manufacturing 
labor, and cost values will be expressed as "man-hours" or "labor hours." 
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Figure A-I. Eighty Percent Cumulative Average Curve--Wright Method 
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Table A-I. Wright's Hypothesis with an 80 Percent Slope 

Cumulative Unit Cumulative Total 
Units Average CUrve Curve CUrve 

1 100.00 100.00 100.00 
2 80.00 60.00 160.00 
4 64.00 45.36 256.00 
8 51.20 35.45 409.60 

16 40.96 28.06 655.36 
32 32.76 22.33 1048.57 
64 26.21 17.82 1677.72 

128 20.97 14.23 2684.35 
256 16.77 11.38 4294.96 

BASIC MATHEMATICS OF THE CUMULATIVE AVERAGE CURVE 

Fortunately, the type of data in table A-I for various slopes and 
units has been published for general use in tabular form (the use of these 
tables is described later in this appendix). Nevertheless, in order to 
explain the bases for experience curves, to prepare you for the recogni­
tion of the available formulas, and to introduce the use of log-log paper 
for the construction of curves, the derivation of curve data will be ex­
plained here. 

The cumulative average data in table A-I may be obtained from· the 
following formula: 

when: 

T = T X-K 
a 1 

Ta = cumulative average direct labor hours 

TI = the direct labor hours for the first unit, (unit one) 

X = the cumulative unit produced 

-K = the slope of the experience curve (for ex~le, under the 
Wright Method or the "one-third law," the exponent for an 80 percent 
curve is -0.321928) 

A-6 



The best solution for this formula is through the use of logarithm 
tables and is expressed as: 

Log Ta = -K Log X + Log Tl (see table A-2 for -K values) 

Because the complete rationale for this formula is beyond the scope 
of this guide, we recommend you read Project Estimating by Engineeri~g 
Methods, chapter 9, which gives excellent coverage of this subject. Also, 
because algebraic formulas, exponents (-K) , and logarithms are involved, 
the use of graph paper with a logarithmic scale rather than an arithmetic 
scale would be expedient and preferable. 

Table A-2. Experience Curve Exponents (-K)* 

Slope Exponent Slope Exponent Slope Exponent 

50 1. 000000 67 .577767 84 .251539 
51 .971431 68 . 556~93 85 .234465 
52 .943416 69 .535332 86 .217591 
53 .915936 70 .514573 87 .200913 
54 .888969 71 .494109 88 .184424 
55 .862496 72 .473931 89 .168123 
56 .836501 73 .454032 90 .152003 
57 .810966 74 .434403 91 .136061 
58 .785875 75 .415037 92 .120294 
59 .761213 76 .395929 93 .104697 
60 .736966 77 .377070 94 .089267 
61 .713119 78 .358454 95 .074001 
62 .689660 79 .340075 96 .058894 
63 .666576 80 .321928 97 .043943 
64 .643856 81 .304006 98 .029146 
65 .621488 82 .286304 99 .014500 
66 .599462 83 .268817 

*The figures in this table represent the negative experience curve 
exponent (-K) in the equation Ta = T1X-K 

Note: See page 107 of AZpha & Omega and the Experience Curve for a 
complete table including fractional parts of the slopes. 
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LOG-LOG PAPER* 

The cumulative average curve is illustrated on ordinary square graph 
paper (arithmetic scale) in figure A-I. The slope of the curve is clearly 
visible, and the decrease in hours as the quantity increases is readily 
discernible. When experience curves are drawn on graph paper with 
"IlD.lltiple" logarithmic scales (that is, on log-log paper), the visual 
appearance of a "curve" is lost. ~st experience "curves" are drawn on 
log-log paper, 

Several advantages that overshadow the singular disadvantage of los­
ing the visual effect of the curve are: 

• Because of its mathematical relationships, the cumulative aver­
age curve is linear (a straight line) when drawn on log-log paper. 

• The curve can be drawn from a minimum of data. If any two points 
or one point and the slope are known, the curve can be drawn. But, as the 
number of points plotted inoreases, the aoouracy of the ourve inoreases. 

• The curve may be extended to any desired unit within the bounds 
of the logarithmic scales, with the use of a straight edge. 

• A straight line usually can be extended more accurately than can 
a nonlinear (curved) line. 

• If actual data are plotted on log-log paper, an approximate 
slope can readily be obtained by using a triangle and a straight edge, and 
production programs can be roughly planned without reference to experience 
curve tables. 

To accomplish the above on ordinary square graph paper, IlD.lltiple 
points along the scale must be calculated and plotted, and then connected 
wl th a nonlinear (curved) line. 

Figures A-3 and A-4 illustrate the data from table A-I plotted on 
log-log paper. When comparing figure A-I with figure A-3.and figure A-2 
with figure A-4, the visual effects are different but the mathematical 
effects are identical. 

*There are severa:! varieties of log-log paper, with each variety re­
flecting a particular number of cycles (power of ten) scaled on the sheet. 
The log-log paper used for figure A-3, for example, is 2-cycle by 3-cycle 
paper. On the .left side of the figure (y axis) are two basic divisions, 1 
through 10 and 10 through 100; because 102 equals 100, this side of the 
paper is 2-cycle. Similarly, the x axis has three basic divisions, 1 
through 10, 10 through 100, and 100 through 1,000; because 103 equals 
1,000, this side of the paper is 3-cycle. 
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Figure A-4. Eighty Percent Cumulative Average Curve with Corresponding Unit Curve--Wright Method 



Note that if the curves plotted in figures A-Z and A-4 were extended 
far enough, they would approaoh zero. In both cases, the data when ex­
tended indefinitely become "asynq:>totic": they will approach but never 
reach zero. 

The following technique (quick method) may be used to verify any 
particular slope: 

(1) Choose some value on the unit axis (x axis), and from the point 
of intercept with the curve, find the corresponding man-hour value on the 
y axis. Let this man-hour value be Yl . 

(Z) Find the value on the curve that corresponds to ZX and let this 
corresponding value be YZ' 

(3) Slope = Y Z 

Yl 
Example: 

(A) X = ZO ZX = 40 

Y 1 = 381 Y Z = 305 

YZ = 305 = 80.05% 
- 381 Yl 

This example is shown graphically in figure A-5. 

The C\lIIUllati ve total data of table A-I have not been displayed yet 
because of the difficulty in plotting the values within the limits of 
figures A-I through A-4. They are shown in figure A-6, insofar as 
possible, through rescaling the log-log paper. But even in this figure 
the bounds of the paper limit the plotting of these values to those 
through unit 16. In order to display fully the cumulative total curve, 
the logarithmic scale would have to be adjusted further or 3-cycle by 3-
cycle log-log paper used. These options would not be available on ordin­
ary 8-liZ-inch by II-inch square graph paper without losing the visability 
associated with the other two curves. 

A quick method to determine a cumulative total value from cumulative 
average data is to multiply the cumulative average value by the number of 
units desired. For example, to obtain the cumulative total through unit 
four, multiply the cumulative average of 64.00 by four. The answer is 
Z56'.00. Conversely, to obtain'the C\lIIUllative average value from a cumu­
lative total, again using the data in table A-I, divide the cumulative 

A-ll 



>-, 
f-' 
N 

Y2 = 305 

~ :~~ = 80.05% OR 80% 

1000 
UNITS 

Figure A-S. Quick Method for Calculating the Slope of a Cumulative Average Curve 
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1 100.00 100.00 
2 80.00 60.00 
4 64.00 45.36 
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Figure A-6. Eighty Percent Cumulative Average Curve with Corresponding 
Unit and Total Cumulative Curves 
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total of 409.60 by eight and the cumulative average through illlit eight 
(51.20) is obtained. This method is much simpler for general use than 
the following algebraic formula: 

Cumulative total = TC = TlX(l-K) 

The illlit curves in figures A-4 and A-6 are visible curves, despite 
being on log-log paper, which is in contrast to the straight lines for 
the other curves. The relationship between the unit and cumulative aver­
age curves is discussed later. 

MANUAL CONSTRUCTION OF A CUMULATIVE AVERAGE CURVE 

There are several methods by which a cumulative average curve can be 
constructed when only the slope and the base point (that is, the number of 
man-hours expended to complete a given number of cumulative units) are 
available. These methods are described below. 

ANGLE OF TIffi CURVE 

The correct angle from the horizontal can be drawn from the top left 
cycle through the base point. In the case of an 80 percent cumulative 
average curve, this angle is 17 degrees, 50 minutes. A guide to appro­
priate angles for other curves is provided in table A-3. 

Table A-3. Angles for 75 Through 96 Percent Curves* 

Slope (%) ••• 96 95 94 93 92 91 90 89 88 87 86 

Degrees .... 3 4 5 5 6 7 8 9 10 11 12 
Minutes .... 23 13 7 58 51 44 38 32 26 21 16 

Slope (%) ••• 85 84 83 82 81 80 79 78 77 76 75 

Degrees •... 13 14 15 15 16 17 18 19 20 21 22 
Minutes .... 11 8 2 58 54 50 46 44 39 36 33 

*See figure A-7 for examples. Note: The use of angles is restricted 
to log-log paper with the understanding that mathematical accuracy 
is limited. 
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Figure A-7. Angles for a 90 Percent (Upper) and an 80 Percent (Lower) Cumulative Average Curve 



TRIANGULAR METHOD 

Figures A-8 and A-9 contain two methods for constructing a cumulative 
average curve with a triangle and straight edge. 

UNIT CURVES (WRIGHT METHOD) 

Because Wright's original hypothesis pertained to the cumulative 
average curve, the unit curve ·is derived from cumulative average data. 
The unit curve may be obtained from either of the two following methods: 

• The algebraic formula method: 

when: 
Tu = unit value desired 

Tl = unit one 

X = quantity 

-K = slope 

• The "quick technique" using the relationship between the cumu­
lative average and unit curves: 

The curves in figure A-4 are aZmost parallel after the fifth unit. 
Also, prior to unit five, the unit curve actually "curves" on log-log 
paper, whereas the cumulative average curve is a straight line. Listed 
in table A-4 are the relationships (for specific quantities) between 
curves for other cumulative average slopes. These relationships can be 
used to convert cumulative average curves into corresponding unit curves. 

In other words, when the cumulative average curve has an 80 percent 
slope, by multiplying the cumulative average value through unit 1,000 by 
0.678 the unit.curve value for unit 1,000 can be obtained. At unit 100 
this relationship is 0.679, at unit ten it is 0.689, at unit four it is 
0.709, and at unit two it is 0.750. Although these relationships are not 
absolutely accurate when used for obtaining values other than for those 
specific quantities, they are accurate enough for general use. 
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Because the unit curve does not result from the same algebraic form­
ula that the cumulative average curve results from, it does not have the 
same properties as the cumulative average curve (it is not a straight 
line on log-log paper). During the initial few units the unit curve is 
much steeper than the cumulative average curve. Referring to table A-I, 
unit two on the cumulative average curve has a value that is 20 Percent 
(constant) less than unit one; on the unit curve the value for unit two 
is 60 percent less than unit one, and the value for unit four is approxi­
mately 25 percent less than that for unit two. Because there is no con­
stant for these quantities, the line is curved rather than straight. 

Unit 96 

Table A-4. Relationships Between Cumulative 
Average Curve and Unit Curve 

Slope (%) 

95 94 93 92 91 90 89 88 87 86 

2 0.958 0.947 0.936 0.925 0.913 0.901 0.889 0.876 0.864 0.851 0.837 

4 0.949 0.935 0.922 0.908 0.894 0.880 0.866 0.851 0.837 0.821 0.805 

10 0.947 0.930 0.905 0.900 0.885 0.870 0.855 0.839 0.823 0.807 0.791 

100 0.941 0.926 0.911 0.895 0.880 0.865 0.849 0.833 0.816 0.800 0.783 

1000 0.9410.926 0.9110.8950.880 0.8640.8480.8320.8160.799 0.782 

Slope (%) 

Unit 85 84 83 82 81 80 79 78 77 76 75 

2 0.824 0.810 0.795 0.780 0.765 0.750 0.734 0.718 0.701 0.684 0.667 

4 0.7910.775 0.759 0.746 0.726 0.709 0.6920.6740.656 0.638 0.620 

10 0.775 0.758 0.741 0.724 0.707 0.689 0.672 0.6540.635 0.617 0.598 

100 0.766 0.749 0.736 0.715 0.697 0.679 0.661 0.643 0.624 0.605 0.586 

1000 0.766 0.748 0.731 0.714 0.696 0.6780.660 0.642 0.6230.6040.585 
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rnANGING FROM A CUMULATIVE AVERAGE CURVE TO A UNIT CURVE 

With these relationships established, it is possible to construct a 
unit curve from a cumulative average curve without too much difficulty, 
the cumulative average curve having been constructed by one of the several 
methods previously mentioned. Shown in figure A-lO is how these relation­
ships are used when plotting the unit curve from an existing cumulative 

. average curve without computing each unit value. Given that the cumula­
tive average time through 500 units is 800 man-hours and the slope is 80 
percent, the base point can be established and the curve constructed by 
either of the two previously described methods. Using table A-4 the re­
lationship between the base point and a corresponding point on the unit 
curve is 0.678. Therefore, the corresponding value on the unit curve is 
542.0 man-hours (800 x 0.678). This process was repeated for unit 70 
(1500.0 x 0.679 = 1018.5) and unit 2 (4800 x 0.750 = 3600.0), and a unit 
curve was constructed. 

rnANGING FROM A UNIT CURVE TO A CUMULATIVE AVERAGE CURVE 

Figure A-II illustrates that a cumulative average curve may be plot­
ted from unit curve data without a series of individual cumulative average 
points having been computed. Given a base point of 80.0 man-hours ex­
pended to produce unit number (specifically) 256 on the unit curve for an 
80 percent cumulative average curve, the corresponding value on the cumula­
tive average curve may be determined. Using table A-4, the relationship 
can be found to be 0.678; therefore, the cumulative average value for unit 
256 is 118.0 (80/0.678). The cumulative average curve then may be con­
structed by either of the aforementioned methods or corresponding values 
plotted from unit curve data through the use of table A-4 (for example, 
unit 100 = 108.6/0.679 = 160.0; unit 50 = 137.8/0.689 = 200·.0; unit two = 
435.0/0.750 = 580.0). 

CRAWFORD ME1HOD 

Another renoWlled method of describing and computing an experience 
curve is the Crawford Method. In contrast to Wright, Crawford held that 
as quantity doubles, direct labor hours per unit (not cumulative average 
hours) decreases at constant rate. This concept may be expressed by the 
following formula: 

T = T X-K 
u 1 
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Figure A-lO. Unit Curve Constructed from a Base Point (Cumulative Average 
for 500 Units Equals 800 Man-Hours) 
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Figure A-II. Cumulative Average and Unit Curves Constructed from Hours for a Specific Unit 



when: 
Tu = the total direct labor hours used to complete any specific unit 

Tl = the direct labor hours for the first unit (unit one) 

X = the number of completed units 

-K = the slope of the experience curve 

Crawford proposed that the unit curve is indicative of the "experi­
ence" phenomenon rather than the cumulative average curve. He did, 
however, develop a cumulative average formula and a cumulative total 
formula as well as the asymptotic functions for these two relationships. 
Table A-5 reveals a significant difference between the Wright and Crawford 
methods in computing either the cumulative average cost or the final unit 
cost. 

Table A-5. Comparison of the Wright Method with the Crawford Method 
for an 80 Percent Experience Curve (Unit One Common to Both) 

Wright Crawford 

Unit Cumulative Unit Cumulative 
Unit Curve Curve Curve Curve 

1 1000 1000 1000 1000 
2 600 800 800 900 
3 506 702 702 833 
4 454 640 640 785 
5 418 596 596 747 
7 371 534 534 691 

10 329 477 477 632 
20 261 381 381 524 
30 228 335 335 467 
50 193 284 284 402 

100 154 227 227 327 
500 92 135 135 199 

1000 73 108 108 159 

Regardless of where a decimal point is placed, the differences when 
comparing either unit curves or cumulative average curves are apparent. 
As the slope of the curve changes, so does the percent difference between 
the ultimate cost; for example, with an 80 percent slope, the 100th unit 
cost using Wright is approximately 32 percent less than the 100th unit 
cost using Crawford, while the same relationship in cumulative average 
costs is approximately 31 percent. 
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With a 90 percent slope, at unit 100 the unit cost percentage dif­
ference is only approximately 15 percent and the cumulative average cost 
percentage difference is only approximately 14 percent. Although the 
drop in percentage difference ·is significant, even at a 90 percent 
experience curve there is still a great difference between the ultimate 
result obtained by employing one method as opposed to the other. 

Figure A-12, utilizing data from table A-5, graphically illustrates 
the difference between the two methods. Note that the Wright cumulative 
average curve and the Crawford unit curve are identical. The differences 
become apparent when examining the relationship between unit curves and 
cumulative average curves. In both table A-5 and figure A-12 unit one is 
common to both methods. . 

On the other hand, if a common amount for unit 1,000 is assuned, the re­
verse is true: the differences will become increasingly significant as 
unit one is approached. The data in table A-6 and their graphic presen­
tation in figure A-13 illustrate this point. 

