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1. This handbook was developed for use by the Naval Air Systems Command and will
provide a single source reference to ensure that aircraft under its jurisdiction
are properly grounded and bonded. This handbook is not intended to be referenced
in purchase specifications, except for informetional purposes, nor shall it
supersede any specification requirements.,

2. This document reflects the latest equipment and procedures used for the
electrical grounding and bonding of Naval aircraft. It is the intent to review
this handbook periodically to insure its completeness and currancy.

3. Beneficial comments (recommendations, additions, deletions) and any pertinent
datas which may be of use in improving this document should be addreseed to the
Commanding Officer, Naval Air Engineering Center, Engineering Specifications and
Standards Department (Code 9313), Lakehurst, New Jersey 08733, by using the
self-addressed Standardization Document Improvement Proposal (DD Form 1426)
appearing at the end of this handbook or by letter.
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FOREWORD

This handbook has been prepared to provide s single, standard reference source to
be used by naval sircraft operations and maintensnce personnel (including publie
works department personnel) to ensure that the aircreft under their jurisdiction
are properly and safely electrically grounded and bonded.

The philosophical position and technical (nformstion presented in this hand-
book are based upon results of a previous naval study documented in NAVAIR Report
5181-1000 titled, '‘Airframe Electrical Grounding Requirements Program.'' That
program clearly demonstrated that hazards exist during all sircraft evolutions, and
established that there are valid technical ressons to electrically ground alrcraft
for all evolutions, including all aspects of msintenance, fueling, stores handling,
and parking. It also recognized that a rigorous grounding philosophy is required
wvhich, when strictly followed, will maximize personnel and aircraft safety.

The grounding methods presented in this handbook make & clear distinction between
static grounding and power grounding. Static grounds are defined as those points
having impedances of less than 10,000 ohms referenced to earth. Power grounds are
defined as those points having impedances of less than 10 ohms referenced to the
power system neutral.

Grounding methods presented in this handbook require static grounding of sircraft
during fueling/defueling, parked evolutions, stores loading, hot refueling, and all
external pover evolutione with diesel-genersted (ac or dc) power sources. These
requirements apply to both fixed wing and rotsry wing aircraft evolutions
(including hovering, HIFR, and RAST). Bonding and grounding by triangulation is
required during fueling/defueling evolutions.

Hangar-besed maintenance evolutions requiring external power (ac or dc) with
grounded (earthed) neutral (eg, facility power or MMG-1lA) must be connected to 8
power ground prior to the introduction of such power.

On board ship, tiedown chains csnnot be used to static ground aircraft. Separate
grounding csbles must be used to conmect the sircraft to the deck padeye. The deck
padeye is an acceptable static grounding point.

During Flight Line Electrical Distribution System (FLEDS) operations, aircraft
must be bonded to the FLEDS earthed neutral, such as connecting the airframe to the
Distribution Box Assembly (DBA) hardware.

During Mobile Electrical Power Plant (MEPP) external power configurationm, it is
recommended that in sddition to any required grounding, the aircreft be separately
bonded to ite mobile power source. Aircraft using 28V dc diesel-generated power
only are exempt from this bonding requirement.



MIL-EDBK~-274(AS)
1 November 1983

This handbook contains comprehensive grounding procedures on all active,
operational type aircraft presently in the naval inventory. Information on
aircraft still in use but not covered in this handbook can be obtained from the

following agency:?
RAVAIRSYSCOM

Electromagnetics Branch, 5161
Washington, DC 20361

Autovon: 222-7788
Commercial: (202) 692-7788
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SECTION ]

1.0 SCOPE

1.1 Purpose. The purpose of this handbook is to provide aircraft maintenance
personnel with the information required for electrical safety grounding of each
type of operstional aircraft in the U.S. Navy inventory.* In addition, this
handbook provides background information pertaining to the opertional concerms for
aircraft grounding, static electricity theory and how it affects aircraft, and
techniques used for measurement of grounding points. Thie handbook is divided into
five sections as follows:

SECTION 1 -~ SCOPE

SECTION 2 =~ AIRCRAFT GROUNDING AND BONDING METHODS
SECTION 3 -~ OPERATIONAL GROURDING CONCERNRS

SECTION 4 - THEORETICAL BASIS FOR AIRCRAFT GROUNDING
SECTION 5 ~ TESTING AND IDENTIFICATION OF GROUND POINTS

1.1.1 This handbook is intended for use by all U.S. Naval aircraft operational
and maintenance personnel including maintenance officers and public works officials
for the purpose of ensuring that each eircraft is properly grounded and that the
grounding system is adequate for this purpose, Sections 1l and 2 are intended
primarily for use by line maintenance personnel. Sections 3 and &4 contain material
intended for those desiring to obtain additional theoretical and background
information. Section 5 is essential for public works department personnel. Each
section is designed to stand alone,

1.1.2 The information contained in Section 2 is intended to be used by line
maintenance personnel. This section provides step-by-step instructions for
grounding each of the sircraft in the Navy inventory during each of the following
evolutions: parked, fueling/defueling, maintenance, and stores loading/unloading.
Each evolution is shown in a separate illustration depicting the particular
aircraft with proper grounding/bonding cables connected. The illustrations show
primary grounding points and aleo provide alternate grounding points should the
primary grounding point be inaccessible. Also provided on the illustrations are
pertinent cautions and warnings to be observed during the grounding procedure.
Accompanying each illustration is a step-by-step procedure for grounding/bonding
the particular sircraft. '

1.1.3 Section 3 provides background and general information necessary to
understand the rationale behind the requirements for grounding and bonding. This
section also discusses the grounding problems and hazards encountered in the
everyday ground hendling of aircraft during flight operations. Energy sources and
grounding effects are identified. The sircraft scenarios or servicing situations
(evolutions) are introduced and the aircraft safety problems sssociated with each
are described. In addition, a brief discussion of static electricity and how it
effects sircraft operation is provided.

*U.S. Navy aircraft use power equipment not equipped with ground fault interrupters
(GFI).



MIL-HDBK=-274(AS)
1 November 1983

1.1.4 Section 4 details basic electrostatic theory and its application to
aircraft grounding. Sources of static electricity sssociated with aircraft
operation are also described. These include triboelectric effects, fuel flow,
induced charge, and friction. Hazards from ground power faults, rf energy, snd
lightning are presented. Also included in this section are descriptions of
sircraft electrical parameters and & discussion of hazardous threshold and the
possible dangers they present to personnel end aircraft safety. The section also
illustretes that proper grounding will reduce these hazards.

1.1.5 Section 5 is intended for use by the public works department personnel and
provides & descriptior of the methods and techniques used to measure the resistance
of the grounding system. Also included in Section V is a suggested schedule for
accomplishing the measurement of ground points, identifying ground points, the use
nf mooring eyes as static ground points, and a discussion of the test equipment
u3ed to measure ground point resistance.

1.2 Referenced Documents. The following documents are referenced in this
handbook.

Document No. Litle

MS27574 Cable Configurations, Grounding

MS3493 Connector, Plug and Cap Electric, Grounding

Ms0090298 Connector, Receptecle, Electric, Grounding

MS33645 Receptacle, Grounding, Installation of

M525083 Jumper Assembly, Electric Bonding and Current Return
MIL~-C-83413 Connector, Electric Ground

MS25486 Connector, Plug, Attachable, Ext, Electric Power, Aircraft

115/200 volt 400 hertes

MB25488 Connector, Plug, Attachable, Ext. Electric Power, Alrcraft,
28 Volt DC Operating Power

MS25487 Connector, Plug, Attachable, Bxt. Electric Power, Aircraft,
28 Volt DC, Jet Starting.



DRocument No.
NAVAIR AIR-5181-1000

RAVAIR 00-80T-96

NAVAIR 19-45-1

NAVSEA OP4 Vol. 2 (5th Rev.)
NAVSEA OPS Vol. 1 (4th Rev.)

MIL-HDBK=-419
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Iitle

Airframe Electrical Grounding Requirements Program
Final Report, 17 Ped 1981

U.S. Navy Support Equipment, Basic Handling snd
Safety Manual, 1 April 1981

Index and Applications Tables for Mobile Electric
Power Plants, 1 September 1972

Ammunition Afloat, 15 February 1972
Ammunition and Explosives Ashore, 15 October 1974

Crounding, Bonding, and Shielding for Electronic
Equipments and FPacilities, 21 January 1982
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SECTION 2

2.0 AIRCRAFT GROUNDINC AND BONDING METHODS

This section provides step-by-step procedures for grounding and bonding opera-
tional aircraft in the Navy inventory. Verious handling evolutions, both land-based
and carrier-based, of the different aircraft are described and illustrated with
appropriste wvearnings and cautions. Note that the word '‘carrier'' is meant to
refer to any ship which supports aircraft flight operations.

By referring to the particular aircraft procedures in this section, organiza-
tions]l maintenance personnel will be able to properly determine aircraft grounding
requirements before beginning other servicing. Recommended grounding and bonding
locations are illustrated. If conditions prevent the use of these locations, a
vesistance check using a milliohmmeter must be performed to verify that the
alternate location is an acceptable grounding or bonding attachment point., A
location is an acceptable grounding or bonding point if the resistance messured
from the point to the airframe is less than 10 milliohms. Using a milliohmmeter
(Shallcross Model 670A or equivalent), connect one probe to the known aircraft
grounding point and the other probe to the proposed grounding point, Observe the
milliohmmeter for a reading of less than 10 milliohms. If the milliohmmeter
reading is less than 10 milliohms, the proposed grounding point is ascceptable.
Painted, corroded, dirty, greasy aress or areas of composite materials should not
be used for grounding points. Ip addition, if the intended grounding point is
loosely connected to the aircraft structure by way of bearings or springs, an
unacceptable intermittent ground or bond could result.

When employing grounding cables, the specific type of connector required on the
ends will be determined by the aircraft type. Many Navy aircraft do not have
grounding receptacles sveilable in other than the fueling area, and they are there-
fore not readily available for use as the static grounding point on the aircraft.
In these instances a cable having an M83413-]1 connector on each end may be used,
one end attached to an approved static ground point, the other to a clean metal
area of the aircraft,

Cables shall be of 7 x 7 construction, .094 nominal dismeter wire rope with
1183413-]1 connectors at each end. Cable length shall be determined by user
vequirements. The maximum resistance shall not exceed 0.5 ohms for the cable
configuration (MS27574).

2.1 Land-Based Aircraft., The following paragraphs provide step-by-step proce-
dures for grounding land-based aircraft.

Evolutions requiring external power are detailed in paragraphs 2.4 through 2.6,

Fueling evolutions shown here do not indicate external electrical power. These
illustrations apply to gravity fueling as well as hot fueling from fuel trucks.
Figures 2-160 and 2-161 illustrate grounding and bonding procedures for the A-6
using external electrical power during fueling. The grounding and bonding proce-
dures for other aircraft requiring external electrical power during fueling are
similar.
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The fuel hose bond cable must be connected to an appropriste ground on the
aircraft prior to attaching the fuel hose.

NOTE: For purposes of clarity and practicality electrical grounds in this
handbook will be defined as follows:

Power ground: An approved ground point with an impedsnce less than 10
ohms to the power system neutral,

Static Ground: An approved ground point that has an impedance of less
than 10,000 ohme referenced to earth.

When performing masintenance in the FLEDS area, airframes must be grounded and
bonded as indicated in figure 2~155. Where a bonding cable is required between the
MEPP and the aircraft, the illustrations contained in this handbook show separate
bonding and power csbles for the purpose of clarity only. In actual practice,
however, these two caebles should be tied together.

2.1.1 A-3 parked evolution., To ground A-3 aircraft when in the parked evolu-
tion, proceed as follows (see figure 2~1):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to nose landing gear (2). If
this location is not accessible, then comnect grounding cable to
main gear tiedown ring (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures,

2.,1.2 A-3 fueling/defueling evolution. To ground A-3 aircraft when fueling or
defueling, proceed as follows (see figure 2-2):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to & certified static ground or padeye (1),

b. Connect free end of grounding cable to nose landing gear (2). If this
location is not accessible, then connect grounding cable to main gear
tiedown ring (typical alternate grounding point).

¢. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d., Connect fuel truck bonding csble to nose landing gear.

e. When fueling/defueling evolution has been completed, wait a minimum of
2 min before removing bonding cable,

f., To remove grounding or bonding cable, reverse sbove procedures.

2.1.3 A-3 hangar-based maintenance evolution. To ground A-3 aircraft during
maintenance evolution in the hangar, proceed as followe (see figure 2-3):

a. Attach grounding cable with M83413-]1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to nose landing gear (2). If this
location is not accessible, then connect grounding cable to main gear
tiedown ring (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.
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To ground A-3 aircraft when in the maintenance evolution on the apron with the
mobile electrical power plant (MEPP) plugged into aircraft, proceed as follows (see

figure 2-4):

Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to & certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a power ground

b.

c.
d.

[ Y

must be used.

Connect free end of grounding cable to nose landing gear (2). If this
location is not accessible, then connect grounding cable to main gear
tiedown ring (typical alternate grounding point).

Attach bonding cable with M83413-1 electrical ground comnector to nose
landing gear (3).

Connect free end of bonding cable to a bare metal area on the MEPP
(4).

To remove grounding or bonding cable, reverse above procedures.

2.1.5 A-3 spron-based maintepance evolution (using FLEDS), To ground A-3

sircraft when in the maintenance evolution on the spron using the flight line
electrical distribution system (FLEDS), proceed as followe (see figure 2-4):

2&1.6 —

Attach grounding cable with M83413~1 electricel ground connector
(clamp type) to a certified static ground or padeye (1).

Connect free end of grounding cable to nose landing gear (2). If thie
location is not accessible, then connect grounding cable to main gear
tiedown ring (typical alternate grounding point).

Attach bonding cable with M83413~] electrical ground connector to mnose
landing gear (3).

Connect free end of bonding cable to a bare metal ares on the DBA such
as the stud or bolt (4) (see figure 2-155).

To remove grounding or bonding cable, reverse above procedures.

To ground A-4 gircraft vhen in the parked evolu-

tion, proceed as follows (see figure 2-5):

Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified ststic ground or padeye (1).

Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

To remove grounding cable, reverse above procedures.



o1

WARNING
) TIE DOWN CHAINS CAN NOT

N\ BE USED TO GROUND AIRCRAFT,
I" 7\) SEPARATE GROUNDING CABLE

NOSE GEAR
LOOKING FORWARD

@ MB34131

CONNECTOR

e

MUST BE USED

NOSE WHEE L

BE FREE OF
PAINT AND GREASE

™~

OUND? A N EXT POWER CORD - CONNECT
G“cn ("G (:) BONDING \ TO EXTERNAL AC/DC POWER
\ @ CABLE RECEPTACLE LOCATED AT
P4 \ STATION 148, LEF T HAND SIDE
?% l ,/ EXT PWR SOURCE —
\ CAUTION ' MEPP OR FLEDS
TIE DOWN RING @ 10
NI\ wust et enee or ® AN SERVICE
\i %  PAINT AND CORROSION CERTIFIED GROUND CABLE
. { N~ \ {LESS THAN 10,000 OHMS)
7% Qv\“* P : TO STUD OR
' ) BOLT ON DBA
(% B CONNECTOR @
(5 | >~ /
=\,
; ’ CAUTION
{ /7;'7/7\ EARTH GROUND POINT
TYPICAL MUST BE FREE OF
ALTERNATE GROUNDING PAINT AND CORROSION
POINT USING CONNECTOR
I ' '
4
. 03 109
FIGURE 2-4, - -3 ai i

t86[ I93quaaoy |
(SY)%(ZT-AYAB-TIK



11

WARNING
TIE DOWN CHAINS CAN NOT
B8F USED TO GROUND AIRCRAFT.
SEPARATE GROUNDING CABLE
MUST BE USED

TYPICAL
ALTERNATE GROUNDING

CONNECT TOPYLON
= GROUNDING RECEPTACLE

@ GROUNDING CABLE -

CERTIFIED GROUND
OR
PADEYE
{LESS THAN 10,000 OHMS}

MB3413 1
CONNECTOR

CAUTION
CAUTION EARTH GROUND POINT
TIE DOWN RING MUST BE MUST BE FREE OF
FREE OF PAINT AND CORROSION PAINT AND CORROSION

FIGURE 2-5. A-4 aircraft grounding. parked evolution.

Hyty g

€861 19QuaaoN |
(SV)%(T-34QH-TIR



2.1-7 —-

MIL-HDBK-274(AS)
1 November 1983

To ground A-4 sircraft when fueling or

defueling, proceed as follows (see figure 2-6):

a.

b.

Attach grounding cable with MB3413-] electrical ground connector
(clamp type) to a certified static ground or padeye (1).

Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground comnector at each end, follow
step 8, and connect free end of grounding cable to nose geer tiedown
ring (typical alternate grounding point).

If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

Connect fuel truck bonding cable to nose gear tiedown ring (4).

When fueling/defueling evolution has been completed, wait a minimum of
2 min before removing bonding cable.

To remove bonding or grounding cable, reverse above procedures.

2.1.8 A-4 bangar-based maintepance evolution. To ground A-4 aircraft during

maintenance in the hangar, proceed as follows (see figure 2-7):

d.

201-9 -

Attach grounding ceable with M83413-1 electrical ground connector
(clamp type) to a certified power ground (1),

Comnect free end of grounding cable to pylon grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using & grounding
cable with a MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

To remove grounding cable, reverse above procedures.

To ground A-4 aircraft when in the maintenance evolution on the apron with MEPP
plugged into sircraft, proceed ss follows (see figure 2-8):

Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a power ground

must be used.

Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

Attech bonding cable with MB3413-1 electrical ground conmector to nose
gear tiedown ring (3).

Connect free end of bonding cable to & bare metal area on the MEPP
(4).

To remove grounding or bonding cable, reverse above procedures.

12
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2.1.10 A=4 apropcbased maintepance evolution (using FLEDS), To ground A-é
sircraft when in the maintenance evolution on the apron using YLEDS, proceed as
follows (see figure 2-8):

8. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to s certified otatic ground or padeye (1),

b. Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

¢. If grounding receptacles are not accessidle, then using a grounding
cable with M83413-1 electrical ground connector st each end, follew
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. Attach bonding cable with MB3413-1 electrical ground connector to
nose gesar tiedown ring (3).

e, Connect free end of bonding cable to a bare metal ares on the DBA
such as the stud or bolt (4) (see figure 2~155),

f. To remove grounding or bonding cable, reverse sbove procedures.

2.1.11 Ac-4 atores loading/unloading evolution. To ground A-4 aircraft during
stores loading or unloading, proceed as followe (see figure 2-9):

a. Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to & certified static ground or padeye (1).

b, Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

c. If grounding receptacles are not acceseible, then using a grounding
cable with M83413-1 electrical ground connector at each end, follow
step &, and connect free end of grounding cable to nose gear tiedown
ring (typical slternate grounding point).

d, To remove grounding cable, reverse above procedures.

2.1.12. A-f parked evplution, To ground A-6 sircraft when in the parked

evolution, proceed as follows (see figure 2-10):

a, Attach grounding cable with MB3413-]1 electrical ground conmnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to main
gesar tiedown ring (typical slternate grounding point).

¢. 7To remove grounding cable, reverse above procedures,

2.1.13 A-6 fueling/defueling svolution. To ground A-6 aircraft when fueling or
defueling, proceed as follows (see figure 2-11):

a. Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to a certified static ground or padeye (1),

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to main
gear tiedown ring (typical alternate grounding point).

¢. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

16
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d. Connect fuel truck bonding cable to nose landing gear (4).

e. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.

2.1.14 A-6 hapgar-based maintepance evolution. To ground A-6 aircraft during

maintenance evolution in the hangar, proceed as follows (see figure 2-12):

a. Attsch grounding cable with M83413-]1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to main
gear tiedown ring (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.

2.1.15 A-6 apron-based maintenance evolution (with MEPP plugged into air-

craft)., To ground A-6 aircraft when in the maintenance evolution on the apron the
apron with MEPP plugged into aircraft, proceed as follows (see figure 2-13):

a. Attach grounding cable with MB83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to main
gear tiedown ring {typical alternate grounding point).

c. Attach bonding cable with M83413-]1 electrical ground connector to
nose gear tiedown ring (3).

d. Connect free end of bonding cable to a bare metal area on the MEFPP

(4) L]

e. To remove grounding or bonding cable, reverse the above procedures.

2.1.16 A-6 apron-hased maintepance evolution (using FLEDS), To ground A-6

aircreft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-13):

a. Attach grounding cable with MB83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to mairn
gear tiedown ring (typical alternate grounding pcint).

€. Attach bonding cable with MB3413-]1 electrical ground connector to
nose landing gear (3).

d. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

e. To remove grounding or bonding cable, reverse above procedures.
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2.1.17 A-6 _stores loading/unloading evolution., To ground A-6 aircraft during
stores loading or unloading, proceed as follows (see figure 2-14):

a., Attach grounding cable with MB83413-1 electrical ground connectcr
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding csble to main
gear tiedown ring (typical alternate grounding point).

¢« To remove grounding cable, reverse above procedures.

2.1.18 A-7 parked evolutiop, To ground A-7 aircraft when in the parked evolu-

tion, proceed as follows (see figure 2-15):

a. Attach grounding cable with M83413-1 electrical ground connec.or
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a,» and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures,

2.1.19 A-7 fueling/defueling evolution. To ground A-7 aircraft when fueling or

defueling, proceed as follows (see figure 2-16):

a, Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground connector at each end. follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

e. Connect fuel truck bonding cable to nose gear tiedown ring (4).

f. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

g. To remove bonding or grounding cable, reverse above procedures.

2.1.20 A-7 hangar-based maintepance evolution. To ground A-7 aircraft during

maintenance in the hangar, proceed as follows (see figure 2-17):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).
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c. If grounding receptacles are not accessible, then using & grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.21 A:-7_apron-based maintenance svolution (with MEPP plugged into aix-
craft)., To ground A-7 sircraft when in the maintenance evolution on the apron with
MEPP plugged into aircraft, proceed as follows (see figure 2-18):

a. Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to & certified static ground or padeye (1).

NOTE: If the MEPP is an electrically~driven type, then a power ground
must be used,

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).

c¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413~-1 electrical ground conmector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. Attach bonding cable with M83413-1 electrical ground connector to
nose gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the MEP?

(4),
f. To remove grounding or bonding cable, reverse above procedures.
2.1.22 A-7 apron-based maintenance evolution (using FLEDS), To ground A-7

aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-18):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified power ground (1l).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).

c. If grounding receptacles are not accessible, then using s grounding
cable with M83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point),

d. Attach bonding cable with M83413-]1 electrical ground connector to
nose gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse above procedures.
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2.1.23 A-7 stores loading/unleoading evolution. To ground A-7 aircraft during
stores loading or unloading, proceed as follows (see figure 2-19):

a. Attach grounding cable with M83413-1 electrical ground conmector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground comnector at each end, follow
step a, and comnect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.24. AB-l1 parked evplution. To ground AB-1 aircraft whem in the parked

evolution, proceed as follows (see figure 2-20):

a, Attach grounding cable with M83413-1 electrical ground conmnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to front right towing ring (2).
If this location is not accessible, then connect grounding cable to
front left towing ring (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.

2.1.25 AH-1 fueling/defueling evolution., To ground AH-]1 aircraft when fueling
or defueling, proceed as followe (see figure 2-21):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to fromt right towing ring (2).
If this location is not accessible, then connect grounding cable to
front left towing ring (typical alternate grounding point).

¢. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to front right towing ring (&).

e. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.

2,1.26 AH-1 hapngar-based maintengnce evolution. To ground AH-] aircraft during

maintenance evolution in the hangar, proceed as follows (see figure 2-22):

a. Attach grounding cable with MB3413~-]1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to front right towing rimg (2).
If this location is not accessible, then connect grounding cable to
front left towing ring (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.
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201.27 - -
craft), To ground AH-1 sircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as follows (see figure 2-23):

a., Attsch grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to frenmt right towing ring (2).
If this location is not accessible, then connect grounding cable to
front left towing ring (typical alternate grounding point).

NOTE: If the MEPP ig & diesel engine-driven type, then the following
bonding requirement is waived.

c. Attach bonding cable with MB83413-1 electrical ground connector to
front right towing ring (3).
d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).
e. To remove grounding or bonding cable, reverse above procedures.
2.1.28 AH-1 stores loading/unloading evplution. To ground AV-8 aircraft during

stores loading or unloading, proceed as follows (see figure 2-24):

a. Attach grounding cable with M83413-]1 electrical ground connector
(clamp type) to & certified static ground or padeye (1),

b. Connect free end of grounding cable to front right towing ring (2).
If this location is not accessible, then connect grounding cable to
front left towing ring (typical alternate grounding point).

t. To remove grounding cable, reverse above procedures.

2.1.29 AV-B parked evolution., To ground AV-8 aircraft when in the parked
evolution, proceed as follows (see figure 2-25):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to outrigger gear tiedown ring
(2). If this location is not accessible, then connect grounding
cable to bottom part of outrigger gear leg (typical alternste
grounding point).,

¢c. To remove grounding cable, reverse above procedures.

2.1.30 AV-8 fuelipg/defueling evolution. To ground AV-8 aircraft when fuelinmg
or defueling, proceed as follows (see figure 2-26):

a, Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (l).

b. Connect free end of grounding cable to outrigger gear tiedown ring
(2). 1If this location is not accessible, then connect grounding
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cable to bottom part of outrigger gear leg (typical alternate
grounding point).

¢s If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to main wheel axle (4).

e. When fueling/defueling evolution has been completed, wait & minimum
0f 2 min before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.

2.1.31 AY-B hangar-based maintenance evolution. To ground AV-8 sircraft during

maintenance evolution in the hangar, proceed as follows (see figure 2-27):

a. Attach grounding cable with M83413-]1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to outrigger gear tiedown ring
(2). If this location is not accessible, then connect grounding
cable to bottom part of outrigger gear leg (typical alternate
grounding point).

c. To remove grounding cable, reverse above procedures.

