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UH-60M 

Technology Readiness Level

Assessment

1.0 PURPOSE

This document provides a Technology Readiness Level (TRL) Assessment for 

the UH-60M program in support of the Milestone (MS) B acquisition decision process.  The TRL Assessment will identify and demonstrate the degree to which critical technologies are mature and capable of meeting the program objectives.

2.0  PROGRAM OVERVIEW

       The following paragraphs briefly define the UH-60M program, its objectives and the detailed program and system descriptions.

2.1 Objective

      The UH-60M program will recapitalize/upgrade the existing fleet of UH-60A/L aircraft to meet Block 1 requirements identified in the Operational Requirements Document (ORD) for Recapitalization of the UH-60 BLACK HAWK Utility Helicopter Fleet.  The ORD requirements provide capabilities for digitization/situational awareness, increased lift and range requirements over the UH-60A model, extend the service life of the aircraft, and increase operational readiness over the current UH-60A model.  The Utility Helicopters Program Manager’s Office (UH PMO) will meet these requirements by recapitalizing the airframe and qualifying, testing and integrating mature technologies into the UH-60 helicopter.  UH-60 aircraft designated to perform the Medical Evacuation (MEDEVAC) mission will integrate the UH-60Q/HH-60L medical equipment package (MEP) into the UH-60M platform.  New production UH-60 helicopters will incorporate the UH-60M Engineering Change Proposal (ECP).

2.2 Program Description

The UH-60 BLACK HAWK mission is to project and sustain the force by 

providing air assault, general support, command and control, and MEDEVAC capabilities.  It was designed to replace the Vietnam-era UH-1 and to fill the need for a utility helicopter that would transport an entire infantry squad or carry double the UH-1’s external load at higher airspeeds, with greater survivability, in adverse weather and more severe climatic conditions.  The BLACK HAWK is a twin turbine engine, single rotor, semi-monocoque fuselage, rotary wing helicopter capable of transporting cargo, 11 combat troops, and weapons during day, night, visual, and instrument conditions.  The main and tail rotor systems consist of four blades each; with the capability to manually fold the main rotor blades, scissor the tail rotor paddles, and fold the tail pylon assembly for deployment, transport, or storage.  A movable, horizontal stabilator assembly is located on the lower portion of the tail rotor pylon to enhance flight characteristics.

  Twenty two percent of the UH-60A helicopters within the fleet were over 20 

years old at the end of FY00 and 66 percent had exceeded their service half life.  Increased operational tempo and the technological age of the airframe, components, and systems are adversely impacting the UH-60 resulting in increased O&S costs and decreased reliability and maintainability.  The UH-60 does not have the necessary digital avionics architecture to meet interoperability communication requirements.  Existing communication and navigation suites do not meet evolving International Civil Aviation Organization and Federal Aviation Administration (FAA) traffic management requirements planned for implementation beginning in 2003.  Current UH-60A/L navigation systems do not provide the precision required to insert troops and equipment during future combat (land and over-water) operations especially in darkness and adverse weather conditions.  

  In 1998, the US Army Aviation Center Director of Combat Developments began development of an ORD for UH-60 BLACK HAWK Recapitalization/Upgrade.  During this same timeframe, the US Army Aviation and Missile Command (AMCOM) chartered a utility helicopter fleet modernization study to address how to best meet the challenges faced by the aging fleet.  The Utility Helicopter Fleet Modernization Analysis, which concluded in January 1999, was led by a General Officer Steering Committee (GOSC) that reached a consensus recommendation for the path ahead.  The GOSC consensus was that while a pure UH-60 modernized fleet is the desired approach, it is currently unattainable because of affordability constraints.  Therefore, an evolutionary tiered modernization approach should be pursued.  Elements of the recommended strategy, specific to the UH-60 BLACK HAWK fleet, are synopsized as follows: 

· Modify 255 UH-60A/L aircraft to meet the UH-60 Modernization ORD Block 2 requirements (digitized cockpit, increased lift, reduced Operation and Support (O&S)) for Force Package (FP) 1 air assault units. 