Table A-6. Comparison of Wright Method with the Crawford Method 
with an 80 Percent Experience Curve (Unit 1,000 

Cumulative Average Common to Both) 

Wright Crawford 

Unit Cumulative Unit Cumulative 
Unit Curve Curve Curve Curve 

1 1000 1000 679 679 
2 600 800 543 611 
3 506 702 477 566 
4 454 640 435 533 
5 418 596 405 507 
7 371 534 363 469 

10 329 477 324 429 
20 261 381 259 356 
30 228 335 227 317 
50 193 284 193 273 

100 154 227 154 222 
500 92 135 92 135 

1000 73 108 73 108 
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Figure A-12. Comparison of Wright Method with Crawford Method 
(Data from Table A-S) 
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Figure A-13. Comparison of Wright Method with Crawford Method Using an 80 Percent 
Cumulative Average Curve (Data from Table A-6) 



WRIGHT AND CRAWFORD PLOTTING CONSlDERATIOOS 

WRI CRT METHOD 

Actual cumulative average data may be derived by two basic methods: 

• Actual unit data are accumulated by individual unit, the actual 
cumulative total is computed by summing the unit hours through the speci­
fied unit and the cumulative average is theri computed by dividing the 
cumulative total by the desired cumulative unit number. 

• Actual lot data are accumulated representing the man-hours (or 
cost) expended to produce a specified lot size. These data may be ar-
ranged in such a manner that it becomes a simple task to plot both the 
cumulative average curve and the unit curve. Table A-7 shows an example 
of this data arrangement. 

Table A-7. Cumulative Average Hours Derived from Actual Lot Data 

Lot Qty per Avg. Hrs Total Hrs Total Cumulative Cumulative 
No. Lot per Unit per Lot Cum Hrs Quantity Avg Hrs 

1 8 2400 19200 19200 8 2400 
2 24 1300 31200 50400 32 1575 
3 30 1050 31500 81900 62 1321 
4 38 800 30400 112300 100 1123 
5 40 750 30000 142300 140 1016 
6 40 850 34000 176300 180 979 
7 46 800 36800 213100 226 943 
8 54 650 35100 248200 280 886 
9 48 600 28800 277000 328 845 

From the data in table A-6, the slope of the curve can be established 
by dividing the cumulative average hours through the last unit by the 
cumulative average hours for half the cumulative quantity. The cumula­
tive average for half the quantity of 328 is 164. This is between the 
cumulative average amounts for 140 and 180 units, respectively; between 
1,016 hours and 979 hours. By interpolation the cumulative average at 
unit 164 can be determined. This is 979 plus (16/40) x 37, which is 14.8 
for a total of 993.8 hours, rounded to 994 hours. The cumulative average 
at 328, 845 hours, can be divided by the cumulative average at 164 (993.8 
hours) to determine a slope of 85.03 percent. For most purposes, this can 
be rounded off to 85 percent. 
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Figures A-14 and A-15 illustrate both the actual data plotted and 
the "theoretical" curVes derived as a result of calculations made from 
data in table A-7. Because plotting the data did not result in a smooth 
curve, a theoretical experience curve has been developed in order to aid 
the user when extrapolation is required. Not only are theoretical curves 
developed, a theoretical unit one is also determined. The "theoretical" 
85 percent scope illustrated in fi.gure A-15 considered only two points of 
actual data (selected by "eyeballing" figure A-14). For greater accuracy 
several data points should be considered along with applicable statistical 
techniques (e.g., least squares method). 

Both the theoretical cumulative average curve and the theoretical 
unit curve in figure A-IS have been developed with the aid of experience 
curve tables in table A-8. The use of these tables eliminates the neces­
sity for most of the mathematical calculations in curve construction, pro­
vides greater accuracy thari the calculations, and reduces overall problem­
solving time. The tables used for this example are based on an 85 percent 
cumulative average experience curve (Wright Method).* Three curves are 
tabulated through unit500--the unit curve (U/C) , the cumulative average 
curve (C/A) , and the cumulative total curve (C/T). 

Although table A-8 addresses only units one through 100 and 301 
through 500 it is a simple matter to find the cumulative average value, 
for a specified slope, for cumulative units beyond the limits of this 
table. For example, if the value for 1,000 on an 85 percent curve is 
desired, the value for unit 500 (0.2329) could be multiplied by 0.85 and 
the answer would be 0.1980. For unit 2,000, the value for 1,000 (0.1980) 
can be multiplied by 0.85; the product would be 0.1683. This method em­
ploys the principle that as the quantity doubles, the cumulative average 
value decreases by a constant amount, in this case 15 percent. 

If the desired value is 1,536, then because half this amount does 
not fall within the limits of the table (768) and one-fourth does (384), 
the value for 384 cumulative units (0.2477) can be multiplied by 0.85 
to find the value for 768 units (0.2105). This in turn can be multiplied 
by 0.85 to arrive at the value for 1,536 units (0.2105 x 0.85 = 0.1789). 
Although this method appears to be tedious, it circumvents the need for 
using logarithmic tables to solve the equation TA = T1X cK . If the tables 
are available and only two to three calculations are required, this 
method should provide an expedient solution. 

The cumulative total can be determined by multiplying the calculated 
cumulative average value by the cumulating units. For example, if the 
cumulative total for 950 units based on an 85 percent cumulative average 

*Additional curves are available and generally start at a 70 percent 
slope and include units one through 1,000. Because all published tables 
are similar, caution should be exercised when selecting the desired set. 
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Figure A-14. Actual Lot Data Extracted from Table A-7 
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Figure A-IS. "Smoothing" Data into Curves (Data from Table A-7) 



Table A-8. Eighty-Five Percent Experience Curve--Wright Method 

Cumulative Cumulative Cumulative Cumulative 
Total Unit Curve Average Total Unit Curve Average 

Unit Value (C/T) Value (U/C) Value (C/A) Unit Value (C/T) Value (U/C) Value (C/A) 

1 1. 0000 1.0000 1.0000 29 13.1678 .3490 .4540 
2 1.7000 .7000 .8500 30 13.5141 .3462 .4504 
3 2.3187 .6187 .7729 31 13.8576 .3435 .4470 
4 2.8900 .5712 .7225 32 14.1985 .3409 .4437 
5 3.4283 .5383 .6856 33 14.5370 .3384 .4405 
6. 3.9418 .5135 .6569 34 14.8730 .3360 .4374 
7 4.4355 .4937 .6336 35 15.2067 .3337 .4344 
8 4.9129 .4774 .6141 36 15.5383 .3315 .4316 
9 5.3765 .4635 .5973 37 15.8676 .3293 .4288 

>- 10 5.8282 .4516 .5828 38 16.1949 .3272 .4261 , 11 6.2693 .4411 .5699 39 16.5201 .3252 .4235 
'" >-' 12 6.7011 .4318 .3584 40 16.8435 .3233 .4210 

13 7.1246 .4234 .5480 41 17.1649 .3214 .4186 
14 7.5405 .4158 .5386 42 17.4845 .3195 .4162 
15 7.9494 .4059 .5299 43 17.8023 .3178 .4140 
16 8.3520 .4026 .5220 44 18.1134 .3160 .4117 
17 8.7488 .3967 .5146 45 18.4328 .3144 .4096 
18 9.1401 .3913 .5077 46 18.7455 .3127 .4075 
19 9.5264 .3862 .5013 47 19.0567 .3111 .4054 
20 9.9079 .3815 .4953 48 19.3663 .3096 .4034 
21 10.2850 .3770 .4897 49 19.6744 .3081 .4015 
22 10.6578 .3728 .4844 50 19.9811 .3066 .3996 
23 11.0268 .3689 .4794 51 20.2863 .3053 .3977 
24 11.3919 .3651 .4746 52 20.5901 .3038 .3959 
25 11. 7536 .3616 .4701 53 20.8926 .3024 .3942 
26 12.1118 .3582 .4658 54 21.1937 .3011 .3924 
27 12.4669 .3550 .4617 55 21.4935 .2998 .3907 
28 12.8188 .3519 .4578 56 21. 7920 .2985 .3891 



Table A-8. Eighty-Five Percent Experience Curve--Wright Method (Continued) 

Cumulative Cumulative Cumulative ClllJlL11ative 
Total Unit Curve Average Total Unit Curve Average 

Unit Value (C/T) Value (U/C) Value (C/A) Unit Value (C/T) Value (U/C) Value (C/A) 

57 22.0893 .2972 .3875 82 29.1803 .2726 .3558 
58 22.3854 '.2960 .3859 83 29.4524 .2720 .3545 
59 22.6802 .2948 .3844 84 29.7236 .2712 .3538 
60 22.9739 .2936 .3828 85 29.9941 .2705 .3528 
61 23.2665 .2925 .3814 86 '30.2639 .2697 .3519 
62 23.5579 .2914 .3799 87 30.5329 .2690 .3509 
'63 23.8483 .2903 .3785 88 30.8012 .2683 .3500 
64 23.1375 .2892 .3771 89 31.0688 .2675 .3490 
65 24.4257 .2881 .3757 90 31. 3357 .2668 .3481 

,;" 66 24.7129 .2871 .3744 91 31.6019 .2661 .3472 , 67 ' 24.9990 .2861 .3731 92 31.8674 .2655 .3463 
"" N 68 25.2841 .2851 .3718 93 32.1323 .2648 .3455 

69 25.5683 .2841 .3705 94 32.3964 .2641 .3446 
70 25.8515 .2831 .3693 95 32.6599 .2635 .3437 
71 26.1337 .2822 .3680 96 32.9228 .2628 .3429 
72 26.4151 .2813 .3668 97 33.1850 .2622 .3421 
73 26.6955 .2804 .3656 98 33.4466 .2615 .3412 
74 26.9750 .2795 .3645 99 33.7076 .2609 .3404 
75 27.2536 .2786 .3633 100 33.9679 .2603 .3396 
76 27.5313 .2777 .3622 301* 78.9639 .2009 .2623 
77 27.8082 .2768 .3611 302 79.1646 .2007 .2621 
78 28.0843 .2760 .3600 303 79.3652 .2005 .2619 
79 28.3595 .2752 .3559 304 79.5656 .2004 .2617 
80 28.6339 .2744 .3579 305 79.7659 .2002 .2615 
81 28.8075 .2736 .3568 306 79.9661 .2001 .2613 

*Data for units 101 through 300, which are not included in this table, are available to the public 
through many publications on experience curves (see the bibliography). 



Table A-8. Eighty-Five Percent Experience Curve--Wright Method (Continued) 

Cumulative Cumulative Dl.mnllative Cumulative 
Total Unit Durve Average Total Unit Curve Average 

Unit Value (C/T) Val ue(CJ! C) Value (C/A) Unit Value (C/T) Value (UlC) Value (C/A) 

307 80.1660 .1999 .2611 335 85.7056 .1959 .2558 
308 80.3659 .1998 .2609 336 85.9014 .1957 .2556 
309 80.5655 .1996 .2607 337 86.0970 .1956 .2554 
310 80.7651 .1995 .2605 338 86~2925 .1955 .2553 
311 80.9644 .1993 .2603 339 86.4879 .1953 .2551 
~12 81.1637 .1992 .2601 340 86.6831 .1952 .2549 
313 81.3627 .1990 .2599 341 86.8783 .1951 .2547 
314 81.5616 .1989 .2597 342 87.0732 .1949 .2546 
315 81. 7604 .1987 .2595 343 87.2681 .1948 .2544 

.;p 316 81. 9593 .1986 .2593 344 87.4628 .1947 .2542 , 
317 82.1575 .1984 .2591 345 87.6573 .1945 .2540 eN 

eN 318 82.3559 .1983 .2589 346 87.8518 .1944 .2539 
319 82.5540 .1981 .2587 347 88.0461 .1943 .2537 
320 82.7521 .1980 .2586 348 88.2403 .1941 .2535 
321 82.9500 .1978 .2584 349 88.4343 .1940 .2533 
322 83.1477 .1977 .2582 350 88.6282 .1939 .2532 
323 83.3453 .1976 .2580 351 88.8220 .1937 .2530 
324 83.5428 .1974 .2578 352 89.0157 .1936 .2528 
325 83.7401 .1973 .2576 353 89.2092 .1935 .2527 
326 83.9373 .1971 .2574 354 89.4026 .1934 .2525 
327 84.1343 .1970 ;2572 355 89.5959 .1932 .2523 
328 84.3312 .1968 .2571 356 89.7890 .1931 .2522 
329 84.5280 .1967 .. 2569 357 89.9820 .1930 .2520 
330 84.7246 .1966 .2567 358 90.1749 .1928 .2518 
331 84.9211 .1964 .2565 359 90.3677 .1927 .2517 
332 85.1175 .1963 .2563 360 90.5603 .1926 .2515 
333 85.3136 .1961 .2561 361 90.7528 .1925 .2513 
334 85.5097 .1960 .2560 362 90.9452 .1923 .251.2 



Table A-8. Eighty-Five Percent Experience Curve--Wright Method (Continued) 

Cumulative Cumulative Cwnu1ative Cwnu1ative 
Total Unit Curve Average Total Unit Curve Average 

Unit Value (C/T) Value (U/C) Value (C/A) Unit Value (C/T) Value (U/C) Value (C/A) 

363 91.1375 .1922 .2510 391 96.4719 .1889 .2467 
364 91.3296 .1921 .2509 392 96.6607 .1888 .2465 
365 91. 5216 .1920 .2507 393 96.8495 .1887 .2464 
366 91.7135 .1918 .2505 394 97.0381 .1885 .2462 
367 91.9053 .1917 .2504 395 97.2265 .1884 .2461 
368 92.0970 .1916 .2502 396 97.4149 .1883 .2459 
369 92.2885 .1915 .2501 397 97.6032 .1882 .2458 
370 92.4799 .1914 .2499 398 97.7913 .1881 .2457 
371 92.6712 .1912 .2497 399 97.9794 .1880 .2455 

>- 372 92.8623 .1911 .2496 400 98.1673 .1879 .2454 , 
373 93.0534 .191D .2494 401 98.3551 .1878 .2452 '" ..,. 
374 93.2443 .1909 .2493 402 98.5428 .1877 .2451 
375 93.4351 .1908 .2491 403 98.7304 .1876 .2449 
376 93.6258 .1906 .2490 404 98.9179 .1874 .2448 
377 93.8163 .1905 .2488 405 99.1053 .1873 .2447 
378 94.0063 .1904 .2486 406 99.2926 .1872 .2445 
379 94.1971 .1903 .2485 407 99.4798 .1871 .2444 
380 94.3873 .1902 .2483 408 99.6668 .1870 .2442 
381 94.5774 .1900 .2482 409 99.8538 .1869 .2441 
382 94.7674 .1899 .2480 410 100.0406 .1868 .2440 
383 94.9572 .1898 .2479 411 100.2274 .1867 .2438 
384 95.1470 .1897 .2477 412 100.4140 .1866 .2437 
385 95.3366 .1896 .2476 413 100.6008 .1865 .2435 
386 95.5261 .1895 .2474 414 100.7869 .1864 .2434 
387 95.7155 .1893 .2473 415 100.9733 .1863 .2433 
388 95.9048 .1892 .2471 416 101.1595 .1862 .2431 
389 96.0939 .1891 .2470 417 101.3456 .1861 .2430 
390 96.2830 .1890 .2468 418 101.5316 .1859 .2428 



Table A-8. Eighty-Five Percent Experience Curve--Wright Method (Continued) 

Cumulative ClDlRl1ative ClDlRl1ative ClDlRl1ative 
Total Unit Curve Average Total Unit Curve Average 

Unit Value (CIT) Value (VIC) Value (CIA) Unit Value (CIT) Value (VIC) Value (CIA) 

419 101. 7175 .1858 .2427 447 106.8814 .1830 .2391 
420 101.9032 .1857 .2426 448 107.0644 .1829 .2389 
421 102.0889 .1856 .2424 449 107.2473 .1829 .2388 
422 102.2745 .1855 .2423 450 107.4301 .1828 .2387 
423 102.4600 .1854 .2422 451 107.6128 .1827 .2386 
424 102.6454 .1853 .2420 452 107.7954 .1826 .2384 
425 102.8307 .1852 .2419 453 107.9779 .1825 .2383 
426 103.0158 .1851 .2418 454 108.1604 .1824 .2382 
427 103.2009 .1850 .2416 455 108.3427 .1823 .2381 

>- 428 103.3859 .1849 .2415 456 108.5249 .1822 .2379 , 429 103.5707 .1848 .2414 457 108.7071 .1821 .2378 VJ 

'" 430 103.7555 .1847 .2412 458 108.8891 .1820 .2377 
431 103.9402 .1846 .2411 459 109.0711 .1819 .2376 
432 104.1247 .1845 .2410 460 109.2529 .1818 .2375 
433 104.3092 .1844 .2408 461 109.4347 .1817 .2373 
434 104.4936 .1843 .2407 462 109.6164 .1816 .2372 
435 104.6778 .1842 .2406 463 109.7980 .1815 .2371 
436 104.8620 .1841 .2405 464 109.9795 .1814 .2370 
437 105.0461 .1840 .2403 465 110.1609 .1814 .2369 
438 105.2300 .1839 .2402 466 110.3422 .1813 .2367 
439 105.4139 .1838 .2401 467 110.5234 .1812 .2366 
440 105.5977 .1837 .2399 468 llD.7046 .18ll .2365 
441 105.7814 .1836 .23g8 469 110.8856 .1810 .2364 
442 105.9646 .1835 .2397 470 111.0666 .1809 .2363 
443 106.1484 .1834 .2396 471 lll. 2474 .1808 .2361 
444 106.3318 .1833 .2394 472 111.4282 .1807 .2360 
445 106.5151 .1832 .2393 473 111.6089 .1806 .2359 
446 106.6983 .1831 .2392 474 111. 7895 .1805 .2358 



Table A-8. Eighty-Five .Percent Experience Curve--Wright Method (Continued) 

Cumulative Cumulative Cumulative Cumulative 
Total Unit Curve Average Total Unit Curve Average 

Unit Value (C/T) Value (U/C) Value (C/A) Unit Value (C/T) Value (U/C) Value (C/A) 

475 111.9700 .1805 .2357 488 114.3084 .1793 .2342 
476 112.1504 .1804 .2356 489 114.4877 .1792 .2341 
477 112.3307 .1803 .2354 490 114.6669 .1791 .2340 
478 112.5109 .1802 .2353 491 114.8460 .1791 .2339 
479 112.6911 .1801 .2352 492 .115.0250 .1790 .2337 
480 112.8711 .1800 .2351 493 115.2040 .1789 .2336 
481 113.0511 .1799 .2350 494 115.3828 .1788 .2335 
482 113.2310 .1790 .2349 495 115.5616 .1787 .2334 
483 113.4108 .1797 .2348 496 115.7403 .1786 .2333 

>- 484 113.5905 .1797 .2346 497 115.9188 .1785 .2332 , 
485 113.7701 .1796 .2345 498 116.0974 .1785 .2331 tM 

0'. 486 113.9496 .1795 .2344 499 116.2758 .1784 .2330 
487 114.1291 .1794 .2343 5{)0 116.4541 ;1783 .2329 



curve is the desired value; by dividing 950 by two a number within the 
limits of the table (425) can be found. The cumulative average value of 
425 is 0.2419. By multiplying 0.2419 by 0.85 the cumulative average for 
950 units is 0.2056. By multiplying 0.2056 by 950 the cumulative total 
can be obtained (195.3200). Note that the accuracy of this calculation 
depends on the number of decimal places in the cumulative average value. 