2.1.32 AV-8 aprop-based maintenance evolution (with MEPP plugged into mirx-
sxaft), To ground AV-8 aircraft whem in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as followe (see figure 2-28):

a. Attach grounding cable with MB83413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then s power ground
must be used.

b. Connect free end of grounding cable to outrigger gear tiedown ring
(2), TIf this location is not accessible, then connect grounding
cable to bottom part of outrigger gear leg (typical alternate
grounding point).

¢. Attach bonding cable with MB3413~-1 electrical ground connector to
main wheel axle (3).

d. C?nnect free end of bonding cable to a bare metal area on the MEPP

4),

e. To remove grounding or bonding cable, reverse the above

procedures.

2.1.33 AV-B apron-based maintenance evolution (using FLEDS). To ground AV-8
aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-28):

8. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1),

b. Connect free end of grounding cable to outrigger gear tiedown ring
(2). 1If this location is not accessible, then connect grounding
cable to bottom part of outrigger gear leg (typical alternate
grounding point),
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c. Attach bonding cable with M83413~1 electricasl ground comnector to
main wheel axle (3).

d. Connect free end of bonding cable to & bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

e. To remove grounding or bonding cable, reverse above procedures.

2.1.34 wmmmlm?‘ To ground AV-8 aircraft during
stores loading or unloading, proceed as follows (see figure 2-29):

a. Attach grounding cable with MB3413-1 electrical ground conmector
(clamp type) to & certified static ground or padeye (1),

b. Connect free end of grounding cable to outrigger gear tiedown ring
(2). If this location is not accessible, then connect grounding
cable to bottom part of outrigger gear leg (typical alternate
grounding point).

c. To remove grounding cable, reverse above procedures.

2.1.35 -1 parked evolution. To ground C~1 sircraft when in the parked
evolution, proceed as follows (see figure 2-30):

a. Attach grounding ceble with MB3413-1 electrical ground comnector
(clamp type) to & certified static ground or padeye (1),

b. Connect free end of grounding cable to nose gear towing ring (2), If
this location is not accessible, then connect grounding cable to
main gear tiedown ring (typical alternate grounding point),

¢, To remove grounding cable, reverse above procedures.

2,1.36 g£-1 Fueling/defueling evolution, To ground C-1 aircraft when fueling or
defueling, proceed as follows (see figure 2-31)3

8. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1),

b. Connect free end of ground cable to nose gear towing rinmg (2), 1If
this location is not accessible, then connect grounding cabdble to
main gear tiedown ring (typical alternate grounding point).

c. If using fuel truck, attach ite grounding cable to & certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to nose gear towing ring (&),

e. When fueling/defueling evolution has been completed, wait s minimum
of 2 min before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.

2.1.37 ¢-1 bangar-based maintenance evplution. Yo ground C-1 aircraft during
maintenance evolution in the hangar, proceed as follows (see figure 2-32):

8. Attach grounding cable with M83413-1 electricel ground connector
(clamp type) to a certified power ground (1),

b. Connect free end of grounding cable to nose gear towing ring (2). If
thie location is not accessible, then connect grounding cable to
mein gear tiedown ring (typical alternate groundimg point).

c. To remove grounding cable, reverse above procedures.
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2-1 038 - hed

cxaft), To ground C-1 sircraft when in the maintenance evolution on the apron with
MEPP plugged into aircraft, proceed as follows (see figure 2-33):

8. Attach grounding cable with M83413-]1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to the nose gear towing ring
(2). 1If this location is not accessible, then connect grounding
cnble)to main gear tiedown ring (typical alternate grounding
point).

NOTE: 1If the MEPP is a diesel engine-driven type, then the following
bonding requirement is waived.

¢. Attach bonding cable with MB3413-1 electrical ground comnector to
nose gear towing ring (3).
d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).
e. To remove grounding or bonding cable, reverse above procedures.
2.1.39 C£-130 parked evolution., To ground C-130 aircraft when in the parked

evolution, proceed as follows (see figure 2-34):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with M83413~1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main wheel well
door (typical slternate grounding point).

d. To remove grounding cable, reverse above procedures.

2,1.40 C£-130 fueling/defueling evolution., To ground C-130 aircraft when
fueling or defueling, proceed as follows (see figure 2-35):

a. Attach grounding cable with M83413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main wheel well
door (typical alternate grounding point).

d., If using fuel truck, attach its grounding cable to a certified static

' ground or padeye (3).

e. Connect fuel truck bonding cable to main wheel well door (4),

f. When fueling/defueling evolution has been completed, wait & minimum
of 2 min before removing bonding cable.

g. To remove bonding or grounding cable, reverse above procedures.
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2.1.41 €-130 hangax-based maintepance evolution. To ground C-130 aircraft

during maintenance in the hangar, proceed as follows (see figure 2-36):

&, Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to & certified power ground (1),

b. Connect free end of grounding cable to the forward fuselage grounding
receptacle (2),

c. If grounding receptacle is not accessible, then using a grounding
cable with M83413-]1 electrical ground comnector at each end, follow
step a, and connect free end of grounding cable to main wheel well
door (typical alternate grounding point),

d. To remove grounding cable, reverse above procedures.

2.1.42 (£-130 apron-based maintenance evolution (with MEPP plugged into mir-

craft). To ground C-130 aircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as follows (see figure 2-37):

2. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step 8, and connect free end of grounding cable to main wheel well
door (typical alternate grounding point).

d. Attach bonding cable with M83413-1 electrical ground connector to
main wheel well door (3).

e. Connect free end of bonding cable to a bare metal area on the MEPP
(4).

f. To remove grounding or bonding cable, reverse above proceedures.

2.1.43 C-130 apron-based maintenance evolution (using FLEDS), To ground C-130
aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
followe (see figure 2-37):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to forward fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with a MB83413-1 electrical ground connector at each end,
follow step a, and connect free end of grounding csble to main wheel
door (typical alternate grounding point).

d. Attach bonding cable with MB3413-1 electrical ground conmnector to
main wheel well door (3).

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse sbove procedures.

52



£s

“rowen N \

RECEPTACLE 5 ot = G—-

% oo
@ '\(U AN D

0

N
Xy 70
BLDG
POWER
GROUNDING CABLE - @ CAUTION
CONNECT TO GROUNDING ) EARTH GROUND POINT
RECEPTACLE ON LEFT SIDE ) MUST BE FREE OF
OFf FORWARD F USE LAGE PAINT AND CORROSION

CERTIFIED GROUND
(LESS THAN 10 OHMS)

FICURE 2-36. =

€861 39qWIAON |
(8Y)9LT-24AH-TIR



7S

WARNING
TIE DOWN CHAINS CAN NOT
BE USED TO GROUND AIRCRAFT,

£E861 29qmaaoN [
(SV)#(Z-A9QH~-TIR

SEPARATE GROUNDING CABLE
€ XTERNAL /4 MUST BE USED
POWE R
RECEPTACLE — —
@ AL T I\
BONDING CABLE -
CONNECT TO MAIN
WHEEL W
WHEEL WELL DOOR EDEOLORELL
EXT
POWER
CORD
CERTIFIED GROUND
ILESS THAN 10000 OHMS)
EXT PWR SOURCE
MEPP OR F LEDS

GROUNDING CABLE - 10 AITTYEP:?CAL
CONNECT TO GROUNDING SERVICE GROUN'I?)?I:E
AECEPTACLE ON LEFT SIDE CABLE e Usmg CONNECTOR

F FORWARD £ 5
OF FO 0 FUSELAGE CONNECTOR

TOSTUD OR
BOLT ON DBA

CAUTION
GROUNDING POINT
MUST BE FREE OF
PAINT AND CORROSION

5011 18¢

FIGURE 2-37. - = i i i



MIL-HDBR-274(AS)
1 November 1983

2.1.44 CH-53 parked evolution., To ground CH-53 aircraft when in the parked
evolution, proceed as follows (see figure 2-38):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to s certified static ground or padeye (1).

b. Connect free end of grounding cable to left rear fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with M83413-1 electrical ground connector st each end, follow
step a, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.45 CH-53 fueling/defueling evolution. To ground CH-53 aircraft when

fueling or defueling, proceed as follows (see figure 2-39):

a. Attach grounding cable with M83413-1 electrical ground commector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to left rear fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
ceble with M83413-1 electrical ground connector at each end, follow
step a8, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

e. Connect fuel truck bonding cable to static drag wire (4).

f. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

g.- To remove bonding or grounding cable, reverse above procedures,

2.1.46 CH-53 hangar-based maintepance evplution. To ground CH-53 aircraft

during msintenance in the hangar, proceed as follows (see figure 2-40):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to left rear fuselage grounding
receptacle (2).

¢. 1If grounding receptacle is not sccessible, then using a grounding
cable with MB83413-1 electrical ground conmnector at each end, follow
step a, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. To remove grounding cable, reverse sbove procedures.

2.1.47 CH-33 aprop-based maintepance evolution (with MEPP plugged into air-

craft). To ground CH-53 aircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as followe (see figure 2-41):

a. Attach grounding cable with M83413-]1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1f the MEPP is an electrically-driven type, then a power ground
must be used.
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b. Cobnect free end of grounding cable to left rear fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with MB34]13~] electrical ground connector at each end, follow
step s, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. Attach bonding cable with MB3413-]1 electrical ground comnector to
static drag wire (3).

e, Congect free end of bonding cable to a bare metal area on the MEPP
(4).

f. To remove grounding or bonding cable, reverse above procedures.

2.1.48 CH-53 apron-based maintepance evolution (using FLEDS), To ground CH-53
aircraft when in the maintenance evolution on the apron using FLEDS, proceeed as
follows (see figure 2-41):

a. Attach grounding cable with MB3413-]1 electrical ground conmnector
(clamp type) to & certified static ground or padeye (1).

b. Connect free end of grounding cable to the left rear fuselage
grounding receptacle (2).

¢. If grounding receptacle is not accessible, then using a grounding
cable with MB3413~]1 electrical ground connector st each end, follow
step a, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. Attach bonding cable with M83413-1 electrical ground connector to
static drag wire (3).

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse above procedures.

2.1,49 CH-53 atores loading/unloading evolution., To ground CH-53 aircraft
during stores loading or unloading, proceed as follows (see figure 2-42):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to the left rear fuselage
grounding receptacle (2).,

c. If grounding receptacle is not accessible, then using a grounding
cable with MB83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures,

2.1.50 E-2 parked evolution. To ground E-2 aircraft when in the parked

evolution, proceed as follows (see figure 2-43):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to main gear tiedown rimg (2),
If this location is not accessible, then connect grounding cable to
drag brace on the nose gear (typical alternste grounding point).

c. To remove grounding cable, reverae above procedures.
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2.1.51 E-2 fueling/defueling evolution., To ground E-2 aircraft when fueling or
defueling, proceed as follows (see figure 2-44):

a. Attach grounding cable with M83413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to main gear tiedown ring (2).
If this location is not accessible, then connect grounding cable to
drag brace on the nose gear (typical alternste grounding point).

c. If uaing fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to main gear tiedown ring (4).

e. When fueling/defueling evolution has been completed, wait a miniwmum
of 2 min before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.

2.1.52 E-2 hangar-based maintepance evolutign. To ground E-2 aircraft during

maintenance evolution in the hangar, proceed as follows (see figure 2-45):

&, Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to wain gear tiedown ring (2).
If this location is not accessible, then connect grounding cable to
drag brace on the nose gear (typical alternate grounding point).

¢. To remove grounding cable, reverse above procedures.

2.1.53 E-2 apron-based maintenance evolutiop {with MEPP plugged info air-
craft), To ground E-2 aircraft when in the maintenance evolution on the aproun
with MEPP plugged into aircraft, proceed as follows (see figure 2-46):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1If the MEPP is an electrically~driven type, then a pover ground
must be used,

b. Connect free end of grounding cable to main gear tiedown ring (2).
If thies location is not accessible, then comnect grounding cable to
drag brace on the nose gear (typical alternste grounding point).

c. Attach bonding cable with MB3413-1 electrical ground comnector to
gear tiedown rimg (3). .

d. Connect free end of bonding cable to a bare metal ares on the MEPP

(4).
e. To remove grounding or bonding cable, reverse above procedures.
2.1.54 E-2 aprop-based maintenance evolution (using FLEDS) To ground E-2

aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-46):

a. Attach grounding cable with MB3413~1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding csble to main gear tiedown ring (2).
If this location is not accessible, then connect grounding cable to
drag brace on the nose gear (typical alternate grounding point).
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¢. Attach bonding cable with MB3413-1 electrical ground comnector to
main gear tideown ring (3).

d. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155),

e. To remove grounding or bonding cable, reverse sbove procedures.

2,1.55 - i To ground EA~6 sircraft when in the parked
evolution, proceed as follows (see figure 2-47):

a. Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to bracket
inside nose wheel well (typical alternate grounding point).

¢. To remove grounding ceble, reverse above procedures.

2.1.56 EA-6 fuelipng/defueling evolution. 7To ground EA-6 aircraft when fueling

or defueling, proceed as follows (see figure 2~48):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to bracket
inside nose wheel well (typical alternate grounding point).

c. If using fuel truck, sttach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to bracket inside nose wheel well (&),

e. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.
f. To remove grounding or bonding cable, reverse above procedures,

2.1.57 EA-6 hangar-based maintepance evolution. To ground EA-6 aircraft during

maintenance evolution in the hangar, proceed as follows (see figure 2-49):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to & certified power ground (1).

b. Connect free end of grounding cable to tail bumper {(2). If this
location is not accessible, then connect grounding cable to bracket
inside nose wheel well (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.

2.1.58 EA-6_apron-based maintenance evolution (with MEPP plugged into sir-
craft)., To ground EA-6 aircraft when in the maintensnce evolution on the apron
with MEPP plugged into aircraft, proceed as followe (see figure 2-50):

a. Attach grounding cable with MB34]13-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a power ground
must be used,

b. Connect free end of grounding cable to tail bumper (2). If this

location is not accessible, then connect grounding cable to bracket
inside nose wheel well (typical alternate grounding point).
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€. Attach bonding cable with MB3413-1 electrical ground commector to
bracket inside nose wheel well (3).
d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

e¢. To remove grounding or bonding cable, reverse above procedures,

2.1.59 [EA=6 apron-based maintenance evolution (uaing PLEDR) To ground EA-6
aircraft vhen in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-50):

a4, Attsch grounding cable with M83413-1 electrical ground connector
(clemp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2)., If this
location is not accessible, then connect grounding cable to bracket
inside nose wheel well (typical alternate grounding point).,

¢. Attach bonding cable with MB3413-1 electrical ground comnector to
bracket inside nose wheel well (3).

d. Connect free end of bondirg cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155),

e. To remove grounding or bonding cable, reverse above procedures,

2.1.60 EA-b stores loading/unloading evolution. To ground EA-6 aircraft
during stores loading or unloading, proceed as follows (see figure 2-51):

8. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to bracket
inside nose wheel well (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.

2.,1.61 [E=4 parked evplution, To ground F-4 gircraft when in the parked

evolution, proceed as follows (see figure 2-52):

8. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to engine nacelle grounding recep-
tacle (typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground comnector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.62 [E-4 fueling/defueling evolution., To ground F-4 aircraft when fueling or
defueling, proceed as follows (see figure 2-53):

&8, Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to e certified static ground or padeye (1).

b. Connect free end of grounding cable to engine nacelle grounding recep-
tacle (typical) (2).
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c. If grounding receptacles are not accessible, thep using a grounding
ceble with MB34]13-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3),

e. Connect fuel truck bonding cable to main gear tiedown ring (4).

f. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

g To remove grounding or bonding cable, reverse above procedures.

2.1.63 F-4 hapger-based maintenance evolution. To ground F-4 aircraft during

maintenance in the hangar, proceed as follows (see figure 2-54):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified power ground (1),

b, Connect free end of grounding cable to engine nacelle grounding recep-
tacle (typical) (2).

¢, If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures,

2,1.64 F-4 aprop-based maintenance evolution (with MEPP plugged into air-
craft), To ground F-4 aircraft when in the maintenance evolution on the apron with
MEPP plugged into aircraft, proceed as follows (see figure 2-55):

a. Attach grounding cable with M83413~]1 electrical ground cuunector
(clamp type) to a certified static ground or padeye

NOTE: If the MEPP is an electrically-driven type, then a power ground
must be used,

b. Connect free end of grounding cable to engine nacelle grounding recep-
tacle (typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
ceble with M83413-1 electrical ground connector st each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. Attach bonding cable with MB3413-1 electrical ground connector to
wmain gear tiedown ring (3).

e. C?ngect free end of bonding cable to a bare metal ares on the MEPP

4).

f. To remove grounding or bonding cable, reverse above procedures.
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2,1.65 F-4 apron-based maintepance evolution (using FLEDS). To ground F-4

aircraft when in the maintensnce evolution on the apron using FLEDS, proceed as
follows (see figure 2+-55):

a. Attach grounding cable with M83413-1 electrical ground conmector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to engine nacelle grounding recep-
tacle (typical) (2).

c. 1f grounding receptacles are not accessible, then using a grounding
cable with MB3413-] electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. Attach bonding cable with M83413-1 electrical ground comnector to
main gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse above procedures.

2.1.66 F-4 stores loading/unloading evolution. To ground F-4 aircraft during
stores loading or unloading, proceed as follows (see figure 2-56):

a. Attach grounding cable with M83413-]1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to engine nacelle grounding recep-
tacle (typical) (2).

c. If grounding receptacles are not sccessible, then using a grounding
cable with M83413~1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typicsl alternate grounding point).

d, To remove grounding cable, reverse above procedures,

2.1.67 F-14 parked evolution. To ground F-14 aircraft when in the parked

evolution, proceed as follows (see figure 2-57):

a., Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to lower torque arm pin on nose
gear (2). If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternsate
grounding point).

¢. To remove grounding cable, reverse sbove procedures.

2.1.68 F-14 fueling/defueling evolution., To ground F-14 aircraft when fueling

or defueling, proceed as follows (see figure 2-58):

a. Attach grounding cable with MB3413~1 electrical ground connector
(clamp type) to 8 certified static ground or padeye (1).

b. Connect free end of grounding cable to lower torque arm pin on nose
gear (2)., If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternate
grounding point).
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c. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to lower torque arm pin on nose
gear (4).

e. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable,

f. To remove grounding or bonding cable, reverse above procedures.

2.1.69 ¥-14 hangar-based maintepance evolutiop. To groumd F-14 sircraft durimg

maintenance evolution in the hangar, proceed as follows (see figure 2-59):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to lower torque arm pin on nose
gear (2), If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternate
grounding peint).

¢. To remove grounding cable, reverse above procedures.

2,1,70 E- -
aircraft), To ground F-14 aircraft when in the maintenance evolution on the spron
with MEPP plugged into aircraft, proceed as follows (see figure 2-60):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP js an electrically-driven type, then a power ground
must be used,

b. Connect free end of grounding cable to lower torque arm pin on nose
gear (2). If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternate
grounding point).

c. Attech bonding cable with MB3413-1 electrical ground connector to
lower torque arm pin on nose gear (3).

d. Connect free end of bonding cable to a bare wetal areas on the MEPP

(4).
e. To remove grounding or bonding cable, reverse above procedures,
2,1.,71 F-14 apron-based maintenance evolution (using FLEDS). To ground F-14

sircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-60):

a. Attach grounding cable with M83413-] electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to lower torque arm pin on nose
gear (2). 1If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternate
grounding point).

¢. Attach bonding cable with M83413-]1 electrical ground connector to
lower torque arm pin (3).

d. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155),

e. To remove grounding or bonding csble, reverse above procedures.
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2.1.72 [E-14 prores loading/unloading evolution. To ground F-14 aircraft during

stores loading or unloading, proceed as follows (see figure 2-61):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to lower torque arm pin on nose
gear (2). 1If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternate
grounding point).

¢. To remove grounding cable, reverse above procedures.

2.1.73 E-18 parked evolution. To ground F-18B aircraft when in the parked

evolution, proceed as follows (see figure 2-62):

8., Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step &, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.74 F-18 fueling/defueling evolution., To ground F-18 aircraft when fueling

or defueling, proceed as follows (see figure 2-63):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with M834]13-1 electrical ground connector at each end, follow
step a8, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. If using fuel truck, attach ite grounding cable to s certified static
ground or padeye (3).

e. Connect fuel truck bonding cable to main gear tiedown ring (4).

f. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

g. To remove grounding or bonding cable, reverse above procedures.

2.1.75 E-18 hangar-based maintepance evolution. To ground F-18 aircraft during

maintenance in the hangar, proceed as follows (see figure 2-64):

a. Attach grounding cable with MB3413-1 electrical ground conmector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).
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¢. If grounding receptacles are not accessible, then using & grounding
cable with MB34]13-1 electrical ground comnector &t each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1,76 [F-18 apron-based maintenance evolution (with MEPP plugged into aix-
To ground F-18 aircraft when in the maintenance evolution on the spron
with MEPP plugged into aircraft, proceed as follows (see figure 2-65):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1f the MEPP is an electrically-driven type, then & power ground
must be used.

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).

¢. If grounding receptacles are not accessible, then using & grounding
cable with M83413~-]1 electrical ground connector at esch end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. Attach bonding cable with M83413-1 electrical ground conmmnector to
main gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the MEPP

(4).
f. To remove grounding or bonding cable, reverse above procedures.
2.1.77 E-18 apron-based maintenance evolution {using FLEDS), To ground F-18

aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-65):

a. Attach grounding cable with MB34]3-]1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground connector &t each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

d. Attach bonding cable with MB3413-1 electrical ground connector to
main gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding csble, reverse above procedures.

2.1.78 FE-18 stores loading/unloading evolution. To ground F-18 aircraft during

stores loading or unloading, proceed as follows (see figure 2-66):

8., Attach grounding cable with MB3413-1 electrical ground conmnector
(clamp type) to & certified static ground or padeye (1),

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).
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c. If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedownm
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.79 H-46 parked evolution., To ground R-46 aircraft when in the parked
evolution, proceed as followe (see figure 2-67):

8. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to left main gear tow fitting
point (2). If this location is not accessidble, then conmect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

¢. To remove grounding cable, reverse above procedures.

2.1.80 B-46 fueling/defueling evolution. To ground H-46 aircraft when fueling
or defueling, proceed as follows (see figure 2-68):

2. Attach grounding cable with M834]13-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1),

b. Connect free end of grounding cable to left main gear tow fitting
point (2). If this location is not accessible, then connect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

c. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to left main gear tow fitting point
(4).

e. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable,

f. To remove grounding or bonding cable, reverse above procedures.

2.1.8] H-46 hangar-based maintenance evolution. To ground H-46 aircraft during

maintenance evolution in the hangar., proceed as follows (see figure 2-69).

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified power ground (1),

b. Connect free end of grounding cable to left main gear tow fittinmg
point (2). If this location is not accessible, then connect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

¢c. To remove grounding cable, reverse above procedures.

2.1 082 - -
aircraft), To ground H-46 aircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as followe (see figure 2-70):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to & certified static ground or padeye (1).

NOTE: 1If the MEPP is an electrically-driven type, then a powver ground
-must be used.
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b. Connect free end of grounding cable to left main gear tow fitting
point (2). If this location is not acceesible, then connect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

c. Attach bonding cable with MB3413-1 electrical ground commector to
left main gear tow fitting point (3).

d. C?n?ect free end of bonding cable to a bare metal area on the MEPP

4).
e. To remove grounding or bonding cable, reverse above procedures.

2.1.83 H-46 Apron-based maintenance evolution (using FLEDS), To ground B-46

aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-70):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to left main gear tow fitting
point (2). If this location is not accessible, then connect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

c. Attach bonding cable with MB3413-1 electrical ground connector to
left main gear tow fitting point (3).

d. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155),

e. To remove grounding or bonding cable, reverse above procedures.

2.1.84 H-46 stores loading/unloading evolution. To ground H-46 aircraft during

stores loading or unloading, proceed as follows (see figure 2-71):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to left main gear tow fitting
point (2). If this locstion is not accessible then connect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

¢+ To remove grounding cable, reverse above procedures,

2.1.85 QV-10 parked evolution., To ground OV-10 aircraft when in the parked

evolution, proceed as follows (see figure 2-72):

8. Attach grounding cable with M83413~1 electrical ground comnnector
(clamp type) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with a MB3413-]1 electrical ground connector at each end,
follow step a, and connect free end of grounding cable to nose gear
tiedown ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures,
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2.1.86 0V-10 fueling/defueling evolution. To ground OV-10 aircraft when
fueling or defueling, proceed as follows (see figure 2-73):

a. Attach grounding cable with MB3413-1 electrical ground conmector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with a MB3413-]1 electrical ground connector at each end,
follow step a, and connect free end of grounding cable to nose gear
tiedown ring (typical alternate grounding point).

d. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

e. Connect fuel truck bonding cable to nose gear tiedown ring (4).

f. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

g. To remove grounding or bonding cable, reverse above procedures.

2.1.87 Q0Y-10 hangar-based maintenance evolution. To ground OV-10 asircraft

during maintepance in the hangar, proceed as follows (see figure 2-74):

a. Attach grounding cable with MB3413-]1 electrical ground comnector
(¢clamp type) to a certified power ground (1).

b, Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with M83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternste grounding point).

d. To remove grounding cable, reverse above procedures.

2!1.88 - el
sircraft). To ground OV-10 aircraft when in the maintenance evolution on the apron
w#ith MEPP plugged into aircraft, proceed as follows (see figure 2-75):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

ROTE: If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

¢, If grounding receptacles are not accessible, then using a grounding
cable with M83413~) electrical ground comnector st each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

NOTE: If the MEPP is & diesel engine-driven type, then the following
bonding requirement is waived.

d. Attach bonding cable with MB3413-1 electrical ground connector to
nose gear tiedown ring (3).
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e. Connect free end of bonding cable to a bare metal area on the MEPP

(4).
f. To remove grounding or bonding cable, reverse above procedures.
2.1.89 QV-10 stores loading/unloading evolutiopn. To ground OV-10 aircraft

during stores loading or unloading, proceed as follows (see figure 2-76):

a. Attach grounding cable with MB3413-]1 electrical ground conmnector
(clemp type) to a certified static ground or padeye (1).

b. Connect free end of grounding csble to fuselage grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with M83413-]1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.90 P-3 parked evolution. To ground P-3 aircraft when in the parked
evolution, proceed as follows (see figure 2~77):

8. Attach grounding cable with M83413~]1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to grounding lug on main landing
gear (2). If this location is not accessible, then connect
grounding cable to upper part of static drag wire (typical alternate
grounding point).