· Modify 860 UH-60A/L aircraft in FP 1, FP 2-4, and TDA units to a UH-60M configuration, to meet the Block 1 requirements of the UH-60 Modernization ORD.

· Modify, through modification, 357 UH-60A/Q and HH-60L aircraft, to the UH-60M MEDEVAC BLACK HAWK (UH-60M platform with medical MEP).

The ORD for Recapitalization/Upgrade of the UH-60 BLACK HAWK Utility Helicopter Fleet, signed in January 2000, and updated in September 2000, calls for increased capabilities as technology matures through the use of tiered, evolutionary requirements.  In the near term, Block 1 requirements address immediate operational challenges associated with the aging UH-60 fleet.  Requirements include digitization/situational awareness, extension of the aircraft life, reduction of fleet O&S costs, and increased operational readiness.  Block 2 requirements address additional increases in lift and range, digitization, reductions in operating and support costs and increased survivability.  Meeting Block 2 requirements is dependent on technology advances. 

  
Block 1 takes advantage of existing aeronautical and digital technologies to recapitalize/upgrade the fleet.  Existing UH-60A/Ls are recapitalized/modernized into UH-60M aircraft that include airframe structural improvements, a propulsion upgrade for the UH-60A, and a digital cockpit.  Immediate payoff is realized by maintaining the average fleet age at about 15 years, while reducing O&S costs.  The O&S payback is a result of replacing the UH-60A engines (about 60% of the fleet) with more reliable UH-60L engines.  The UH-60L engine also provides significant lift capability improvement over the UH-60A.  Digital avionics and communications will allow the BLACK HAWK to operate on the digital battlefield and reduce pilot fatigue while improving situational awareness.

Block 2 is initiated once the advanced propulsion capabilities of the common engine program are available.  The common engine program, an advanced technology program executed by the Aviation Applied Technology Directorate (AATD), will provide 3,000 shaft horsepower with reduced fuel consumption.  The Army’s Apache program and the Navy’s Sea Hawk program will also procure the engines.  Along with the increased lift and range, the Block 2 aircraft will contain increased digitization and improved aircraft survivability.  The Block 2 program will be pursued when technology becomes available to meet performance requirements under a separate acquisition process.

While technology constrains the ability to meet the ORD Block 2 lift/range requirements in the near term, the need exists now to modify existing BLACK HAWKs to meet digitization/situational awareness requirements, extend the life of the aircraft, reduce O&S costs, and increase operational readiness.  


2.3 System Description


      The UH-60M may be produced from the assembly line or recapitalized/upgraded from an UH-60A or UH-60L aircraft.  The UH-60M is based on the UH-60L Lot 21 configuration with additional improvements to airframe, electrical system, main rotor blades, Flight Control Computer (FCC), and cockpit/avionics.  Specifically, the UH-60M configuration will have the following improvements.

a. The avionics incorporate the following components:  communications/ 

navigation MIL-STD-1553 data bus, Control Display Unit (CDU), Multi-Function Displays (MFDs), stormscope, and hardware and software to allow the crew to digitally communicate via the Improved Data Modem (IDM).  The cockpit improvements include a moving map and the ability to present the data of primary flight instruments on the MFDs.

b. The UH-60M includes a Cockpit Voice Recorder (CVR)/Flight Data Recorder 

(FDR).  The CVR/FDR will record all crew intercom voice, radio voice, and data messages.  The CVR/FDR will be equipped with crash protection and a locator beacon.