Using the relationships between curves (see table A-4), the unit cost 
for unit 1,000 can be calculated even if the tables do not include values 
beyond 500, The cumulative average for unit 1,000 is 0.1980 (0.2329 times 
0.85). This value is multiplied by the appropriate relationship from 
table A-4 (0.766), and the product is the unit value for unit 1,000 
(1516.7) . 

Another method for determining the cumulative average value for a 
unit not in the range of the tables is shown below: 

Find the cumulative average hours through the 5,OOOth unit using a 
unit one value of 2,000 hours and an 85 percent slope. 

Cumulative average, table value, unit 500 
Extension factor for 85 percent slope (table A-9) 
Cumulative average table value, unit 5000 
Unit one 
Cumulative average value through unit 5000 

.2329 
x .5828204 

.1357389 
x 2000 

271. 478 

An 85 percent slope has been calculated from the data in table A-7; 
by dividing the last known cumulative average hour value by the corres­
ponding value for those cumulative units (328), obtained from the experi­
ence curve tables (845/0.2571), the theoretical unit one value of 3286.7 
man-hours can be obtained. These two points then can be connected to 
fo~ the theoretical cumulative average curve. Using the experience curve 
tables, the value on the theoretical unit curve for the last unit (328) 
can be determined by multiplying the unit one value by the unit curve 
value for unit 328 (0.1968), or 3,287 X 0.1968 = 647. The is also borne 
out by multiplying the cumulative average value by the relation between 
curves in table A-4 (845 x 0.766 = 647). Continued use of these experi­
ence curve tables will provide a sufficient number of values with which a 
corresponding unit curve may be constructed. 

CRAWFORD METHOD 

This ,method basically relies on individual unit data plotted sepa­
rately and fitted into a trend line (curve). The accepted technique for 
fitting a straight line to a set of data in such a way that it represents 
the best "fit" of any straight line associated with the data is the method 
of curve fitting known as the "least squares method." The reason this 
straight line is the best possible fit is because mathematically the sum 
of the squares of the deviations of' the actual data points from the 
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Table A-9. Experience Curve Extension Factors* 

Extension Extension 
Slope (%) Factor Slope (%) Factor 

50 .1000000 75 .3845586 
51 .1067995 76 .4018568 
52 .1139157 77 .4196917 
53 .1213568 78 .4380726 
54 .1291312 79 .4570088 

55 .1372472 80 .4765099 
56 .1457131 81 .4965852 
57 .1545375 82 .5172444 
58 .1637287 83 .5384969 
59 .1732953 84 .5603524 

60 .1832460 85 .5828204 
61 .1935892 86 .6059106 
62 .2043338 87 .6296328 
63 .2154883 88 .6539965 
64 .2270617 89 .6790117 

65 .2390626 90 .7046880 
66 .2515000 91 .7310355 
67 .2643827 92 .7580638 
68 .2777197 93 .7857830 
69 .2915199 94 .8142029 

70 .3057925 95 .8433336 
71 .3205464 96 .8731851 
72 .3357908 97 .9037673 
73 .3515348 98 .9350905 
74 .3677877 99 .9671647 

*The Extension Factors multiplied by any cumulative average value 
will give the cumulative average value for a unit that is ten 
times as large. 
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straight line is forced to be its lowest possible value.* Therefore, when 
an experience curve is calculated from actual data points, the resulting 
curve is the one that best represents the data. In addition, if the points 
were so scattered that no trend can be discerned one of the several statis­
tical measures would have to be used. 

However, when data are not available by individual units but avail­
able only by lot, the representative unit of the lot must be determined. 
This unit also represents the average unit cost of the lot. Therefore, 
the algebraic lot midpoint must be calculated. The man-hours (or cost) 
of this unit when multiplied by the number of units in the lot will re­
sult in the total cost of the lot. Algebraic lot midpoints can be calcu­
lated by the formula: 

when: 

[ 

L· (1 +K) ]-1 
M= ""K 

N2l+K_
N 

l+K 
1 

M = algebraic lot mid-point 
Nl = first unit in lot minus 1/2 
N2 = last unit in lot plus 1/2 

L = number of units in the lot 
K = exponent of the slope 

This assumes that at least an estimate of the slope can be made 
through a rough plot of the arithmetic lot midpoints. The arithmetic lot 
midpoint is the arithmetical center of the lot (for example, the lot of 
100 units beginning with unit 51 and ending with 150; arithmetical lot 
midpoint = (51 + 150) + 2 = 100.5). This is not to be confused with the 
average unit man-hours (or cost) of a lot, which is the total man-hours 
(or cost) of the lot divided by the number of units in the lot (for ex­
ample, 1,000 man-hours expended to produce a lot of eight units; the aver­
age man-hours per unit for this lot ,equals 125 man-hours). 

There is a "quick method" for calculating approximate algebraic lot 
midpoints for general use without using the aforementioned formula. By 
following the procedure shown below and using experience curve tables, 
the algebraic lot midpoint can readily be obtained, assuming the slope is 
known. 

Procedure: 

• Locate the slope of the experience curve in the tables (e.g. 
table A-B, B5 percent). 

*This technique is not unique to the Crawford Method and a complete 
explanation may be found in most standard textbooks on statistical 
techniques. 
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• Locate the cumulative total value for the last unit number of 
the lot. 

• Locate the cumulative total value for one less than the first 
unit number in the lot. 

• Subtract this value from the cumulative total value of the 
total value of the last unit in the lot and divide the result by the 
total number of units in the lot. 

• Locate this value (quotient) in the unit curve column for the 
same slope. 

• Having located the value that is closest, look across to the 
unit number which corresponds to this value. This unit number is the 
algebraic or "true" midpoint of the lot. 

Example: 

Find the approximate,algebraic (true) lot midpoint of a lot whose 
unit range is #101-#500, using an 85 percent experience curve. 

Cumulative total value--unit 500 
Cumulative total value--unit 100 

Total number of units in lot 
Unit value for true lot midpoint 
True lot midpoint 

116.4541 
33.9679 
82.4862 

400 
.2062 

269 

ADDITIONAL HYPOTHESES 

In addition to the two ''brand-name'' methods, a number of articles 
and reports have been written on the subject of experience curves. Sig­
nificant excerpts of several of these works are presented by Vincent 
Colasuono, An Analysis of Progress Curve Conceptual Advances and Progress 
Curve Uses. since 1956. Referenced works include: A. Aichian, H. Asher, 
A. B. Berghell, G. W. Carr, Crawford-Strauss, P. Guibert, W. Z. Hirsch, 
K. A. Middleton, 'and the Stanford-B Curve. 

Wright himself said that the total cost curve changes its slope at 
units 100, 1,000, and 10,000 when material and overhead are added to 
direct labor., This would indicate that he considered the function as 
possessing four, linear segments instead of the single linear segment 
commonly concel:ved of as the ''Wright Method." (The development of curves 
is discussed later under the subject heading "Selection of Experience 
Curve Ingredients. ") . 

A review of these works will reveal that although the basic concept 
of man-hours (or cost) decreasing as the number of units produced 
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increases is common to all methods, there are more than two mathematical 
approaches. 

USES OF EXPERIENCE CURVES 

The experience curve is one of a number of management information 
tools, the major application being in the areas of foreeasting and esti­
mating. Because of the empirical nature of the data, the experience 
curve is considered by many experts as merely a byproduct of normal pro­
duction reporting data, and the data remain in a semi dormant (i.e., raw, 
not plotted) state, not being fully utilized in the aforementioned areas. 
For other experts, the experience curve plays a significant, if not the 
most. important, role in forecasting an attainable rate of progress or 
improvement, in aiding management in controlling production activities to 
the forecasted levels, and in providing a consistent measure for estima­
ting costs based on these goals (which were, in fact, based on experience). 

The use of experience curves is not limited to its measure of labor, 
direct or otherwise; some of its other important applications are dis­
cussed below. For further applications you are referred to the bibliog­
raphy. 

MANPOWER LOADING 

The experience curve indicates the expected rate of improvement (or 
increasing rate of output) for a given number of employees. Therefore, 
in a ~i yen process, to meet a specific deli very date, manpower require­
ment~·in terms of total numbers and number of shifts to be worked inter­
faced with available equipment and floor space can be determined. When 
sequential processes are required, the availability of skills and equip­
ment eM be scheduled even if experience curves are different for each 
proee$s. Assuming a fixed delivery scheduled for the completed product 
requiring three sequential processes of fabrication, assembly, and test, 
the individual manpower requirements for each process can be ascertained 
by ''backing up" from the final delivery date. 

MATIlRJAL PLANNING 

Production schedules based on an analysis of experience curves enable 
optimum material planning by providing procurement personnel with the 
nece§~ary information for acquiring components in sufficient quantity, at 
the. right time and at minimum cost. This in turn can decrease the con­
tractor's total-inventory-on-hand position, releasing valuable dollars 
fc.rr alternative uses, without jeopardizing production schedules. An 
additional savings of reduced storekeeping space and associated handling 
co§t§ also can be realized. 
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TOOLING AND EQUIPMENT 

Because wide fluctuations in operation time occur as a result of the 
phenomenon inherent in the experience curve concept, the interface between 
delivery dates and tooling and equipment is significant. Adherence to 
fixed delivery requirements may necessitate duplicate production runs re­
quiring finite scheduling of available tooling and equipment. Detailed 
analysis of the applicable experience curves can assist in these projec­
tions. 

IN1ERNAL COST CONTROL 

Because initial experience curves should be developed from histori­
cal data, it can be expected that the actual data for similar situations 
will follow the same general trend. Yet, if this concept were strictly 
adhered to the question of whether the current curve follows the experi­
ence or whether the experience follows the curve might remain unanswered. 
Management, through the application of experience curves, can detect· if 
a stagnation in ~rovement has set in. IT is unlikely that current pro­
duction will exactly track an existing experience curve, and if it does, 
the probabilities are that production personnel are attempting to use the 
initial curve as a production standard of sorts. The curve, of course, 
should follow the experience, and management should expect improvement 
reflected by a reduction in the slope of the curve. 

OVERALL OBJECfIVE POSITION 

An analysis of experience curve data reveals that there is a rela­
tionship between the percentage of completion of an order or production 
run and the equivalent man-hours (or cost) expended through a given unit. 
The following hypothetical case illustrates this relationship. 

Given: (1) A unit one of 1,000, (Z) an 85 percent cumulative aver­
age curve (Wright ~thod), (3) a lot or order size of 100, and (4) 
Table A-8. 

ProbZem: Determine percentage of man-hours (or cost) expended 
through unit ten. 

SoZution: (1) Identify cumulative total for total order or produc­
tion run (33968). (Z) Identify cumulative total for desired unit (5 ,8Z8). 
(3) Divide cumulative total for desired unit by cumulative total for 
total or production run (17.Z percent). 

Therefore, with only 10% of the order or production run complete 
(100 divided by 10), J. 7.Z percent of the man-hours (or cost) have been 
expended. As the percentage of unit completion increases, the gap be­
tween the two percentages decreases (for example, 75 percent completion, 
80.2 percent of the man-hours (or costs) will have been expended). When 
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the order or production run is completed (100 percent), then 100.0 percent 
of ,the man-hours (or cost) will have been expended. 

COMPAHABILITY OF DATA 

Earlier in this discussion, the point was raised that technology 
played a significant role in contributing to ,the controversial nature of 
this subject. The differences in terminology are a result, in part, of 
the different types of data used for establishing plotting values. There­
fore, it is imperative to define the data input and specifically what it 
represents. As an illustration, the cost of tooling, methods engineering, 
and the like cbntribute to the overall reduction in cost and should be 
included in the calculation of an overall cost curve. But when measuring 
the experience curve of the direct production worker, these data should 
not be included in the values plotted for that experience curve. On the 
other hand; the cost incurred by the direct production worker could be 
included in an overall cost curve. As another example, material cost is 
certainly a cost to be included in the total cost picture, but inclusion 
of material cost data on the experience curve for the direct production 
worker can serve only to mislead--unless, of course, the desired result 
is to have the experience curve portray past experience for both direct 
production labor and material. 

Taking this a step farther, a curve constructed with the first lot 
containing the cost of a total automobile, the second lot containing only 
the cost of the motor, and the third lot containing the cost of the en­
tire automobile less the frame, would not likely be an accurate predictor 
of the cost of the ignition system. The experience curve can repre-
sent only what is put into it and is only as good as the management infor­
mation from which it is constructed. Thus extreme care should be taken 
to ensure that the cost or man-hour input is reliable. 

Another significant point about comparability of data is that for 
the curves to be representative of the entire picture, all of the com­
parable data involved must be represented. When plotting a point on a 
graph to construct an experience curve, both the "x" and "y" values must 
be known (that is, units and man-hours (or cost) must be known). If the 
man-hours (or cost) of an individual unit or lot was not available, the 
data point (y) could not be plotted; this would not alter the fact that 
the unit had been completed and must be accounted for in its proper se­
quence. (It is unlikely that the "x" value (unit or lot number) would 
not be known, including its respective position in sequence.) 

OTHER CONSIDERATIONS FOR EXPEHIENCE CURVE ACCURACY 

Aside from the introduction of noncomparable data, which has been 
discussed, some of the other common accuracy considerations for develop­
ing an experience curve are: 
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• Accuracy with ~hich historical data are accumulated. For example, 
a fluctuating labor classification system that frequently shifts the des­
ignation of workers between "direct" and "indirect/support" categories can 
add or subtract a worker's time from performance on any specified unit. 
By altering the classification of a worker or his job without necessarily 
changing the work, significant changes in the actual recorded hours per 
unit trend will occur. To illustrate, if seven men produce four units per 
8-hour day, the average number of hours per unit is 14 hours per unit, 
[(7 x 8) + 4 ; 14 hours/unit]. Now suppose that one of the jobs is re­
classified as "indirect." The worker does the same work, but his time is 
no longer calculated as "direct labor" and, hence, is not shown on the 
experience curve. The apparent improvement is 2 hours per unit [from 
(6 x 8) + 4; 12 hours/unit]. This appears to be a significant 30 percent 
reduction but is, in fact, no real improvement because total efficiency 
is the same. 

• Production may be characterized by poor starting documentation. 
The first end items may be modified many times before they are acceptable; 
engineering specifications are modified after the fact to reflect changes 
made first on the hardware; also, many programs are put into production 
concurrently with development effort on identical hardware. It is not 
unusual to find hardware being produced simultaneously on both develop­
ment and production contracts with the former effort far more costly than 
the latter effort. The whole approach results in extensive rework of 
previous efforts to make the end items perform to specification. Contrac­
tors must consider this as well as the likelihood. of customer-imposed 
changes when determining their manpower requirements. 

SELECTION OF EXPERIENCE CURVE INGREDIENTS 

GENERAL APPROAOI 

Existing experience curves, by definition, reflect past experience. 
Trend lines are developed from accumulated data plotted on logarithmic 
paper (preferably) and "smoothed out" to portray the curve. The type of 
curve may represent one of several concepts CWright, Crawford, Stanford-B, 
and so on). The data may have been accumulated by product, process, de­
partment, or by other functional or organizational segregations, depend­
ing on the needs of the user. But whichever experience curve concept or 
method of data accumulation is selected for use, based ort suitability to 
the experience pattern, the data should be applied consistently in order 
to render meaningful information to management. Consistency in curve con­
cept and data accumulation cannot be overemphasized because existing ex­
perience curves playa major role in determining the projected experience 
curve for a new item or product. 

When selecting the proper curve for a new production item when 
only one point of data is available and the slope is unknown, the follow­
ing, in decreasing order of magnitude, should be considered: 
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• Similarity between the new item and an item or items previously 
produced. 