¢. To remove grounding cable, reverse above procedures.

2.1.91 P-3 fueling/defueling evolution. To ground P-3 aircraft when fuelinmg or

defueling, proceed as follows (see figure 2-78):

8. Attach grounding cable with M83413-1 electrical ground connector
(clemp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to grounding lug on main landing
gear (2). 1If this location is not accessible, then connect
grounding cable to upper part of static drag wire (typical alternate
grounding point).

¢+ If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to grounding lug (4&).

e. VWhen fueling/defueling evolution has been completed, wait 2 minimum
of 2 win before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.
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HARKING: P-3 asirfrawe must be static grounded when parked and its
engines are used to supply electrical power for any type of
majintensnce check or rupup tests. The grounding straps
presently mounted on the main landing wheele can not be relied
upon to prevent airframe electrostatic buildup.

2.1.92 P-} hangar-based maintepance evolution. To ground P-3 aircraft during
maintenance evolution in the hangar, proceed as follows (see figure 2-79):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified power groumnd (1),

b. Connect free end of grounding cable to grounding lug on main landing
gear (2). 1If this location is not accessible, then connect
grounding cable to upper part of static drag wire (typical slternate
grounding point).

c. To remove grounding cable, reverse above procedures,

2,1.93 pP- -
To ground P-3 aircraft when in the maintenance evolution on the apron with MEPP
plugged into aircraft, proceed as follows (see figure 2-80):

a. Attach grounding cable with M83413~1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

NOTE: If the MEPP is an electrically-driven type, then a& power ground
must be used.

b. Connect free end of grounding cable to grounding lug on main landing
gear (2). If this location is not accessible, then connect
grounding cable to upper part of static drag wire (typical alternate
grounding point).

c. Attach bonding cable with MB3413-1 electrical ground comnector to
grounding lug (3).

d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

es To remove grounding or bonding cable, reverse above procedures.

2.1,94 P-3 apron-hased maintenance evolution (using FLEDS), To ground P-3

aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-80):

a. Attach grounding cable with MB34]13-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to grounding lug on main landing
gear (2). 1If this location is not accessible, then connect
grounding cable to upper part of static drag wire (typical
alternate grounding point).

110



I

NOTE:
¥ GROUNDING LUGS COATED WITH
PAINT, CONNECT GROUNDING CABLE
70 UPPER PART OF STATIC DRAG
WIRE
EXTERNAL
POWER
RECEPTACLE

GROUNDING CABLE -
CONNFCT 70
GROUNDING LUGS

€961 12qmaAoN I
(SV)7(T-A9AE-TIK

ALTERNATE
GROUNDING POINT
‘ USING CONNECTOR

S
@ // /l VPICAL !
(0

' CERTIFIED GROUND
{LESS THAN 10 OHMS)

STATIC DRAG
WIRE
CAUTION MB3413-1
EARTH GROUND POINT CONNECTOR
MUST BE FREE MAIN
OF PAINT AND CORROSION LANDING
GEAR

S0Nt 86

FIGURE 2-79. - =




o 1108

NOISOYHO0) ANV LNIVd 40
334 38 4SO
INIOd GNNOUD HikVYI
NOLLNYD

318v0 0314 404d3w 0L 1JINNOD
IDIAHIS - 30UN0S UMd 1X3 378vD ONIONOS
01 g =

® ® |
VHQ NO 1108
O ani1s oL \ SONT ONIANNOYY
S

(SWHO 00001 NYH1 SS3D)

ONIM LHOIY : L) aNNOBO Q313114 3D
\e.w3 H3IONN V3HVY £31714 ONIM NI / A
< 0 31IVIdilIH MY 1X3 01 1DINNOD 1/
- o QY02 4IMO4 1X3 SONT SONIONNUED
3~ OL 123INNOD
S 318V ONIGNNOH D
]
b O N
@8 \
a
2 AN
O QDL
— RN ’
X —

NI

aQ3ISN 38 1SOW
378V ONIONNOYD 31 VvHV43S
‘14vd4o4Iv ONNOHO Ot Q3$N 38
LON NV SNIVHD NMOQ 311
ONINUYM

*08-7 240514

HOLDINNOD
| Ciptlw

\

TR T A

ONIONV T NIVIN

IHIM OVHQ
JILVLS JO LYVd HiddN 01 118vD
ONIGNNOYD LIINNOD LNV H1IM
a31v02I S9N ONIGNNOUD )
310N

HVY3IO ONIONV)
NIV

HO1DINNOD
I E1yCBN

JHIMm
OvHQ JILVIS

il

1NIOd ONIONNOYO
ALVNUILY
AVIIdAL

avls!

wtl wn ulb

=
\=r]

112



Ce
d.
e,

201 u95 —

MIL-EDBK~274(AS)
1 November 1983

Attach bonding cable with MB3413-1 electrical ground connector to
grounding 1ug (3).

Connect free end of bonding cable to a bare metal ares on the DBA
such as the stud or bolt (4) (see figure 2-155).

Toa remove grounding or bonding cable, reverse above procedures.

To ground P-3 aircraft during

B-3 storea loading/unloading evolution.
stores loading/unloading, proceed as follows (see figure 2-81):

a. Attach grounding cable with M83413-1 electrical ground comnector
(clamp type) to & certified static ground or padeye (1).

b. Connect free end of grounding cable to grounding lug on main landing
gear (2). If this location is not accessible, then connect
grounding cable to upper part of static drag wire (typical
alternate grounding point).

¢. To remove grounding cable, reverse sbove procedures.

2.1.96 5-3 parked evolution. To ground S-3 aircraft when in the parked
evolution, proceed as follows (see figure 2-82):

8. Attach grounding cable with M83413~1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using & grounding
cable with M83413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

201 097 hod

To ground S-3 sircraft when fueling or

defueling, proceed as follows (see figure 2-83):

€,
f.

g

Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

1f grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground comnector at esch end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

If using fuel truck, attach its grounding cable to & certified static
ground or padeye (3).

Connect fuel truck bonding cable to main gear tiedown ring (4).

When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

To remove grounding or bonding cable, reverse above procedures.
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2.1.98 §-3 hangar-based maintepance evolution. To ground §-3 aircraft during
maintenance in the hangar, proceed as follows (see figure 2-84):

s, Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified power ground (1).

b. Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with M83413-]1 electrical ground connector at each end, follow
step &, and connect free end of grounding cable to nose gear tiedown
ring (typical alternste grounding point).

d. To remove grounding cable, reverse above procedures.

2.1 99 — -

alrcraft)., To ground §-3 aircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as follows (see figure 2-83):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1f the MEPP is an electrically-driven type, then a power ground
must be used.

b, Connect free end of grounding csble to pylon grounding receptacle
(typical) {2).

c. If grounding receptacles are not accessible, then using a grounding
cable with MB83413-1 electrical ground connector at each end, follow
step a, and conpect free end of grounding cable to nose gear tiedown
ring (typical alternste grounding point).

d. Attsch bonding cable with MB3413-1 electrical ground comnector to
nose gear tiedown ring (3).

e. Connect free end of bonding cable to a2 bare metal area on the MEPP

(4).
f. To remove grounding or bonding cable, reverse above procedures.
2.1,100 $-3 apron-based maintenance evolution (using FLEDS)., To ground §-3

1izcraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-85):

&. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413~1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear
tiedown ring (typical alternate grounding poinmt).

d. Attach bonding cable with MB34]13-1 electrical ground comnector to
nose gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse above procedures.
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2,1.101 8-2 atores loading/unlosding evolution. To ground §-3 aircraft during
stores loading or unloading, proceed as follows (see figure 2-86):

a. Attach grounding cable with MB3413-1 electrical ground conmmector
(clamp type) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using s grounding
cable with MB3413~]1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear
tiedown ring (typical slternate grounding point).

d. To remove grounding cable, reverse above procedures.

2.1.102 2R=2 paxked evglutiop. To ground SH-2 sircraft when in the parked
svolution, proceed as follows (see figure 2-87):

8. Attech grounding cable with MB3413-1 electrical ground connector
(clemp type) to a certified static ground or padeye (1),

b, Connect free end of cable to front left fuselage grounding
receptascle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with M83413-1 electrical ground comnector at each end, follow
step 8, and connect free end of grounding cable to main gear
tiedown ring (typical alternate grounding point).

d. To remove grounding cable, reverse sbove procedures,

2.1.103 SE-2 fueling/defueling evolution., To ground 8H-2 aircraft when fueling
or defueling, proceed as follows (see figure 2-88):

8. Attach grounding cable with M83413-]1 electrical ground connector
(clamp type) to a certified static ground or padeye (1),

b, Connect free end of grounding cable to front left fuselage grounding
receptacle (2).

¢. If grounding receptacle is not acceseible, then using a grounding
cable with MB3413-1 electrical ground comnector at each end, follow
step a, and conpect free end of grounding csble to main gear
tiedown ring (typical alternate grounding point).

d. If using fuel truck, attach its grounding cable to a certified
static ground or padeye (3).

e. Connect fuel truck bonding cable to mein gear tiedown ring (4),

f. When fueling/defueling evolution has been completed, wait & minimum
of 2 min before removing bonding cable,

g. To remove grounding or bonding cable, reverse above procedures.

2.1,104 SH-2 hangar-based maintepance evolution. To ground SH-2 aircraft

during maintenance in the hangar, proceed as follows (see figure 2-89):

a. Attech grounding cable with MB3413-]1 electrical ground comnector
(clamp type) to a certified power ground (1),

b. Connect free end of grounding cable to front left fuselage grounding
receptacle (2).

120

)



*98-7 J¥NJi1d

bEalng

HOLI3INNOD ONISN LNIOd
ONIGNNOYD ILVYNYILTY
IVIdAL

NOISONHOO ANV LNIVd 40 3344
38 1SN ONIY NMOa 311

HOLIINNOD
L ELYEBN
NOISOU YO0 ONV LNIVd
. 30 334438 1SN

P 1NIOd ONNOUD HIHVI
M* @ NOLLAYD
- O
LC
_ ~
o b
b hm (SWHO 00001 NVH1 SS3 V)
;M m 3A30vd
4O
‘ @ w GNNOYO G31411H3ID
-1z =
[
x —
NO1Ad NO
312V143234 ONIONNOHD
01 193NNOD

= 318VJ ONIANNOUD

a3Isn 18 1SN
378vI ONIONNOYO 31VYHV43S
‘13VHOUIV ONNOYY 01 a3SN 38
10N NVI SNIVHI NMOQ 311
ONINHYM

121



A4

GROUNDING RECEPTACLE
ON FUSELAGE

' RECEPTACLE

WARNING
TIE DOWN CHAINS CAN NOT
BE USED TO GROUND AIRCRAFT,
SEPARATE GROUNDING CABLE
MUST BE USED

MAIN LANDING
GEAR WHEEL

TYPICAL
ALTERNATE
GROUNDING POINT
USING CONNECTOR
1|®

GROUNDING CABLE-

CONNECT TO FUSELAGE
GROUNDING RECEPTACLE
ON LEFT SIDE

CERTIFIED GROUND ()
OR
PADEYE —=

CAUTION LESS THAN 10,000 OHMS) =
EARTH GROUND POINT LESS 00D OHMS)

MUST BE FREE OF
PAINT AND CORROSION

CONNECTOR

CAUTION
ATTACHMENT POINT
MUST BE FREE OF
PAINT AND GREASE

03¢ 10

FIGURE 2-87. - i i i

€861 13qWaAoN |

(SV)9LZ-X4QR-TIK



-
a3

o] &
%

3]

@ i
o

ONIB NMOO3IL
04 193NNOD
-318v)
ONIANOS
—~ {SWHO 00001 NVH L SS3T)
= IAIAVY ISOH
M 0 HO oNININg
~ O ANNOYD A3131143D
<& -~
P~ =
o —
’t ®
=3
gt ‘ ‘
w8 O N
.v...u = 4 >
x — / = d
Uy S
301S L3131 NO Ny
31IVL43DIY ONIGNNOYD AR
19VIISNS 0L 1IINNOD e
- 319VD ONIONNOYD Ny &

M \

[ 7
\@ asn 38 15

31IVLIdIDIY |

o , N, 310vid3234 ONITINS
33 S

378YD ONIONNOYY 31VHV4IS

°g8-T FWNDId

NOISOYHO)D ANV INIVd
30 3344 38 1SN
ANIOd ONNOUD HAUVI

ISV IO ONV LNIVd
NOunvd

30 3344 38 1SNK
INIOd AININHOVLLY
NOWLNYD

HOLIINNOD
| EIPEBN

{SWHO 00001 NVHL SS31)

I1avd
A3avd INIONNOHD
HO P TTRENY

ONNOYBO Q31311432

I13I3HM HVIOD
ONIGNV NIVIN

L J
! "L3VHIMIV ONNOYS 01 Q38N 38 °°
/ LON NVI SNIVHO NMOQ 311 13430 0w 104

I9VIISN4 NO ONINUYM
FIVL43D34 ONIAONNOYD

123



ISWHO 01
NYH1 §§37)
aNNOWD
Q341483

~~

™
<2
~ O
i ais
o k133180
L & 310vi43d38
-] § owawnass
2 39v13sn4
¥ 2 0L 103INNODD
o 2 -379v)
- ONIONNOHD
X

waﬂLwaz ‘
39V13ISN4 NO

3IVL43IIY ONIGNNOUD

*68-7 qdNd1d

$310vid303u
43IM0Od
4(2¢wh.1w

3SV3IHO ANV LNIVd
40 3344 38 1SN
ANIOd ANIWHOVLLY
NOILAYD

NOISOYYOD ONV LNIVd
30 3344 38 LSNN
ANIOd GNNOMD HLBV3I
NOILNVD

NOLJINNGD

A’xOhUwZZOU ONISN
1NI0d ONIONNOYD
31VNU31IY

IVYIdAL

13IHM BVYID
ONIGNY NIV

124



MIL-HDBK-274(A8)
1l November 1983

¢. If grounding receptscle is not accessible, then using s grounding
cable with MB83413=] electrical ground comnector st esch end, follow
step a, and connect free end of grounding casble to main gear
tiedown ring (typicsl slternate groundirmg point).

d, To remove grounding cable, reverse sbove procedures,

2.1 |105 — _—
To ground BH-2 sircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as follows (see figure 2-90):

a, Attach grounding cable with M83413-] electrical ground connector
(clamp type) to s certified static ground or padeye (1).

ROTE:t If the MEPP is an electrically-driven type, then a power ground
must be used,

b, Connect free end of grounding cable to front left fuselage grounding
receptacle.

¢, If grounding receptacle is not accessible, then using s grounding
cable with MB3413-]1 electrical ground comnector at each end, follow
step a, and connect free end of grounding cable to main gear
tiedown ring (typical alternate grounding point),

d. Attach bonding cable with MB3413-]1 electrical ground commector to
main gear tiedown ring (3).

e, Connect free end of bonding cable to bare metal area on the MEPP

(4),

f. To remove grounding or bonding cable, reverse sbove procedures.

2.1.106 SH-2 apron-based maintepance evolution (ueing FLEDS)., To ground SH-2
aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-90):

a. Attach grounding cable with MB3413-1 electrical ground conmnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to front left fuselage grounding
receptacle (2),

c. If grounding receptacle is not accessible, then using a grounding
cable with MB3413-] electriceal ground connector at each end, follow
step a, and connect free end of grounding cable to main gear
tiedown ring (typical alternate grounding point).

d. Attach bonding cable with MB3413-1 electrical ground commnector to
main gear tiedown rimg (3).

e. Connect free end of bonding cable to bare metal area on the DBA such
as the sutd or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse above procedures.

2.1.107 SH-2 stores loading/unloading evolution. To ground SH-2 sircraft during
stores loading or unlosding, proceed as follows (see figure 2-91):

8. Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to a certified static or padeye (1).

b. Connect free end of grounding cable to front left fuselage grounding
receptacle (2).
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¢, If grounding receptacle is not accessible, then using a grounding
cable with MB3413-]1 electrical ground connector at each end, follow
step &, and connect free end of grounding cable to msin gear
tiedown ring (typicel alternate grounding poinmt).

d. To remove grounding cable, reverse above proceduraes.

2.1,108 ]x;:_g;:xgj_.xglngifn. To ground BR-3 aircraft when in the parked
evolution, proceed as follows (see figure 2-92)

a. Attach grounding cable with MB3413~] electrical ground comnector
(clamp typs) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to static drag wire bolt (2).
If this location is not accessible, then connect grounding cadle to
main gear tiedown ring (typical aslternate grounding polntg.

¢c. To remove grounding cable, reverse sbove procedures,

2,1,109 8B=-3 fueling/defueling evolutign. To ground $H-3 aircraft vhen fueling
or defueling, proceed as follows (sve figure 2-93):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to static drag wire bolt (2).
If this location is not accessible, then comnect grounding cable to
main gear tiedown ring (typical alternste grounding point).

c. If using fuel truck, attach its grounding cable to a certified
static ground or padeye (3).

d. Connect fuel truck bonding cable to main gear tiedown ring (4).

e¢. When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable.

f. To remove grounding or bonding cable, reverse above procedures.

2,1.110 £K-3 hangar-based maintenance evolution. To ground SH-3 aircraft

during maintenance evolution in the hangar, proceed as follows (see figure 2-94):

a. Attach grounding cable with MB3413~]1 electrical ground comnector
(clamp type) to a certified power ground (1). f

b, Connect free end of grounding cable to static drag wire bolt (2).
If this location is not accessible, then connect grounding cable to
main gear tiedown ring (typical alternate grounding point).

¢. To remove grounding cable, reverse above procedures,

2.1.111 = =

alrcraft), To ground SH-3 aircraft when in the maintenance evolution on the aspron
with MEPP plugged into aircraft, proceed as follows (see figure 2-95):

a. Attach grounding cable with M83413-]1 electrical ground commector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1If the MEPP is an electrically-driven type, then a power ground
nmust be used,
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b. Comnect free end of grounding cable to static drag wire bolr (2),
If this location is not accessible, then connect grounding cable to
main gear tiedown ring (typical alternate grounding point).

¢. Attach bonding cable with M83413-1 electrical ground conmnector to
main gear tiedown ring (3).

d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

e. To remove grounding or bonding cable, reverse above procedures.

2.1,112 SH-3 apron-hased maintepance evolution (using FLEDS). To ground SH-3
aircraft when in the maintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-95):

a. Attach grounding cable with MB3413-1 electrical ground commnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to static drag wire bolt (2).
If this location is not accessible, then connect grounding cadble to
main gear tiedown ring (typical alternmate grounding point).

c. Attach bonding cable with M83413-1 electrical ground conmnector to
main gear tiedown ring (3).

d. Connect free end of bonding cable to a bare metal area on the DBA
such ss the stud or bolt (4) (see figure 2-155).

e. To remove grounding or bonding cable, reverse above procedures.

2.1.113 §SH-3 stores loading/unloading evolution. To ground S8H-3 aircraft
during stores loading or unloading, proceed as follove (see figure 2~96):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to static drag wire bolt (2),
If this location is not accessible, then connect grounding cable to
main gear tiedown ring (typicsl alternate grounding pointg.

¢« To remove grounding cable, reverse above procedures.

2.1.114 BH-60 parked svolution. To ground BEH-60 aircraft when in the parked
evolution, proceed as follows (see figure 2-97):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with M83413~1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to static drag wvire
(typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.
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To ground SH-60 aircraft when

fueling or defueling, proceed as follows (see figure 2-98):

b,

[

d.

e.
f.

Attsch grounding cable with M83413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1),

Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step &, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

If using fuel truck, attach its grounding cable to a certified
static ground or padeye (3).

Connect fuel truck bonding cable to static drag wire (4).

When fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable,

To remove grounding or bonding cable, reverse above procedures.

2.1.116 SH-60 hapgar-based maintepapnce evolution. To ground SH-60 aircraft

during msintenance in the hangar, proceed as follows (see figure 2-99):

d.

2.1.117

Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to a certified power ground (1).

Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with MB3413-]1 electrical ground cobnector at each end, follow
step a, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

To remove grounding cable, reverse above procedures.

airgraft), To ground SH-60 aircraft when in the maintenance evolution on the
apron with MEPP plugged into aircraft, proceed as follows (see figure 2-100):

Attasch grounding cable with M83413-]1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

NOTE: 1If the MEPP is an electrically-driven type, then a power ground

b,

must be used.

Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with M83413-]1 electrical ground connector at each end, follow
etep a, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

Attach bonding cable with MB3413-] electrical ground comnector to
static drag wire (3).

Connect free end of bonding cable to a bare metal ares on the MEPP
(4).

To remove grounding or bonding cable, reverse above procedures,
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SH-60 apron-based maintepance evolutiop (usipg FLEDS). To ground SH-60

aircraft when in the msintenance evolution on the apron using FLEDS, proceed as
follows (see figure 2-100):

2.1.119

a. Attach grounding cable with MB3413-~1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

c. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

d. Attsch bonding cable with MB3413-1 electrical ground conmector to
static drag wire (3).,

e. Connect free end of bonding cable to a bare metal area on the DBA
such as the stud or bolt (4) (see figure 2-155).

f. To remove grounding or bonding cable, reverse above procedures,

SH-60 stores loading/unloading evolution. To ground SR-60 aircraft

during stores loading or unloading, proceed as follows (see figure 2-101):

2.1.120
evolution,

2.1.121
fueling or

a. Attach grounding cable with MB3413~1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1),

b. Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

d. To remove grounding cable, reverse above procedures.

IH-57 parked evolution. To ground TH-57 esircraft when in the parked

proceed as follows (see figure 2-102):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1),

b. Connect free end of grounding cable to tang on skid (2)., If this
location is not accessible, then connect grounding cable to tow
ring (typical alternate grounding point).

c. To remove grounding cable, reverse above procedures.

JB-37 fueling/defueling evolutiopn. To ground TH-57 aircraft when
defueling, proceed as follows (see figure 2-103):

2. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to tang on skid (2). 1If this
location is not accessible, then connect grounding cable to tow
ring (typical alternate grounding point).

c. If using fuel truck, attach its grounding cable to a certified
static ground or padeye (3).
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d. Connect fuel truck bonding cable to tang on skid.

e. When fueling/defueling evolution hss been completed, wait a minimum
of 2 min before removing bonding cadble.

f. To remove grounding or bonding cable, reverse above procedures,

2.1.122 IH-37 hangax-based maintepance evolution. To ground aircraft during
maintensnce evolution in the hangar, proceed as follows (see figure 2-104):

a. Attach grounding cable with MB3413-1 electrical ground coomector
(clamp type) to a certified power ground (1),

b. Connect free end of grounding cable to tang on skid (2)., If this
location is not accessible, then connect grounding cable to tow
ring (typical alternate grounding point).

¢. To remove grounding cable, reverse above procedures,

2,1.123 - =
aixcraft), To ground TH~57 aircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as follows (see figure 2-105):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or psdeye (1).

NOTE: 1If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to tang on skid (2). If this
location is not accessible, then connect grounding cable to tow
ring (typical alternate grounding poinmt).

NOTE: If the MEPP is a diesel engine-driven type, then the following
bonding requirement is waived,

¢. Attach bonding cable with M83413-] electrical ground comnector to
tang on skid (3).
d. Connect free end of bonding cable to a bare metsl area on the MEPP

(4).

e. To remove grounding or bonding cable, reverse above procedures.

2.1,124 DC-12 parked evolution. To ground UC-12 aircraft when in the parked
svolution, proceed as follows (see figure 2-106):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to nose wheel axle (2). If this
location is not accessible, then connect grounding cable to main
vheel axle (typical alternate grounding point).

¢. To remove grounding cable, reverse above procedures.

2,1.125 1C-12 fueling/defueling evolution. To ground UC-12 aircraft when

fueling or defueling, proceed as follows (see figure 2-107):

a. Attach grounding csble with MB3413-~]1 electrical ground comnector
(clamp type) to a certified static ground or padeye (1).
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b. Connect free end of grounding cable to nose wheel sxle (2), If this
jocation is not sccessible, then connect grounding cable to main
wheel axle (typical slternate grounding point),

¢, If using fuel truck, attach its grounding cable to a certified
static ground or padeye (3).

d. Connect fuel truck bonding cable to main wheel axle (4).

¢. VWhen fueling/defueling evolution has been completed, wait a minimum
of 2 min before removing bonding cable,

£, To remove grounding or bonding cable, reverse adbove procedures,

2.1.126 UGC-12 hapgar-bassd maintenance avolution, To ground UC-12 aircraft
during maintenance evolution in the hangar, proceed as follows (see figure 2-108):

a. Attach grounding cable with MB3413-] electrical ground connector
(clamp type) to & certified power ground (1).

b. Connect free end of grounding cable to nose wheel axle (2). If this
location is not accessible, then conmnect grounding cable to main
wheel axle (typicsl alternate grounding point).

c. To remove grounding cable, reverse above procedures.

2.1.127 UC-12 gpron-based maintenance evolution (with MEPP plugged into
aircraft), To ground UC-12 aircraft when in the maintenance evolution on the apron
with MEPP plugged into aircraft, proceed as follows (see figure 2-109):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to & certified static ground or padeye (1).

NOTE: 1If the MEPP is an electrically-driven type, then a power ground
must be used.

b. Connect free end of grounding cable to nose wheel axle (2). If this
location is not accessible, then connect grounding cable to main
wheel axle (typicsl alternate grounding point).

NOTE: If the MEPP is a diesel engine-driven type, then the following
bonding requirement is waived.