c. The current Stability Augmentation System (SAS) /Flight Path Stabilization 

(FPS) computer is replaced with the Dual Use Application Program (DUAP) digital Advanced Flight Control Computer (AFCC).  The analog components of the flight control system remain unchanged.  Figure 1 illustrates UH-60M cockpit improvements and benefits of paragraphs a-c.
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Figure 1.  Cockpit Improvements

d. The UH-60M will utilize the Wide Chord Blade (WCB).  This blade offers 

increased lift and will help offset the lift lost due to the increased mission weight of the UH-60M.  The advanced composite main rotor blades consist of a graphite/fiberglass spar with a swept anhederal blade tip and have 16% wider chord than the current titanium blades.

e. The engine exhaust system includes an improved Hover Infrared Suppression 

System (HIRSS).  The T700-GE-701C engines currently fielded on the UH-60L aircraft will be utilized for the UH-60M program.  An Improved Durability Gearbox (IDGB), rotorhead, and controls will be incorporated from the UH-60L program also.

f. The UH-60M includes the Crashworthy External Fuel System (CEFS).  The 

Extended Range Fuel System (ERFS) delivers fuel from external fuel tanks into the main fuel tanks, thereby providing any ESSS capable UH-60 helicopter a substantially larger range of operation.  The ERFS consists of two (2) 230-gallon crashworthy external, ballistic-resistant fuel tanks; two (2) BRU-22A ejection racks for each ESSS removable provisions kit; a jettison subsystem; and the necessary adapter, electrical harnesses, and the tube assemblies to complete the interface with the ESSS.  The fuel system consists of the lines from the main fuel tanks, firewall-mounted selector valves, prime/boost pump and fuel tanks, and engine driven suction boost pumps.  It also contains electrically operated submerged fuel boost pumps in each tank which provide pressurized fuel if the engine fuel pressure drops below the minimum operating pressure.  Figure 2 illustrates the propulsion improvements and benefits of items d-f.









Figure 2.  Propulsion Improvements

g. Airframe improvements include refurbishment or replacement of cabin 

components and troop seats, and refurbishment of tailcone, stabilator, vertical pylon, airframe tuning devices, and crew seats.  Major airframe load paths are strengthened to accommodate the increased WCB capability and the aircraft usage spectrum modified to reflect growth in mission weight.  For those aircraft not currently equipped, the External Stores Support System (ESSS) will be added to incorporate hard points for external stores and an improved ESSS fuel system.  The transition access door will be utilized for the UH-60M program.

h. Electrical wiring is replaced to meet the Electromagnetic Environmental 

Effects (E3) requirements and accommodate new electrical systems design.  Figure 3 illustrates airframe improvements and benefits of paragraph g and h.











Figure 3.  Airframe Improvements

3.0  Assessment

This section details the process utilized for the TRL Assessment of the UH-60M 

Recapitalization/Upgrade program.

3.1  Process Definition

  The TRL Assessment examines the UH-60M program concepts and defines the 

technology requirements of the program in order to determine technology maturity.  As part of the program risk determination, technology maturity is defined as the degree to which critical technologies have been demonstrated as capable of meeting the program objectives.  As part of the UH-60M Milestone B documentation for System Development and Demonstration, the UH PMO has performed an Integrated Risk Assessment which is based on similar principles identified by program documentation, inputs from experienced acquisition personnel, and the application of widely accepted Department of Defense (DoD) risk management techniques.  Using the IRA process approach as a basis, the TRL Assessment consists of the following steps:

(1) Define Critical Technology:

Those vehicle technologies, components, or subsystems whose

success or failure most significantly affect the ability of a fully

integrated UH-60M to meet the Block 1 key performance para-

meters (KPPs) as identified by the ORD and the System Performance

specification, AVNS-PRF-10002.

(2) Identify critical technologies in the UH-60M Work Breakdown Structure 

       (WBS), Attachment.

Based on the objectives of the UH-60M program, improvements to the airframe, propulsion system, cockpit digitization, and cockpit integration (hardware and software) were chosen as the critical technology elements as shown in Figure 4.

(3) Define levels to be utilized in TRL Assessment per October 2000 draft

       version of DoD 5000.2-R and extracted from GAO Report NSIAD-99-162 

       Best Practices as shown in Figure 5.