Physical comparisons 
• Addition or deletion of processes and components 
• Differences in material, if any 
• Effect of engineering changes on items previously 

produced 
Duration of time since a similar item was produced 

• Condition of· tooling and equipment 
• Personnel turnover 
• Changes in working conditions or morale 

Other comparable factors between similar items 
• Delivery schedules 
• Availability of material and components 
• Personnel turnover during production cycle of item 

previously produced 
• Comparison of actual production data with previously 

extrapolated or theoretical curves to identify 
deviations. 

Jt is feasible to assign weights to these factors as well as to any 
other factors that are of a comparable nature in an attempt to quantify 
differences between items. These factors are again historical in nature 
and only comparison of several existing curves and their actuals would 
reveal the relative importance of these factors. 

, No similarity between the new item and an item or items previously 
prodUCed. 

, E~e slope on internal manufacturer fUnctional ot organizational 
curv© @~erience (example: departmental). 

or 
• Ease slope on experience by another manufacturer for same or 

similar items. 
or 

• Base slope on intraindustry curves for comparability. 

Obviously, 'as' the alternatives decrease in order of magnitude the 
probability of attaining reasonable accuracy decreases proportionately. 
The q~~tion of availability of data, suggested above, must be raised. 

If at least two points of data are available, the slope of the 
curve may be .determined. Naturally the distance between these two points 
must be considered when evaluating the reliability of the slope. The 
avaUability of additional points of data will enhance the reliability 
of thEl curve. Regardless of the number of data points and the assumed 
reliability of the slope, comparisons with similar items are considered 
the most desirable approach ·and should be made whenever possible. 
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A value for unit one may be arrived at in one of two basic ways: 

• Accumulation of data 

• Statistical derivation 

When production is under way, available data can be readily "plotted," 
and the curve may be extrapolated to a desired unit. However, if produc­
tion has yet to be started, actual unit one data would not be available 
and a theoretical unit one value would have to be developed. This may 
be accomplished in one of two ways. 

• Actual lot data (period values in a process cost system) can be 
plotted (see figures A-14 and A-IS) if production is under way. 

• Knowledge of both the slope and the point at which the curve and 
the labor standard value converge are known. In this case a unit one 
value can be determined. This is accomplished by dividing the labor 
standard by the appropriate unit value. For example, if the labor stand­
ard is 1 hour and the point of convergence is at unit 500, the theoreti­
cal unit one would be 4.29 hours (1.0 + .2329) for an 85 percent slope 
(see table A-B). 

TECliNI CAL APPROAGl 

In addition to the general techniques mentioned, the following more 
sophisticated techniques may be used in selecting the key components of 
an experience curve. 

• Gallagher (Project Estimating by Engineering Methods) 'Technique. 
This lists five elements that affect the selection of the slope. 

• Rate of production 

• Newness of the program 

• Amount of repetitive elements 

• Amount of hard or soft tools 

• Type of work 

Also considered are four elements that affect the unit one value. 

• Newness of program 

• Complexity 
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• Type of work 

• Amount of hard or soft tools. 

By applying graduated values to the elements of newness and complexity, 
a nomogram may be developed that will permit the derivation of a factor 
that represents the hours per standard hour at unit one. With this factor 
established, along with a prorated scale for rates of delivery, another 
nomogram may be developed to determine the correct slope. 

• Relationships between the labor standard and the experience curve 
technique. This technique utilizes the contract labor standard with actual 
or historical experience curves. Although in theory the experience curve 
is asymtotic (that is, it approaches but never reaches zero), the reali­
ties of production dispute this theory. For example, assuming a unit one 
expenditure of 1,000 hours with 75 percent slope, the cumulative average 
value at unit 100,000 theoretically would be 8.41 hours; at unit 800,000 
it would be 3.55 hours. 'It is highly unlikely that these decreases in 
hours expended will actually take place. (Somewhere between the unit one 
value and the unit 100,000 value is reality, where "learning" no longer 
occurs.) 

In conclusion, with an understanding of labor standards it can be 
seen that at some point (depending on the slope) the experience curve 
value and the value of the standard converge. In fact, if the labor 
standard is representative of the classical "average performance," the 
experience curve should cross the horizontal line illustrating the stand­
ard value and continue its downward slope until such time when maximum 
performance, by definition, is reached. At this point the curve should 
"flatten out" despite the asymtotic theory. The point of convergence 
between the experience curve and standard (line) shOUld be identified 
through an analysis of past history rather than arbitrary assumptions. 
Some attempts have been made to forecast this point of convergence (see 
chapter 7 of the IndustriaZ Engineering Handbook, 3rd edition), but this 
applies only to worker learning and does not consider management innova­
tions. 

FOLLOW-ON ORDERS 

Once the initial experience curve(s) have been developed for either 
the initial order or production run, the values through the last unit on 
the cumulative average and unit curves are discernible. Follow-on orders 
and continuations of production runs, which are considered extensions of 
the original orders or runs, are plotted as extensions on the appropriate 
=ve. However, the cunrulative average value through the final point of 
the extended curve is not the cumulative average for the follow-on por­
tion of that curve. But it. is, the cumulative average for both portions 
of the curve, assuming no bre~ in production. Likewise, the last unit 
value for both portions of the unit curve would represent the last unit 
value for the combined curves. 
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If a value for the cumulative average portion of the follow-on order 
or production run is desired, then the technique in the following hypothet­
ical case illustrated in figure A-16 should be employed. 

HypotheticaZ Case 

Problem: 

(1) Unit one has a value of 1,000 

(2) The slope is 80 percent (Wright Method) 

(3) The initial order or production run is for 100 units 

(4) The extension (no break in production) is for an additional 100 
units 

Solution: 

(1) Construct cumulative average and unit curves through the 200th 
unit by any of the previoMSly described methods. Use J- by J-cycZe loga­
rithmic paper. 

(2) Note the cumulative average value (227) and the unit curve value 
(154) for the 100th unit. 

(3) Plot the cumulative total value for 100 units (227 x 100 = 
22,700) and connect this point with the unit one value as a straight line 
to construct a cumulative total curve. 

(4) Note the cumulative average value (182) and the unit curve value 
(123) for the 200th unit. . 

(5) Plot the cumulative total value for 200 units (182 x 200 = 
36,400) and correct this point with the cumulative total value for 100 
units as a straight line. 

(6) Subtract the value for the cumulative total for 100 units from 
the cumulative total value for 200 units. The remainder is the cumula­
tive total for the·follow-on portion of the curve (36,400 - 22,700 = 
13,700). 

(7) Divide this remainder by the number of units in the follow-on 
portion to arrive the average value for the 100 follow-on units (13,700/ 
100 = 137). This value will be located on the extended portion of the 
unit curve near the midpoint between the end of the initial unit curve 
for 100 units and the end of the extended unit curve totaling 200 units. 

A-48 



(J) 

II: 
:> o 
:r 

10 

UNITS 

100 1000 

Fig1.U'@ ,1\-16. Plotting the Cumulative Average Value for a Follow-on Order 

A-49 



PRODUCTION BREAKS 

The production break- is the time lapse between the completion of an 
order or production run for the manufacture of certain units of equipment 
and the commencement of a follow-on order or restart of a production run 
for identical units. This time lapse disrupts the continuous flow of 
production and constitutes a definite cost. The time lapse under dis­
cussion here pertains to significant periods of time (weeks and months) 
as opposed to the minutes or hours for personal allowances, machine de­
lays, power failures, and the like. 

It has been established that experience curves are: 

• An expression of man-hours (or cost) reduction as a function of 
time 

• Determined on the basis of empirical data 

• The result of the contributions of various segments of the or­
ganization 

Time or Cost Reduction 

It is logical to assume that because the experience curve has a time/ 
cost relationship, a production break will effect both time and cost. 
Therefore, the length of the production break becomes as significant as 
the length of the initial order or production run. Because the production 
break is quantifiable, the remaining factor to be determined is the cost 
of this lapse in production (that is, the additional cost incurred over 
and above that which would have been incurred had either the initial order 
or the production run been continued through the duration of the follow­
on order or the restarted production run. 

Empirical. Data 

When a manufacturer relies on experience curves as management infor­
mation tools, it can be assumed that the necessary, accurate data for de­
termining the initial curves have been accumulated, recorded, and properly 
validated. Therefore, if the manufacturer has experienced production 
breaks, the experience curve data for the orders (lots) or production runs 
involved should be available in such form that appropriate curves can be 
developed. 

Contributory Factors 

George Anderlohr, in the September 1969 issue of Industrial. Engineer­
ing, suggests a method that assumes loss of learning is dependent on five 
factors: 
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(1) Production Personnel Learning. In this area, the 
physical loss of personnel, either through regular movement or 
layoff, must be determined. The company's personnel records can 
usually furnish evidence on which to establish this learning 
loss. The percentage of learning lost by the personnel retained 
on other plant projects must also be ascertained. These people 
will lose their physical dexterity and familiarity with the 
product, and the momentum of repetition. 

(2) Supervisory Learning. Once again, a percentage of su­
pervisory personnel will be lost as a result of regular move­
ment. Management will make a greater effort to retain this 
higher caliber of personnel, so the physical loss, in the ma­
jority of cases, will be far less than in the area of produc­
tion personnel. However, the supervisory personnel retained 
will lose their overall familiarity with the job, so that the 
guidance they can furnish will be reduced. In addition, because 
of the loss of production personnel, the supervisor will have 
no knowledge, so necessary in effective supervision, of the new 
hires and their individual personalities and capabilities. 

(3) Continuity of Productivity. This relates to the physi­
cal positioning of the production line, the relationship of one 
work station to another, and the location of lighting, bins, 
parts, and tools within the work station. It also includes the 
position adjustment to optimize the individual needs. In addi­
tion, a major factor affecting this area is the balanced line or 
the work-in-processbuildup. An example of this would be the 
fact that work station has completed its operations and released 
the part to work station three. Of all the elements of learning, 
the greatest initial loss is suffered in this area. 

(4) Methods. This area is least affected by a production 
break. As long as the method sheets are kept on file, learning 
can never be completely lost. However, drastic revisions to the 
method sheets may be required as a result of a change from soft 
to hard tooling. 

(5) Special Tooling. New and better tooling is a major 
contributor to learning. In relating loss in the tooling area 
to learning, the major factors are wear, physical misplacement, 
and breakage. An additional consideration must be the compari­
son of short run or so called soft tooling to long run or hard 
tooling, and the effect of the transition from soft to hard 
tooling. 

In Anderlohr's hypothetical case, each of the five elements is 
assigned a weight of 20 percent as a starting standard, but he states that 
"refinement of the weight will be needed for different industries as well 
as for different companies, within the industries. To a large extent, this 
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refinement depends on the relative skill of the production personnel. The 
engineering technician, for example, relies less on supervision methods, 
and special tooling than does the average assembler. This would be re­
flected in a difference of comparative weights." Furthermore, he added: 
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Suppose a company produces 20 units of an item. The com­
pany's past experience indicates an improvement on the basis of 
an 85 percent learning curve (figure A-I?). Production of the 
20 units averages 495,5 hours per unit, with the first unit 
consuming 1,000 hours. Six months after the completion of the 
20 units, a follow-on contract is received for 30 identical 
units. Learning is lost as follows: 
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Figure A-I? . Anderlohr's Hypothesis 
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Personnel. Only 75 percent of the trained production per­
sonnel are still ,available for the follow-on contract after a 6 
month production break, and it is estimated that, of these re­
tained personnel, 33 percent of their individual experience is 
lost. The learning retained in personnel is: 

20 x 75 x 66 = 10 percent 

The learning lost is: 

20 - 10,= 10 percent 

Supervisory. After a 6-month production break, only 75 per­
cent of the supervisory personnel remain available, and it is 
estimated that 33 percent of their individual know-how has been 

. lost. The learning retained and lost among supervisors is thus 
the S~e as for production personnel. 

Continuity. Tn@ productive continuity is completely dis­
solved and work st'!tionsare dismantled during a 6-month produc­
tion breM, Thus, '11,1 of the 20 percent weight allotted to this 
area is lo~t. ' 

Methods, Following the 6-month production break, it is 
estimated that 10 percent of the method sheets will be lost, de­
stroyed, or mgde ~useable. The learning retained is: 

20 x 90 = 18 percent 

The learning lo~t is: 

2Q - 18 = 2 percent 

Tooling. Sub$equent to the 6-month production break, it is 
estimated that gO percent of the tooling left from the previous 
production is aVailable. The rest was soft tooling and is either 
lost, destroYed, or dismantled. Calculating as above, the learn­
ing lOst is 8 perQent. 

The tgta~ learning loss (table A-10) is 50 percent of the 
learning aGhieved on the first lot of units. Figure A-17 shows 
that, for the 20th unit, the company had reduced production time 
by 618.5 hours. This time could be called learning hours. But 
it is estimated that 50 percent, or 309.2 of these learning 
hours, was lost as a result of the production break. This must 
be '!dded'to the 381. 5 hours needed to produce the 20th unit. 
The sum, 690,7 hours, is the theoretical production time as the 
comp'!ny is starting to produce the second lot of units. 
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Table A-IO. S~ary of Learning Loss 

Factors Assigned Weights (%) 

Personnel 20 
Supervisory 20 
Continuity 20 
Methods 20 
Tooling 20 
Total 100 

Estimated Learning Loss (%) 

10 
10 
20 

2 
8 

SO 

The point at which the learning curve intercepts 690.7 
hours is the starting point of the second lot. This gives 415.3 
hours as the estimated average time needed to produce each of the 
30 units. It is interesting to note that, if no consideration 
had been given for learning retention, the lot average would 
have been estimated at 450.4 hours, a difference of 1053 manufac­
turing hours for production of the entire lot. 

The weights and estimated loss of learning assigned in the 
hypothetical case were described in Anderlohr's original work 
as an oversimplification for ease of calculation and explana­
tion. Both the weights and estimated loss of learning should be 
developed on an individual basis. Anderlohr provides a matrix 
table A-II), including weights and related time frames, accom­
panied by a sample calculation, which was negotiated with a 
major contractor for the purpose of estimating loss of learning. 
It is expected that the weights and percentages will receive 
further refinement as actual related information become avail­
able. 

SlMMARY 

The material presented herein was intended to impart a basic under­
standing of this subject. It is recommended that significant study and 
effort be put forth in order to accumulate the knowledge, both in theory 
and technique, not covered by this discussion. The material covered in 
the bibliography will provide a point of departure for this in-depth 
study. 

Probably the most significant aspect of this discussion is the word 
experience itself, for no matter what elements (slope, unit one, and so 
on of a curve are proposed, the acceptance of the data must be based on 
the singular criterion of the contractor's experience. Arbitrary con­
siderations must be viewed on the same basis as any other pure estimate 
and are subject to adjustment during the negotiation phase of the 
prOcurement. 
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Table A-ll. Loss of Learning Matrix 
BREAK IN PRODUcrION 

Break Time 

Loss of Learning Days * Months 

Weight Element Description 

30% Employee Learning Loss of Personnel 

Retained Personnel Loss of Talent 

20% Supervisory Learning Loss of Personnel 

Retained Personnel Loss of Talent 

20% Continuity of 

Production Work Station Layout 

15% Tooling Hard Tooling 
Soft Tooling 

From Soft to Hard 

15% Methods Hard Tooling 

Soft Tooling 
From Soft to Hard 

*Examp1e of 30-90 days production break calculations 
Employee Learning (Loss of Personnel) 

(Retained Personnel Loss of Talent) 
Supervisory Learning (Loss of Personnel) 

(Retained Personnel Loss of Talent) 
Continuity of Production 
Tooling 
Methods 

Total Loss of Learning 

10-30 31-90 3-6 6-12 

10% 20%* 40% 50% 

10% 25%* 45% 70% 
0% 10%* 25% 40% 

5% 10%* 20% 30% 

50% 75%* 100% 100% 

0% 0% 10% 20% 

10% 20% 35% 50% 

50% 50% 50% 50% 

0% 5% 10% 20% 

5% 10%* 20% 25% 
50% 50% 50% 50% 

Weight 30% x 20% Loss 
Retained Weight 24% x 25% Loss 
Weight 20% x 10% Loss 
Retained Weight 18% x 10% 
Weight 20% x 75% Loss 
Weight 15% x 20% Loss 
Weight 15% x 10% Loss 

12 or more 

100% 

100% 
65% 

40% 

100% 

30% 

75% 
50% 

20% 

25% 
50% 

= 6% 12% 
= 6% 
= 2% 3.8% 
= 1.8% 
= 15% 
= 3% 
= 1.5% 

35.3% 





Appendix B. EVALUATING FABRICATION: ANOTIlER POINT OF VIEW 

Because, most contractors divide their direct shop labor into the 
general categories of fabrication, assembly, and test, and because the 
greatest effort among these usually is fabrication, we are devoting this 
appendix to describing the basic ingredients involved in the process of 
fabrication. Moreover, many of the concepts you will find covered in 
this appendix apply equally as well to the assembly and test processes. 

We will define fabrication as everything except assembly and testing, 
that phy~ically happens'to raw or semifinished material and adds to its 
value arid brings it closer to a finished state. The following types of 
operations are fabrication operations: 

_ Machine shop operations 

• Sheet-metal operations 

• Electroplating and metal-treating operation 

• Painting operations 

• Silkscreen, etching, and engraving operations 

Some types of operations, while they are actually fabrication in nature, 
are ~on$idered under the general category of assembly. For instance, 
wire preparation and weld grinding have the characteristics of fabrica­
tiqn operations, but because they usually are performed in the assembly 
areas of the plant, they fall into that category of labor. 