¢, Attach bonding ceble with MB3413-]1 electrical ground conmnector to
main wheel axle (3).

d. Connect free end of bonding cable to a bare metsl area on the MEPP
(4).

e. To remove grounding or bonding cable, reverse above procedures.

2.2 Carrier-based gircraft, The following paragraphs provide step-by-step proce-
dures for grounding carrier-based aircraft. Note that the word ''carrier'’ is
meant to refer to any ship which supports aircraft flight operations. Before
attaching grounding cables, ensure that the aircraft has been tied down and secured
to the carrier deck. Tiedown chains cannot be relied upon for grounding. A
grounding cable must be used to properly implement the grounding methods presented
in this section, ’

Maintensnce evolutions and fueling evolutions are represented for each aircraft
type while the parked and stores loading/unloading evolutions are illustrated for
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aircraft series only (eg, attack, fighter, etc). The aircraft series, their
typical examples, and thelr figure numbers are listed below:

Aixcxafs faxisa Iypical Exanpnla Ligure No.
Attack A=7 2-116
Spacial Electronics B-2 2-127
ZTighter r-14 2-134
Anti-Budbmarine 8-3 2-14]
Helicopter BR=2 2=-144

2.2.1 Carziax-bassd A-3 fueling/defusling evolution. To ground carrier-based
A=3 aircraft when fueling or defueling, proceed as follows (see figure 2-110):

&, Attach grounding cable with MB34l3-] electrical ground comnector
(clamp type) to a padeye (1),

b. Connect free end of grounding cable to nose landing gear (2). If this
location is not sccessible, then connect grounding cable to main gear
tiedown ring (typical alternate grounding point).

¢s If using MEPP, attach bonding cable with MB3413~] electrical ground
connector to nose landing gear (3).

d. C?n?cct free end of bonding cable to a bare metsl area on the MEPP

4),

e. To remove grounding or bonding cable, reverse sbove procedures.

2.2.2 GCarrier-based A-3 maintspance evolution. To ground csrrier-based A-3
aircraft when in the maintenance evclution, proceed as follows (see figure 2-111):

a. Attsch grounding cable with M83413-1 electrical ground connector
(clamp type) to a padeye (1).

b. Connect free end of grounding cable to nose landing gear (2). If this
location is not accessible, then connect grounding cadble to main gear
tiedown ring (typical alternate grounding point).

c. If using MEPP, attach bonding cable with M83413-1 electrical ground
connector to nose landing gear (3).

d. C?Z?ect free end of bonding cable to a bare metal srea on the MEPP

e. To remove grounding or bonding cable, reverse above procedures.

2,243 - = i To ground carrier-based
A~4 aircraft when fueling or defueling, proceed as follows (see figure 2-112):

a. Attach grounding cadble with MB3413~]1 electricel groumd commector
(clamp type) to a padeye (1),

b. Connect free end of grounding cable to pylon grounding receptacle
(typical) (2),

c. If grounding receptacles are not accessible, then using a grounding
cable with MB83413-1 electrical ground connector at each end, follow
step a, and conpect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

de If using MEPP, attach bonding cable with MB3413-] electrical ground

connector to nose gear tiedown rimg (3).
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e. C?n?ect free end of bonding cable to a bare metal ares on the MEPP
4),
f. To remove grounding or bonding cable, reverse above procedures.
2.2.4 Carrier-based A-4 maintenance evolution. To ground carrier-based A-4

aircraft when in the maintenance evolution, proceed as follows (see figure 2-113):

&,
b,

Ce

d.
e.
f.

2.2 -s

Attach grounding cable with MB83413-1 electrical ground connector
(clamp type) to a padeye (1).

Connect free end of grounding cable to pylom grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, then using a grounding
csble with MB3413-1 electrical ground conpector at esch end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown ring (3).

C?n?ect free end of bonding cable to s bare metal area on the MEPP

“ *

To remove grounding or bonding cable, reverse above procedures,

- - i To ground carrier-based

A-6 sircraft when fueling or defueling, proceed as follows (see figure 2-114):

b.

Ce
4.
L Y

2.2.6

Attach grounding cable with M83413-1 electrical ground comnector
(clamp type) to a padeye (1),

Connect free end of grounding cable to main gear tiedown ring (2). If
this location is not accessible, then comnect grounding cable to tail
bumper (typical alternate grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown rimg (3).

Con?ect free end of bonding cable to a bare metal area on the MEPP
(4).

To remove grounding or bonding cable, reverse above procedures.

= - i i To ground carrier-based A-6

Alrcraft when in the maintenance evolution, proceed as follows (see figure 2-115):

b.

Attach grounding cable with MB3413-]1 electrical ground commector
(clamp type) to a padeye (1).

Connect free end of grounding cable to main gear tiedown rimg (2), 1If
this location is not accessible, then comnect grounding cable to tail
bumper (typical alternate grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown rimg (3).

C?u?ect free end of bonding cable to a bare metal area on the MEPP

4 [ ]

To remove grounding or bonding cable, reverse above procedures.

2.2.7 Carrier-based attack aircrafp (A-3, A-4, A-6. A-7. AV-8, BA-6) parked
exclution and stores losding/unloading evolution., To ground carrier-based attack
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aireraft when in the parked evolution and stores loading/unlosding evolution,
proceed as follows (see figure 2-116):

8
b,

(-

d,
2.2,8

Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1),

Connect free end of grounding ceble to forvard fuselage grounding
receptacle (typic:lg (2),

If grounding receptacles are not accessible, then using s grounding
cable with M83413~]1 electrical ground comnector at each end, follew
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

To remove grounding cable, reverse above procedures.

- - To ground carrier-based

Larzier-hasad A-7 fueling/defueling gvolution.
A>7 aircraft when fueling or defueling, proceed as follows (see figure 2-117):

8.
b.

Ce

d.
e.
f.

2.2.9

Attach grounding cable with MB3413~]1 electrical ground connector
(clamp type) to a padeye (1),

Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with MB3413-] electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical slternate grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown rimg (3).

C?naect free end of bonding cable to a bare metal ares on the MEPP

4). :

To remove grounding or bonding cable, reverse above procedures.

- - i i To ground carrier-based A-7

sircraft vhen in the maintenance evolution, proceed as follows (see figure 2-118):

a.
b.

Co

d.
e,
£,

2.2.10

Attach grounding cable with MB3413-1 electrical ground conmnector
(clamp type) to a padeye (1).

Connect free end of grounding cable to forward fuselage grounding
receptacle (typical) (2),

If grounding receptacles are not accessible, then using a grounding
cable with MB83413-]1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).

If veing MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown ring (3).

Connect free end of bonding cable to a bare metal ares on the MEPP
(&),

To remove grounding or bonding cable, reverse above procedures.

- - i To ground carrier-based

Af-1 aircraft when fueling or defueling, proceed as follows (see figure 2-119):

Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a padeye (1),
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Connect free end of grounding cable to fromt right towing ring (2),
If this location is not accessible, then connect groundimg cable to
front left towing ring (typical alternate grounding point).

To remove grounding cable, reverse above procedures.

- - To :roﬁnd carrier-based AR-1

aircraft wvhen in the maintenance evolution, proceed as follows (see figure 2-120):

b.

Co

2,2.12

Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to s padeye (1),

Connect free end of grounding cable to front right towing rimg (2).
I1f this location is not accessible, then connect grounding cable to
front left towing ring (typical alternate grounding point).

To remove grounding cable, reverse above procedures.

- - To ground carrier-based

Saxziax-hanad AV-f fueling/defueling evoluzion.
AV-8 aircraft when fueling or defueling, proceed as follows (see figure 2-121):

b.

Coe

2,2.13

Attach grounding cable with MB83413-1 electrical ground comnector
(clamp type) to a padeye (1),

Connect free end of grounding cable to outrigger gear tiedown ring
(2). 1If this location is not accessidble, then comnect grounding
cable to bottom part of outrigger gear leg (typical altermate
grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to main wheel axle (3).

Connect free end of bonding cable to a bare metal area on the MEPP

(4).

To remove grounding or bonding cable, reverse above procedures.

= = To ground carrier-based AV-8

aircraft vhen in the maintensnce evolution, proceed as follows (see figure 2-122):

b.

Coe
d.
e,

2.2.14

Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1).

Connect free end of grounding cable to outrigger gear tiedown ring
(2), 1If this location is not accessible, then connect grounding
cable to bottom part of outrigger gear leg (typical slternate
grounding point).

If using MEPP, attach bonding cable with M83413-1 electrical ground
connector to main wheel axle (3).

C?n?tct free end of bonding cable to a bare metal area on the MEPP

4 .

To remove grounding or bonding cable reverse above procedures.

= - i i i To ground carrier-based

C-1 sircraft when fueling or defueling, proceed as follows (see figure 2-123):

b.

Co

Attach grounding cable with M83413-]1 electrical ground comnector
(clemp type) to a padeye (1),

Connect free end of grounding cable to nose gear towing ring (2). If
this location is not sccessible, then connect grounding cable to
main gear tiedown ring (typical elternate grounding point).

To remove grounding cable, reverse above procedures.
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2.2.15 QLarxier-based C-1 maintepance evolution. To ground carrier-based C-1

aircraft when in the maintenance evolution, proceed as follows (see figure 2-124):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1).

b. Comnect free end of grounding cable to nose gear towing ring (2)., If
this location is not accessible, then connect grounding cable to
main gear tiedown ring (typical alternate grounding point).

¢. To remove grounding cable, reverse above procedures.

2.2.16 Carrier-based CH-53 fueling/defueling evolution. To ground carrier-

based CH-53 aircraft when fueling or defueling, proceed as follows (see figure
2-125):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1).

b, Connect free end of grounding cable to left rear fuselage grounding
receptacle (2),

c. If grounding receptacle is not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step &, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. If using MEPP, sttach bonding cable with MB3413-1 electrical ground
connector to static drag wire (3).

e. Connect free end of bonding cable to a bare metal erea on the MEPP

(4).

f. To remove grounding or bonding cable, reverse above procedures.

2.2,17 gQarcier-baged CH-53 maintepance evolution. To ground carrier-based

CH-53 aircraft when in the maintenance evolution, proceed as follows (see figure
2-126):

a, Attech grounding cable with MB3413-1 electrical ground connector
(clamp type) to & padeye (1).

b. Connect free end of grounding cable to left rear fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
cable with MB3413~]1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear static
drag wire (typical alternate grounding point).

d. If using MEPP, attach bonding cable with MB3413-] electrical ground
connector to static drag wire (3).

e, Connect free end of bonding cable to a bare metal area on the MEPP

(4).
f. To remove grounding or bonding cable, reverse above procedures.

2.2-18 i - { i i —

To ground carrier-based special electronics
(E-2) asircraft when in the parked evolution and in the storees loading/unloading
evolution, proceed as follows (see figure 2-127):

8. Attach grounding cable with MB3413-] electrical ground comnector
(clamp type) to & padeye (1).

170

h



LT

O
WARNING

TIE DOWN CHAINS CAN NOT
BE USED TO GROUND AIRCRAFT,
SEPARATE GROUNDING CABLE
MUST BE USED

’.
" [®) GrounDinG

CABLE

Y40,
CAUTION
PADEYE

MUST BE FREE OF
PAINT AND CORROSION

ATTACHMENT POINT
MusT BE FREE OF
PAINT OR GREASE

TYPICAL
ALTERNATE
GROUNDING POINT
USING CONNECTOR

NOSE
LANDING GEAR

ME381I 1
CONNECTOR

CAUTION
TIE DOWN RING MUST
BE FREE OF
PAMNT AND CORROSION

FIGURE 2-124. i =

< EXTERNAL DC POWER
e RECEPTACLE -
RIGHT SIDE
¥ FUSELAGE
T

£XT POWE R SOURCE-
NC 2A OR DECK EDGE POWER

£861 19quIAoON 1
(8V)#9LZ-19QR-TIR



L1

EXT POWER
RECEPTACLE

EXT
POWER
CORD

EXT POWER SOURCE -
NC-2A OR DECK EDGE POWER

T0
HOSE
BONDING CABLE — REEL

CONNECT TO
STATIC DRAG WIRE

/4 [/ e

/ Q(&F

[
- S S
=l

FIGURE 2-125. ier- -

P @ CAUTION

WARNING
TIE DOWN CHAINS CAN NOT

SEPARATE GROUNDING CABLF
MUST BE USED

GROUNDING CABLE —
CONNECT TO FUSELAGE
GROUNDING RECEPTACLE

PADEYE
MUST BE FREE OF
PAINT AND CORROSION

FUELING
HOSE

MAIN
DING GEAR

TYPICAL
ALTERNATE
GROUNDING POINT
USING CONNECTOR

BE USED TO GROUND AIRCRAFT,

5031 11

€867 39qmaaoyN 1
(SY)¥(Z-A4qH-TIR




Ll

FXT POWER
RECEPTACLE

EXT
POWER
CORD

EXT POWER SOURCE —
NC 2A OR DECK EDGE POWER

4
[/
!

=]

)
!

I
/

4
S @

BONDING CABLE -
CONNECT TO
STATIC DRAG WIRE

=T < >

TR C Vo b

FIGURE 2-126.

WARNWNG
TIE DOWN CHAINS CAN NOT

SEPARATE GROUNDING CABLE
WMUST BE USED

GROUNDING CABLE -
CONNECT TO FUSELAGE
GROUNDING RECEPTACLE

PADEYE
MUST BE FREE OF
PAINT AND CORROSION

BE USED TO GROUND AIRCRAFT,

" 17

£86T 29QuaAON 1
(SY)%LT-18GH-TIH




7L

BE USED TO GROUND AIRCRAFT,

-a WARNING
l’ TIE DOWN CHAINS CAN NOT

CAUTION
PADE YE MUST BE FREE OF GROUNDING
PAINT AND CORROSION CABLE

®
/=

CAUTION
TIE DOWN RING MUST BE FREE @
OF PAINT AND CORROSION

FIGURE 2-127. iegr-

SEPARATE GROUNDING CABLE
MUST BE USED

7
NOSE GEAR
LOOKING FORWARD
o
CAUTION
DRAG BRACE t— —
MUST BE FREE
OF PAINT
AND CORROSION ©
:::gs MB34131
CONNECTOR
TYPICAL
ALTERNATE

GROUNDING POINT
USING CONNECTOR

031 52

€861 13quaaoy |
(SV)%(Z-X4qH-TIN




MIL-EDBK~-274(AS)
1 November 1983

b. Connect free end of grounding cable to main gear tiedown ring (2).
If this locetion is not accessgible, then connect grounding cable to
drag brace on nose gear (typical alternate grounding point).

¢. To remove grounding cable, reverse above procedures.

2.2.19 Carrier-based E-2 fueling/defueling evolution. To ground carrier-based

F-2 aircraft when fueling or defueling, proceed as follows (see figure 2-128):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a padeye {(1).

b. Connect free end of grounding cable to main gear tiedown ring (2).
If thie location is not accessible, then connect grounding cable to
drag brace on nose gear (typical alternate grounding point).

c¢. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to main gear tiedown ring (3).

d. Connect free end of bonding cable to a bare metal area on the MEPP

(A)'

e. To remove grounding or bonding cable, reverse sbove procedures.

2.2.20 Carrier-based E-2 paintenance evolution. To ground carrier-based E-2
aircraft when in the maintenance evolution, proceed as follows (see figure 2-129):

a. Attach grounding cable with M83413-1 electrical ground connector
(clemp type) to a padeye (1).

b. Conmnect free end of grounding cable to main gear tiedown rimg (2).
I1f this location is not accessible, then connect grounding cable to
drag brace on nose gear (typical alternate grounding poimt).

c. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to main gear tiedown ring (3),

d. C?n?ect free end of bonding cable to a bare metal area on the MEPP

4),

e. To remove grounding or bonding cable, reverse above procedures,

2.2.21 Carrier-based EA-6 fueling/defueling evolution., To ground carrier-based
EA-6 aircraft when fueling or defueling, proceed as follows (see figure 2-130):

s. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1),

b. Connect free end of grounding cable to main gear tiedown ring (2).
If this location is not accessible, then connect grounding cable to
bracket inside nose wheel well (typical alternate grounding point).

¢, If using MEPP, attach bonding cable with MB3413-]1 electrical ground
connector to bracket inside mose wheel well (3).

d. Connect free end of bonding cable to 2 bare metal area on the MEPP
(4).

e. To remove grounding or bonding cable, reverse above procedures.

2.2.22 Carrier-based EA-6 maintepance evolutiop. To ground carrier-based EA-6
aircraft when in the maintenance evolution, proceed as follows (see figure 2-131):

a. Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a padeye (1),
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Connect free end of grounding cable to main gear tiedown ring (2).
If thie location is not accessible, then comnect grounding cable to
bracket inside nose wvheel well (typical alternate grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to bracket inside nose wheel well (3).

Connect free end of bonding cable to a bare metal area on the MEPP

(4).

To remove grounding or bonding cable, reverse above procedures.

= - i i i To ground carrier-based

F~4 sircraft when fueling or defueling, proceed as follows (see figure 2-132):

Attach grounding cable with MB3413~] electrical ground connector
(clamp type) to a padeye (1).

Connect free end of grounding cable to engine nacelle grounding
receptacle (typical) (2).

If grounding receptacles are not accessible, then using & grounding
cable with MB3413-] electrical ground connector at each end, follow
step &, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

If ueing MEPP, attach bonding cable with MB83413-1 electrical ground
connector to main gear tiedown ring (3).

Connect free end of bonding cable to a bare metal area on the MEPP
(4).

To remove grounding or bonding cable, reverse asbove procedures.

2.2.24 Carxiexr-haged F-4 maintepance evolution., To ground carrier-based F-4

aircraft when in the maintenance evolution, proceed as follows (see figure 2-133):

b.

242425

Attach grounding cable with M83413-1 electrical ground connector
(clamp type) to a padeye (1),

Connect free end of grounding cable to engine nacelle grounding
receptacle (typical) (2).

If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).

I1f using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to main gear tiedown ring (3).

Connect free end of bonding cable to a bare metal ares on the MEPP

(4).

To remove grounding or bonding cable, reverse above procedures,

xLnxgn_1nadaannnlnnd;nz_sxnluxxnn4 To sround carrler-based fighter (F-4,
F-14, F-18) aircraft when in the parked evolution and stores loading/unloading
evolution, proceed as follows (see figure 2-134):

Attach grounding cable with M83413-1 electrical ground counnector
(clamp type) to a padeye (1).
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b, Connect free end of grounding cable to lower torque arm pin on nose
gear (2). If this locstion {e not accessible, then connect
grounding cable to nose gear tiedown rinmg (typical alternate
grounding point).

c. To remove grounding cable, reverse above procedures,

2,2,26 Carzier-hased F-16 fusling/defueling svolurion. To ground carrier=-based
7-14 aiveraft vhen fueling or defueling, proceed as follows (see figure 2-133):

&, Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1).

b, Connect free end of grounding cable to lower torque arm pin on nose
gear (2). 1If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical slternate
grounding point).

¢, If using MEPP, attach bonding cable with MB3413-]1 electrical ground
connector to lower torque arm pin (3).

d. Connect free end of bonding cable to bare metal area on the MEPP

(4),
e. To remove grounding or bonding cable, reverse above procedures.
2.2,27 Carrisr-based F-14 paintepance evolution. To ground carrier-based

7-14 aircraft when in the maintenance evolution, proceed as follows (see figure
2-136):

a. Attach grounding cable with MB83413-] electrical ground connector
(clamp type) to a padeye (l).

b. Connect free end of grounding cable to lower torque arm pin on nose
gear (2). If this location is not accessible, then connect
grounding cable to nose gear tiedown ring (typical alternate
grounding point).

¢. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to lower torque arm pin (3),

d. C?n?ect free end of bonding cable to bare metal ares on the MEPP

4).,

e. To remove grounding or bonding cable, reverse above procedures.

2.2.28 Carrier-based F-18 fueling/defueling evolution. To ground carrier-based
F-18 sircraft when fueling or defueling, proceed as follows (see figure 2-137):

a. Attach grounding cable with MB3413-1 electrical ground conmnector
(clamp type) to a padeye (1).

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2).

¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-]1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding point).
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d. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to main gear tiedown ring (3).
e. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

f. To remove grounding or bonding cable, reverse above procedures.

2.2.29 gCarxier-based F-18 maintepance evolution. To ground carrier-based

F-18 aircraft when in the maintenance evolution, proceed as follows (see figure
2-138):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1),

b. Connect free end of grounding cable to nose wheel well grounding
receptacle (typical) (2),

c. If grounding receptacles sre not accessible, then using a grounding
cable with MB3413-1 electrical ground connector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternmate grounding point).

d. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to main gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal ares on the MEPP

(4).

f. To remove grounding or bonding cable, reverse above procedures,

2.2.30 ier- - To ground carrier-based
B-46 aircraft when fueling or defueling, proceed as follows (see figure 2-139):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1).

b. Connect free end of grounding cable to left main gear tow fitting
point (2). If this location is not accessible, then conmnect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

¢. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to left main gear tow fitting poimt (3).

d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

e. To remove grounding or bonding cable, reverse above procedures.

2.2.31 Carxier-based H-46 maintepance evolution. To ground carrier-based

B-46 aircraft when in the maintenance evolution, proceed as follows (see figure
2-140):

a. Attsch grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1),

b. Connect free end of grounding cable to left main gear tow fitting
point (2)., 1If this location is not accessible, then comnect
grounding cable to right main gear tow fitting point (typical
alternate grounding point).

c. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to left main gear tov fitting poinmt (3).

d. Connmect free end of bonding cable to a bare metal ares on the MEPP

(4).

e. To remove groundipng or bonding cable, reverse above procedures.
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To ground carrier-based anti-sudbmarine (8-3) sircrafe

when in the parked evolution snd stores loading/unloading evolution, proceed as
follows (see figure 2-141):

' 1
b,

d.
2.,2.33

Attach grounding cable with MB3413~1 electrical groumé comnector
(clamp type) to a padeye (1).

Connect free end of grounding cable to pylom grounding receptacle
(typical) (2).

If grounding receptacles are not accessible, them using a grounding
cable with MB3413-] electrical ground comnector at each emd, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical slternate grounding point).

To remove grounding cable, reverse sbove procedures.

- - To ground carrier-based

Carxiex-hased §-3 fueling/defueling evolution.
3-3 aircraft when fueling or defueling, proceed as follows (see figure 2-142):

a. Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1).
b. Connect free end of grounding cable to pylon grounding receptacle
(typiecal) (2).
¢. If grounding receptacles are not accessible, then using a grounding
cable with MB3413-1 electrical ground comnector at each end, follow
step a, and connect free end of grounding cable to nose gear tiedown
ring (typical alternate grounding point).
d. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown rimg (3).
e. Conmnect free end of bonding cable to a bare metal ares on the MEPP
(4).
f. To remove grounding or bonding cable, reverse above procedures.
2.2.34 gCarrier-based §-3 maintenance evolution. To ground carrier-based 8-3
aircraft when in the maintenance evolution, proceed as follows (see figure 2-143):
a. Attach grounding cable with MB3413-1 electrical ground commector
(clamp type) to a padeye (1).
b, Connect free end of grounding cable to pylon grounding receptacle
(typical) (2).
¢. If grounding receptacles are not accessible, then using a grounding
cable with a M83413-1 electricasl ground connector at each end,
follow step a, and connect free end of grounding cable to nose gear
tiedown ring (typical alternate grounding point).
d. If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to nose gear tiedown ring (3).
e. C?Z?ect free end of bonding cable to a bare metal ares on the MEPP
f. ‘To remove grounding or bonding cable, reverse above procedures,

2.2.35

i i i To ground carrier-based
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helicopter aircraft (AH-1, CH-53, R-46, SH-2, SH-3, 8H~60) when in the parked

evolution and stores loading/unloading evolution, proceed as follows (see figure
2-144):

a. Attach grounding cable with MB3413-] electrical ground connector
(clamp type) to a padeye (1).

b. Connect free end of grounding cable to front left fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using a grounding
csble with MB3413-] electrical ground comnector at each end, follow
step a, and connect free end of grounding cable to main gear tiedown
ring (typical alternate grounding poinmt).

d. To remove grounding cable, reverse above procedures.

2.2.36 Carrier-based SE-2 fueling/defueling evolution. To ground carrier-based
SH-2 aircraft when fueling or defueling, proceed as follows (see figure 2-145):

a, Attach grounding cable with MB3413-]1 electrical ground commector
(clamp type) to a padeye (1).

b. Connect free end of grounding cable to front left fuselage grounding
receptacle (2),

¢. If grounding receptacle is not accessible, then using a grounding
cable with a MB3413-] electrical ground comnector at each end,
follow step a, and connect free end of grounding cable to main gear
tiedown ring (typical alternste grounding point).

d. If using MEPP, attach bonding cable with M83413-) electrical ground
connector to main gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal area on the MEPP

(4).
f. To remove grounding or bonding cable, reverse sbove procedures.
2.2.37 Carrier-based SB-2 maintenance evolution. To ground carrier-based

8H~2 aircraft when in the maintenance evolution, proceed as follows (see figure
2-146):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1).

b. Connect free end of grounding cable to front left fuselage grounding
receptacle (2).

c. If grounding receptacle is not accessible, then using s grounding
cable with a M83413-] electrical ground connector at each end,
follow step a, and connect free end of grounding cable to main gear
tiedown ring (typical alternate grounding point).

de If using MEPP, attach bonding caeble with M83413-1 electrical ground
connector to main gear tiedown ring (3).

e. Connect free end of bonding cable to a bare metal ares on the MEPP

(4) .

f. To remove grounding or bonding cable, reverse above procedures.
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- - i i i To ground carrier-based
vhen fueling or defueling, proceed as follows (see figure 2-147):

Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1).

Connect free end of grounding cable to the static drag wire bolt
(2). If this location is not sccessible, then comnect grounding
cable to main gear tiedown ring (typical alternate grounding
point).

If using MEPP, sttach bonding cable with MB3413-]1 electrical ground
connector to main gear tiedown ring (3).

C?ngect free end of bonding cable to a bare metsl area on the MEPP

‘ L]

To remove grounding or bonding cable, reverse above procedures.