(4) Assess critical technologies and assign readiness levels.

	Cockpit Digitization
	Stormscope

Dual EGIs

CVR/FDR

AFCC

IDM

	Propulsion
	CEFS

WCB

T700-GE-701L Engine

IDGB, Rotorhead & Controls

Improved IR Suppressor

	Airframe
	Refurbishment

Standardization

Refurbished Tailcone & Stabilator

Transition Access Door

EMI Rewiring

ESSS


   Figure 4.  UH-60M Critical Technologies

	TRL Level
	Definition

	1.  Basic Principles Observed and Reported
	Lowest level of technology readiness.  Scientific research begins to be translated into applied research and development.  Examples include paper studies of a technology’s basic properties.

	2.  Technology Concept and/or Application Formulated
	Invention begins.  Once basic principles are observed, practical applications can be invented.  The application is speculative and there is no proof of detailed analysis to support the assumption.  Examples are still limited to paper studies.

	3.  Analytical and Experimental Critical Function and/or Characteristic Proof of Concept
	Active research and development is intiated.  This includes analytical studies and laboratory studies to physically validate analytical predictions of separate elements of the technology.

	4.  Component and/or Breadboard Validation in Laboratory Environment
	Basic technological components are integrated to establish that the pieces will work together.  This is relatively “low fidelity” compared to the eventual system.  Examples include integration of “ad hoc” hardware in a laboratory.

	5.  Component and/or Breadboard Validation in Laboratory Environment
	Fidelity of breadboard technology increases significantly.  The basic technological components are integrated with reasonably realistic supporting elements so that the technology can be tested in a simulated environment.  Examples include “high fidelity” laboratory integration of components.

	6.  System/Subsystem Model or Prototype Demonstration in a Relevant Environment
	Representative model or prototype system, which is well beyond the breadboard tested for TRL 5, is tested in a relevant environment.  Represents a major step up in a technology’s demonstrated readiness.  Examples include testing a prototype in a high fidelity laboratory environment or in simulated operational environment.

	7.  System Prototype Demonstration in an Operational Environment
	Prototype near or at planned operational system.  Represents a major step up from TRL 6, requiring the demonstration of an actual system prototype in an operational environment, such as in an aircraft, vehicle or space.  Examples include testing the prototype in a test bed aircraft.

	8.  Actual System Completed and “Flight Qualified” Through Test and Demonstration
	Technology has been proven to work in its final form and under expected conditions.  In almost all cases, this is the end of true system development.  Examples include developmental test and evaluation of the system in its intended weapon system to determine if it meets design specifications.

	9.Actual System “Flight Proven” through Successful Mission Operations  
	Actual application of the technology in its final form and under mission conditions such as those encountered in operational test and evaluation.  In almost all cases, this is the end of the last “bug fixing” aspects of true system development.  Examples include using the system under operational mission conditions.


Figure 5.  TRL Definitions

3.2 Evaluation

Based on the above steps for the TRL Assessment, the following sections 

briefly describe the levels assigned to each critical element according to these definitions:



TRL – 7:  Assigned to components which are currently undergoing qualification testing for an Army rotorcraft program but have not been fielded on the UH-60 platform except for qualification and testing.



TRL – 8:  Assigned to qualified components of other fielded UH-60 systems (UH-60Q).



TRL – 9:  Assigned to components currently fielded on UH-60L platform.

3.2.1 Cockpit Digitization

The stormscope, currently designated as the WX-1000 (BF 

Goodrich), provides relative direction and distance to electrical discharge.  The stormscope consists of an antenna which is mounted on the bottom of the aircraft, a receiver computer which continuously monitors itself through built in test features, and a display screen on the instrument panel of aircraft.  Modes of operation include 360 and 120 degree weather mapping, time and date, and navigation display.  The current designation for the stormscope is the BF Goodrich, WX 1000, which is fielded on the UH-60Q and the HH-60L.  The WX 1000 is a Commercial Off The Shelf (COTS) item which satisfies the performance specification requirements of the UH-60M and has been approved for inclusion in the UH-60Q.  Therefore, the TRL is eight.