The fabrication area of a manufacturing facility physically contains 
some portion of all the direct costs listed on the DD Form 633. In this 
resPe~t. evaluation of fabrication costs will compel you to run the en­
tir~ gamut of cost analysis procedures. On the other hand, the well­
defin@d nature of fabrication operations is such that documented labor 
stanggrds, allowance factors, and production records usually exist, 
theNby making'evaluation of fabrication much easier than it otherwise 
WDul,d be. "Comparison" is the key word here, and many sources of com­
paratiVe values are available. 
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Because fabrication generally consists of machine shop and metal­
working operations, published recommendations are abundant for the vari­
ables (speeds, feeds, cycle times) that affect production times. Although 
two products may look and function differently, their basic units--the 
piece-parts--are fabricated and machined using the same methods, tools, 
and machines. Therefore, the same criteria for performance and the same 
standards to predict and judge output can be used on one as well as on 
the other. 

The cost of fabrication is expressed in terms of the time to perform 
an operation--or sequence of operations--on a quantity of parts. An 
evaluation of fabrication costs cannot be done easily on a "macro" level. 
That is, learning the total time to fabricate a quantity of product will 
not supply-you with the kind of information required to make a valid 
assessment. A "micro-level" evaluation calls for determining the various 
factors that influence fabrication costs and for evaluating these factors 
as to the extent of their influence. This cannot be accomplished from a 
distance; it will require an an-the-floor appraisal of the contractor's 
production environment. 

The following is a brief outline of the kinds of fabrication cost 
(time) influences about which information should be gathered during the 
an-the-floor evaluation. The following influences subsequently will be 
discussed insofar as these factors affect unit fabrication costs. 

• Machine Shop Basics 

• Hard Tooling 

• Soft Tooling 

• Numerical Control 

• Machinability 

MACHINE SHOP BASICS 

Because most fabrication labor is incurred in the machine shop, or 
"piece-part" shop, the elements of fabrication will be defined in terms of 
machine shop operations and procedures. With regard to practices within 
machine shops, variations will be found from one contractor to the other. 
For this reason, this discussion is introductory and is designed to ac­
quaint you with fabrication, not to make you an expert. In addition, 
several good texts are available which describe in detail the intricacies 
of machining processes. 

Although the various machines or processes have individual charac­
teristics, the elements involved in their operation are very similar. 
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Also, all the operators are human beings, so they are all subject to the 
same allowance factors. Basically, the time it should take to perform an 
operation on any part on a specific machine is made up of the follodng 
components: 

• The machine preparation time (setup time) 

• The part run time (operation time) 
(1) Part handling time 
(2) Machine positioning and cutting time 

• The machine teardown time (usually included as part of the 
machine preparation) 

• Miscellaneous allowances. 
(1) Personal, fatigue, and delay (PF&D) 
(2) Special allowances: 

(a) Tool-sharpening and tool-changing 
(b) Dimension-checking 
(c) Housekeeping 
(d) Other' 

Items fabricated in the machine shop are made of any of a variety of 
materials--such materials as aluminum, steel, brass, plastic, rubber, and 
composition-type materials (teflon). For purposes of this discussion, we 
will assume that parts being machined are aluminum so that the presenta­
tion of examples will be consistent. Unless parts are very large, thereby 
affecting handling times significantly, there is no difficulty in trans­
lating between different materials. After we have reviewed machine shop 
basics, we will discuss this translation between materials under the 
topic of "machinabili ty. II 

No matter what machine process is being evaluated in a typical pro­
duction machine shop--as opposed to a model or prototype shop, with which 
we are not usually concerned in a direct cost analysis--the following set 
of basic ingredients will always be found: 

• The machine or tool operator 

• The machine itself (including miscellaneous associated equipment) 

• The cut ,r 

• The work material 

• The dimensioned drawing of the finished part 

• The route sheet 
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These items will be discussed briefly in order to clarify some basic 
machine shop concepts and terminology. 

(1) The Operator. This man (or woman) is an hourly employee, often 
belonging to a union, who is sometimes paid some kind of incentive bonus 
for producing at or above a nominal company-determined rate of output. 
The important concept here is to consider all operators as average ex­
perienced workers, performing with reasonable skill and effort. The man 
is no superman and yet he knows his job. He has human fail;i.ngs and can­
not be expected to work at the same efficient pace 8 hours a day, and for 
this reason allowance factors, such as personal and fatigure allowances, 
are developed. A human operator has an important virtue, however, that a 
machine could not claim: the ability to improve his productivity through 
"learning". When evaluating labor productivity, it is important to deter­
mine to what point in the learning process the operator (usually operators, 
as a whole) has progressed. 

(2) The Machine. Machines that fabricate components required for 
F-Cognizance products fall basically into three groups: (1) hand-operated 
and hand-powered; (2) hand operated and electric motor powered, and (3) 
numerically controlled (NC), tape-operated, and electric-powered. With 
each upgrade in sophistication, the operator becomes les's of a factor in 
the operation time but more of a factor in the setup time. In fact, some 
companies employ special setup men for their NC equipment preparation and 
low-wage personnel for the tedious operation of these automatic machines. 

Actually, the extremes in machining will not usually be found in 
the production environments "that you will encounter. Hand-manipulated 
machines are usually used in model shops only, and totally automatic 
equipment, such as the transfer machines that are used in automobile 
manufacturing plants, are used for the true mass production environment. 
That leaves the middle ground for the fabrication process you typically 
will encounter. The types of machines that you should bp~ome familiar 
with are the conventional mills, drills, lathes, punch presses, and the 
somewhat more sophisticated (although the machining principles are the 
same) numerically controlled machines. 

Along with a machine comes its complement of tooling and accessories, 
such as rotating rabIes, indexing heads, vises, various clamps, wrenches, 
and gages. Special tooling, fixtures, jigs, and the like although not 
kept at the machining location, are also indispensable for efficient 
fabrication. In fact, it is not surprising to find that by doubling the 
tooling cost, total fabrication cost will be halved for a given part. 

(3) The Cutter. Machining operations enhance the value of raw 
material by changing certain physical dimensions of the material. They 
do this by either bending the part into another form or by removing some 
of the original material. For the most part we will be interested in the 
material removal operations, because the forming operations are much less 
complicated. 
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In order to remove chips of metal from a work piece efficiently, the 
sharpened blade of a cutter must come in contact with the work piece at 
the proper speed and angle. Naturally, the cutter material must be harder 
than the work material for metal removal to be effective. In other words, 
cutter hardness will always be greater than material hardness. 

Machining tools are not cheap, and one of the cost factors that a 
company tries to minimize is tooling. Another cost to be considered is 
the removal, sharpening, and replacement of cutters as they become dull. 
Dull tools, although they may still perform their material removal task, 
produce a poor quality of product, with rough finishes and unnecessary 
burrs left on the part. Labor supervision realizes this fact, and this 
is why a tool attention allowance (special allowance) is given to machine 
shop operators, unless designated indirect labor personnel perform this 
function. 

It was mentioned that a change in work material may call for a 
change in cutter material. However, because cutters must be much harder 
than the material on which they are working, the variety of cutter 
materials is not as large as that of work materials. This will be dis­
cussed in greater depth under the discussion on machinability, but for 
now the rationale is simply this: the softer the cutter for a given work 
material, the slower must be the peripheral speed of the cutter passing 
the work, and this means a longer and costlier operation than would be 
the case if the cutter were sufficiently hard. Therefore, a sufficiently 
hard cutter should be used, although it may be more expensive than a softer 
one, to avoid the cost of frequent tool attention and lengthy operation 
cycles. 

Because the cost of fabrication is a function of the time to fabri­
cate a part, a few words should be said about how cutting tools affect 
the make time (setup plus run time) of a part. A high-speed tool-steel 
cutter may be sufficiently hard to machine aluminum, but to machine stain­
less steel at the same feed and speed as the aluminum would require a 
carbide-tipped cutter. But because the carbide cutter is more expensive 
to buy and sharpen, there is a tradeoff to make between choice of tool 
material and feed rate. This decision usually is made by the manufactur­
ing engineer when he specifies the method of fabrication. To perform 
your analysis, you need not have his technical data or his experience, 
but you should be aware of the different sources of cost involved in the 
machining operation. 

The cutting tool can also affect the time to set up the machine. 
There are two types of tools: common and special. Common tools, such as 
often-used drills bits (1/8-, 1/4-, 3/8-, and liZ-inch in diameter), 
perforation tools, milling cutters (l-inch-diameter end mill), and band­
saw blades, are usually stored in the immediate vicinity of the machine 
and sometimes remain set up and ready to be used. Rarely used tools, 
such as fly-cutters and specially shaped punches and dies, are stored in 
the tool crib. Part of the time to prepare a machine for fabrication, 
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and sometimes a very generous part, is allocated to securing the proper 
tool from the crib, locating it on the machine, and returning it to the 
crib at the end of the job. This cost should not be incurred for "common" 
tools and often presents a problem to shop supervision, because operators 
are prone to keeping a "crib"tool at their station in anticipation of 
using it soon on a subsequent job. 

During your floor analysis, give some thought to how a contractor 
controls his tool dispersement, to whether or not and by how much labor 
is beating standard setup times by hoarding tools at their work stations, 
and to how much time is lost obtaining or waiting for tools. 

(4) The Work Material. Figure B-1 gives a general picture of how 
different materials affect fabrication time. No consideration is given 
to the weight differences between the materials in this context, although, 
in the extreme case of very large parts, weight would be an important 
factor. 
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Figure B-1. Relative Machining Time 
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The weight effect would be significant in determining handling times. 
The usual method for taking weight differences into account is to assign 
a multiplying factor to each major class of material, with aluminum having 
a factor of 1.00. The factor is then multiplied by the standard handling 
time for aluminum. In this case, copper might have a factor of 1.50 and 
steel a factor of 2.00. This would indicate that, for large parts only, 
it takes twice as long to get, position, clamp, unclamp, and put aside a 
part made of steel than one made of aluminum. 

The composition and characteristics of the work material also affect 
the method of fabrication. Parts made of magnesium often cause disgres­
sions from standard manufacturing methods. Although magnesium offers a 
weight advantage for airborne or missileborne components., it suffers from 
a lack of maleability and ductility. For this reason, before it can be 
formed or bent into other shapes, it must be heated in an on-the-floor 
furnace to prevent cracking as its shape is changed. Extremely large or 
small parts present individual situations that you will have to evaluate 
as they arise. In the main, they will be the exception rather than the 
rule and a great deal of time should not be spent in analysis of seldom­
occurring situations. 

(5) The Drawing$ and BZueprint$. Drawings of piece-parts to be 
manufactured in the machine shop are obviously essential operator tools. 
Information typically included on production drawings consists of some or 
all of the following: 

(1) Part number, name 

(2) Originator, date of drawing, approvals 

(3) Material specifications, form, composition, ap~licable military 
specifications, scale 

(4) Notes as to special considerations and revisions 

(5) Tabularized key of hole patterns, special shapes and individual 
holes along with thread, counterbore, and countersink descriptions 

(6) Detailed, dimensioned, and scaled drawings of all views of the 
part necessary for· efficient fabrication 

(7) General and individual dimension tolerances 

(8) Finish and weld requirements 

Drawings may originate with the contractor, if he had a development 
contract for such a purpose, or they may be supplied to him by the Govern­
ment. In any case, production inefficiencies should not be blamed on 
drawings of the product; rather, the drawings should be revised to corre­
spond to any changes that may have occurred. 
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(6) The Route Sheet. The industrial estimator receives a blueprint 
and is asked to make an estimate on the time to fabricate the part. His 
first step is to break down the job into the necessary operations. On a 
form known as a "routing sheet", ora "manufacturing outline sheet," (see 
figure B-2), he writes the operations in sequence and in detail. The 
method outlined by him represents the best manufacturing process within 
the limitations of the available equipment in the shop. On this outline 
he gives each operation a number, describes in detail what is to be done 
on each operation, designates the type of machine on which the operation 
is to be performed, and lists the tooling required. 

The form in figure B-2 is known by different names in different 
shops--such as a "manufacturing outline sheet," a "routing sheet," and a 
"travel order," and a "process sheet." Its function is the same in all 
shops, and it usually follows the job through the shop. The standard 
times are inserted by the estimator after he makes his element breakdown 
on the various operations. 

HARD TOOLING 

A contractor's tooling can affect his efficiency as much as the skill 
of his work force. An operator can work at 120 percent efficiency during 
an 8-hour day, but if the amount of his work is based on inefficient tools 
and facilities, he might just as well have stayed home. On the other 
hand, all the latest equipment, sharpest cutters, and individualized 
tools are no excuse for a machine operator to slow his job pace. The 
central point to remember in appraising a contractor's tooling is whether 
or not his costs reflect the better of either what he has or what he 
should have. 

In other words, if a contractor has not purchased any new machines 
in 30 years and all his operators are sharing wrenches and gauges, you 
should realize that this is inefficient and the Government is probably 
being asked to pay for it. Conversely, if a contractor has many of the 
latest equipments and all operators have a full complement of hand tools, 
then you should expect a reasonably high degree of productivity to be 
quoted by the contractor. 

One purpose of a floor evaluation and appraisal is to identify areas 
in which changes or improvements in a contractor's methods or facilities 
will decrease his cost and thereby decrease the cost of the product to ·the 
Government. One of these areas is hard tooling and in particular machine 
tools. Once it is decided how a part is to be fabricated in a machine 
shop (that is, what the sequence and type of machines to be used will be) 
there is a lower bound on the cost of that part. The contractor may have 
a set of production standards that is beyond reproach, a highly skilled 
work force, and extremely capable manufacturing engineers. With these as­
sets, he will quote the cost of a part, produce support data for that 
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ABC MACHINING COMPANY. INC , 

MANUFACTIJRING OUTLINE Plant Location Division 

1 S.M. 1 1 A 1 1 Tooling 
Part Name 

Bracket-Fus. Sta. #522 Page 1 s.o. Number Tooling Nwnber 
lower Elev. Cable Pulley Penn. Temp. of 1 Std. Part A65-242l29-lDS 

Oper. Std. Hours 
Item AI. Alloy Casting Operation No. Method Tools Dept. Run Setup 

10 Flycut Attaching Surface to 1/4 dia. 
1 IPM 600 RPM 62A Miller S65-242l29-lMFl 1 .030 .4 

(.200) 
20 Drill (3) #10 (.193) dia. holes 

1800 RMP 3 IPM 3lB Dr. Press S65-242l29-mn 1 .025 .3 
t:lO , 
0.0 30 Spotface 1/2" dia. 3 places 1200 RPM 3lC Drill Press 1 .012 .3 

(.499) 
40 Mill (.505) dia. between bosses & 

5/16 width of bosses to (2) places 
750 RPM 16 IPM 62D Miller S65-242l29-lMF2 1 .033 .5 

(.259) 
50 Line drill (.252) dia. hole thru 

bosses 1800 RPM 3 IPM 3lE Dr. Press S65-242l29-lDJ2 1 .017 .3 

60 Mach. 1-25/32 R. pulley clearance 
2400 RPM 3 IPM 3lF Dr. Press Std. Pulley Cutter 1 .033 .3 

70 Burr Method lC OIG Bench 1 .025 --
80 Inspect Method 3AN H Inspect Lor Rate - .25 113 --Min. Lot ; 40 --
--- ----"----

Figure B-2. Typical Manufacturing Route Sheet 



cost, and defy you to produce it less expensively. The only flaw may lie 
in the fact that he is operating with 100 machine operators, all of whom 
are manning hand-operated drill presses and milling machines. 

It is up to you to recognize that traditional fabrication methods 
will yield only limited productivity relative to more sophisticated meth­
ods. The contractor should be informed that wherever savings can accrue 
to the Government based on improved methods, these methods should be sub­
stituted for those of less efficiency. This is the reason for value engi­
neering clauses in many contracts. The Government is not opposed to pay­
ing for a contractor's capital expenditures, as part of overhead rates, if 
the resulting cost reductions outweigh the initial expense. 

In order to estimate savings due to equipment improvements, two sets 
of data are required: (1) the contractor's present method and its cost 
on a few selected high-cost parts, and (2) the alternatives to the con­
tractor's method and its cost. The first set of data should be supplied 
by the contractor, and it should include his industrial engineering stand­
ards, process or route sheets, the part specifications, and similar items. 
The second set is one you will have to supply and includes such informa­
tion as types of NC machine tools available, when they are advantageous, 
case histories of their use, and some general estimating parameters. In­
formation regarding NC equipment and its advantages follows this dis­
cussion, but it will be up to you to identify where the need for equip­
ment improvements is most obvious and then bring this need to the con­
tractor's attention. 

There is another side of the capital-expense-for-equipment coin. 
Rather than a contractor's being ignorant or reluctant to improve his fa­
cilities, he may be overzealous--he may have included as part of the cost 
to produce a given part the cost of a new NC machining center or even the 
cost of an old machining center that already has been partially paid for. 
Machines of this type range from $25,000 to $150,000 (or more depending 
on peripheral equipment and degree of sophistication). Your responsibil­
ity is to validate this expense as to its true worth and its method of 
cost allocation, if this action has not been taken previously by DCAA. 