2.2.,39 Carrier-based SH-3 maintepance evolution., To ground carrier-based

8H-3 aircraft
2-148):

b,

C.
d.
e.
2.2.40
carrier-based
figure 2-149):

b.

£.

when in the maintenance evolution, proceed as follows (see figure

Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1).

Connect free end of grounding cable to the static drag wire bolt
(2). If this location is not accessible, then connect grounding
cable)to main gear tiedown ring (typical alternate grounding
point).

If using MEPP, attach bonding cable with MB3413-]1 electrical ground
connector to main gear tiedown ring (3).

C?n?ect free end of bonding cable to a bare metal ares on the MEPP

4 L ]

To remove grounding or bonding cable, reverse above procedures.

- - i i i To ground
SH-60 aircraft when fueling or defueling, proceed as follows (see

Attach grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1),

Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

If grounding receptscles are not accessible, then using a grounding
cable with MB3413~] electrical ground connector at each end, follow
step a, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

If using MEPP, attach bonding cable with MB3413-1 electrical ground
connector to static drag wire (3).

Connect free end of bonding cable to & bare metal area on the MEPP

(4).

To remove grounding or bonding cable, reverse above procedures.

2,2.41 Carrier-based SE-60 maintenance evolution. To ground carrier-based

SE-60 sircraft when in the maintenance evolution., proceed as follows (see figure

2-150):

Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a padeye (1).
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b. Connect free end of grounding cable to fuselage grounding receptacle
(typical) (2).

¢. If grounding receptacles are not accessible, then using s grounding
cable with M83413~] electrical ground connector at each end, follow
step a, and connect free end of grounding cable to static drag wire
(typical alternate grounding point).

d. If using MEPP, attach bonding cable with M83413-]1 electrical ground
connector to static drag wire (3).

e. Connect free end of bonding cable to a bare metal area on the MEPP
(4).

f. To remove grounding or bonding cable, reverse above procedures.

2.3 Bgl;ggg;gx_hgxg;;ng‘ The following paragraphs provide gtep-by-step pro-
cedures for static grounding hovering helicopters.

2.3.] load trxansfer evolution, To static ground hovering helicopter during

load transfer, proceed as follows (see figure 2-151):

2, Using the helicopter static charge grounding wand, attach MB3413-1
connector (clamp) to a certified static ground or padeye (1), 1If
permanent grounds are not available during shore-based operations,
drive the grounding wand's associated ground stake 18 inches into
the earth and attach connector.

b. Make contact with the helicopter frame or hoist cable using the
grounding wand hook (2). This contact must be continuoue until
hoist cable is ready to be retracted into helicopter.

c. When hoist cable is ready to be retracted, release grounding wand in
reverse order of hookup.

2.3.2 BHelicopter inflight refueling (BIFR), To ground hovering helicopter
during refueling evolution, proceed as follows (see figure 2-152):

2. Using the helicopter static charge grounding wand, attach the M83413-1
connector (clamp) to a certified static ground or padeye (1),

b, Make contact with the helicopter hoist cable using the grounding wand
hook (2). This contact must be continuous until hoist cable and fuel
hose are counnected.

¢. Once hoist cable and fuel hose are connected, release grounding wand
in reverse order of hookup.

2.3.3 Recovery, aasist, secure, and transverse (RAST) avstem. To ground

hovering helicopters (SH-60B) employing the RAST system, proceed as follows (see
figure 2-153):

a. Using the helicopter static charge grounding wand, attach the MB83413-1
connector (clamp) to a padeye (1).
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b. Make contact with the messenger cable using the grounding wand hook
(2). This contact must be continuous until messenger cable probe is
secured to the RAST cable (3).

c. Once messenger cable and RAST cable are connected, release grounding
wand in reverse order of hookup.

2.4 External electrical power, The following paragraphe provide step-by-step
grounding and bonding procedures for a generic type aircraft using various
carrier-based and shore-based external electrical power sources. Shipboard deck
edge power, FLEDS, and various MEPPS are illustrated. Grounding and bonding
procedures for aircraft fueling/defueling operations requiring external electrical
pover are also included with the A-6 chosen as an example. These procedures are
further discussed and amplified in paragraph 3.3. These bonding and grounding
procedures must be performed prior to comnection of external power cables.

2.4,1 Deck edge power distribution system. To static ground aircraft when using
deck edge power, proceed as follows (see figure 2-154):

a. Attsch grounding cable with MB3413-1 electrical ground comnector
(clamp type) to a padeye (1),

b. Connect free end of grounding cable to ap approved grounding point on
the aircraft (2),

¢ To remove grounding cable, reverse above procedures.

2.4,2 FLEDS, To ground aircraft when powered by FLEDS, proceed at follows (see
figure 2-155):

8. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to an approved grounding poimt on
the aircraft (2),

c. Attach cable with MB83413-1 connector to an approved grounding or
bonding point on the aircraft (3).

d. Connect free end of cable to a bare metal ares on the DBA, such as the
stugd or bolt (4).

e. To remove cables, reverse above procedures.

2.4.3 MMG-1A MEPP., To ground aircraft when using the MMG-1A MEPP, proceed as
follows (see figure 2-156):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to & certified power ground (1),

b. Connect free end of grounding cable to an approved grounding point omn
the aircraft (2),

c. Attach bonding cable with MB3413~1 connector to an approved grounding
or bonding point on the aircraft (3).

d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

e. To remove cables, reverse above procedures.
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2.6,4 NC-24 MEPP, To ground sircraft when using the NC-2A MEPP, proceed as
follows (see figure 2-157):

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to & padeye (1),

b, Comnect free end of grounding cable to an approved grounding point on
the aircraft (2),

NOTE: The following bonding procedure is mot required for aireraft that
use 28 vdc power only.

¢. Attach bonding csble with MB3413-] conmnmector to am approved grounding
or bonding point on the aircraft (3).

d, c?n?cct free end of bonding cable to a bare metal ares on the MEPP
b).

¢. To remove cables, reverse above procedures.

2.,4.5 NC-BA MEPP, To ground aircraft whes using the NC-8A MEPP, proceed as
follows (see figure 2-158?:

a. Attach grounding cable with MB3413-1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b. Connect free end of grounding cable to an approved grounding point on
the aircraft (2).

NOTE: The following bonding procedure is not required for aircraft that
use 28 vdc power only.

¢. Attach bonding cable with MB3413~1 connector to an approved grounding
or bonding point on the aircraft (3).
d. Connect free end of bonding cable to a bare metal area on the MEPP

(4).

e. To remove cables, reverse above procedures.

2.4.6 NC-10C MEPP, To ground aircraft when using the NC-10C MEPP, proceed as
followa (see figure 2-159):

8. Attach grounding cable with MB3413~1 electrical ground connector
(clamp type) to a certified static ground or padeye (1).

b, Connect free end of grounding cable to an approved grounding point on
the aircraft (2).

NOTE: The following bonding procedure is not required for aircraft that
use 28 vdc powver only.

c. Attach bonding cable with M83413-1 comnector to an approved grounding
or bonding point on the aircrafe (3).

d. C?ngect free end of bonding cable to a bare metal area on the MEP?
4),

e. To remove cables, reverse above procedures.
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- The following

paragraphs describe the procedures required to ground A-6 aircraft in the fueling
evolution using external electrical power.

2.5.1 Aircraft powered by diesel engine driven NC-2A, NC-8A. or NC-10C MEPP
sources (see figure 2-160),

a. Attach grounding cable with MB3413-1 electrical ground conmector
(clamp type) to a certified static ground (1),

b. Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to the main
gear tiedown ring (typical alternate grounding point).

c. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3),

d. Connect fuel truck bonding cable to nose gear tiedown ring (4).

e. Attach fuel nozzle ground connector to nose gear tiedown ring (5).

f. Attach external power source bonding cable with M83413-1 electricsl
ground connector to main gear tiedown rimng (6).

g. Connect free end of bonding cable to a bare metal ares on the external
electrical power source (7).

h. When fueling/defueling evolution has been completed, wait a minimum of
2 min before removing bonding cable,

i. 7To remove grounding or bonding cable, reverse sbove procedures.

2.5.2 Aircraft powered by a MMG-1A power source which is powered by 60 Hz ground
neutral power (see figure 2-161),

NOTE: Aircraft must be grounded to a certified power ground of less than

C.
d.
el
f.

8«
h.

ie

10 ohms.

Attach grounding cable with MB3413-] electrical ground connector
(clamp type) to a certified power ground (1).

Connect free end of grounding cable to tail bumper (2). If this
location is not accessible, then connect grounding cable to the main
gear tiedown ring (typical alternate grounding point).

If using fuel truck, attach its grounding cable to a power ground (3).

Connect fuel truck bonding cable to nose gear tiedown ring (4).

Attach fuel mozzle ground comnector to nose gear tiedown ring (5).

Attach external power source bonding cable with MB3413-1 electrical
ground connector to main gear tiedown ring (6).

Connect free end of bonding cable to a bare metal area on the external
electrical power source (7).

When fueling/defueling evolution has been completed, wait a minimum of
2 min before removing bonding cable.

To remove grounding or bonding cable, reverse above procedures.
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2.5.3 Aircraft powered by FLEDS, To ground aircraft in the fueling evolution

when using external power, proceed as follows (see figure 2-162):

a. Attach grounding cable with MB3413-]1 electrical ground connector
(clamp type) to a certified static groumd (1).

b. Connect free end of grounding cable to aircraft grounding point
(2). If this location is not accessible, then connect grounding cable
to the main gear tiedown ring (typical alternate grounding point).

c. If using fuel truck, attach its grounding cable to a certified static
ground or padeye (3).

d. Connect fuel truck bonding cable to nose gear tiedown ring (4).

e. Attach fuel nozzle ground connector to nose gear tiedown rinmg (5).

f. Attach external power source bonding cable with MB3413-1 electrical
ground connector to aircraft grounding point (6).

g. Connect free end of bonding cable to a bare metal area on the external
electrical power source (DBA) (7).

h, When fueling/defueling evolution has been completed, wait a minimum of
2 min before removing bonding cable.

i. To remove grounding or bonding cable, reverse above procedures.

2.5.4 Aircraft powered by deck edge power source., For grounding aircraft

under deck edge pover refer to paragraph 2.2,

2.6 Hot fueling, Since aircraft engines are operating during hot fueling
operations, additional external power is not required. The fueling evolutions
described in paragraph 2.1 are applicable to hot fueling from trucks. Shipboard
hot fueling procedures are similar to those described in paragraph 2.2, except
external power sources &re not connected.

2.6.1 Hydrant fueling., Fueling from hydrants requires static grounding. If
ground points are not available st the hydrant stations, then static grounding must
be accomplished by bonding the airframe to the hydrant ground csble. Grounding and
bonding procedures and sequences are identical to the fueling evolutions depicted
in paragraph 2.1.

2.6.2 Mladder fueling., Fueling from bladders requires static grounding of
aircraft., For hot refueling from a bladder, the aircraft must be bonded to the
external fuel pump ground stake. Grounding and bonding procedures and sequences
rite identical to the fueling evolutions depicted in paragraph 2.1.
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SECTION 3

3.0 QPERATIONAL GROUNDING CONCERNS

This section provides personmnel with the necessary information to understand the
~2ad for grounding and bonding. This section discusses the grounding problems and
hazards encountered in everyday ground handling of aircraft during flight
operations. Descriptions are given of static electricity, energy sources, and
grounding effects. Various aircraft scenarios are presented that involve safety-
related servicing situations, together with the approved methods of handling such
problems.

3.1 Static electricity, This is defined as ''electricity at rest,'' and
congists of electrical charges (positive and negative) that are usually kept apart
by insulators. Although flow and accumulation are small (in the range of only
thousandths of an ampere), voltages may rise to many thousands. A well-known
example of static electricity is the discharge (sparking) of an accumulsted charge
built up on & person who has walked on a carpet in & dry room, and touches s metal
door handle or radiator.

3.1.1 Materials are composed of atoms, which include electrons and protons. An
2lectron is a particle of negative charge, and a proton is & particle of positive
charge. Normally, in any given material, the electrons and protons are balanced,
so that there is no net electrical charge. However, if the material is subjected
to some form of friction, some of the electrons will break away from their atoms,
leaving the material with a positive charge due to an excess of protons. In other
situations, a substance or person may be left with an excess of electrons, and have
2 negative charge. Either of these unbalanced conditions gives rise to the exist-
ence of a static electrical charge in the material or person involved.

3.1.2 The process by which & neutral atom becomes positively or negatively
charged through removal or addition of electrons is called ionization. When
ionization is completed, the charged atom (called an ion) has an electrostatic
field surrounding it. This electrostatic field is comparable to the magnetic field
that exists around a magnetic pole. A large accumulation of positive or negative
373 creates a strong electrostatic field, an effect that may be seen in a dry room
vhan a comb is passed quickly through a person's hair. The comb accumulates
c2ctain charges, leaving the hair depleted of those charges. The electrostatic
field created around the strands of hair causes the hair to ''stand on end.''

3.1.3 The accumulation of static electricity creates potentials ranging from &
few volts to thousands of volts. If two charged bodies are brought to within a
distance shorter than needed for breakdown of the air between them, a discharge
will result, similar to what occurs in lightning. In the case of lightning, the
clouds become highly charged to the point that there is enough voltage buildup to
cause a discharge, either from cloud to ground, or from one cloud to snother,
whichever is closer.

3.1.4 1In the earlier cases of the person walking on the carpet, and the comb
passing through hair, emphasis had been placed on a dry atmosphere. Had room
humidity been high, the accumulation of water particles would have provided a path
fo- the negative charges to travel to the positively charged material, and thus
»rovented buildup of excessive electrostatic voltages.
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3.1.5 Now that there is some understanding of static electricity and how it
comes about, how seriously should it be taken? The following excerpt from NAVSEA
OP5, Volume ! summarizes this matter:

'Y ..Failure to take all known precautions to avoid the accumulsation of
charges of static electricity or to safely dissipate such charges may
result in disaster., The generation of static electricity canmot be
prevented entirely. Its generation is not in itself a hazard provided
it can be dissipated safely. The hazard is encountered when charges
accumulate to the extent that a spark discharge occurs to some other
object in the presence of hazardous atmospheres, dusts, or exposed
sensitive explosives. Elimination of such potential hazards, there-
fore, requires proper grounding or neutralization of the charges to
avoid dangerous accumulations.''

3.2 Energy sources. Evaluation of a situation's potential hazards is based on
the source mechanism and the source magnitude of the electrical energy. With
operations involving aircraft such as stores handling, maintenance, fueling, and
aircraft parking, the following energy sources must be considered:

a. Static
e Triboelectric
e Induced
e Friction
b. Power
® Ground Fault
e RF Electromagnetic Energy
e Lightning

3.2.1 Staric epnergy aources., The static sources listed above are defined and
evaluated in the following paragraphs.

3.2.1.1 Iriboelectric sffects, These are generally sssociated with buildup of
static charges on an aircraft in flight. High static voltages, however, can result

from interaction at the contact surfaces of various materials in any type of rela-
tive motion, eg, wind-blown snow. or dust particles striking a parked aircraft. A
conservative estimate of electrical current in a moderate wind-blown dust situation
is 30 microsmperes. This type of static electricity is also called precipitation
static or p-static. Connecting the aircraft frame to an approved static ground
point provides a conductive path back to ground for the static charges as they are
generated. A static ground point is defined as & ground point having less than
10,000 ohms impedance to earth.

3.2.1.1.1 A helicopter exemplifies triboelectric effects. Static voltages of up
to 1000V are normally generated by a hovering helicopter. In exceptional weather
conditions, charges up to 1,000,000V have been recorded.

3.2.1.1.2 Personnel must use extreme care when approaching a hovering aircraft.
Strict observance of the prescribed sircraft manual procedure will prevent the
serious injury certain to occur if the sircraft is touched prior to grounding.
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3.2.1.2 Induced atatic charges. Paragraph 3.1.2 described the basic manner in
which static electricity and electrostatic fields are generated. An example given
was that of passing a comb through one's hair, causing the hair to ''stsnd on
end.'' On a much larger scale, during storm activity, clouds become negatively
charged and create a powerful electrostatic field. As a highly charged cloud
passes over a parked sircraft, the electrostatic f£ield causes the alrcraft to
become positively charged. The positive charges are conducted from the ground, up
through the tires, building up charges of up to 60,000V on the aircraft. These are
called induced charges:. If the storm cloud loses ites negative charge, either dy a
lightning discharge to snother cloud or to some spot on the ground, or even if the
storm cloud merely moves on, the electrostatic force of the negative charge holding
the positive charge on the aircraft dissppears. The positive charge on the
sircraft will now return to ground via the tires., B8hould the tire resistance be
high, the discharge time may be long. Should a person touch the aircraft and
provide an alternate path to ground, the person will receive a shock which normally
may do no more harm than to cause loss of balance, with perhaps a fall to the
ground. However, on rare occasions the shock could be serious. If the person has
been in contact with the aircraft throughout the charging period, ie, as the
charged cloud moves slowly overhead, the person will probably feel mo effect. If
the cloud above suddenly discharges to another cloud, the charged aircraft
immediately discharges back to ground via whatever path is available, which
includes the person touching the aircraft. The person will now probably feel a
sharp shock, the severity of which depends on the extent to which the aircraft was
originally charged. It can be seen that if the aircraft wvere connected to a static
ground point (less than 10,000 ohms), the positive charge would take this path of

least resistance back to ground and thus provide protection to personnel working
about the aircraft,

3.2.1.3 Erictiop, Static electricity is generated when certain materials rub
together. During such close moving contact between two materials, one of the
materials is depleted of electrons, causing a surplus in the second. The magnitude
of the static electrical charge thus produced depends on the materials involved and
on the amount of humidity present during such friction. With synthetic materials
(such as nylon) undergoing frictionm in a cold dry climate, the effect is greater.
Voltages as high as 27,000V have in some instances been recorded. Because of
hazards presented by such high charges, personnel subjected to such conditions must
Yring themselves to the same voltage potential ss the aircraft and weapon system.
8ince the risk of generating static electricity is increased in dry atmosphere,
such risk is decreased in a damp, highly humid atmosphere which inhibits the
sccumulation of static electrical charges. Moisture in the air or on the skin
provides a conductive path for the positive and negative charges to be rejoined,
neutralicing the ststic charges. To further protect against the effects of
friction, it is essential that the aircraft be grounded.

3.2.1.3.1 Static electrical charges are generated on clothing by friction,
especially by the action of removing garments. Since clothing is largely of
synthetic material, which amplifies the effects of friction, personnel should
exercise extreme caution in areas where hazardous conditions may be present. The
removal of clothing therefore, should be prohibited, especially in dry climates,
during fueling and ordnance operations. The buildup of static electrical charges
can be minimized by use of cotton clothing and antistatic powders.
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3.2.1.3.2 The friction generated in fueling an asircraft, with passage of fuel
from the supply vehicle through the fueling hose to the aircraft, generates high
electrical charges. Charge separation and consequent buildup of electrostatic
charges occur between the moving fuel and fuel filter, hose, and other surfaces.
Since fuel is normally an excellent insulator, separated charges are easily removed
by the flowing fuel to a distant location. If no electrically conductive returm
path is available, the charge accumulates on metallic surfaces, and is s high
potential energy source. With the continued sccumulation of charge, sufficient
electrical potential is generated to cause an arc across insulating barriers.
These voltages build up within the aircraft fuel tank snd are a serious danger.
Were these voltages to arc over to points of lower potential with the right fuel-
air vapor mixture present, an explosion would occur. Bonding the aircraft frame to
the fuel supply vehicle provides a means of dissipating these high voltages.
Bonding does not prevent generation of high voltages within hose or tank, but
provides a return path for the accumulsted chsrges as contact is made with the
inside fuel tank surface.

3.2.1.4 Summary. Various sources of static electricity, such as triboelectric,
induced charge, and friction have been discussed. In general, direct effects of
static electricity are not serious, although such shocks can cause involuntary
reflex movements resulting in injury to the affected person or others nearby. On
the other hand, sparke generated in the vicinity of s fueling operation can have
disastrous results. Catastrophic results can occur from discharge of static
electricity into & squib, cartridge, or electroexplosive device (EED). Care in
ensuring that aircraft, weapon system, fueling system, and persomnel are kept at
ground potential will minimize the dangerous effects of static electricity. A
ground of up to 10,000 ohms ie considered an adequate safety measure.

3,2.2 RPawer, Various types of electrical power, such as 115V ac, 28V dc,
lightning, and radio frequency (rf) are discussed in the following paragraphs. The
term power used in this context assumes electric current flow measurable in amps,
in contrast to static electricity whose current flow, typically, is in the range of
thousandths of sn ampere.

3.2.2,1 Qperational power, During aircraft flight, all electric power required
by onboard equipment is supplied by generators driven by the sircraft engines. Two
basic types of electrical voltage are used: 28 volts, direct current (dc) and 115
volts alternating current (ac), st 400 Hertz. The 28V dc system is a two-wire sys-
tem, positive and negative, with the negative side of the system connected to the
sircraft structure. The 115V ac is a four-wire system consisting of phases A, B,
C, and neutral (N), with the neutral wire connected to the aircraft structure.
Equipment using ac power may use either single phase power comsisting of neutral
and phase A, B, or C, or 3-phase power which requires phases A, B, C, and N.

3.2.2.1.1 When the sircraft is on the ground, it is not practical to run the
engines for electrical power, so the required ac and dc power is supplied by
generators external to the aircraft. These sources may be mobile or fizxed. The
mobile sources are called Mobile Rlectric Power Plants (MEPP), Following are a few
examples.
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Lse Model lype Qutputs

Ship NC-2A Engine-driven, self-propelled 115/200V ac, 400 Bz
30 kVA, 28V de, 500A

Flight Line NC-8A Engine-driven, self-propelled 115/200V ac, 400 He,
60 kVA, 28V dc, 500A

Flight Line NC-10C Engine-driven, eelf-propelled 115/200V ac, 400 Ee,
90 kVA, 28V dc, 750A

Hangar MMG-1A Electric motor-driven 115/200V ac, 400 Hez,
trailer-mounted 60 kVA, 28V dc¢, 5004

A complete listing of MEPPs, together with a description of each model, is given in
HAVAIR publication 19-45-1,

3.2.2,1.2 Figure 3-1 shows a typical example of an aircraft supplied with exter-
nal power in a shore base flight line configuration. The ac and dc generators are
diesel engine-driven and are mounted on a self-propelled chassis on rubber tires.
The ac neutrasl (N) and dc negative wires are both comnected to the chassis. Inm
this configuration, the supply cables provided with the MEPP are about 30 ft long.
The ac and dc connector plugs are standard MS fittings which mate with most air-
craft. Alternative equipment used to provide external electric power is:

a. MMG-1. This is an electric motor-driven MEPP, normally used in-
side hangars. The electric motor input is 220/440V ac, 3 phsse,
60 Hz. The input power includes s safety ground line which ie
connected to the MEPP chassis. The generator output neutral is
also connected to the MEPP chassis. Both engine-driven and motor-
driven MEPPS are bonded to the aircraft, independent of the power
cable neutral or negative. Neither MEPP is independently
grounded.

b. Flight Line Electrical Distribution System (FLEDS). This system
is installed on shore station aprons. Figure 3-2 shows a typical
FLED layout. AC power is provided to the system by a MEPP 1o~
cated at a central location. The ac neutral line is connected to
ground at the point of entry to the FLEDS and at the remote ends.
Distribution boxes (DBA) are provided at intervals throughout the
system, esch containing circuit breskers, overload relays, and
service cables to supply two aircraft, The distribution cables
are protected from taxiing aircraft by metal ramp.

¢. Deck Edge Power. This is s similar system to the FLEDS except for
being installed aboard an aircraft carrier, The 115V ac, &400-Hz
generator is driven by an electric motor fed from the 220/440
Vac, 3-phase, 60~Hz, three-wire delts system. Aboard ship, the
3-phase, 60-Hz system is not grounded,

3.2.2.1.3 The 115V ac, 3~phase, 400-Hz power is fed to the aircraft via a
standard connector. This conmector (MS 25486) has six connections, A, R, C, and N
“2r the 3-phase ac; and E and F for control purposes only. The manner in which E
aad F are connected varies from aircraft to aircraft. The 28V dc supply is fed to
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the sircraft by a separate 3-pin connector. The connector is designed in accord-
ance with M5 25487 or MS 25488. 1In each case, tvo pins are for 28V dc positive and
negative, with the third pin for aircraft control purposes.

3.2.2.1.4 Prior to mating the power connectors to the aircraft, be sure that the
aircraft is connected to a power ground (see paragraph 3.3). The purpose of this
is to provide protection sgainst ground power fault for all personnel working on or
sbout the aircraft. Occasionally, a fault may occur in the electrical supply sys-
tem. probably at the supply connector, that results in the neutral line becoming
disconnected from the aircraft and a phase line contacting the aircraft structure.
In this condition, the sircraft skin is said to become '*hot,'' ie, with about 115V
ac potential with respect to ground. If the aircraft is not commected to ground, a
person standing on the ground who touches the aircraft could receive a lethal
shock, It is accepted that electrical voltages in excess of 45V dc or 30V ac camv
give lethal shocks to humans. This is based on s body resistsnce of 1500 ohms and
lethal current levels of 20mA ac and 30mA de .

3.,2.2.1.5 8ince the predominant fault mode concerns the external power supply
connector, one cannot rely on the neutral connection to the aircraft to provide a
fault return circuit to activate the overload trip. For that reason, it is nec-
essary to bond the aircraft to the external electrical power source, ie, the MEPP
or FLED distribution box (DBA). In the case of deck edge power, this has already
been done when the aircraft is grounded to the ship's deck. Usually, the power
required to sctivate the overload circuit is very high, well in excess of 100
amps. It is possible that the total resistance in the bond circuit will be high
enough to restrict the current flow and thus prevent activation of the overload
circuit, In this case, the bond strap between sircraft and the MEPP might become
hot and cause the wire to overheat. A ''smoking'' ground or bond wire is often the
first indication of an electrical circuit problem, and requires that external
electrical power be shut off immediately.