Figure 6.  Stormscope Characteristics




The Embedded Global Positioning System (GPS) Inertial Navigation System (EGI) is a tri-service, United States Air Force led, effort to provide an integrated navigation solution for aircraft equipped with a MIL-STD-1553 digital data bus.  The EGI embeds a five-channel GPS receiver into a ring laser gyro inertial navigation system, making the total system light weight and low mean time to failure.  The EGI is the objective, fully digitized GPS solution for scout/ attack helicopters and has successfully flown on the CH-47 and the MH-60K.  The AH-64 program is currently demonstrating/qualifying an updated version of the EGIs.  For these reasons, the TRL for Dual EGIs is seven.



The CVR/FDR provides recording of crew internal and external communication (voice and data) and aircraft systems in-flight data that can be used for analysis of flight mishaps.  The CVR/FDR is a COTS component that will be tailored to meet the system requirements of the UH-60M.  The CVR/FDR technology is mature and very well demonstrated in helicopters.  There is a wide selection of commercially available CVR/FDR component solutions tailored to the rotary wing environment and the technology has been demonstrated on the MH-60K and countless civil aviation aircraft.  Performance requirements for the UH-60M program are equivalent to minimum FAA requirements for commercial aircraft CVR/FDR components.  Qualification efforts are currently ongoing for the MH-60K and MH-47E fleets of aircraft.  Therefore, the TRL is seven.



The AFCC is a product of the DoD Cost and Operation and Support Savings Initiative (COSSI) program to qualify a commercially developed flight control computer for use in the military environment.  The AFCC is a form, fit, and function replacement to the existing flight control computer which contains obsolete components no longer available from the manufacturer.  These obsolete components are replaced with plastic encapsulated modules, which are based on mature technology.  The new AFCC architecture is based on the SH-60 and S-92 commercial systems.  Design modifications include cooling fins to replace fans, reduced power requirements, lighter weight, plug in cards reduced from five to three, and alphanumeric displays replace “fault ball” fault indicators.  Engineering Change Proposal (ECP) cut-in of the AFCC for the new production UH-60 aircraft is scheduled for calendar year 2001 following completion of qualification testing.  The TRL is seven.



The IDM provides an interface between tactical radios and the aircraft’s MFDs or the CDUs.  The IDM provides four half-duplex radio channels and is compatible with a number of digital data protocols.  PM-AEC is further enhancing the capability of the IDM to include hosting of a Joint Variable Message Format (JVMF) parser and, eventually, the Embedded Battle Command (EBC) software.  The former will provide the UH-60M with the capability to send and receive Command and Control (C2) messages over the Tactical Internet (TI), whereas, the latter will provide situational awareness from TI servers located on the digital battlefield.  The benefit of utilizing the IDM in this fashion on Army Aviation platforms is that the mission equipment processors within the respective Army aircraft will not be burdened with the overhead of parsing the message traffic and converting it from their various protocols.  The IDM has been flown on the UH-60Q and the HH-60L but not used for interoperability and is currently flying on the OH-58D and the AH-64.  Qualification of the IDM 303 is ongoing.  The TRL is seven.

3.2.2 Propulsion

The CEFS is a product of a Cooperative Research and 

Development Agreement (CRADA) intended to improve the crashworthiness capability and reduce the ballistic vulnerability of the existing Extended Range Fuel System (ERFS).  The CEFS is based upon a non-crashworthy fuel system that is fielded on rotary aircraft.  Vehicle integration/flight test demonstration is planned.  Qualification efforts are ongoing with functional testing scheduled to begin in February 2000.  The TRL is seven.