Other hard-tooling expenses, which are smaller than equipment ex­
penditures but which· are purchased as direct tooling in higher quantities, 
are metal cutters, drill jigs, and special fixtures. You probably will 
be unable to evaluate ·each of these individual costs in the short dura­
tion of a direct cost analysis, but nevertheless a few time-saving ap­
proaches to evaluation are open to you. Comparison of a contractor's 
direct material costs for tools with the tool costs on prior buys and the 
other contractor's tool costs is one basis for evaluation. You also can 
request sample cost data for some of the relatively expensive tooling. A 
key question here is whether it is a special one-of-a-kind tool, or 
whether it can be (has been) used on other contracts or on other parts of 
the samcl contract. 
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The cost of one-of-a-kind tools, tools that can be used only for a 
particular part because of dimensions, hole patterns, and so on, should 
be reviewed on a sampling basis. Such tools probably will be included 
under the category of "other costs," or possibly in the manufacturing 
overhead account .. If they are a direct charge, they fall into part of 
your evaluation. Special tools are purchased usually because they pro­
vide a more efficient method of fabrication than ordinary tools. How­
ever, their high purchase or make cost cannot be justified unless a high 
volume of production is expected. 

Your task here is to request cost infonnation for the alternative 
methods of fabrication, one of which is the special tools in question, 
and evaluate the alternatives relative to each other. One of the pitfalls 
of this type of "reevaluation" (the contractor has supposedly already done 
it) is using preselected contractor data. You can avoid this by evalu­
ating the special tools of your choice, not the contractor's, and compar­
ing the furnished cost data for consistency. 

The question of·whether the special tool can be used again should be 
kept in mind. In some cases the answer is obvious and in others some 
thought might be required. For instance, a plate punch and die used to 
perforate 20 individual shapes in a piece of sheet metal cannot be used 
for any other part without considerable modification (therefore, it would 
be a direct charge against that part), but holding fixtures used on mill­
ing machines and drill presses are often made to be adjustable so they 
can accommodate parts of varying sizes. The cost of these tools should 
be considered as a capital investment and prorated as manufacturing over­
head against all the parts for which they are used. 

In addition to sampling tooling costs for accuracy and justification, 
the "quick look" method of overall comparison can also .be used. A valu­
able resource in direct cost analysis is historical data accumulated not 
only for the contractor being evaluated but also for other contractors 
producing similar products. Assuming two contractors are using similar 
accounting techniques such that their direct tooling costs can be dis­
tinguished from other direct costs, you can use simple comparison as a 
guide to further analysis. This is not to say that because a cost has 
been incurred it is necessarily justifiable, but at least it provides a 
basis for comparison. 

SOFT TOOLING 

The paperwork used by direct personnel to fabricate a part is com­
monly called soft tooling. This paperwork describes what a part looks 
like, how it is to be routed through the shop, what tools and machines 
are to be used, and w~at inspection and test requirements are imposed. 
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The time required for fabrication, the amount of support engineering 
needed, and the extent to which engineering changes will occur all depend 
on product complexity. Complexity is not a characteristic that can easily 
be quantified; it has to do with what new functions, or new ways to per­
form old functions, are associated with this product. If a contractor 
proposes an amount of direct labor or materials to support engineering 
changes owing to product complexity, at some time you will have to evalu­
ate this cost as a percentage of the total direct cost. In evaluating 
complexity, an excellent source of information is the contractor's draw­
ings of assemblies and component parts. Familiarity gained through ex­
perience with the product in question and similar products will be assets, 
because evaluation of complexity from engineering drawings and specifica­
tions is a totally subjective process. 

In the area of fabrication, complexity manifests itself in the mag­
nitude of the dimensional tolerances called for in the product design. 
An examination of some representative drawings should give you an idea of 
the skill or craftsmanship expected of machine shop operators. When look­
ing at a drawing, any dimensional tolerance given in fractions of an inch 
(±l/B, ±1/32) is not considered difficult to hold. A tolerance. of ±O.020 
inch is typical of conventional machine shops. Below this figure and 
down to a minimum of ±O.OOS inch, more care and checking is required. 
Figure B-3 gives the general relationship between tolerance and relative 
cost of production, assuming traditional machining methods. As is men­
tioned in the discussion of NC equipment, more sophisticated methods than 
these have the ability to hold closer tolerances (±.OOOI inch) time after 
time (this ability is called repeatability). 

In metal-removal operations one of the key variables affecting fab­
rication time is the feed rate of the part traveling by the cutter. The 
process or route sheet, which accompanies a lot of parts as it moves 
through a shop in the fabrication process,.usually specifies the feed 
rate for each machining operation. The feed rates are specified by the 
manufacturing engineer based on his experience and tool manufacturer rec­
ommendations. When the process sheet reaches the shop floor, the machine 
operator may choose to ignore the engineer's instructions or to attempt 
to follow them. If the specified feed rate is too slow, the operator can 
increase it manually and finish his work more quickly or at least with 
less continuous effort. A feed rate that is too fast will cause poor 
quality, cutter dulling, and general complaints from the operatin per­
sonnel. 

One of your tasks in evaluating soft tooling is to verify that the 
specified and actual feed rates are not widely apart. Estimates of fab­
rication costs appearing in the DD Form 633 are based on the engineer's 
specified feed rates in conjunction with industrial engineering standard 
times. If operating personnel discover over time that they can increase 
the feeds and speeds on their machines in excess of the values listed on 
the process sheet, the result will be what is known as "inflated labor 
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standards." Inflation of labor standards can occur in almost any manu­
facturing area where these standards are quantified and methods are docu­
mented. Creeping changes in methods are then implemented by direct labor 
personnel, but not to the extent that they are obvious to management or 
to the contractor's industrial engineers. One such change is the feed 
rate in metal-removal operations, and it is discussed here because it is 
something that can be checked easily while on the production floor. 

Once you gain access to the part of the contractor's soft tooling 
that indicates machine feeds and speeds recommended by the manufacturing 
engineer (namely, the process sheet for a given part), you will be ready 
to begin a pait of the floor evaluation. You will have to know where on 
each of the different machines the feed control setting is located. After 
you learn where they are, it is just a matter of making observations of 
feed settings on as many machines and different parts in current produc­
tion as you feel is representative of the plant conditions. 

NUMERICALLY ,CONTROLLED MACHINE TOOLS/PROCESSES 

CONDITICNS UNDER WHICH NC EQUIPMENT IS INDICATED 

• At least some parts are of complex design requiring different 
manufacturing processes and subject to occasional design changes. 

• Lot sizes vary, but are generally small (less than SOD), and 
lead times are an important factor. 

• The parts require some precision-machining to meet close toler­
ance requirements, high reliability, weight restrictions, or other strin­
gent standards. 

• At least some of the parts require specialized jigs, fixtures, 
dies, or templates for their manufacture. 

• Some of the parts require prolonged processing by skilled 
machinists. 

MANUFACTURING ADVANTAGES OF NUMERICAL CONTROL 

Flexibi li ty 

• NC tape can be verified and corrected before machining first 
part. 

• Prototypes may be made and inspected, and design changes in­
corporated, although the only tooling change required is the paper tape. 

• The NC machine usually has manual controls that can override 
the tape for specific one-of-ackind changes. 
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• Mirror images may be made from a single tape by manually chang­
ing the directional s.ense of any axis. 

• Small modifications to a part can be handled without complete 
retooling. 

Accuracy 

• Tolerance 'accumulations owing to operator judgment, setup ac­
curacy, tooling, and interpretation are nonexistent. 

• Machine response is the only factor affecting the ability of 
the process to hold a tolerance. 

• NC equipment have resolutions ranging from 1/32 inch down to 
0.000010 inch for point-to-point and 0.002 to 0.000020 inch for contour­
ing sys terns . 

• NC has minimized the possibility of human error, given a proved 
paper tape. 

Repeatabi li ty 

• Repeatability is a significant advantage when making many short 
runs of a part. 

• Both rough and finish cuts can be accomplished with one tape by 
using an undersized cutter for the rough cut. 

• The ability to produce symmetrical cuts would be of dubious 
value without superior repeatability. 

• Because guiding fixtures, templates, or tool-locating devices 
are unnecessary, the deterioration of their accuracy is not a factor. 

• With precise repeatability, 100 percent inspection can be elimi­
nated and replaced by a much cheaper reduced inspection plan. 

• This incidental inspection savings often has been entirely re­
sponsible for economic justification of NC equipment. 

Increased Productivity 

• NC ,minimizes "air-cutting" time because positioning to within 
1/16 inch can be done at rapid traverse rates of up to 200 inches per min­
ute (ipm). ' 

• Because many conventional operations can be accomplished in a 
single continuous cycle, the machine-controlled time is often 90 to 100 
percent of the total cycle ~ime. This allows the operator to use his 
time more efficiently and even to attend more than one machine at a time. 
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High Machine-Tool Utilization 

• Blueprint and part analysis is shifted to the engineering office 
from the shop floor while a machine stands idle. 

• Although NC sometimes requires two or three times as much setup 
time as required by conventional machines, NC equipment typically does the 
job of from six to 12 single-cutter machines.* Once it is set up, it will 
continue to operate providing utilization factors of more than 80 percent. 

Too l Savings 

• . Part clamping with NC often can be done using standard lie' clamps, 
strap clamps, toggle clamps, or a conventional single or double vise. 

• Expensive one-shot tooling can be eliminated. 

• Elimination of tool storage facilities, required for conventional 
jigs and fixtures, are in'many cases grounds for great savings. 

Reduced Lead Time 

• Weeks of lead time owing to hard-tooling manufacture can be con­
densed to a few days once the part analysis has been completed. 

• Defense contractors, often confronted with numerous design changes 
and model buildings, find greatly reduced lead time invaluable. 

Reduced Workpiece Handling 

• Because many operations are performed at one NC machining center, 
handling at the workplace is reduced, thereby cutting costs. 

• Material handling between stations is cut drastically, reducing 
the risk of damaging intricate and sensitive parts. 

• BottleneCks are not as great a problem as in former methods be­
cause the number of machining stations are condensed from five or 10 to 
one, two, or three. 

*A typical numerically controlled punch press may take up to three 
hours for a setup to punch twenty differently configured holes and 1.00 
minutes run time to punch all twenty holes (.05 minutes per hole). The 
same operation on conventional punch presses would require ten hours of 
setu{> (.50 hours per setup) and ,5.00 minutes run time to punch the same 
twenty holes (.25 minutes per hole). 
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Impossible Parts Made possible 

• Parts formerly fabricated from several pieces can now be cut 
from a solid piece. 

• Parts formerly bought from outside suppliers can now be made in 
house, thereby increasing control of costs. 

MAClU NAB I LIlY 

FACTORS INFLUENCING MACHINABILITY 

''Machinability'' involves the economical removal of metal by a machine 
tool. It·is expressed in terms of the cutting speed (surface feet per 
minute) of either the workpiece as it passes over the cutter or the cut­
ter as it passes through the workpiece. 

Our purpose in discussing machinability is to explain how to derive 
a good estimate for machine shop fabrication of electronic components. 
In addition, knowledge of machinability factors will help you produce this 
estimate in a minimum amount of time and with a minimum amount of data. 

Some metals and their alloys are harder than others. Table B-1 shows 
the relative machinability of soft metals (magnesium) and hard metals 
(steel). Hard metals require more time to machine than soft ones, under 
a given set of conditions. How these conditions affect the time to remove 
material is the subject of this discussion. 

Factors affecting the economical removal of material are many, and 
discussion of all of them would tend to detract from those of most im­
portance. As mentioned earlier under "fabrication basics," those factors 
having the greatest influence on machinability and for which there exists 
straightforward, tabularized data as follows: 

• Type of material being machined 

• Cutting-tool material 

• Nature of the cutting tool 

• Feed rate 

The material being machined is the prime consideration in determin­
ing the cutting speed for an operation. For this reason, most discus­
sions of machinability begin with recommendations of cutting speeds for 
common metals. Table B-2 is such a list of recommended speeds. To it 
will be applied multiplying factors to account for differences in tool 
materials and their uses. The machine-tool operator has access to cutting 
tools of various qualities: the higher the quality of the cutting tools, 
the higher will be the machinability of the materials involved. Because 
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Table B-1. Magnesium Alloy Being Taken 
as 100, the Order of Some Metals' Machinability 

Magnesium 100 
Aluminum 55 
Brass 45 
I roo 30 
Steel 20 

Table B-2. Cutting Speeds and Turning, Boring, and Milling 

Material 
Speed 
(fpm) Material 

Speed 
(fpm) 

Aluminum. . 
Bakelite . . . • 
Beryllium Copper 
Boiler Plate • . 
Brass (Conmercial Yellow). 
Brass (Naval) ... 
Bronze (Ordinary). 
Bronze (Hard). . . 
Cast Iron (Soft) 
Cast Iron (Medium) 
Cast Iron (Hard) 
Copper. 
Drill rod 
Fiber 
Magnesium 

1000 
125 

50 
50 

250 
125 
125 

75 
125 

75 
50 
75 
50 

1000 
2000 

Malleable Iron 
Masonite 
llinel (Bar) . 
M:mel (Cast). 
Phenolic 
Plastic. . 
Rubber (Hard) . 
Steel (Casting) (115-140 

Brinell). ., .... 
Steel (Casting) (140-160 

Brinell) .•.... 
Steel (Low-Carbon, Mild). 
Steel (Medium) ...•.. 
Steel (High-Carbon, Hard) 
Steel (Stainless) . . . . 

100 
1000 

50 
35 

1000 
250 
125 

75 

60 
125 

75 
50 
50 

the cutting speeds shown in table B-2 are based on high-speed tool steel 
with a factor of 1.00, multiplying factors must be used to make the table 
applicable to other cutting materials. Table B-3 gives these multiplying 
factors. 

The machinability of materials also is affected by the character of 
the cutting tool--how it is shaped and used. The single-point tool is 
excellent for r,emoving stock. Drills and reamers, on the other hand, 
usually operate "at lower cutting speeds than single-point tools of the 
same quality--about one-half of their speed. A second multiplying factor 
must be used with table B-2 to show the influence on machinability by the 
nature of the cutting tool; table B-4 gives these factors. 
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Table B-3. Cutting-Tool ~nterial 

Quali ty of Tool Multiplying Factor 

Carbon Tool Steel . . • . . . . . . . 
High-Speed Tool Steel .. . . . . . . 
Super-High-Speed Tool Steel (Stellite, 
Carbide (Carboloy, Kennametal, etc.) . 
Aluminum Oxide (Ceramic Cutting Tools) 

Cobalt, etc.) 

Table B-4. Cutting-Tool Machining Factors 

Turning •. 
Boring 
Broaching . 
Counterporing: 

Operation 

SOlid Cpunterbores (Piloted 
Spot-Pacer (Piloted) 
Inverted Spot-Facer (Piloted) 
Bac~ Spot-Facer (Piloted) .. . 

Center Reaming (Solid-Center Reamer) 
(For Internal Chamber) 
(For Countersink) 

Counter$inking (Combination Drill and 
CQWltl"rsink) 

Cuttini.: off . . 
DriUing ... 
Start pfi1ling 
Center Drilling 
Formin~ .... 
Geaf-$haping Cutters. 

Gear-~nerating Tools 
Gear-Shaving Cutters 
Hobs • • . .. . . . 
HollOW Milling .' . . 
KnurHn~: 

A!,lJl1J:inum Screw stock Steel, medium 
Magne$ium Steel, mild Steel, hard 
Brits;; 
(SOO fpm) (150 fpm) (100 fpm) 
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Factor 

1.00 
.75 
.25 

.50 

.50 

.50 

.50 

.50 

.50 
1.00 

.50 

.75 

.75 
1.00 

.75 

.75 
1.50 

.50 
1.00 

.50 
1.00 
1. 50 
3.50 
7.00 

Maximum Spindle 
Speeds 

No limit 
No limit 

No limit 
No limit 
No limit 
No limit 
No limit 

No limit 
No limit 
No limit 
No limit 
No limit 
No limit 
200-450 strokes 

per min 
No limit 
No limit 
No limit 
No limit 



Table B-4. Cutting-Tool Machining Factors (Continued) 

Operation 

Milling (General) . . . . 
Metal-Slitting Saws ... 
Pointing and Facing .Tools 
Reaming: 

(Ordinary Reaming; Reaming for size) 
(Reaming for High Degree of Finish) 

Recessing Tools: 
(End CUt) . . . . . . . . . . 
(Inside CUt) ....... . 

Threading OWithout Lead Screw) 
Screw Steel 

Alwninum Stock Medium 
Magnesium Steel Steel 
Brass Mild Hard 

Dies 
(Self-Opening) 30 £pm 20 £pm 10 £pm 
Dies (Button) 30 £pm 20 fpm 10 £pm 
Taps (Solid) 30 £pm 20 £pm 10 £pm 

Threading (with leads crew) 
Dies 
(Self-Opening) 30 fmp. 20 £pm 10 £pm . 
Dies (Button) 30 £pm 20 fpm 10 £pm . 
Taps (Solid) 30 £pm 20 fpm 10 £pm . 

Threading (Single-Point High-Speed steel 
tool) • . • . 