3,2.2,1.6 1In the case of the engine-driven MEPP, the aircraft is grounded to an
approved static ground. This ground also serves to ground the MEPP via the exter-
nal bond wire and, under normal circumstances, the ac neutral wire. It is then not
necessary to independently ground the engine-driven MEPP,

3.2.2.,1.7 The motor-driven MEPP provides a different problem. The MEPP motor is
connected to the 220/440V ac, 60-Hz main system. A 60-Hz supply cable includes a
safety ground wire connected directly to the MEPP chassis. When an aircraft is
connected to a motor-driven MEPP, it is not uncommon for 115V ac, 60-Hz powered
equipment to be used on or about the aircraft. It then becomes essentisl that
should a fault occur in any of the 60-Bz powered equipment, including the MEPP
motor, that the aircraft be grounded to a low resistance point of less than 10 ohms
in value which shall be connected to the 60-Hz power source ground system.

3.2.2.1.8 For aircraft being serviced inside a hangar this presents no prodblem,
as all aircraft are routinely connected to low resistance points connected to the
60-Hz power ground. For aircraft parked on an apron and fed by a motor-driven gen-
erator, it may be difficult to locate a power ground of less than 10 obms, but
every effort should be made to meet this requirement. It should be noted that 10
ohms is not a low enough impedance to provide adequate short circuit protection at
a1l times against power ground faults, when the airframe may be at a 115V ac poten-
tials The 10-ohm value was chosen as 8 practical obtainable value to provide some
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d2gree of safety and, at the same time, an adequate airframe system ground. A
10-ohm ground resistance will not provide enough fault current to trip a 50-amp
circuit breaker, mor will it cause a grounding cable to burn; in fact, there may be
no indication of a fault. The wire may get too warm to touch if a ground fault
exists.

3.2.2.1.9 Since many electrical problems are caused by defective cable plugs, it
i3 imperative that cable plugs be carefully and frequently examined for bare or
broken wires or other damage prior to comnection to the aircraft. It is also
extremely important that the cable and connector be thoroughly checked and tested
after repair and before being returned to service. The U.S. Navy Support
Equipment, Basic Handling and Safety Manual, NAVAIR 00-80T-96, paragraph 3-320,
addresses the hazards of electric shock associated with defective electrical cables
2ad connectors.

3.2.2.1.10 The deck edge power supplied by the ship's supply is not grounded to
tbe ship's structure. The neutral of the 3-phase power is not tied to the ship's
structure and therefore the system represents a floating neutral power source.
Deck edge configurations depicted in this handbook sctually indicste aircraft
static bonding to the deck.

3.2.2.2 Lightning. Paragraph 3.1.3 provides a simple explanation of the
lightning phenomena. When a charge of sufficient magnitude builds up in a cloud,
preliminary breakdown occurs and a stepped leader is initiated. As the stepped
leader nears the earth, upvard-moving discharges may be produced from local high
points that are at or near ground potential. For this reason, the tail of an
exposed aircraft often provides the primary attachment point for a stepped leader
(see figure 3-3). As the leader completes its path to earth, a return stroke is
generated. The currents in return strokes typically reach levels of 20,000
amperes, with peaks of up to 200 kiloamperes (KA) recorded. During the life of an
aircraft, it may be struck many times by lightning, but only on rare occasions is
damage sustained. Little can be done to prevent a lightning strike to an nircfaft
parked on a concrete/asphalt apron outside a hangar. A lov impedance ground will
reduce the amount of time required to bleed-off induced charge due to ''nearby''

+ + + + + P 5031-44

FIGURE 3-3. Lightning diacharge.
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lightning, and reduce the chance of sideflashes. Of course, no ground will totally
protect personnel working on the exterior of an aircraft in the vicinity of an
electrical storm. If weather conditions are such that lightning strikes are
imminent, all operations involving refueling, ordnance loading, or maintenance must
be suspended, '

3.2.2.3 RF electromagnetic energy. Today's environment has many unintended side
effects caused by radio frequency (rf) transmitting devices used in conjunction
vith naval flight operations. Of concern are those high power communication and
radar transmitters which may be located near parked aircraft. The best example of
this situation is the carrier flight deck, which probably contains the highest
concentration of transmitted rf energy to be found on any base from which aircraft
operate. Although high powver communication and radar transmitters may be found at
greater distances from parked aircraft at a shore ststion, an aircraft may be
affected by an adjacent aircraft whose onboard communication system or radar
transmitters are being tested. Aircraft aboard ship could be similarly affected.

3.2.2.3.1 The principal problem is the amount of rf energy induced into the
sircraft frame &nd circulsting on the aircraft skin. This quantity or level of rf
energy is greatly affected by the position of the aircraft relative to & particular
rf transmitter, the power output of that transmitter, and the actual frequency of
the rf energy being transmitted. It is further affected by the actual location of
any connections between aircraft and ground (deck). Where position of one ground
may have a significant effect on induced current, other ground connections from
different locations on the aircraft to other locations on the deck may not have the
same effect. Any existing aircraft grounding scheme should not be altered in an
effort to provide the aircraft with additional protection against rf energy. If
the ground connection is broken while the rf transmission is in progress, an
electric arc may be drawn out, This is an important fact to note. If an arc is
produced while disconnecting a ground, the source may be rf energy, caused by =
local transmitter and the current flow can be high. (A power line short circuit to
ground may also produce san arc when the ground is discomnected.) If, on the other
hand, an arc is drawn while a ground is being attached to the aircraft, the source
is static electricity and the current flow will be light.

3.2.2.3.,2 Since there ies no protection from transmitted rf energy, it ie
necessary that personnel ensure that no operations are conducted without obser-
vation of all recommended procedures, For instance, a fuel hose nozzle should
always be bonded to the aircraft before the filling cap is removed and the hose
nozzle inserted into the fuel tank, Conversely, the filling cap should be replaced
before the hose nozzle bond is disconnected from the sircraft. These procedures
will ensure that no rf arcs are inadvertently produced in & hazardous atmosphere
while the fuel tank cap is removed.

3.3 Qperatiopal procedures, The following paragraphs summarize grounding and

bonding procedures performed during maintenance, fueling/refueling, and ordnance
handling evolutions. Note: Any area that the MB3413-1 electrical ground conmector
(clamp type) is clamped to should be free of paint, corrosion, dirt, grease and not
made of a composite material. The clamp should be twisted to ensure that a good
electrical path is established.

3.3.]1 Maintenance grounding procedures. When performing maintenance evolutions,

the following items must be considered.
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3.3.1.1 Parked aircraft must be grounded to an approved static ground (less than
10,000 ohms).

3.3.1,2 When performing hangar msintensnce, the aircraft must be grounded to an
approved power ground (less than 10 ohms).

3.,3.1,3 WVhen performing maintenance requiring external electric power, the
aircraft must be grounded to an appropriate ground. An approved static ground must
be used if the external source is an engine-driven generator or FLEDS, A power
ground must be used when the external source is a motor-driven (60-Hz) genmerator
even if 28V dc only is connected to the aircraft. In addition to the required

static or power grounding, sircraft must be bonded directly to the power source as
follows:

a. Bonded to the MEPP chassis (engine-driven or motor-drivesn).
b. Bonded to the DBA, if FLEDS is the power source.

NOTE: Exceptions to the above are: (1) when tbe aircraft is powered
from deck-edge power on a ship, grounding to the deck only is
required; (2) where the aircraft will be fed from hangar bulkhead
outlets, grounding only to power ground is required; and (3),
gircraft using 28V dc diesel generated power only.

3.3.1,4 If the external power source is an engine-driven MEPP, the MEPP shall
aot be independently grounded. Consequently, a motor-driven generator is
independently grounded through its own power supply cable, in sccordance with the
National Electric Code with no additional ground required,

3.3.2 [Fueling/refueling grounding procedures, The following paragraphs provide
grounding and bonding procedures to be followed while performing various
fueling/refueling scenarios.

3,3.2,1 The grounding procedures to be observed when refueling & parked sircraft
with no external power required is as follows:

a. Ground sircraft by connecting ground cable (type M§27574) from any
spproved static grounding point to a grounding receptacle on the
aircraft.

b. Ground refueler to an approved static ground point (use ssme point
as used by sircraft).

c. Bond refueler to aircraft using:

e lst choice - approved grounding receptacle
® 2nd choice - grounding comnector (Type MIL-C-83413), to be
attached to a clean, unpainted metsllic surface,

d. Attach fuel delivery nozzle bonding cable to aircraft before
removing filler cap.

e. On completion of refueling operation, secure in reverse order to
sbove. Ensure filler cap is replaced before removing nozzle
bonding cable.
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3.3.2.2 The grounding procedure to be observed when refueling a parked aircraft
with external power required is as follows:

b.

Ground aircraft by connecting ground cable (type M827574) from any
approved ststic grounding point to a grounding receptacle on the
aircraft. When powered by a diesel-driven generator, connect air-
craft to a ststic ground. When powered by an electrically-driven
generator (MMG-1A), comnect aircraft to a power ground.

Bond aircraft to ground power unit (GPU) using a suitable grounding
cable (Type M§ 27574). The cable will be attached to the aircraft
by:

e An approved grounding receptacle, if available,

o If not available, attach to a clean, unpainted metallic surface
using a grounding comnector (Type MIL-C-83413).

The other end of the grounding cable will be comnected to the Mobile
Electric Power Plant (MEPP) by attaching the groundimg conmnector
(Type MIL-C-83413) to a clean, unpainted metallic surface.

Attach electrical power cable(s) from MEPP to aircraft. Carefully
examine the 115V ac and/or 28V d¢ comnectors for any evidence of
damage prior to comnecting to the aircraft receptacles.

Ground refueler by attaching grounding cable from refueler to an
approved static ground point. It is necessary to use the same
ground as used by aireraft,

Bond refueler to aircraft using:
¢ An approved grounding receptacle.

e If grounding receptacle is not available, attach to a clean,
unpainted metallic surface using a grounding counector (Type
MIL-C-83413).

Attach fuel delivery nozzle bonding cable to aircraft before
removing filler cap.

On completion of refueling operatiom, secure in reverse order to
above. Ensure filler cap is replaced before removing nozzle
bonding cable. Remove aircraft/truck bond.

NOTE: The above procedure will apply regardless of whether the MEPP is

driven by a diesel engine or an electric motor. It is not
necessary to separately ground the MEPP,

The above procedure will apply when aircraft is powered by FLEDS
or ship's deck edge power. In the case of FLEDS, the aircraft
will be bonded to the distribution box sssembly (DBA). On board
the carrier, the aircraft need only be grounded to the deck. It
should be further noted that tiedown chains do not provide
satisfactory grounding paths,

3.3.2.3 When the fueling operation is being conducted on an icy, sandy, or rocky
terrain or where it may be impossible to adequately ground the aircraft, precaution
must be taken to ensure that the bonding connections are sclid and reliable.
During carrier operations, grounding to the carrier deck may be frustrated by the
use of padeyes which have been coated with nonekid epoxy. The NAVAIR Airframe
Electrical Grounding Report (AIR-5181-1000) cites the case of an F-1l4 aircraft,
secured by 12 tiedown chains, which had a combined resistance to ground (deck) of

40,000 ohms.

One chain alone measured 5 megohms from end to end. These conditions
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smphasize the need for extreme care, especially when the system safety must rely
solely on good bonding. Aircraft tires may be expected to provide some resistance
to ground; however, field measurements have indicated a wide variation in
resistance, from 2,000 ohms to a high as 600,000 megohms. 1In addition, the surface
on which the aircraft is standing adds considerable resistance to that offered by
the tires. The carrier deck nonskid surface and black asphalt both offer very high
tasistance to ground. It is & normal procedure to routinely imepect the carrier
deck padeyes and clean them of paint or nonskid material., 8imilarly the
!'approved'' grounding points at shore facilities are routinely inspected and the
ground resistance is measured and recorded.

3.3.2.4 It ies mandatory during a fueling operation that an aircraft frame be
connected to ground using a good ground cable, with each end of the cable mated
using clean well-maintained connectors. Grounding the aircraft, however, will not
stop the generation of electrostatic charges, but will help bleed the charges away
before they build up high enough potentials to damage equipment or injure
personnel, Additives have been devised which, when added to the fuel, increase the
conductivity of the fuel. This means that the generated electrostatic charges find
an easier path to ground and thus are prevented from building up to such high
values. The use of these additives is presently under study.

3.3.3 Ordnance bandling grounding procedures. The following paragraphs provide
grounding considerations and procedures during ordnance handling operations.

3.3.3.1 During the loading or unloading of ordnance, the aircraft must be
appropristely grounded., Generally, external power is removed from the aircraft
during these operations, in which case grounding to an approved static ground is
adequate.

3.3.3.2 Various sircraft loading and unloading manuals have cited the adequacy
of aircraft tiedown chains in providing suitable grounding. Unfortunately,
sxperience has shown that this is not so and, whereas a new chain will have a
resistance of less than 0.5 ohm, 2 used chain has been measured at 5,000,000 ohms.
This is due to excessive corrosion, end this condition is not improved when the
installed chain is being subjected to continuous movement when the ship is rolling
and the weight of the aircraft is continuously transferring from one chain to
anpther.,

3,3.3.3 In accordance with NAVSEA OP4, Volume 2, Fifth Revision, ''The termina-
tion of & static ground path at any of the following points is specifically
prohibited.

a. Electrical conduits or wire coverings

b. Gas or stesm pipes or tubing

¢. Sprinkler systems

d. Air terminals for lightning protection

e. Power line neutral points

f. Hydraulic, fuel, or lubricating lines

g. Electronic transmitter cables, wave guides, or ground leads
h. Signal system conduits,'’
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3.3.3.4 Additionally, all personnel involved in handling ordnance should ground
themselves immedistely prior to touching any electrical connector, wire, or plug
connected to a weapon. Personnel should ground themselves by making momentary bare
skin-to-metal contact with a grounded object or the metallic skin of the weapon,
In some locations, due to an extremely dry climate, local rules require that
personnel handling ordnance shall wear grounding straps or stirrups which extend
from under the shoe to the upper calf.

3.3.3.5 Due to the obvious hazards in hsndling ordnance, all personnel should be
aware of the unique characteristics of individual weapons by reviewing the
technical manual or OP for that weapon, TYemiliarization with the contents of
RAVSEA OP4, Volume 2, Fifth Revision, especially paragraphs 2-36 through 2-45, i»
advised, The following excerpt from NAVSEA OP4, Volume 2, Fifth Revision
summarizes primary concerns:

t'Special static protective grounding procedures are required aboard
ship only during assembly/disaseembly, checkout, and servicing of
veapons. In loading of weapons aboard sircraft, static protection is
considered adequate if immediately prior to removal of the shorting
plugs or dust covers and racking, the aircraft, weapon, and personnel
are at the same potential. Prior to unloading, personnel must be at
the same potential as the weapon and must replace shorting plugs or
dust covers over contacts prior to removal of weapon. In all phases of
stowage and operation, static protection is considered adequate
provided all firing circuit contacts are protected by shorting plugs or
dust covers, or firing circuits are electrically out of line with the
electro-explosive devices (EEDs) and the EED leads are shorted to the
EED case (eg, EED leads and case are grounded to the weapon skin), or
the EED can safely withstand 25 kV between case and bridge wire.

Unless it is stated otherwise in the technical manual or OPF for the
individual weapon, it may be assumed that a weapon incorporates omne of
these features and therefore needs no grounding during shipboard
stowage.'?

3.4 Specinl considerations, Various circumstances will arise that will not
allow conformity with the situations that have been previously described. An

obvious case is that which arises during winter weather when it may not be pos-
sible, because of ice or snow, to ground aircraft in the normal manner. In these
circumstances it becomes even more important to ensure that bonding requirements
between aircraft and refueler, or aircraft and MEPP are met with even more care,

It should be remembered that during the fueling process, static voltages are being
generated and accumulated continuously, and only the bonding cable provides s means
of keeping this static voltage buildup under comtrol. If the bonding wire is
attached to a painted surfsce on the aircraft, the sccumulsted static voltage being
built up within the fuel tank eventually finds some point to arc over. Hopefully,
other factors which would contribute to an explosion are not present. It i
important to remember that during the refueling operation, fuel vapors are being
forced out of the fuel tank by the incoming fuel., The position and concentration
of the fuel vapors depend entirely on the wind circulation around the aircraft
which is completely unpredictable.
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3.4,1 Refueling from drumg. Should refueling be accomplished from drums,
bladders, containers, or other sources, the same grounding and bonding precautions
are required, This may happen in an area where snow and ice make it impossible to
ground, and it is imperative that the drums or containers be adequately bonded to
the aircraft. Any hose nozzle that is inserted into a drum must be bonded to the
drum before removing the drum cap. Any portable pumps that are used must be bonded
securely to the system and grounded if possible. Similar grounding and bonding
precautions must be observed during any defueling operation into drums.

3.4.2 Hovering helicopter, Static charges sre bled off a hovering helicopter
by use of a static charge grounding wand, commonly known as a shepherd's crook. In
order to be effective, the wand must maintain constant contact with an electrically
conductive portion of the airframe and ground. Should contact be broken even for a
short time (ie, a few seconds), dangerouely high voltages (in the thousands of
volts) can build up.

3.4.2.1 The wand must be electrically conductive and be able to ''break awvay''
if required without injury to the operator. In addition, the device must be
electrically insulated to protect the operator from shock. The wand recommended
for use is shown on Naval Air Test Center Patuxent River drawing no. 2754, and its
associated ground stake on drawing no. 2752. These devices are shown in figure
3=4. The ground stake is intended for use on portable landing fields where no
permanent grounds are available. The stake is driven into the earth and the clamp
attached firmly to it. For shipboard use the clamp is affixed to & bare metal
mooring eye, A similar procedure is used at land-based fields equipped with
certified ground and padeye. This system has proven successful in trisls and will
replace the makeshift systems now being used,

3.6.2.2 Helicopter inflight refueling (HIFR), This procedure is used for quick
refueling of helicopters. The grounding wand must be used to make contact with the
aircraft to provide @& bleed-off path for the electrostatic charges. The clsmp end
of the wand must be attached to a certified static ground point. The wand must be
in continuous contact with the girframe until the refueling hose is attached and
all ground/bond wires are in place. The procedure is as follows:

a. Attach wand's clamp to certified static ground.

b. Make contact with helicopter frame or cable using grounding wand
hook.

c. Attach fuel hose to helicopter cable.

3.4.2.3 Recovery assist secure and traverse (RAST), The RAST system is
presently ueed only for the SH-60B (LAMPS MKIII) helicopter system. The groumnding
wand (shepherd's crook) must be used to maintain continuous contact between the
deck and the aircraft until the RAST cable is secured to the aircraft. At that
time, the cable will provide the required conductive path to maintain the static
charge at a safe level.

3.4.3 Hot refueling of aircraft. In order to reduce turnaround time, a
refueling procedure may be undertaken while engines are operating. Here again, it
is mandatory that the aircraft be grounded and bonded 8s required for normal
servicing.
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3.4.4 Servicing aircraft with water. oxygen. and hvdraulic carts. Similar
precautions are required to ground and bond the aircraft during water, oxygen, and
hydraulic services. Where metal hoses are used between oxygen or nitrogen cart and
aircraft, bonding is unnecessary.

3.4.5 Temporary grounding. In areas where no approved static or power grounds
2xist, metal rods may be driven into the ground at suitable points adjacent to the
sroposed aircraft parking position. For temporary grounds that may be used for
some period of time, these rods should be approximately 8 ft. long and 0.875 in.
in diameter. Care must be taken that the rod is not driven into a place where it
will damage underground services.

3.4.5.1 For aircraft operating in the field, a temporary ground may be obtained
by driving a metal rod approximately 3 to &4 ft long and 0.5 in. in diameter into
the ground sdjacent to the parked aircraft. This usually provides an adequate
static ground. The quality of the ground depends on the type of soil and the
amount of moisture available. The ground resistance can be improved by saturating
the area with water.

3.4.5.2 A tewmporary ground rod that is in use for some time should have its
ground resistance measured on a frequent basis. The resistance should be less than
10,000 ohms. If it is not, consideration should be given to driving additional or
ionger rods in order to reduce ground resistance.

3.5 Actual grounding problems. The following are excerpts from the Naval Safety
Center files. These narrative sections are reproduced here only to demostrate the
actual types of problems that are encountered in daily fleet operations.

3.5.1 Narrative: ''WHEN A.C, AND D,C. POWER WAS APPLIED TO ACFT, THE MAINT
PERS RECEIVED A SHOCK FROM THE SKIN OF THE ACFT. TROUBLESHOOTING OF THE ELECT
SYS REVLD THAT EXTERNAL A.C. D.C, POWER RECEPTACLE COMMON GROUND WIRE NR P 49AON
HAD MELTED INSULATION. OXIDIZATION AND CORROSION VISIBLE AT THE TERMINAL ON THE
ACFT SKIN WAS THE ONLY APPARENT REASON FOR OVERREATING., ALL CONNECTIONS WERE
SECURE, '’

Comment: Prior to any masintenance action, aircraft must be appropriately
grounded.

3.5.2 Narrative: ''DURING TURN AROUND INSP PLANE CAPTAIN APPLIED ELECT POWER
UTILIZING THE FLIGHT LINE ELECT DISTRIBUTION SYSTEM, UPON CONTACTING AIRCRAFT,
PLANE CAPTAIN RECEIVED MILD BUT DEFINITE ELECT SHOCK., ELECT POWER WAS SECURED,
WATER WAS STANDING ON RAMP AS A RESULT OF WEATHER CORDITIONS CONSISTING OF LOW
OVERCAST AND RAIN, INVEST BY PUBLIC WORKS ELECT SHOP PERS REVEALED BROKEN
GROUNDING PLUG WHICH PREVENTED THE CABLE PROM ACHIEVING PROPER GROUND. THIS
TINCIDENT REEMPHASIZED THE NECESSITY FOR PROPER HANDLING AKD MAINTENANCE OF FLIGHT
LINE ELECT POWER DISTRIBUTION SYSTEM IN ORDER TO AVOID SERIOUS PERSONNEL INJURY,
ESPECIALLY UNDER ADVERSE RAMP CONDITIONS.''

Comment: Emphasizes need to inspect grounding hardware.
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3.5.3 Narrative: ''AFTER SHUTDOWN FM FLT, ORD MAN BEGAN PROCED FOR LOADING MK82
PRACTICE BOMBS ON UTBD RACKS. AFTER COMPLETION OF JETTISON REL CKS, JETTISOR
CART WAS BEING INSTLD IN PORT OUTBD STA. AS CAP AND CART WERE BEING INSERTED INTO
BREECH, CART EXPLODED. INJURY TO ORD MAN INVOLVED WAS SUPERFICIAL AND THERE WAS NO
DAM TO ACFT. IMMED AFET INCDT, ORD INVOLVED CKED BOTH CKPTS TO ASCERTAIN JETTISON
SW POSITION, AND STATED BOTH WERE IN THE OFF/SAFE POSIT. HOWEVER, ACFT WAS
UNGROUNDED., THE MOST LIKELY CAUSE OF INCDT WAS THE FAIL OF ORDNANCEMAN TO GROURD
ACFT PRIOR TO EXECUTING LOADING PROCEDURES,.'!

Comment: The next ordnance man may not be so lucky.

3.5.4 Narrative: ''ACFT WOULD NOT ACCEPT EXT DC POWER FOR START., UPON REMOVAL
OF DECKING PLT SIDE, DISCOVERED DC EXT POWER RECEPTACLE GROUND LEAD WAS NOT
ATTACHED. FURTHER INVEST REVLD GROUND LEAD HAD BURNED A HOLE IN MOUNTING AREA,
THUS FREEING THE LEAD. BELIEVE ATTACHING BOLT WORKED LOOSE OVER A PERIOD OF TIME
AND CAUSED POOR CONNECTION. ANY LOOSENESS COUPLED WITH EXCESSIVE HEAT GEN BY HIGH
CURRENT CAN RESULT IN THIS SIT."!

3.5.5 Narrative: ''WHILE PERFORMING BEFORE START CHECKLIST WITH EXT D.C. PWR
APPLIED, CREW NOTICED SMOKE COMING FROM BENEATH PLTS DECKING. EXTERNAL PWR IMMED
SECURED. T/S REVLD LOOSE GROND WIRE FOR DC EXT PWR RECEPTACLE. REPLACED GROUNDING
WIRE."!

3.5.6 Narrative: ''JUST BEFORE LIGHT OFF, ON START OF NO. 2 ENG, PLT SMELLED
ELECTRICAL FUMES AND NOTICED SMORE COMING FROM UNDER HIS DECKING. FE SHUTDOWN BOTH
ENG AND SECURED ACFT. TROUBLESHOOTING REVLD DC EXT PWR RECPT GROUND WIRE LOOSE,
BURNING THRUGH ATTACHING STRINGER.'!

Comment: Para 3.5.4, 3.5.5 and 3.5.6 are typical of many reports and illustrate
not only the need for constant vigilance but the serioue consequences
that poor maintenance will cause. Any aircraft fire, especially onboard
a carrier, can be disastrous.

3.5.7 Narrstive: ''WHILE DEFUELING, VAPOR WAS OBSERVED IN THE STBD WHEEL WELL.
INVEST REVLD ALL FOUR ENG HRD BOTTLES HAD DISCHARGED. THE FOUR PRIMARY CARTRIDGES
WERE EXPENDED, STATIC ELECTRICITY BUILD-UP CAUSED BY IMPROPER GRND OF FUEL TRUCK
TO ACFT. THE FUEL TRUCK TO ACFT GROUNDING WIRE WAS CONNECTED TO THE LANDING GEAR
SCISSORS STRUT, VICE THE GROUNDING KNOBS PROVIDED ON THE FORWARD SIDE OF THE
LANDING GEAR. THIS SCISSORS STRUT 1S PAINTED AND POSSIBLY COULD BAVE CAUSED AN
INPROPER GRND, PROPER GROUNDING PROCEDURES HAVE BEEN STRESSED IN THE CMD. MAINT
ERROR SQD,"!