The WCB is the product of a DoD DUAP COSSI program to

qualify a commercially developed main rotor blade for use in the military environment.  The WCB consists of a composite spar, 16% increase in blade chord over current UH-60 blade, improved airfoils/anhederal tip, and cross section and strike protection identical to S-92.  Qualification testing is ongoing.  The TRL is seven.


Figure 7.  Wide Chord Blade

The T700-GE-701C engine is currently fielded on the UH-60L 

with over 400 aircraft fielded, each with two engines.  For the UH-60M program, engines on the UH-60A aircraft will be upgraded from 700 engines to 701C.  This statement is also true for the IDGB, rotorhead, and controls.  The TRL is nine.




The Improved Hover Infrared Suppressor System (HIRSS) is the product of a CRADA to establish IR performance improvements realized with the implementation of advanced materials and discrete design modifications to the HIRSS currently installed on the UH-60 fleet.  Development test and analysis efforts have been complete and establish the system IR suppression performance, demonstrate the positive impact of the design modifications on installed engine horsepower performance, and evaluate favorable reductions in engine back pressure.  The material and suppression technologies resulting in the improved suppressor performance have been demonstrated and applied to a currently fielded product.  The ORD does not require this capability, the currently fielded HIRSS meets performance requirements.  System flight test demonstrations have been completed with no significant issues noted.  System evaluation for the General Electric HIRSS 2000 and the Sikorsky Aircraft Advanced InfraRed Suppressor System.  The TRL is seven.

3.2.3 Airframe

The refurbishment of the airframe cabin, upper deck, transmission 

beams, servo beam rails, and potentially a new cabin section use no new technologies and to minimize schedule risks, the UH-60M program is avoiding use of any exotic material or new technology.  Upper deck refurbishment and replacement of the transmission beams are required to correct the history of cracking in this area of UH-60 fielded aircraft.  Whether there will be a new cabin section or refurbishment of the old cabin will be decided during System Development and Demonstration.  The TRL is nine.





Standardization to Lot 21 Material Work Orders (MWO) is by definition being done on the current version of the UH-60L aircraft.  These MWOs have been incorporated into new production units of the Lot 21 configuration.  The TRL is nine.

The refurbishment of the tailcone, stabilator, and passive vibration 

is currently being done on UH-60A/Ls.  The TRL is nine.

The transition access door will facilitate the access to the avionics 

equipment installed in the tail pylon area of the aircraft.  Currently, the maintenance personnel must access this equipment through the crew cabin aft bulkhead on the UH-60A/Ls.  This modification is being done on the UH-60Q.  The TRL is nine.




EMI rewire requires no new technology and the materiel solution for the UH-60M is currently fielded wiring or that on the MH-60K.  The TRL is nine.             

Improved ESSS provides new crashworthy fuel tanks with 

jettisonable capability and improved gauging and control.  The ESSS provides hardpoints to older UH-60A’s to allow installation of the ESSS.  The improved ESSS incorporates no new technology and is currently fielded on the UH-60L.  The TRL is nine.

3.3 Summary

The UH-60M program has performed the TRL Assessment for the 

critical technologies identified in the WBS with results summarized in Figure 6.  All other elements of the UH-60M WBS were assessed at the readiness level nine since 

there is no change from the current fielded UH-60 aircraft.

	TECHNOLOGY
	ASSESSMENT

	Cockpit Digitization

           Stormscope

           Dual EGIs

           CVR/FDR

           AFCC

           IDM
	8

7

7

7

7

	Propulsion

           CEFS

           WCB

            T700-GE-701C

            IDGB, Rotorhead & Controls

            Improved IR Suppressor
	7

7

9

9

7

	Airframe

            Refurbishment

            Standardization

            Refurb Tailcone & Stabilator

            Transition Access Door

            EMI Rewiring

            ESSS
	9

9

9

9

9
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Figure 8.  Summary

A complete history of documentation to support these TRL levels can be found in matrix format in Attachment Two.