Thread Milling 
Thread Rolling 

Factor 

1.00 
.50 

1.00 

.75 

.25 

1.00 
.75 

.75 
1. 50 
1.00 

Maximum Spindle 
Speeds 

No limit 
No limit 
No limit 

No limit 
No limit 

No limit 
No limit 

250 
250 
250 

No limit 
No limit 
No limit 

150 
No limit 
No limit 

Table B-2 is based on high-speed-stee1 single-point turning tools, 
depth of cuts of 0.125 inch, feed rates of 0.020 inch per revolution (ipr) , 
and tool life of 2 hours. Variations to these parameters would lead to 
changes in the stated cutting speeds. The problem here is to detennine 
appropriate cutting speeds, which directly affect revolutions per minute 
(rpm's) and feed rates, for such variations. The data contained in these 
tables at least can aid in producing estimates of machine times, and they 
will most certainly provide you with a good "feel" for the meaning of 
machinabili ty. 
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USING MACHINABILITY FACTORS 

In order to determine the actual time required for a tool to com­
plete a machining operation, two parameters IllUSt be known: the distance 
to be machined (the length of the cut) and the tool's feed rate in inches 
per minute. The length of cut can be determined relatively easily by 
reference to the engineering drawing of the part to be machined. Esti­
mates of feed rates for standard or typical conditions are not hard to 
find. However, if some degree of accuracy is required for nonstandard 
conditions (for example, many operations to be performed on the part or a 
few operations on many parts), quick-look tables of general data or "thin­
air" estimates will not suffice. 

The time to machine metal parts is directly proportional to the sur­
face feet per minute (fpm) at which the work material ·moves past the 
cutter (or vice versa). The surface feet per minute depends on many vari­
ables, the most influential of which are (1) the work material, (2) the 
cutting-tool material, and (3) the nature of the tool and operation. 

Comprehensive studies have been made by many groups to determine 
optimum speeds at which to machine most metals under the same set of cir­
cumstances. The results of one such study (they are representative) are 
given in table B-2. Now, knowing the recommended speed, you would need 
to get from that to a nominal feed rate in inches per minute so that your 
machine-time calculation can be made. Feed rate and cutting speed are 
proportional to an extent, and in symbols this is the relation: 

ipm = (ipr) (rpm) 

rpm = D1l i:f'p!Ill ~ 4 fpm 
lTITlif) D 

fpm = f (work material, cutter material, operation type) 

In words, the above is stated like this: Inches per minute are 
equal to inches per revolution times revolutions per minute. Revolutions 
per minute is approximately equal ·to four times the feet per minute di­
vided by the cutter diameter. And finally, feet per minute as given in 
table B-2 is·a function of and must be modified by two more factors--a 
cutting-tool factor and an operation-type factor. 

Tables B-3 and B-4 contain the multiplying factors for cutting-tools 
and operation-types, respectively: Knowing these data and the data con­
tained in table B-2, a good approximation to a reasonable cutting time 
can be made, provided the following have been ascertained: 

• Type of work material (aluminum, steel, and so on) 

• Type of cutter material· (high-speed-steel, carbide, and so on) 
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• Operation type (milling, drilling, turning, and so on) 

• Cutter diameter 

• Length and mnnber of cuts 

• Nominal feed per revolution (ipr) 

Although determination of a single cutting time seems to be quite 
tedious, remember that this procedure probably would be used only to check 
a contractor's standard machine data or to spot-check the proposed machine 
time for a given part. A step-by-step procedure will be outlined and 
then an example will be given to demonstrate the use of the procedure. 

Prooedure For Caloulating Maohine-Time 

fpm. 

(1) Determine the following: 
(a) Work material 
(b) Cutter material 
(c) Type of operation 
(d) Cutter diameter 
(e) Characteristics of the cut, length, and so on 

(2) Pick a speed corresponding to the work material from table B-2. 

(3) Pick a factor corresponding to cutter material from table B-3. 

(4) Pick a factor corresponding to operation type from table B-4. 

(5) MUltiply the above three values together to get the appropriate 

(6) Calculate rpm (4 fpm/dia) 

(7) Determine a recommended feed per revolution from table B-5. 

(8) MUltiply ipr by rpm to get ipm. 

(9) Divide length of cut by ipm to get number of minutes to make cut. 

Example 

Operation: Mill a 2-inch groove in stainless-steel block, two rough 
cuts, one finish cut using l-inch-diameter carbide­
tipped end mill. 

From tables: fpm = 50 
Tool factor = 3.50 
Operation factor = 1.00 
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Table B-5. Feeds for Single-Point Carbide Tools* 

Materials 

Carbon Steels (lOxx) . 
Free-Machining (llxx) 
Manganese (13xx) . . . . 
Nickel Steels (23xx) (25xx) 
Nickel-Chrome (3lxx) (33xx) 
Polybdenum (40xx) (4lxx) 

(46xx) . . 
Chromium (50xx) . 

(86xx) .... 
Stainless steels. . 
Titanium . . . . . . . 
Heat-Resistant Alloys 
Cast Iron 
Malleable Iron . . . 
Nickel Alloys (Monel, K-Monel) 
Copper Alloys: 

Free-Cutting . .. 
Average Machinability 
Difficult to Machine 

Aluminum Alloys 
Magnesium Alloys 
Plastics. .... 

Rough 

.005-.015 

.015-.025 

.015-.020 

.010-.020 

.007- .020 

.007- .018 

.003-.015 

.007-.012 

.010-.040 

Feeds 

.015-.020 

.010-.020 

.015-.025 

.012-.022 

.010-.020 

.010-.020 

.015-.030 

.010-.020 

.010-.020 

.008-.015 

.015 minimum 

.003-.008 

Finish 

.003-.007 

.010-.015 

.010- .015 

.003-.010 

.005-.009 

.003-.008 

.003- .005 

.003-.008 

.005- .010 

*Compiled from Speeds and Freeds for Better Turning Results, The 
Monarch Tool Co., 1954. 

Modified £pm = 175 
rpm = (4) (175)/1.00 = 700 

Rec. ipr = .010 rough, .005 finish 

First cut ipm = (700) (.010) = 7.0 

Second cut ipm = (700) (.010) = 7.0 

Third cut ipm = (700) (.005) = 3.5 

Machine Time Total = 2.0 + 2.0 + 2.0 = 8 min 
7;0 7.0 3.5 .". 

= 1.14 min 
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(The time to make the three cuts is by no means the total operation 
time. Other elements must be considered, such as part handling time, 
tool positioning times, and allowances. But because machinability does 
not influence these other elements, they are not discussed in this con­
text.) 

EVALUATING TIffi CONTRACTOR'S ECONOMIC AWARENESS 

By "evaluating the contractor's economic awareness" we mean determin­
ing if the contractor uses his own resources wisely. If a contractor 
spends more money than he should- (we presume because of his economic un­
awareness), the Government likely will pay for overspending. Now we 
are concerned with finding evidence that the contractor makes wise use 
of his resources in the purchase and use of materials. 

Remember from section II that a production lot is a specific number 
of parts fabricated in one production run by the contractor; a purchase 
lot is a specific number of raw materials or parts bought at one time by 
the contractor. You can_evaluate the contractor's economic awareness by 
seeing if he has determined the most economical size for these production 
and purchase lots. 

On one hand you know that buying in large quantities increases the 
likelihood of price breaks and that even for parts a contractor produces 
for himself he must purchase raw materials from outside suppliers. 
Clerical work needed for each buy is not free. And you know that some 
parts are lost each time a machine is set up for a new operation because 
the machine must be adjusted by preproduction "trial runs" until it can 
perform in a required way. So it seems that thriftiness increases with 
lot size. 

But on the other hand, as we have mentioned, you must ·realize that 
keeping the materials in storage can be expensive. So, just what is a 
economical lot size? 

An economical lot size usually lies somewhere between an extremely 
small and an extremely large lot. The following formulas, although less 
sophisticated and precise than some, can enable you to estimate just 
where between the extremes a particular lot size should lie. The vari­
ables you use can-be-estimates because the economical lot sizes themselves, 
at best, can represent only estimates. 

EVALUATING PRODUCTION LOT SIZES 

when: 
Economical-production lot size = L =-Ji~~A, 
N = number of days worked per year 
U = daily usage of the part 
I = contractor's expected-return on his investment 
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C ~ total unit cost of the part including material, labor, and 
overhead 

A ~ unit storage cost per year 
S ~ setup cost per lot 

An example of how to use this formula can be devised by substituting 
constant values for some of the variables. Assume, then, that: 

N ~ 250 days 
I ~ 15% or .15 
A ~ ~C ~ .~5C ~ .075C 

U - total production requirement 
. - No. working days to due date 

With these substitutions, your formula for determining an economical 
production quantity is: 

Now you can determine an economical production lot size if you can 
find out from the contractor the values in the formula that are not con­
stant. The contractor should be willing to tell you his estimates of the 
setup and unit costs, and you can find the total end-product quantity 
requirements and the due date by referring to the master bill of materials 
or by asking the contractor's scheduling department. 

Suppose you discover the following: 

S - $10 per hr X 4 hrs ~ $40 (includes overhead) 
C; ~ $30 
Coptract requirement for the part ~ 400 
Contract due date = 1 July 1973 
roday's date ~ 1 January 1972 
D~ys remaining until due date = 378 working days 
U ~ contract requirement for aart = 400 = 1 06 
. - days remaining until due ate 378 . 

You can now determine a specific economical production lot size by 
completing our formula as follows: . 

L = (SOD) (D) (S) _\ /l500) (1. 06) ($40) = 
~,45)(C) - V (. 45)($30) 

= )1570 = 40 units per lot 
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Our formula indicates that the contractor's production operations 
would be most economical if ten lots of 40 units each were produced over 
the contract's 18 months. 

The economical production lot size you find by this formula may con­
flict with the delivery requirements set by the Government. If it does, 
and the schedules cannot be adjusted, the contractor will have to abide 
by the delivery requirements. Even so, use of this formula and comparing 
your lot-size findings with the contractor's. proposed or actual lot sizes, 
taking into account delivery requirements, will allow you to judge the 
contractor's economic awareness. 

We have not intended to imply in our discussion of production lot 
sizes that production in the contractor's plant is not continuous, that 
his plant operations halt at the completion of each production run; such 
usually is not the case. The point of this discussion is that, insofar 
as possible, the contractor should produce over a specific amount of 
time only as many units of a particular part as he can store and handle 
economically. 

EVALUATING PURCHASE LOT SIZES 

An economical purchase lot size (sometimes called an economical 
order quantity) can be determined as follows: 

Economical purchase lot size = Q =Vi'/!!.A, 
when: 

U = number of units required for 1 year 
P = cost of placing an order for the material (clerical hours plus 

overhead) 
I = contractor's expected return on investment 
C = unit price of the material 
A = storage costs 

An example of how to use this formula can be devised by substituting 
constant values for some of the variables. Assume, then that: 

I = 10% 
A = IC = 10%(C) = .10C 

~ ~ ylOUP Therefore, Q =y-:1OC = -C-

Now you can determine an economical purchase lot size if you can 
find out the cost of placing an order, the contract requirements for the 
material in terms of units per year, and the unit price of the material. 
The contractor should be able to give you an estimated cost of placing 
an order, but if he cannot, he should be able to tell you the number of 
purchase orders that were generated by his purchasing department. The 
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cost of placing an order can then be determined by dividing the number 
of purchase orders into the yearly budget of the purchasing department. 

The contract quantity requirement for the forthcoming year can be 
obtained from the proposal itself or from the master production schedule, 
and the material unit price can be obtained from vendor quotes or from 
historical data recorded for similar contracts. 

The application of the economical purchase lot formula can be shown 
if we assume that the item to be produced is an aluminum casting and 
that: 

U = 500 
P = $50 
I = 10% or .10 
C = $30 
A = IC = (.10)($30) = #3 

Then by completing our formula we find that: 

Q =Vi~A = (2) (500) (50) =' rsooo = J8333 = 91 285 . t 
(.10) (30) +3 V-r;- . unl s per order 

Our formula indicates that the contractor's purchases would be most 
economical if he planned his orders so that 5 lots of 100 units would be 
taken into the plant over the next year of the contract. This does not 
necessarily mean that the contractor should make five trips to an outside 
vendor and buy 100 units each time. If the vendor offers price breaks 
for bulk buys, the contractor probably should buy all 500 units at once. 
But even so, the contractor probably should arrange for the vepdor to 
make five deliveries, each of 100 units, over the next year. 

There may be a problem here. Making deliveries to the contractor 
means packing and shipping expenses to the vendor, and this means that 
the vendor probably will raise his charges to the contractor according 
to the delivery requir~ments. The contractor, then should compare his 
storage costs with the extra delivery charges to see if he should have 
his material delivered in accordance with the original "economical 
purchase lot." 

All of this means that our formula can tell you approximately how 
many purchased units a contractor should take into his plant over a 
specified time period considering the storage costs involved. Beyond 
this, you should see whether or not the contractor has shown economic 
awareness about price breaks, vendor delivery charges, and any other 
influences on material purchases. 

Probably during your material evaluation the contractor will not have 
begun producing and buying materials for the contract under study. This 
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means that your application of our purchase and production lot formulas 
likely will be on past-performance data kept by the contractor, and there 
is a chance that the contractor's material practices have changed since 
those data were recorded (if you suspect they have, you should ask the 
contractor about them). 

We do not claim exactness for either of our formulas. But they do 
provide ways to check quickly for evidence of contractor economic aware­
ness, and unless your findings are negative, you can turn your evaluation 
from the contractor's purchase and production practices to other in­
fluences on total direct material cost. If your findings are negative, 
you should recommend that the contractor change his production and 
purchase practices as necessary to prevent the Government from incurring 
extra costs due to inefficiency. 
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Appendix C. SYSTEMS FOR ACCUMULATING COST DATA 

When costs are estimated.under noncompetitive conditions--which oc­
cur for most defense contracts--a close look at how a contractor accumu­
lates his cost data is an important part of your evaluation of his cost 
estimates. Under competitive conditions, your judgment about the fair­
ness of a contractor's cost estimates can be based largely on comparisons 
of them with estimates developed by other contractors. Without the ability 
to compare cost estimates of competing contractors, each of whom is vying 
for a contract award, an examination of a contractor's cost-accounting 
system, as well as his cost-estimating techniques, becomes necessary. 

The contractor's de,cision on which estimating technique to use is 
influenced greatly by the data available to the contractor. The contrac­
tor's method for accumulating data--his cost-accounting system--determines 
the data that will be available for him to use in his cost estimates. 

COST ACCOUNTING 

UNIFORMITY IN COST-ACCOUNTING SYSTEMS 

In the field of cost accounting and cost analysis there are pressures 
for uniformity and comparability, but most of these arise from special 
circumstances and they are of less force than appear in the area of finan­
cial accounting. This is understandable, since cost accounting is a matter 
of managerial (internal) information for the most part; but any decision 
as to price or output policy brings cost data into close relation with 
the market situation. When prices are established under something less 
than fully competitive conditions and the restraints of the market operate 
imperfectly--as in the case of most government contracts--cost data must 
playa large role in contract negotiation and settlement. Under such 
conqitions, the method of cost accounting can make a substantial difference 
in results, and variations in cost assignment may become a matter for con­
cern. In such situations, the only way to achieve equitable settlements 
is to base them as much as possible on logical, consistent and valid cost 
mea!i~q:ements ... 

Every firm has its own characteristics and individuality; these 
arise from sources that may even be somewhat beyond the control of owners 
or managers, in adapting to the environment as to markets, products, 
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supply of resources, choices of method and other factors. Various com­
binations of many factors tend to make each business different from any 
of the others. But further, the operation of systems to collect and pro­
cess data about operations is a part of the task of management, and the 
outputs of such systems are generally regarded as confidential and special 
adaptations of managerial needs and skills. 

STANDARDS IN ACCOUNTING 

The idea of standards is used to a considerable extent in all business 
and accounting data. For instance, those actual steps taken to establish 
the dollar amount of an inventory are not really so important as whether 
the final results is acceptable. It does not matter much whether the items 
are counted in a particular order, or whether the count is by units, tens 
or dozens; the result should be precise. It is not acceptable to guess 
at the number of items, if an actual count is at all possible. Even when 
estimates are unavoidable, they should be carefully made, and checked. 

To bring this to the level of cost analysis, it is clear that cost 
data are nearly always used by people who did not put them together. If 
cost figures are to be used with confidence, they must meet standards as 
to their content--there must be a way to be sure of what the figures 
mean. Direct costs should be discernible from indirect costs, not by how 
computations are made, or by convenience in making such computations, but 
by some sharply specified idea of what makes them different. The standard 
to be met by a "direct-cost" classification should be as nearly unequivocal 
as possible, because those who use the figures must know what criteria 
were used to separate direct.costs from non-direct ones. Unless these 
criteria are known, one cannot understand the result. Costs that are 
averaged together must be reasonably homogeneous if the average is ·to be 
meaningful; bases for cost assignment must be selected in some way that 
is not merely arbitrary or capricious. When there are various methods 
available which produce significantly different results, there should be 
some recognized norm; and any departure from that norm ought to be ex­
plained. Better still, when there are departures from standard or accepted 
methods, data should be made available in such form and detail as to per­
mit adjustment to make comparisons possible. 

Until recently the technical evaluator and other cognizant government 
agencies have been plagued by the task of "deciphering" the intricacies 
within the multitude of variations of cost accounting systems. But on 4 
May 1972 Defense Procurement Circular Number 99, "Cost Accounting Stan­
dards," was published and with it a major step was taken toward uniformity 
in cost reporting. Certain contractors as specified in the above publica­
tion will be required to submit Form CASB-DS-I, Cost Accounting Standards 
Board Disclosure Statement. A copy of the index page of this statement is 
enclosed as figure C-I. 
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COST ACCOUNTING STANDARDS BOARD 
DISCLOSURE STATEMENT INDEX 

REQUIRED BY PUBLIC LAW 91-379 

Page 
PART I - General Infonnation · · · · 1 

PARI' II - Direct Costs . . . . · · · 4 

PART III - Direct Vs. Indirect . · 11 

PART IV - Indirect Costs . · · · · · 14 

PART V - Depreciation and Capitalization 
Practices . . · · 21 

PART VI - Other Costs and Credits · · · 26 

PART VII - Deferred Compensation and 
Insurance Costs · . · · · · · 29 

PART VIII - Corporate or Group Expenses · · 38 

Continuation Sheet 
--,-- -_. 