Comment: This illustrates not only the need to make sure that the bonding cable is
attached to a clean metallic surface but the need to do an even better
job of stressing these important requirements.

3.5.8 Narrative: ''WHILE TROUBLESHOOTING A FUEL QUANTITY DISCREP, ELECTRICIAN,
AE2 SOUCHAK, RECEIVED AN ELECTRICAL SHOCK WHILE RANDLING A CANNON PLUG IN FLAP
WELL. INVESTIGATION REVLD THAT ACFT WAS NOT GROUNDED (NOR REQUIRED TO BE).''

Comment: Cannot agree with the comment ''(nor required to be).'' The local
requirements should be rewritten,
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3.5.9 Narrative: ''WHILE FUELING FOR TRAINING FLIGHT, LIGHTNING STRUCK IN CLOSE
PROXIMITY TO AIRCRAFT AND FUEL TRUCK., OF THE TWO CREWMEMBERS FUELING TEE AIRCRAFT,
ONE WAS KNOCKED TO THE GROUND AND THE OTHER LEFT DAZED BUT STILL ON HIS FEET. THE
DRIVER OF THE FUEL TRUCK WAS APPARENTLY UNAFFECTED, THE FUELING OPERATION WAS
SECURED AND THE CREWMEMBERS WERE TAKEN TO THE HANCAR ARFA WHERE CORPSMEN CONDUCTED
AND INITIAL EXAMINATION, THE CREWMEMBERS WERE SUBSEQUENTLY TRANSPORTED TO THE
MEDICAL CENTER AND LATER RELEASED WITHE NO APPARENT INJURIES., BECAUSE ACCEPTED AND
PROVEN SAFETY PROCEDURES WERE FOLLOWED, A TRAGEDY OF IMMENSE PROPORTIONS WAS
UNDOUBTEDLY AVERTED., ALTHOUGE THE SKY WAS OVERCAST WITH SOME CUMULDS CLOUDS IN THE
AREAS, THERE WAS NO RAIN OR LIGHTNING ACTIVITY IN THE AREA. AS A RESULT, THE
DRIVER AND CREWMEMBERS ALL WERE SATISFIED THAT CONDITIONS WERE SAFE FOR REFUELING.
AT FIRST, IT WAS BELIEVED THAT THE AIRCRAFT HAD BEEN STRUCK BY THE LIGCHTNING;
HOWEVER, A THOROUGH INSPECTION BY QA PERSONNEL REVEALED NO DAMAGE OR OTHER
INDICATION THAT THE AIRCRAFT SUSTAINED A DIRECT EIT OR CONDUCTED ANY PORTION OF THE
CHARGE, NO DAMAGE TO THE FUEL TRUCK WAS IN EVIDENCE OR LATER REPORTED BY THE FUEL
FARM, POLLOWING THE LIGRTNING STRIKE, IT WAS NOTED THAT THE GROUNDING WIRE HAD
NUMEROUS BURN SPOTS AND WAS SMOKING. FURTHER INSPECTION OF THE GROUNDING WIRE
REVEALED THAT IT CONDUCTED A SUBSTANTIAL ELECTRICAL CHARGE A5 EVIDENCED BY
DISCOLORED WIRE, CRYSTALIZED METAL, AND MELTED POLYMER COATING. DURING TEE INITIAL
EXAMINATION BY CORPSMEN, ONE OF THE CREWMEMBERS COMPLAINED OF A TINGLING SENSATION
IN HIS RIGHT ARM, SUBSEQUENT INVESTIGATION REVEALED THAT HE WAS HOLDING OF TO THE
FUELING NOZZLE AT THE TIME OF THE STRIKE, THE OTHER CREWMEMBER INITIALLY HAD
BLURRED VISION FOLLOWING THE STRIKE, IT 1§ BELIEVED THAT THIS WAS PROBABLY CAUSED
BY HIM HITTING HIS HEAD ON THE UNDERSIDE OF THE WING ROOT AT THE TIME OF THE
INCIDENT., AFTER THOROUGH INVESTIGATION BY THE AVIATION AND GROUND SAFETY OFFICER,
IT WAS DETERMINED THAT ALL APPLICABLE DIRECTIVES AND REGULATIONS WERE STRICTLY
ADHERED TO BY ALL PERSONNEL AND COMMANDS CONCERNED AND AS A RESULT, FURTHER
SUBSTANTIATES THE VALUE OF PROPERLY GROUNDING THE AIRCRAFT AND FUEL TRUCK DURING
TUELING OPERATIONS.'' This says it all - it is up to you to READ AND HEED!'!

Comment: None required.

3.6 Measurement of static ground and electrical power ground pointa. Ground
resistance measurements should be taken at periodic intervals to ensure that these
measurements are made during different seasons over s period of years. A 15-month
interval is recommended, although local site conditions may dictate other
mlasurement intervals,

3.7 Grounding hardware/receptacle considerations. In all of the previously

mentioned grounding procedures and considerations the receptacle is the preferred
method of connection. Care must be taken to ensure that the receptacle is in good
condition., Any evidence that the mating comnection is losse indicates that the
receptacle is defective and it must be replaced. Periodically, all receptacles
must be inspected and their resistance to the aircraft structure should be measured
and found to be less than 0.1 ohm. An MS 3493 plug should be inserted in the
receptacle and found to be firmly seated. The pull required to withdraw the plug
should be between 8 and 14 1b. A pull of less than 8 1b indicates a weak or
damaged receptacle; a pull exceeding 14 1b may indicate a corroded receptacle. In
either case, the receptacle must be replaced. Additionmally, the complete cable
must be maintained in good electrical condition.

CAUTION: Use of alligator clips or braided panel strap to ground or bond
aircraft and support equipment is prohibited.



MIL-HDBK-274(AS8)
1 November 1983

3.7.]1 1f a grounding receptacle is not avsilable, an approved grounding cable
constructed in accordance with MS 27574 must be used. Care must be taken that the
clamp-type connector, if used, conforms to MIL-C-83413 and must be checked for weak
spring, deformed or rusty jaws, or any other defect which would prevent a good
connection.

3.8 Grounding bardware military specification sheet reference list. The
following list of military specification sheets is included for reference purposes.

MS_Number Title

MS527574 Cable Configurations, Grounding

M53493 Connector, Plug and Cap Electric, Grounding

M50090298 Connector, Receptacle, Electric, Grounding

MS33645 Receptacle, Grounding, Installation of

MS25083 Jumper Assembly, Electric Bonding and Current Return
MIL~C-83413 Connector, Electric Ground

MS25486 Connector, Plug, Attachable, Ext. Electric Power, Aircraft

115/200 volt 400 herts

MS25488 Connector, Plug, Attachable, Ext. Electric Power, Aircraft,
28 Volt DC Opersting Power

MS25487 Connector, Plug, Attachable, Ext. Electric Power, Aircraft,
28 Volt DC, Jet Starting.
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SECTION 4

4.0 THEORETICAL BASIS FOR AIRCRAFT GROUNDING

This section provides theory, background, and information necessary to understsnd
the rationale behind the requirements for aircraft grounding end bonding. Theory
and equations associated with both electrostatic charge generation in sircraft and
grounding effects are discussed. The different aircraft scenarios or servicing
situations are introduced with emphasis on the hazards that can be encountered.

4.1 Electrostatic theory, Static electricity, by definition ''electricity at
rest,'' consists of opposite electrical charges that are usually kept apart by
iasulators. Potential differences involved may amount to thousands of volts.
However, the flow of electricity during generstion and accumulation is small, in
the range of millionths of an smpere. A primary manifestation of static elec-
tricity is the discharge or sparking of the accumulated charges. Static elec-
tricity is generated by the separation of like or unlike bodies. Electrostatic
charges, positive and negative, always occur in pairs. They become evident when
these pairs, having been in contact with each other, are separated. For signi-
ficant potential to be developed, the bodies holding the charges wust become, and
ctemain, insulated from each other, Insulation may occur through complete physicel
ssparation of the bodies or because at least one of the bodies is an insulator.

4.2 Sceparios. The following aircraft evolutione or scenarios are considered in
this manual:

e. Stores handling (including ordnance)
b. Maintensnce (flight line and hangar)
c. Fueling

d. Parked

Jotential hazards considered during each scenario are:

a. Static electrical shock to personnel

b. Power system electrical shock to personnel

¢. Ordnance misfire and/or inadvertent ordnance or stores release
d. Fuel vapor ignition

e. Damage or upset to electronic subsystems

4.3 Energy sources., The source mechsnism and source magnitude of the electrical
2nergy is critical in assessing the possible occurrence of & hazardous situation.
The following energy sources are to be considered during the aircraft evolutions of
stores handling, maeintenance, fueling, and aircraft partked:

a. Static
e Triboelectric
e Induced
e Friction

b, Power

e Ground fault
® RF electromagnetic energy
e Lightning
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4.3.1 Static sources, The static sources listed above are defined and evaluated
in the following paragraphs.

4.3.1.1 Iriboelectric effects, One type of charging mechanism that can create
dangerous voltages on ungrounded aircraft is triboelectric effects, These effects

sre generally associated vith the buildup of static chargee on an aircraft in
flight., High static voltages, however, can result from the interaction of various
materials striking a parked aircraft. Wind-blown snov or dust particles are the
usual objects responsible for this chsrge accumulation, commonly called precipi-
tation static or p-static.

4.3.1.1.1 A conservative estimate of electrical current for s moderate wind-
blown dust situation is 30 microamperes (pA). In an ungrounded aircraft, this
current flows from earth to the snow, dust, etc, via the tires and airframe. Thus,
the potential between sirframe and earth is determined almost entirely by the tire
resistance. A worst-case value of 40 megohms (MQ) for tire resistance is used to
compute an airframe potential of:

V = IR = (30pA) (40 MQ) = 1200V

4.3,1.1.2 These chargee will accumulate until a sufficient time to discharge has
passed or a person touches the aircraft. Twelve hundred volts (1200V) exceeds
parameters for nonlethal shock to persomnel, and could cause a reflex action
resulting in injury to personnel.

4.,3.1.2 JInduced charge, Electrical storms involve the relatively slow movement
of heavily charged clouds which set up an electrostatic field over a large area of
the earth's surface below the cloud. The presence of an electrical field between
an active storm cloud system and the earth results in large induced charges on
parked aircraft. As shown in figure 4-1, the negative charge in the cloud attracts
a positive charge from the earth onto the aircraft via the tires. This charging
usually occurs at a relatively slovw rate which results in relatively small current
flowe that cause no damage to the aircraft, If a person is in contact with the
plane throughout the charging period, ie, as the charged cloud moves slowly
overhead, he will probably feel no effect.

4,3.1.2,1 The situation becomes a potential hazard if a sudden change in the
electric field takes place (eg, a distant lightning strike discharging the over-
head cloud)., The earth's surface neutralizes more quickly than the ungrounded
aircraft (due to the capscitance of the aircraft and the high resistance of the
tires), resulting in potentials up to 60 kilovolts (kv) from airframe to ground. A
person in contact with the aircraft during this change in the electrical field acts
as a resistor comnected to ground, facilitating amother path to ground for the
accumulated charges. (BSee figure 4-2.) This person will probably feel a sharp
shock, the severity of which will depend on the extent to which the asircraft was
originally charged. The current shock can result in injury to personmel in two
different ways:

a. Involuntary reflex movements which can cause fatal or serious

injury due to secondary effects, such as falling, and
b. Electrical effects which result directly in injury.
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FIGURE 4-1. Cloud-inducing charxge on aixcraft.
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FIGURE 4-2.
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4.3.1.2,2 A person in contact with an aircraft charged by induction to 60 kV
could discharge 9 joules (J) of energy from the aircraft.

vel/2 cv?
=1/2 (0,005 uf)(60 xv)?
s9J

This level well exceeds the threshold value for lethal shock and could be fatal.

To further analyze potential hasardst

umn(§>

wvhere t time to reach E. after removal of source
R = sircraft resistance to ground (Q)

C = aircraft capacitance to ground (f)

o
"

initial (source) voltage (V)

E = safe voltage level (V)

Using the ungrounded aircraft resistance of 40 MQ), an aircraft capacitance to
ground of 0.005 microfarad (uf), a safe voltage limit of less than 30V, and 60kV as
the initial voltage

(40 MO)(0.005 ufdln (§§35!>

(a4
"

1.52 sec

Heart discoordination (fibrillation) threshold levels have time durations as lov as
0.2 second (sec), a fact that makes the 1.52-sec discharge time very dangerous snd
unacceptable.

4.3.1.3 Friction. BStatic electricity is generated when certain materials rud
together. During such close moving contact between two materials, one of the
materials is depleted of electrons, causing a surplus in the second. The magnitude
of the static electrical charge thus produced depends on the materials involved and

on the smount of humidity present during such friction., With synthetic materials
(such as nylon) undergoing friction in a cold dry climate, the effect is greater.

4.3,1.3.1 Static electricity is generated on clothing by friction, especially by
the action of removing garments. There is alsoc a continuous generation of charges
in the garments of a moving clothed person. The total smounts of charge at any
time will depend on the rate of charge production and the rate of charge decay. If
a person rubs against external objects, charges can be produced on the outside of
the garments; otherwise, the charges will be produced within the clothing system as

shown in figure 4-3,
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NYLON PARKA
WOOL SWEATER

5031.73

FIGURE 4-3. Charge accumulation op clothing.

4.3.1,3.2 It is generally considered that all parts of the skin are sufficiently
moist to allow only negligible amounts of charge to be formed between the skin and
the garment next to the skin. Provided the person does not remove any garments,

the only effect of the charged clothing can be to cause an attraction between the
layers (since opposite charges attract) or for the clothing to cling to the body.

4.3.1.3.3 However, if a person removes the outer garments (as shown in figure
4-4), a charge of up to 27,000V can reside on the outside surface of the newly
exposed clothing. The positive charge on the wool sweater and the negative charge
on the parka are available for ''static effects.'' The opposite charges on the
sweater and parka may easily produce a spark from one to the other.

4,3.1.3,4 The 27-kV value is used herein as representative of the worst-case
3tatic ele&tricity friction hazard levels produced by servicing personnel. Using
U =1/2 CV° with C = 500 pF (picofarads) for body capacitance, the amount of
available energy is 0.18). This is well above the threshold leveles for fuel vapor
ignition, component damage, EED ignition, and relex action shock.

4.3.1.3.5 Fuel flow, During the fueling process, the passage of fuel from the
supply vehicle through the fueling hose to the aircraft provides the mechanism for
a recurring electrostatic emergy source. The friction effect between the moving
fuel and fuel filter, hose, and other surfaces results in charge separation and a
consequent buildup of electrostatic charges. (See figure 4-5.) Since fuel is
normally an excellent insulator, separated charges are easily removed by the
flowing fuel to a distant location. If no electrically conductive return path is
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FIGURE 4-4. Possible diacharge of sccumulated charge.
5031-70

FIGURE 4-5. Charge separation due to fuel flow,
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available, the charge sccumulates on metallic surfaces and represents a high
potential energy. As the sccumulation of charge continues, sufficient electrical
potentisl is gemerated to cause an arc across imsulating barriers. These voltages
build up within the aircraft fuel tank and represent s serious danger, If these
voltages arc over to points of lower potentisl when the right fuel-air vapor
wixture is present, an sxplosion will occur. Bomding the aircraft frame to the
fuel supply vehicle provides s method of dissipsting these high voltages. Bonding
1288 not prevent the generation of high voltages within the fuel hose and the fuel
tank, but providas a return path for the accumulated charges as contect is made
with the inside fuel tank surface.

4.3.1.3.,6 Btudies by Naval Research Laboratory (NRL), German Air Force, United
States Air Yorce (UBAY), and others hsve provided dats on the magnitude of voltages
and current which might be encountered during the fueling process. Field strengths
gsnerated by this process may range to 500 kilovolts/meter (kV/m); thus, at s
zentimeter distance, a 5 kV potential may be present. The 500 kV/m field is
aormally confined to the fuel tank interior. However, depending om the locations
2f the separated charges and the degree of electrical isolation of the aircraft,
fields of this intensity may appear on the exterior as charge bleed-off occurs.
The resulting voltage on the exterior of the tank is dependent on the physical con-
figuration and could reach breakdown or arcing level near sharp edges. Measure-
ments after fueling aircraft have provided values of 2.5 kV.

4,3.,1.3.7 A person in contact with an aircraft charged by imduction to 2.5 kV
could discharge 15.6 millijoules (mJ) of energy from the aircraft.

v=1/2 cv?
=1/2 (0.005 uF)(2.5 kv)2
£15.6 mJ

This level exceeds the threshold value for reflex shock reaction,

To further snalyze potential hazards:

t=RCln ( Ei)
E

vhere t = time to reach E. after removal of source

R = aircraft resistance to ground (Q)

C = aircraft capacitance to ground (f)

initial (source) voltage (V)

safe voltage level (V)
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Using the ungrounded aircraft resistance of 40 MQ, sn aircraft capacitance to
ground of 0.005 uF, a safe voltage limit of less than 30V, and 2.5 kV as the
initial voltage.

t = (40 MD)(0.005 pF)ln (342-61‘3)

= 0.88 sec,

Heart discoordination (fibrillation) threshold levels have time durations as low as
0.2 sec, which makes the 0.88-gec discharge time very dangerous and unacceptable.

4.3.2 Power. Various types of electrical power, such as 115 volts, alternating
current (vac), 28 volts, direct current (vdc), lightning, and rasdic frequemcy (rf)
are discussed in the following paragrapha. The term power used in this context
sssumes electric current flow measuring amps, in contrast to static electricity
vhose current flow, typically, is in the range of thousandths of an ampere.

4,3.2,1 Ground power fault, The purpose of the equipment grounding conductor in
an electrical system is to provide a path for current to flow under ground fault
conditions. The equipment ground path must have sufficiently low impedance to
limit voltage rise and to permit ample current to flow. This ensures rapid
operation of the overcurrent device wvhen a ground fault occurs. If a ground fault
occurs and the overcurrent device operates slowly or not at all, the result can be
electrocution of personnel, fire, or destruction of equipment.

4.3.2.1.1 Ground power fault occurs when the high voltage side of an external
power connection is brought into contact with the airframe. The main reason for
this occurrence is an internal miswiring of the comnector plug or backward
attachment of the connector. Component failure has also been partly respomsible.
The best way to avert as many problems as possible is to csrefully examine the
connectors for any evidence of damage prior to connecting to aircraft or chassis
receptacles., These connectors are particularly prone to damage because of the
nature of their function, repetitive connection, and disconnection under all
conditions,

4.3.2.1.2 Due to differences between power and static energy sources, a ground
point with a much lower impedance to earth is needed. A distinction must be made

between the power or maintenance ground (less than 10 ohms) and the static ground
(less than 10,000 ohms).

4.3.2.1.3 Vhen the aircraft power is being supplied by a Mobile Electrical Power
Plant (MEPP), the problem is that of parallel ground paths. Whether an engine-
driven ground power unit (GPU), electrical~driven unit, Flight Line Electrical
Distribution systems, (FLEDS), or deck edge power is used, all systems face the
same problem. (See figure 4-6.)

4,3.2,1.4 The direct current (dc) is 28V and is & two-wire system with s
positive and negative. The negative of the system is connected to the aircraft
structure and cart chassis through the connector. The alternating current is 115V
ac, 400 hertz (Hz) and is & four-wire system consisting of phase A, phase B, phase
C. and a neutral (N)., The neutresl wvire is connected to the aircraft structure and
cart chassis through the connectors. As the figure illustrates, the purpose is to °
keep the aircraft at ground potential but also to let the circuit breakers operate
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FIGURE 4-6, .

properly. Bonding the aircraft to ground power unit (GPU), using & suitable
grounding cable, will help avert dangerous situations. When the fault occurs, the
antire airframe is at power line potential, 120V to 220V and msy be capable of
Jupplying currents as high as 200 amps. Power introduced from an external source
complicates the selection of an earth return limit, The maximum allowable earth
zesistance is dictated by the requirement that sufficient current flows to trip
power circuit protective devices under earth fault conditions. The trip time (time
to open circuit, a function of the earth path resistance) for power faults must
also be coneidered, Personnel safety requires that the earth path resistance bde
low enough to allow a 5001 to 6002 overload current with a trip time of approx-
imately 0.2 sec. Thus a 120V, 50 amp service requires an earth path return resis-
tance of 0.5 ohm for safety under pover fault conditions. Locations which do not
provide 0.5-ohm earth resistance are limited in the safe maximum load which can be
handled. As an example, a 120V source with 10 ohms in the return path and a 6002
overload trip level of 0.2 sec response time is limited to a service curremt of:

I=____UZ% = (120 £ 2A
B overload (10) (6.00)
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Unfortunately, very few ground points are able to meet a 0.5 ohm or less require-
A more practical value of less than 10 ohms for power grounds is recommended.

4,3,2.2 RF electromagnetic energy, Today's environment has many unintended side
effects caused by radio frequency (rf) transmitting devices used in conjunction
with naval flight operations. Of concern are those high powver communication and
radar transmitters vhich may be located near parked aircraft. The best example of
this situation is the carrier flight deck, which probably coantains the highest con-
centration of transmitted rf enexrgy to be found on any base from which aircraft
operate. Although high power communication and radar tranemitters may be found at
greater distances from parked aircraft at a shore station, an aircraft may be
affected by an adjacent aircraft whose onboard communication system or radar
transmitters are being tested.

4.3.2.2.1 The principal problem is the amount of rf energy which is induced into
the aircraft frame and circulating on the aircraft skin. This quantity or level of
rf energy is greatly affected by the position of the aircraft relative to a
perticular rf transmitter, the power output of that transmitter, and the actual
frequency of the rf energy being transmitted. It ie further affected by the actual
location of any comnections between the aircraft and ground (deck). Where the
position of one ground may have a significant effect on the induced current, other
ground connections from different locations on the aircraft to other locations on
the deck may not have the same effect. Any existing aircraft grounding scheme
should not be altered in an effort to provide the aircraft with additional pro-
tection against rf energy. If the ground conmnection is broken while the rf
transmission is in progress, an electric arc may be drawn out, This is an
important fact to note. If an arc is produced while disconnecting a ground, the
source may be rf energy, caused by a local transmitter and the current flow can be
high. (A power lime short circuit to ground may also produce an arc when the
ground is disconnected.) I1f, on the other hand, an arc is drawn while & ground is
being attached to the aircraft, the source is static electricity and the current
flow will be light,

4.,3.2.2.2 RF arcing is not limited to aircraft only. Imn high rf fields, arcs
generally occur at the discontinuities in conductors (conductor meaning any metal
surface). A discontinuity is any place where the nature of the conductor changes.
Examples of thies include gaps between metal surfaces and places where the type of
wetal changes or the thickness of the metal changes.

4.3.2.2.3 Another factor which has an influence on the occurrence of rf arcing
is the actual physical dimensions of the metal surface. Not all conductors within
an rf field are susceptible to arcing at their discontinuities. Objects which are
large with respect to a wavelength (several wavelengths in each direction perpen-
dicular to the line of transmission) tend to reflect the rf energy and are less apt
to produce arcing. Objects which are long in one dimension but not in the other
tend to be a more favorable site for arcing.

4.3,2.2.4 RF grcing can be separated into two categories: rf glow discharges
and rf arc discharges. In rf glow discharges, a high minimum voltage is necessary
to maintain the discharge. The voltage rises linearly to an ignitiom voltage of
350V to 500V, then decreases slightly after the current flow begins. The current
flow ceases when the field can no longer sustain the high voltage. Even at very

small separations between elements, a minimum voltage of 275V is necessary to
sustain the glow.
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4.3.2.2.5 Conversely, rf arc discharges are sustained at relatively low
voltages. The events leading to the formation of the arc plasma are similar to
those of glow discharge. However, once the arc plasma forms, the voltage can
usually drop to as low as 30V without the arc extinguishing.

4,3.2,3 Lightning. Lightning is a discharge of atmospheric electricity from one
cloud to another, within a cloud, or from a cloud to earth. Table 4-1 provides a
listing of lightning characteristics. The cloud to earth or ground strike is the
type of discharge that produces the direct lightning strike. Due to its lerge
amount of energy and potential for destruction, the direct lightning strike is one
source of energy that can be very dangerous to personnel and aircraft. A direct
lightning strike can damage an aircraft and its equipment. Voltages as high as 500
XV and currente to 200 kilosmperes (kA) have been known to occur.

4.3.,2.,3.1 These high levels could puncture the aircraft if the skin is not suffi-
~isntly thick or could possibly cause localized melting. Damage to the aircraft's
alactronic equipment or ignition of the fuel tank could occur, depending on the
1ncation of the strike,

4.3,2.3.2 A persom in contact with the ungrounded aircraft during & direct
lightrning strike risks death or severe injury. For personnel who wear communi-
cation headsets the probability of occurrence and the severity of injury increase.

TABLE 4-I. Lightning characteristics.

Characteristic Specification
Types Intra/intercloud
Cloud~ground
Positive
Negative
Potential 30-100 million volts
Current 20-200 kA (peak)
Power 101 %W nominal (peak)
Energy 5:108J nominal (200 1b TNT equivalent per strike)
Extent 3-30 km/strike (path is predominately horizomtal)
Spectrum Peak energy near 10 kHz, some above 10 MBE:z
Duration Strike - 100 us
Flash - 0.2 sec (1-20 strikes)
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4.3,2,3,3 A typical discharge betveen cloud and ground starts in the cloud and
eventuslly neutralizes tems of coulombs of negative cloud charges. The total
discharge is called s flash and lasts about 1/2 sec. A flash is made up of various
discharge components, among which an average of three or four high-current pulses
occur, called strokes, and s possible continuing current stage. In the idealised
model, electrical storms cause the clouds to acquire a negative charge. The earth,
or in this case the sircraft, has an opposite charge and lightning occurs when the
electric potential overcomes the insulation of the air,

4,3.2,3.4 The breskdown within the cloud produces what is called a stepped
lesder., The leader starts from the cloud and hesds toward the ground. The leader
advances in s series of rapid discontinuous steps each about 30 meters (m) long and
separated by pauses of about 50us. The luminous diameter of the stepped leader is
between 1 and 10 m, slthough it is thought that the leader curremnt of about 100
amps flows in a small dismeter core at its center. The average propagstion veloc-
ity is about 1 m/s. It looks like a column of light with branches emanating from
the sides. Thegelectric potential of the leader channel with respect to the ground
is about ~1x10°V. As the leader tip nears ground or sircraft, the electric
field beneath it becomes very large and causes one or more upward-moving discharges
vhich start the sttachment process. When one of the upward-moving discharges from
the ground contacts the downward-moving leader, the lesder tip is connected to
ground or aircraft potential. The leader channel is then discharged into the
aircraft., The height of the aircraft affects the probability of this happening.
The taller the aircraft the more likely it is to happen. Thus, by locally compres~
sing the field, there are more likely to be points where the discharge takes place,
(Bee figure 4~7.)