4.0  CONCLUSIONS

The UH-60M program has been structured to reduce program risk to the extent 

considered practical without compromising requirements defined by the user.  Significant

risk reduction has been accomplished in the early stages of the UH-60M program, and 

much more is required during the System Development and Demonstration phase of the 

program.  These activities have been considered in early stages of the UH-60M program 

and are thoroughly documented in the IRA and the Risk Management Plan (RMP) for the 

program.



To minimize the overall program risks, the UH-60M program has planned 

and performed risk mitigation activities in the following areas:  

· System Integration Laboratory

· Leveraging Other UH-60 Efforts (Digital Map and CDU)

· Software Engineering Institute (SEI) Capability Maturity Model (CMM) Level III Capability

· Integrated Schedules/Critical Path Analysis

· Trade Studies

· Risk Reduction Contract

· Integrated Risk Assessment

· Combined Test Team

· Modeling and Simulation

· Early User Demonstrations

· Cost As an Independent Variable/Award Fee Structure

· Depot Partnership Study

· Earned Value Management System

· Service Life Assessment Program

· LRIP allows additional schedule ramp-up to full rate production

Through early identification and the utilization of these tools and activities, the UH-60M 

program has minimized risk through the utilization of demonstrated capabilities.



The UH-60M program has been defined and structured to identify and control 

risk.  Extensive program planning has been accomplished which involved the appropriate 

representatives from the UH PMO, the contractor, and the user.  Contract requirements 

and management plans define a process that will assure success.  The technology 

readiness levels identified in this assessment are well within the acceptable range to 

proceed into the System Integration and Demonstration phase.
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ATTACHMENT ONE