Figure C-1. Index Page of "Cost Accounting Standards 
Board Disclosure Statement" ' 

It is suggested that you become familiar with the contents of this 
circu~ar since the infonnation provided in the disclosure statement can 
be o~ ~ignificant assistance in your work. 

COS,:(, OBJECTIVES 

C~sts are always costs of something; that item or condition to which 
cost i§ related is a cost objective. Some of the kinds of cost objectives 
are th~ cost of products; activities; methods; fUnctions; proposals; pro­
ces~es, departmental, territorial, or commodity units of organization; 
and ch@,p,els of distribution and classes of customers. What it costs to 
produce an item of product, to train an employee, to speed up a process, 
to CarTY an additional amount of inventory, or to substitute one proce­
dure f~T another in any of a wide variety of situations are some common 
ex~le§ of defining the cost objective. Any of the things or conditions 
which. :1,$ the object of the preposition "of" in the phrase, "the cost of---" 

C-,3 



is a cost objective. Specifying the cost objective sets the focus of 
interest in cost determination; it is therefore a decisive factor in the 
collection and assignment of costs. It is important that the cost objec­
tive be specified carefully and unequivocally; many real difficulties in 
cost determination arise because the cost objective has not been clearly 
defined. 

Establishing the cost of something implies that there is some way to 
determine what costs are pertinent to that cost objective, properly appli­
cable to the case at hand. 

In cases where the cost objective is a specified commodity or service, 
it is assumed that all the costs incurred (that is, all outlays that can 
be related to the cost objective) should be recovered. Cost reimburse­
ment or recovery has been qualified by the idea that such costs should 
be "reasonable"--not overly wasteful or inefficient. But this does not 
alter the need for, nor the IOOthods of, properly identified and substan­
tiated cost assignment. 

COST CENTERS 

Many contractors segregate direct from indirect costs by breaking 
their costs down according to cost centers. A cost center, burden center, 
or cost pool is an area in the contractor's facility in which a single, 
distinguishable type of operation, function, or activity is performed. 
Cost centers can be classified as. productive, service, or nominal cost 
centers. Productive cost centers sometimes are called direct cost centers; 
service cost centers and nominal cost centers sOIOOtimes are called indirect 
cost centers. 

FToduative C08t Center8 

Productive cost centers are units, functions, or areas where a par­
ticular type of work is done. These centers may encompass a single ma­
chine or a group of machines that are alike, and a single worker or a 
group of workers engaged in the sare type of work. 

Serviae C08t Center8 

Individual activities that support the productive activities but do 
not contribute directly to the manufacture of a product (that is, they 
are not obviously traceable) are service cost centers. Service costs 
usually are classified as indirect costs; they include costs for building, 
machinery, equipment, tool, and power plant maintenance. 

NominaZ C08t Center8 

Nominal cost centers exist in nare only because no particular activity 
is performed. Such overhead costs as payroll taxes, local taxes, county 
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taxes, and state taxes, should management desire a convenient grouping of 
costs, can be accumulated by nominal cost centers. 

COST-ACCOUNTING SYSTEMS 

The two basic cost-accounting systems are the job order cost system 
and the process cost system. Each of these two basic systems can be 
classified as either a historical cost system or a predetermined cost sys­
tem, which makes possible four "pure" types of cost systems: (1) the his­
torical job order cost system, (2) the predetermined job order cost sys­
tem, (3) the historical process cost system, and (4) the predetermined 
process cost system. Most contractors, however, accumulate both histor­
ical data-and predetermined data for use in predetermining contract costs, 
and many contractors apply their own variations to the job order cost 
system and the process cost system. 

JOB ORDER COST SYSTEMS 

Contractors use job order cost systems when they must estimate the 
end-product cost of each contract apart from the end-product costs of 
other contracts. That is, when each contract (or job order) has unique 
characteristics that preclude its end-product cost's being averaged with 
the end-product costs of other contracts, the contractor probably will 
use a job order cost system (see table C-1). 

Table C-l. Job Order Cost System Compared with Process Cost System 

Cost 
System 

Job 
Order 

Process 

1. 

2. 

1. 

2. 

Production 

By specific job, lots, or 
orders 

Specifications unique for 
each order 

Continuous or mass pro-
duction of a single product 
or homogeneous products 

Specifications not unique 
for one order 
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Costs 

1. Accumulated by jobs, 
lots, or orders 

2. Calculated when job 
is finished 

1. Accumulated by units 
of product within each 
process or department 

2. Calculated at end of 
cost period. 



When contractors accumulate cost data by a job order cost system, 
usually the contracts they handle do not require the continuous production 
of many units of a single end-product type. A contractor, for example, 
may handle special orders by which unique end-product design charac­
teristics are specified by his customer; or he may produce some components 
continuously in his shop, but these components will be combined with other 
assembly components in some particular way specified by his customer (in 
these situations a combination of job order and process cost systems may 
exist) . 

Under the job order cost system, direct and overhead cost data are 
accumulated by each contract or order worked on by the contractor. The 
contractor's direct laborers identify on their time cards the jobs on 
which they work, and a calculated overhead rate is applied to the direct 
labor time recorded for each job order. The direct material requirements 
for each job order can be identified by bills of materials and charged 
to the particular job order. This method of data accumulation does not 
preclude the completion of DD Form 633 in the prescribed manner since 
gross overhead rates may also be calculated. 

The difference between. a regular "job order cost system" and a "job 
lot cost system" is that under a job order cost system, a single unit of 
product, such as a yacht or a house, constitutes·a complete job, and 
under a job lot cost system, multiple units of product, such as books 
or toys, constitute a job lot. Heavy-machinery production, printing, 
shipbuilding, construction, machine shops, and furniture building are 
among the industries that use job order cost systems. 

PROCESS COST SYSTEMS 

A process cost system is used when identifying each individual end­
product cost is impractical. Under a process cost system, total costs 
for producing a kind of unit and the number of that kind of unit produced 
are determined for regular accounting periods, and an average unit cost 
for the period is determined. Under a job order cost system, unit costs 
are not available until the job is completed; in process costing, average 
unit costs are determined at the clpse of cost periods and are available 
although a "lot" required by a contract may not even be completed (see 
table C-I). 

A process cost system likely will be used when any of the following 
occurs: 

• Plant production is of a single product. 

• Although several products are produced in the plant, management 
divides the plant into cost centers, each of which is responsible for 
manufacturing a single product. 
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• The plant has been divided into separate operation or production 
centers, each performing specific standard operations. 

• Production of a single product is for a specific period of time 
and is followed by production of other products for specified times with 
each production distinguishable by individual production data and costs. 

• The relative importance of multiple products can be determined 
by computing weighted averages (quantity and cost) without significant 
distortion. 

Process cost systems are used by such industries as the chemical, 
petroleum, textile, steel, rubber, cement, flour, sugar, and coal indus­
tries; by firms that make such articles as rivets, screws, bolts, and 
small electrical parts; by assembly-type industries that manufacture such 
items as household appliances, typewriters, automobiles, and airplanes; 
and by such service industries as gas, water, electric power, and heat 
companies. 

Sequential process costing is applied when products go through a 
series of processes in a specified order. Costs are transferred from one 
process account to another as the product is transferred fron one process 
center to another, and the cost of the finished product is recorded in 
the last process center, 

When a basic material goes through two or more processes, resulting 
in two or more end products, parallel process costing may be used. The 
petroleum industry provides an example of simulataneous parallel process­
ing by which a basic material (crude oil) is processed into different end 
prodUcts (such as kerosene, gasoline, and lubricants) by being channeled 
simultaneously through different processes. In food-processing plants, 
several different eng products may be produced in consecutive steps on 
several different lines, which is nonsimultaneous parallel processing. 

In process costing, direct and indirect labor and material costs are 
accumulated according to process or department. Although distinguishing 
direct costs and indirect costs is usually unnecessary in process costing, 
evaluating the·cost of a process is helped by the distinction. 

In job order costing, manufacturing overhead is commonly distributed 
to the product usually on the basis of its ratio to direct costs, but in 
proce~s-costing the common denominator usually is units produced. 

When more. than one process is required for the manufacture of an 
end product, manufacturing overhead must be distributed to each process 
or d~partment. When several products are produced simultaneously or in 
successive runs, manufacturing overhead may be apportioned within each 
proce$s to products produced. To minimize the effect of seasonal pro­
duction fluctuations, manufacturing overhead can be determined as a 
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yearly cost factor and an average manufacturing overhead charge per unit 
can be developed. In addition, a manufacturing overhead rate per direct 
labor. cost may also be developed (which accommodates DD From 633 
requirements) . 

Some contractors segregate costs in order to identify certain over­
head costs (material and direct engineering) apart from those applicable 
to direct manufacturing labor. General and administrative (G&A) costs 
may be identified and distributed in a manner similar to overhead costs. 

Variations to, and combinations of, the two basic systems exist. For 
example, to have fabrication departments or processes in which costs are 
based on process costing and to have assembly departments in which costs 
are based on job order costing is sometimes practical. 

HISTORICAL COST SYSTEMS 

When actual cost data are accumulated after operations have taken 
place, the cost-accounting system is a historical cost system. Either 
the job order cost system or the process cost system can be classified 
as a historical cost system if the only data about an end product's pro­
duction are accumulated after the end product is produced. 

Historical cost data relate to: 

• The acquisition, storage, and use of raw materials, parts, and 
supplies (these data include purchase requisitions, purchase orders, re­
ceiving reports, and summary of materials used) 

• The employment and performance of labor (these data include 
time cards, payroll journals, employees' payroll records, and employee 
and department performance reports) 

• The incurrence and allocation of manufacturing overhead (these 
data include invoice vouchers, journal vouchers, and material requisitions) 

To prevent distorted projections from historical data, the following 
should be analyzed: 

• Changes in plant layout and equipment 

• Changes in products made, materials used, and methods of 
manufacture 

• Changes in organization, personnel, working hours, conditions, 
and efficiency 

• Changes in costs 
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• Changes in managerial policy 

• Lag between incurrence of costs and reporting of production 

• Random influences such as strikes and weather 

Historical data are used in all cost-accounting systems, at least as 
a base for comparing actual results with predicted results. The proper 
accumulation and application of historical data, therefore, are indispens­
able ingredients in any reliable cost estimate. 

PREDETERMINED COST SYSTEMS 

Predetermined cost systems are cost-accounting systems in .which data 
about the production of an end product are accumulated before the end 
product is produced. A contractor using a predetermined cost system 
gathers information about a job he soon will do, and with certain cost­
estimating techniques, like the ones we have discussed, he can predict his 
costs for doing that job. 

When contractors use predetermined cost data, normally these data 
must be substantiated by past actual performances. That is, although a 
contractor may use a "predetermined cost system," probably he will main­
tain historical records of the actual results of his past contract per­
formances, and these historical cost data are used as a basis or as a 
backup for the contractor's predetermined cost data. And when he finishes 
work on a contract for which a predetermined cost system was used, the 
contractor can compare the actual results that occur with the predicted 
results based on predetermined cost data. 

Two types of predetermined cost systems are the estimated cost system 
and the standard cost system. 

Estimating Cost Systems 

A contractor who uses an estimated cost system accumulates cost data 
on a "cost-estimate sheet." On this cost-estimate sheet, he jots down his 
guess of the direct labor, direct material, and overhead costs for pro­
ducing an end product. Usually his "guess" is an estimate based on his 
past production of the same, or a highly similar, end product. And when 
he actually produces the end product for which he has estimated costs, he 
can compare the results that occur with his predicted results and use 
this experience to make future cost estimates. 

An estimated cost system is one that has been developed primarily to 
expedite costing; it is particularly useful in such industries as the 
shoe, road, bridge, housing, bottling, and clothing industries, in which 
design is important and selling price must be quoted prior to actual 
manufacturing. 
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An estimated cost system provides management with: 

• A unit cost estimated in advance that permits periodic comparison 
and revision if desirable 

• A cost of sales figure without the use of expensive inventory 
procedures 

• Overall economy in cost estimates 

Costs determined by use of,an estimating system are seldom very 
accurate. 

Estimating End-product Costs via Cost-Estimating Relationships. The 
cost-estimating-relationship (CER) technique allows a contractor to esti­
mate the cost for an end product without using labor standards for the 
operations needed to produce the product and without calculating his net 
material costs. The cost for producing the end product is estimated by 
giving a cost value to some physical or performance characteristic of the 
end product. For example, if a contractor charges $10 a pound to produce 
one product, he may assume the cost of a similar 10-pound end product to 
be $100. Or if a contractor charges $100 to produce a 10-horsepower motor, 
he may charge $1000 for a similar-type motor with 100 horsepower. 

CER's are developed by accumulating actual costs incurred in the past 
by the contractor for producing some type of end product. These actual 
costs then are related 'to some physical or performance characteristic of 
the end product, such as cost per pound or per horsepower. Then finally, 
statistical procedures are devised to evaluate these cost relationships. 

When a contractor develops a CER, he must decide what characteristic 
to use as a cost basis and whether the cost value he chooses represents 
direct labor only or direct labor costs plus such other costs as manu­
facturing overhead. He also must account for any changes in his ability 
to produce the product and any inflation of labor and material costs, and 
he must allow for any cost reductions resulting from improvements in per­
formance as experience is gained. 

Finally, the contractor must develop some means to determine if his 
CER's are statistically reliable. There are no certain methods for deter­
mining the statistical reliability of a CER, but the reliability of a CER 
somehow should be tested. Unfortunately, the only real test of a CER is 
in the contract's final results. Are the actual costs that occur the 
same as the c.osts predicted by the CER's? 
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The advantages of using CER's are: 

• Rapid cost estlination is possible after the CER's are developed 
(the actual development of the CER itself is a lengthy process). 

• The effort required for estlinating with CER's is small compared 
with the effort needed for other cost-estlinating techniques. 

• The procedures for developing and using CER's are more objective 
than are the other techniques, which depend largely on personal judgment 
about what may occur in the future. 

• The procedures for using CER's are systematic and provide con­
sistent estlinates for easy evaluation by other persons. 

• The systematic use of historical actual data is more accurate 
than are other techniques for estlinating costs of new systems. 

Some disadvantages of CER's are: 

• Past practices and occurrences used for the historical cost data 
will be reflected in the derived equations and, therefore, in projected 
costs. To the extent that future practices will differ, estlination errors 
are likely to occur. 

• Because CER's must be restricted to a few explanatory variables, 
they tend to overslinplify the many factors that affect cost. 

• The statistical probability statements of a CER are not always 
clear or accurate. 

• Because some programs' characteristics are outside the range of 
the sample data used to derive the CER, you must answer whether the trends 
found in the sample data will hold beyond the range of those data. 

Standard Cost Systems 

Standard performance, as we linplied in our discussions on labor 
standards, is the level of performance that a contractor should be able 
to maintain under normal conditions. Standard costs is the cost that 
should be attainable for some operation or process performed under normal 
conditions. Standard cost data, therefore, are the data collected by a 
contractor prior to his production of some end product to determine what 
the cost of the end product should be. 

"Current standards" reflect what performance should be during a 
certain period of time. Current standard costs are computed estlinates of 
what costs should be in, an ensuing accounting period, and they are re­
vised from accounting period to accounting period to reflect price trends. 
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"Ideal standards" are based on the most favorable labor and material 
prices; once set, they are rarely changeu. "Normal stanuarus" are baseu 
on average prices over an entire business cycle; they are not reviseu 
until the cycle is complete. 

"Basic standards" do not change after their establishment, unless 
physical changes to the operations themselves create the need for revised 
standards. The price level assumed when basic standard costs are set 
usually is the average price level expected for the first year following 
establishment of the standard costs. Basic standards are not changed in 
response to' later price change.s, and thus they represent a fixed base 
with which current standards can be compared. 

Standard cost data are carefully computed data used to estimate 
future costs. But because they are developed prior to actual production, 
standard cost data usually are considered "should-cost" and their true 
validity can be determined only by comparison with results that actually 
occur. 

COST-ACCOUNTING SYSTEMS--SUMMARY 

In our discussions, we introduced you to two basic systems for accum­
ulating cost data to be used in estimating costs; these systems are the 
job order cost system and the process cost system. Each of these two 
basic systems can be categorized further as either a historical cost 
system or a predetermined cost system. Under a historical cost system, 
the data accumulated are historical--that is, they are accumulated sub­
sequent to the actual production of the end product; under a predetermined 
cost system, the data accumulated are predetermined--that is, they are . 
developed for forecasting costs prior to the actual production of the end 
product. 

Most contractors use some variation of these cost-accounting systems. 
Historical data are used in most, if not all, systems, at least for com­
paring predicted costs with the costs that actually occur. ~~ny contrac­
tors combine the use of job order costing and process costing. 

In this subsection, we have tried to acquaint you with how contrac­
tors generally accumulate cost data because how they estimate costs is 
largely based on the data available to them. And if a contractor uses a 
cost-accounting system that is not compatible with his manufacturing pro­
cedures, he.probably will use a cost-estimating technique for which he 
has insufficient data to derive a reasonable cost estimate. 
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