5031-7%

FIGURE 4-7,
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4.3.2.3,5 1Intracloud and intercloud lightning discharges occur between positive
and negative cloud charges and have total durations about equal to those of ground
discharges (1/2 sec). A typical cloud discharge neutralizes 10 to 30 coulombs (C)
of charge over a total path length of 5 to 10 km. (See figure 4-8.)

4,3,2,3.6 1Intracloud and intercloud discharges have not been studied as
extensively as cloud discharges to ground, and hence much less is known about their
Az2tailed physical characteristics. The charge motion for intracloud and intercioud
discharges produces electric fields whose frequency spectra have roughly the same
smplitude distribution as electric fields produced by cloud to ground discharges
for frequencies below about 1 kHz and above 100 kHz. Between 1 and 100 kHz, the
ground discharge is a more efficient radiator.

4.3.2.3.7 Energy levels of near strikes can be sufficiently high to damage
clectronic equipment, again, depending on the location of the strike. Distant
tlightning strikes and lightning from one cloud to another will also charge an
i1ircraft. Grounding will not keep these induced charges from accumulating on an
aircraft, but will reduce the amount of time required to bleed off the charge.

4.,3.2.3.8 The most important parameters of the current waveform are peak
current, rate of rise, total duratiop, charge transferred, and action integral.
The units of action integral are amp” sec which may alternatively be expressed in
units of joules per ohm since the action integral is proportional to the energy
1issipated in a given resistance. (See figures 4-9 and 4-10.)

4,3.2.3,9 The charge transfer, Q, is defined as the integral of the time-varying
current over its entire duration, or

Q = ./gT idt (ampere-seconds or coulombs)
and is equivalent to the area beneath the current waveform as shown in figure 4-11.

4,3.,2.3.10 The action integral of a current waveform is a measure of the ability
2f{ the current tc deliver energy and is defined as the integral of the square of
the time-varying current over its entire duration.

Jg& i dc (amperez-seconds)

4.3.2.3.11 Grounding an aircraft offers some protection against lightning, even
v direct strike. A major direct lightning strike usually is preceded by less
powerful leaders which determine the direction of the main strike. Grounds can
tontrol the direction of the leaders away from the tires and consequently control
the direction of the main strike. In addition, if & direct strike occurs, the
yround wire may vaporize contributing to the conductivity of the ionized path, and
thereby minimizing leakage currents through nearby personnel.

4.3.2.3.12 Lightning discharge through an asircraft to earth is an extremely
variable phenomenon. Voltages as high as 0.5 million volte and currents from 200
to 200,000 amps are cited in the literature. At such high levels, grounding will
not afford the degree of protection or confidence factor attained for static
electric protection. Nevertheless, & safety ground will aid in protecting per-
sonne]l and equipment to some extent, especiaslly for the lower energy strikes.
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5031-79

FIGURE 4-11,

4.3.3 Summary. In summary, the levels of electrostatic and electrical energies
considered are given in table 4-II,

4.6 Airframe/personnel electrical parameters, When energy sources are consid-
ered in terms of voltage or current, the electrical characteristics (ie, tire
resistance to ground and airframe capacitance to ground) are required to establish
time duration and other parametric relationships (eg, current to voltage and cur-
rent or voltage to total energy). Airframe electrical parsmeters interact with
charge generation mechanisms and thereby establish the sctusl hazard levels and
time duration for these hazaerds, Airframe capacitance to earth and airframe
resistance to earth are most relevant, Capacitance establishes the total charge
stored due to a particular potential and the time factor required to dissipate a
charge from & surface through & particular resistance. Resistance establishes the
voltage associated with known current flows and the time factor for charge reduc~-
tion when the capacitance is known. Resistance was found to be the more variable
parameter.

257



MIL-HDBK-274(AS)
1 November 1983

TABLE 4-II. Summary of electrical energy sources.
Level
Source Voltage Current
Triboelectric - 0.03 mA
Fuel flow 2.5 kv 0.013 mA
Induced charge 60 kv -
Friction 27 kv -
Ground power fault 220 v 200 A
RF induced No established values No established values
Lightning 500 kv 200 kA
4.4.1 The ability of a body to store electrostatic charge is determined by the

capacitance of that body. The mmount of charge that can be stored on a capacitor
is expressed by the mathematical expression

Q=¢Cv

vhere Q is the amount of charge (in coulombs), C ie the capacitance of the body (in
farads), and V is the voltsge (in volts) developed between the plates of the capac-
itor. The rate at which the capacitor charges or discharges is determined by the

electrical resistance, R (in ohms), through which the capacitor charges or dis-
charges (see figure 4-12.)

4,4.2 Aircraft in their normal environment have electrical properties similar to
resistors and capacitors. The resistance is usually determined by tires, mooring
chains, or static ground straps. This is illustrated in figure 4-13.

4.4.3 Aircraft resistance is affected by both the resistances of its tires and
the runway surface and also by the contact between the tires and the surface. Tire
tesistance is a highly variable parsmeter. As s tire wears, its resistance in-
creases due to the breaking of the carbon black chains.

4.4.4 The load on the aircraft and the pressure of the tire affect the resist-
ance of the aircraft by affecting the tires' contact with ground. Incressing tire
Pressure increases resistance, and increasing load decreases resistance. Labora-
tory measurements have indicated tire resistances as high as 3400 MQ,

4.4,5 Finally, the material of the runway is a factor in the resistance of the
sircraft to the ground. Dry asphalt has an exceedingly high resistance, while snow
and vater on surfaces decrease the resistance. Field measurements have measured
total aircraft resistance to ground as high as 40 MQ,
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4.,4.6 The capacitance of aircraft was found to be a consistent parameter.

Values of 0.002 to 0.005uF were messured over a wide range of aircraft types and
ground plane materials.

4.4.7 1In addition to the characteristics of the aircraft, the values of human
body electrical parameters are needed. Valuves of 500 pF capacitance and 50 to 1500
ohus resistance are representative values for descriptive/discussion purposes. The
pertinent electrical characteristics are summarized in table 4-TII,

4.4.8 The rate at which a capacitor or an aircraft discharges is determined by
its time constant and is given by the relationship

T = RxC

where T is time in seconds. A capacitor can be assumed to be completely discharged
after five time constants or 5T. Aircraft capacitance is a fixed quantity under a
particular parked configuration. Therefore, in order to reduce the discharge time,
the resistance must be reduced. Aircraft tires measured in the field have
resistences as high as 40MQ. Aircraft capacitance values have been measured as
high as 0.005 yuF. Using the previous equation

T = (40 x 10%) x (.005 x 10°%)

T = 0.2 sec
5T = 1 sec

4.,4,9 Discoordination threshold levels of the human heart action have time
durations a8 low as 0.2 sec. Thus, 1 sec for the aircraft to discharge is
unacceptably long. If, for example, a maximum resistance of 10,000 ohms is
congidered, the same calculation yields a capacitance discharge time of 0.25 ms.
This is well below the 0.2 sec critical value, Therefore, it is necessary to
raduce aircraft-to-ground resistance by grounding the aircraft, thus bypassing the
aircreft tires and mooring chains.

4.5 Damage threshold levels. The third variable needed for analysis is the

“ireshold for injury or damage due to electrical effects.
4,5.1 Fueling. The minimum energy threshold for ignition of fuel is 0.25 mJ.
4.5.2 Stores., A level of 35 mJ is the potential danger level during stores and

ordnance handling. The ignition of electroexplosive devices (EED) in various
actuating mechanisms is the most common danger ares.

TABLE 4-1I1. Electrical parameters.

Charscteristic Specification
Aircraft capacitance 0.002 to 0.005 uF
Aircraft resistance 1.0KQ to 40 MQ
Body capacitance 500 pF _
Body resistance 50 to 1500 ohms
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4.5.3 Shock to personnel. There are two possible sources of injury to persomnel
from shock:

a. Involuntary reflex movements which can result in injury due to
secondary effects, such as falling,
b. Electrical effects which result directly im injury.

4.5.4 Reflex action appears in the ares of 10 to 30 mJ {1 to 3 mA across 10,000
ohms); a representative voltage is approximately 50V (30 mJ and 1500 ohms). The
threshold level for potentially lethal shock was established as 30 vac and 45 vdc

at energy levels of 600 mJ ac and 1.35 J dc, assuming & body resistance of 1500
ohms. _

4,5.5 Egquipment damage level, The threhsold level for equipment damage is a
function of dielectric breakdown (high voltage effect), high temperature damage
(high power effect), or a combination of both. One mJ an csuse upset when directly
injected into sensitive circuits. However, since direct injection is unlikely, a
coupling factor of approximately 10 is assumed to establish a minimum threshold of
10 mJ for the practical lower limit of sensitive equipment upset. Damage levels
are taken as 35 mJ, comparable with ordnance thresholds.

4.5.6 Summary of damage threshold levels, In summary, the levels of

electrostatic and electrical enmergies considered are tabulated in table 4-1V,

4.6 Analysis, The basic purpose of the previous material of this section has
been to establish the data which verify or disprove the hypotheses that an
electrical hazard exists and grounding will eliminate or reduce this hazard. The
first hypothesis (hazard exists) is assessed by a comparison of energy source
levels with hazard threshold levels sand scenario particulars. The second hypoth-
esis (grounding reduces hazard) is assessed by considering the extent to which
application of an electrical ground alters the available enmergy, location of die-
charge, or duration of harard. The results of the analyses are summarized in
paragraph 4.6.3 following the detailed analysis below.

TABLE 4-1V, Summary of damage threghold levels.

Action Electrical energy
Reflex action shock 10 mJ, SOV
Shock to personnel power 600 mJ (ac) or 32 vac or 3 mA

1.35 J (dc) or 45 vdc or 3 mA

Stores and equipment

EED ignition 35 mJ
Component damage 35 mJ
Component upset 10 mJ
Fuel vapor ignition 0,25 mJ or 40 kV
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4.6.]1 JSource magnitude and hazard threshold level. The magnitude of potential
energy sources is compared with hazard threshold levels to identify those
combinations which could result in a hazard.

4.6.1.1 An upper boundary of 0.03 mA defines the worst case triboelectric energy
source. Since in an ungrounded aircraft this current flows from earth, through the
sircraft tire resistance, to the sirframe, and thence to the snow, dust, etc.
~ausing the effect, the potential between airframe and earth is determined almost
entirely by the tire resistance. While laboratory measurements of tire resistance
in the 100-MQ range have been made, the worst case measured value of 40 MO,
obtained in the field, is used here to compute airframe potentisl of

V=1IR = (0.03 mA)(40 MQ ) = 1200V.
Using & value of C=0.005 uF, the energy level, U, could reach
U=1/2cv2 =1/2(0.005 uF)(1200V)2 = 3.6 mJ.

The value of U and V above exceed the hazard threshold levels for fuel vapor
ignition and nonlethal shock to personnel.

4.6.1.2 The value for the worst case static voltage level is 27 kV. In
addition, energy levels may range as high as 0.18 J. Comparison with the hagard
threshold values in psragraph 4.5.5 shows that the thresholds for reflex level
shock to personnel, fuel vapor ignition, and stores or equipment damage are
exceeded.

4.6.1.3 During fuel transfer the separation of charge can result in electrical
current of 13 uA. Also, measurements indicate that at the termination of a fueling
operation, after bonding straps are disconnected, a completely isolated aircraft
may exhibit static voltage levels of as high as 2.5 kV. The 13-uA current flow due
to fuel transfer can result in voltages of

V= 1IR = 13 uA x 40 MQ = 5207

if only return path is through the airfrmme. While this condition will not exist
when the aircraft is properly bonded to the fuel supply system, both improper
znanection of bond clips (to painted or nommetallic surfaces) and poorly maintained
bonding cables (loose and/or rusted connections) were observed during the field
survey. Thus reliance on the bonding strap alome could, if the bond is faulty.,

pcoduce 520V betwveen airframe and earth or refueler. This represents an energy
level, U, of

U = 1/20v? = 1/2(0.005 uF)(520¥)° = 0.68 wJ.

4.6.1.4 1n the case of electrically isolated aircraft, after disconmection of
the bond the available energy can reach

U= 1/20%% = 1/2(0.005 uF)(2.5 V)2 = 15.6 wJ.
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4.6.1.5 These values exceed the threshold hazard values for ignition for fuel
vapor. Therefore, fuel vapor ignition should be considered during fuel transfer.
For the electrically isolated aircraft, fuel vapor igmnition, equipment upset, and
reflex shock reaction by personnel must be considered.

4,6.1,6 The source level has been established as due to charge induced by storm
activity. Energy levels may then reach

2

U = 1/2Cv° = 1/2 (0.005 pF)(60 kv)2 =9 J.

These levels exceed threshold values for all hazards:

4.6.2 JTime duration considerationg., Some of the phenomens cited in paragraph
4.6.1 are transient in nature. Knowledge of their duration is necessary to assess
them as realistic hazards. Induced voltages, friction voltages, and voltage
buildups following fueling are conmsidered transients.

4,6.2.1 Using the ungrounded aircraft resistance of 40 MQ , an aircraft
capacitsnce to ground of 0.005 uF, and a safe voltage limit of less than 30V, the
following time durations were computed from:

t = RC 1n<}fi_)
E

where t = time to reach Es after removal of source

R = aircraft resigtance to ground

C = aircraft capacitance to ground

E. = initial (source) voltage

Es = pafe voltage level

Ei Source
Iransient Source Magnitude Time to E
——l

Friction 27 .0 kv 1.36 sec
After-fueling potential 2.5 kv 0.88 sec
Induced 60.0 kv 1.52 sec

446e2.2 Any transient is objectiomable from a safety standpoint. As stated
earlier, heart action discoordination (fibrillation) threhsold levels have time
durations a8 low as 0.2 sec. Thus, the duration of even the shortest of the three
transients considered is unacceptably long.

4.6.3 Bazarde., Ungrounded aircraft must be considered to be in jeopardy from
the indicated energy source, since at least one (and generally more than one)
hazard threshold level is exceeded during each scenaric. These results are
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3ummarized in table 4-V below. The possibility of these hazardous events occurring
is ensured by the physical data available. However, each is dependent on 2 number
of factors vhich may occur simultaneously only very rarely (for example, the
refueling of an aircraft with 40 MQ impedance to earth, a fuel spill, and an
electrical spark located at the right point in the volume of fuel vapor or misted
fuel to cause ignition). In any single one-time event, such as an aircraft repair
or refueling operation, consideration could be given to the fact that hazardous
2ombinations appear so seldom that they may be neglected. However, when
consideration is given to the number of naval aircraft involved, the rapid tempo of
operations, the fact that these are military operations (not always conducted
under ideal conditions), the high cost of equipment, and the threat to personmel
safety, electrical grounding for safety becomes an imperative requirement.
Electrical airframe grounding, like safety belts in sutomobiles, is statistically
indicated by, smong other things, the vast numbers involved.

4.6.4 Effects of grounding., In each of the scenarios considered, the use of a

proper ground connection ensures that the airframe is maintained at the same
potential as the ground point for those sources considered, except in the case of
external pover systems. In addition, since the airfrasme resistance to ground is
greatly reduced, the duration of such effects as induced voltages is reduced to
fractions of a millisecond. As an additional sdvantage, the use of a proper
grounding procedure ensures that any arcing or electrical discharge sssociated with
the act of connecting grounds take place at the ground point rather than near the
sirframe.

TABLE 4-V, Potential hazaxd relationship to energy sources and scensarios.

Scenario Energy Source
Atmospheric | External
Fuel induced power
Tribo | Friction | trams fields system Lightning
Maintenance AD ADE - ADE BD BCDE
f Fuel AD ADE ACDE ACDE BCDE BCDE
|
' Btores AD ACE - ACE - BCDE
Handling
[ Park AD ACDE - ACDE - BCDE
¥here: A = Static shock to personnel
B = Power shock to personnel
C = Ordnance EED/stores misfire/release
D = Fuel vapor ignition
E = Electronic equipment damage
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SECTION 5

5.0 ZIESTING AND IDENTIFICATION OF CROUND POINIS,

This section describes techniques necessary for accurate measurement of
resistance ground points. Intended for use by public works department personnel,
this section gives the theoretical background, required measurement equipment, and
measurement procedures. Also provided are a suggested schedule for testing, the
identification of ground points, and the use of mooring eyes as static ground
points.

5.1 ZIheoretical background, For explanation of the three terminal fall of

potential method, see circuit shown in figure 5-1. With a 30V source and a
measurement current of 6 amps, the resistance of the resistor is 5 ohms, as
calculated by Ohm's law.

5.1.1 In measuring ground pointl. measurement is taken of the resistance between
the driven ground rod and the main body of earth. If a test conmnection could be
made on the centerline of the earth (see figure 5~2), Ohm's law could again be
applied to the circuit, Since such a connection is impractical, an altermate
method must be used.

5.1.2 Picture a ground rod being surrounded by shells of earth, all of equal
thickness (see figure 5-3). The earth shell closest to the rod has the greatest
resistance due to the fact that it has the smallest surface srea. Each successive
shell has a larger area than the previous one and thus less resistance. Farther
out, a point is reached where the inclusion of additional earth shells has no
significant effect on the resistance of the earth surrounding the rod. Therefore a
messurement can be made (within a ressonable distance) between the ground rod end &
test rod.

5.1.3 In reslity, the rod has a resistance (R ) associated with it. To exclude
this resistance from the measurement, a three terminal test technique is used, as
shown in figure 5-4. The use of a potential probe enables a voltage measurement to
be made across R. Using the ammeter resding for the current through R, we can
compute the value of R using Ohm's law. The resistance of R_ is very high, a
characteristic of all voltmeter probes. P

5.2 Measurement equipment, Below is a list of the preferred measurement

equipment manufactured by James G, Biddle Instruments. Similar testers by other
manufacturers that have equivalent characteristics may also be used. Other meters,
such as VOMS and VIVMs, are not suited for the task of providing accurate
resistance measurements of ground points, and therefore should not be used.

a. ! - Null balance earth tester, Biddle model no. 63241; with sccessories
case, model no. 63850; sccessory kit, model no. 63578; spare leads,
model no. 63576.

b. 1 - Megger., Biddle model no. 21159; with accessories case, model no.
217719; two sete leads, model no. 21963B,
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E=30V o= qAD 1=6A
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5031.3

FIGURE 5-1. Simple electrical circuit utilizing Obm's law.
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E=30V —o

FIGURE 5-2. Wﬂaﬂm
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GROUND ROD

5031-5

FIGURE 5-3. Illustration of earth ghells,

50316

FIGURE 5-4. Ihzee-terminal test technigue,
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5.2.1 The null balance earth tester includes batteries for its voltage source
and an ohmmeter to measure the resistance directly. The tester generates an ac
test current which is passed between the ground rod and the current rod. AC is
used to eliminate errors due to existing dec currents and voltages that may be
present in the earth. The voltage drop at the potential rod is applied to a bridge
circuit and nulled with a three-decade variable resistance. When at balance (mo
current flowing through the potential rod), the ground resistance is obtained from
the readout of the digital decade switches, Although other equivalent meters may
have different types of power supplies (such as hand-cranked generators) and
different readout devices, the principles of operation are still the same.

5.3 Ground points measurement procedures. The following paragraphs provide

step-by-step procedures for performing accurate ground point resistance measure-
ments. The three-terminal fall of potential method should be used when measuring
ground points on the apron. This includes certified power grounds, certified
static grounds, mooring eyes, and FLEDS lightning protection grounds. The two-
terminal method should be used when measuring hangar ground points, the facility's
ac neutral line., and in situations where the three-terminal method is impractical.
A resistsnce value of less than 10 ohms is recommended for certified power grounds,
FLEDS lightning protection grounds, hangar ground points, and the facility's ac
neutral line. Certified static grounds and mooring eyes are recommended to be less
than 10,000 ohms.

5.3.1 Three-terminal fall of potential method. The test setup for performing

the three-terminal fall of potential method is shown in figure 5-5. This test is
performed as follows:

a. Connect test lead I from the tester to the ground point being
eveluated.,

b. Drive a metal reference rod (rod C) into the ground at a distance of
100 ft (30.5 m) from the ground point being evaluated. Connect test
lead C from the tester to this rod.

c. Drive a metal rod (rod P) into the ground approximately 62 ft (18.9 m)
from the ground point being evalusted and in line with the reference
rod (rod C) installed in step b above. Connect test lead P from the
tester to this rod (rod P).

d. Adjust the resistance dials on the tester until the indicator dial is
centered (zeroed) on the scale. When the dial is centered, the
resistance value (in ohms) of the ground point being evaluated can be
read directly on the tester's digital readout.

5.3.2 Iwo-terminal method (direct method), The test setup for performing the

two-terminal method is shown in figure 5~6, This test is performed as follows:

a, Connect a jumper acrose the P and C terminals of the tester.
b. Conmect test lead I from the tester to the ground point being
evaluated.
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ol - 100FT (30.5m}

FIGURE 5-5. Ihree-terminal fall of poteptial method test setup,
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FIGURE 5-6.

Iwo-terminal method test seftup.
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c. Locate a large, unpainted, metal water pipe at least 100 ft (30.5 m)
from the ground point being evaluated and connect test lead C from
the tester to this water pipe.

d. Adjust the resistance dials on the tester until the indicator dial is
centered (zeroed) on the scale. When the dial is centered, the
resistance value (in ohms) of the ground point being evaluated can be
read on the tester's digital readout.

5.4 Schedule for resistance testing of ground points, It is recommended that

resistance measurements of a facility's ground points be performed periodically in
order to determine if there has been any degradation of the grounding system. It
is important to verify that the resistances of the ground points are at or below
¢zcommended maximum values so as to minimize likelihood of injury or damage. The
reacommended maximum resistance values are 10 ohms for a power ground point and
10,000 ohms for a static ground point.

5.4.1 The recommended time interval between resistance testing is 15 months. This
ensures that over a 5-year period, the ground points will be tested during all
seasons, thereby providing s profile of seasonal resistance variations. Depending
on the number of ground points to be measured, it might be more fessible to employ
1 rotsational method, rather than measure all of the points in a single time span.
for example, if the facility were divided into five sections, the measurement task
would be ipitiated every three months in a different section.

5.4.2 The task of measuring ground points normally comes under jurisdiction of
the public works department of the facility. Additionslly, their responsibilities
will include setting up and carrying out the test schedule.

5.5 Identificstion of ground points., It is recommended that ground points al-
teady measured should be identified in the manner indicated in figure 5-7. This
identification indicates to personnel that the ground point is satisfactory.

5.6 Ihe uae of mooring eyes as atatic ground points. Mooring eyes (also

referred to as padeyes) may be used ss static ground points provided that they have
been measured and identified in a proper manner (see paragraphs 5.3 and 5.5).
Turveys (AIR-5181-1000) have indicated that samplings of the resistance values of
mooring eyes showed them to be under 10,000 ohms and therefore scceptable as static
gvound points.

5.6.1 Figure 5-8 shows typical mooring eye installation detsils. Additional
information is available in NAVFACENGCOM Technical Specification TS-02614., At some
facilities, a stainless steel bead has been welded to the upper exposed area of the
mooring eye. This prevents corrosion buildup on the mooring eye and reduces its
likelihood of providing a poor ground.
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NOTES:
1. ALL LETTERS SHALL BE 1" HIGH.

2.  TESTING INFORMATION SHALL BE CENTERED

AS SHOWN WITH 3/4” SPACING BETWEEN LINES.

te 22

—

N/—— GROUNDING BOX

e TT-P-85 REFLECTORIZED
YELLOW/REFLECTORIZED
BEADS, TT-B-1325A TYPE il
(SEE SPECIFICATIONS!

DATE TESTED
OMMIC TEST

OHMS
TT-P-1106 BLACK PAINT

GROUND CONNECTION

FIGURE 5-7. Measured ground point identification.
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FIGURE 5-8. Mooring eye details.
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5.7 Resistance measurements for alterpate grounding and bonding points. If
conditions prevent the use of known aircraft grounding or bonding points, a
resistance check must be performed to verify that the alternate location is an
acceptable grounding or bonding point, It is recommended that a Shallcross No.
670-A Milliphmmeter or equivalent be used,

5.7.1 Prior to performing resistance measurements, the meter must be calibrated.
Routine checks on the relisbility of the resdings are obtained by using test
standard resistors. A test standard resistor of 0.0025 ohms is supplied with the
meter. The calibration reading should be accurate within 5 percent of full scale.
Should the reading not be accurate, resistor values within the meter must be
changed. For a detailed procedure of changing internal resistors, refer to the
Shallcross Operating snd Maintenance Imstruction Manual,

5e7.2 memm

points, The test setup for performing resistsnce measurements is shown in figure
5-9. This test is performed as follows:

a. Connect the clamp type probe to the known aircraft grounding point.

b. Connect the second probe to the proposed alternate grounding or
bonding location. Make certsin that the probe's two tips are making
good contact with this location.

c. Place '"'OHMS FULL SCALE'' gelector switch on highest range and change
the range setting in descending order until largest deflection is
obtained when the '"'TEST'' switch is depressed. Prior to depressing
YITEST'' switch, make sure meter is properly adjusted to the red line
or full scale position as determined by the range selector.
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