UH-60M Work Breakdown Structure

	WBS LEVEL
	DESCRIPTION

	1
	UH-60M

	1.1
	Air Vehicle

	1.1.1
	Air Frame

	1.1.1.1
	Fuselage

	1.1.1.2
	Landing Gear

	1.1.1.3
	Transmission

	1.1.1.4
	Life Support/Environmental Systems

	1.1.1.5
	Flight Controls

	1.1.1.6
	Secondary Power Systems

	1.1.1.7
	Electrical System Integration

	1.1.1.8
	Hoist/Cargo System

	1.1.1.9
	Propulsion Systems

	1.1.1.A
	Rotor Systems

	1.1.2
	Communications/Identification

	1.1.2.1
	Intercom

	1.1.2.2
	Radio Systems

	1.1.2.3
	IFF Transducer

	1.1.2.4
	Communication Security

	1.1.2.5
	Improved Data Modem (IDM)

	1.1.2.6
	VHF-FM Radio

	1.1.2.7
	UHF-AM Radio

	1.1.2.8
	HF Radio

	1.1.2.9
	VHF-AM Radio

	1.1.2.A
	Emergency Control Panel

	1.1.3
	Navigation/Guidance

	1.1.3.1
	Radar Navigation

	1.1.3.2
	Tacan Navigation Set

	1.1.3.3
	VORS/ILS Navigation

	1.1.3.4
	Electronic Altimeter Set

	1.1.3.5
	INS

	1.1.3.6
	Stormscope

	1.1.3.7
	Low Freq Auto Direction Finder System

	1.1.3.8
	Personnel Locator System

	1.1.3.9
	GPS

	1.1.4
	Automatic Flight Control System

	1.1.4.1
	AFCS Avionics

	1.1.4.2
	AFCS Servos

	1.1.5
	Survivability Equipment

	1.1.6
	Data Displays and Controls

	1.1.6.1
	Multi-Function Display

	1.1.6.2
	CDU

	1.1.6.3
	Data Concentrator Unit

	1.1.6.4
	Data Transfer System

	1.1.6.5
	Multifunction Slew Controller

	1.1.6.6
	ANVIS HUD

	1.1.6.7
	FLIR

	1.1.6.8
	Fuel Management System Controls

	1.1.7
	Armament

	1.1.8
	Auxillary Equipment

	1.1.9
	Integration/Assy/Test/Checkout

	1.1.A
	Propulsion-GFE Engine

	1.1.B
	Air Vehicle Application Software

	1.1.B.1
	MFD Software

	1.1.B.2
	CDU Software

	1.1.B.3
	Data Concentrator Unit Software

	1.1.C
	Air Vehicle System Software

	1.1.C.1
	MFD Display

	1.1.C.2
	CDU

	1.1.C.3
	Data Concentrator Unit

	1.1.D
	Aircraft Data Recorders

	1.1.D.1
	FDR

	1.1.D.2
	CVR

	1.1.D.3
	HUMS

	1.1.E
	Non-Recurring Avionics Sys Integration

	1.2
	Training

	1.3
	Data

	1.4
	System Test and Evaluation

	1.5
	System Engineering/Management

	1.5.1
	Program Management

	1.5.2
	Systems Engineering

	1.5.3
	Integrated Manufacturing

	1.6 
	Logistics

	1.7 
	Aircraft Kits


ATTACHMENT TWO

TRL MATRIX



















Operate on Digitized Battlefield


Long-Range Precision Navigation


Digital Interoperability 


Open System Architecture Allows Growth Capability


Enhanced Survivability through Situational Awareness


On the Move Mission Changes


Decreased Pilot Workload


Standardized Fleet





Dual EGIs


Replaces DGNS


Lowers O&S Cost


Reduces Weight


Increases Reliability











    CVR / FDR


Crash Protected with Locator Beacon


Records all Crew


      Intercom Voice and All Radio Voice and Data Messages











                    AFCC


Replaces Obsolete FCC Components


Offers Growth Path for Reduced Pilot Workload











Avionics Baseline


Complies with JTA-A V6.0


Increases Accuracy & Reliability


Digital Display of Text and Graphics Improves Pilot Accuracy & Responsiveness





                 IDM


IDM C2 Limited JVMF Messages


Provides Host for EBC











Benefits





Stormscope





  Provides Direction and   


   Distance to Electrical 


   Discharge (Lightning)

















Adjustable trim tab














Increased Lift and Range*


Reduced O&S Costs*


Increase R&M*


Standardized Fleet


T700-GE-700 (UH-60A) to T700-GE-701C (UH-60L) engine


Increased Survivability





       *  Over Existing UH-60As





Improved IR Suppressor


 Reduces IR signature





Benefits














IDGB, Rotorhead, Controls


Improves Gear Box Reliability


Provides Capability for Increased Torque from WCB and Engine Upgrade











T700-GE-701C/D Engine


Upgrades Engine to Current Technology


Provides Additional Lift


Standardizes Configuration











Wide Chord Blades


DUAP COSSI Effort


Removes Existing Blades


      and Provides New WCB











Nickel 


abrasion strip





70% Graphite


30% Fiberglass





BIM Eliminated





Anhedral / Swept Tip





(24.25in.)





16% increase in chord





Standardize to Latest MWOs





Composite Spar





Improved ESSS Fuel System


Crashworthy, Capable of Emergency Jettison


Improves Fuel Gauging


Pressure Refuel Interface Decreases Fueling Time














Extend Service Life


Reduced O&S*


Increased R&M*


Standardized Fleet


More Robust in EMI Environment


Increased Crashworthiness





*  Over Existing UH-60As











                     EMI Rewire


Cable Shielding to Meet Modern E3 Environment











Benefits





Add ESSS


Incorporates Hard Points for External Stores (Not Currently on Older 60As)











       Transition Access       


                    Door


Facilitates Access to Tail Cone Mounted Avionics











Refurbish Stabilator, Tailcone and Passive Vibration





Brings Components Up to Original Fielded Condition 


      (Near “Zero-Time” Since New)











Refurbish Airframe Cabin, Upper Deck, Transmission Beams & Servo Beam Rails





Bring Back to Original Fielded Condition (Near “Zero-Time” Since New)














