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As a result of the fire initiated accident on C-5 S/N 68-0227
at Clinton, Oklahoma, in September 1974, Military Afrlift Command (MAC) |
requested that Air Force Logistics Command (AFLC) host an Afr Force
study group to investigate the potential of hydraulic fire on the C-5.
The study was to cover the complete afrcraft and ali possible fgnition
sources, vwith fgnition resulting efther from normal operating temperatures
or from malfunction of components. The scope was later expanded to fnclude
consideration of all possible combustibles.

The study group convened for {ts first meeting at San Antonfo ALC
in Decembeé 1974, with representatives from MAC, Aeronautical Systems
Diviston (ASDj, Lockheed Georgia Company, and San Antonfo ALC.
Objectives and methods were discussed. Specific research requirements
vere determined and assigned. Following completion of the background
research, the group reconvened at San Antonio ALC January 1975 to
tdentify potential hazards and accomplish an onboard examination of

each hazard locatfon.



ABSTRACT

This report was preparcd as a result of a MAC request for an
fnvestigation of C-5 hydraulic s};tems and potential fgnition sources.
The study was expanded to fnclude other combustibles in addition to
hydraulic fluid. The report provides description of the types of
combustibles and ignition sources considered and the characteristics
n. essary for ignitfon. Sections of the report describe the arcas examincd;
the areas presently covercd by protection systems and to be covered by the
Fire Suppression System; and the specific fire/explg;ion hazards fdentified.
None of tie hazards fdentified require restriction of fl{ght operations
pending correction. Two hazards were identified which are of sufficient
fire/explosfon potentfal that correctfve actions should be expedited;
and 24 other hazards for which corrective actions ere recormended. [lost

of the hazards are not unfque to the C-5.
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1. OLACTIVE
The objective estallishod for the study group vas to fdentify potentio’

fire Lozards in the -5, /4 potential Tire hazard may be {dentified as
any arca containire both an funition source end a combustible material.
The C-5, as any circraft, contains the combustinles (such as hydraulic
fluid and JP-4) and fgnition sources (such as electrical/electronic
copenerts ond wiring; hot surfaces; hydraulic notors, actuators, and
highopeed rotating corponents) neceessary for fire fnftiatfon, 1.e.,
potential firc hazercn, bLacver, in rany cases, th; potential

fynition sourcer are so vell orotected (e.g., explosion proof roters,
circuit breakers), and tie pessibility of a corbustible in the riaht

conditions is <o rewote that the likelihocd of both cvents occurring
concurtantl s s considercd ninical,  Theretore, the cbjective far the
stuay vas furtier doefinced o5 id<ntification of thosc areas wvhere Loth t'«¢
conbustible end the potertial fgnitfon source are located, where cre or

both of the necessery events (available combustible, fenition terperature)

are bnogr b heve oceurved or are considered proballe, and, thus, i

there is a greater Tikelibood of fire over the Vifetfue of the €C-5 afio. .4
breatect enphasic was places on fdentifying tnose hazards that could
fnitiate a fire whore the pretability of detection would be neqlicflle,

11, AssubPTIGn.

The study 15 based on the following assumptions:

a.  That hydreulic or 204 Tines will lcak or rupture, {.c., that
theae £l will br Cresont at sue tire in any area where the Vner -
routoid,

]
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b. That shorting, arcing and overhcating will occur at some time

in any electrical wiriug.

¢. That the Fire Suppression System (FSS), as presently configured,

will be installed. However, all potential hazard areas were evaluated .

as to serfousness both prior to fnstallation of FSS and with the svstem

fnstalled.

I11. METHOD , ,

The method used for the study involved four steps:

a. ldentify the potentfal combustible materfals anq types of
ignition sources and define the characteristics necessary for fgnition.

b. Identify the specific arcas fn which both corbustibles and
potential ignitfon sources arc located.

¢. Examine these areas and evaluate specific components to verify
the existence of an'ignition source and the presence of a combustible which
could come in contact with that source. Analyze thesg areas coensidering
the presence/absence of fire/overheat detection and suppression.

d. For those hazard arcas {dentified, determine the acticn necessary
to reduce or eliminate the hazard. This may be a procedural requirement

or a modification.

This report provides a general discussfon of the areas consfdered and
the hazards identified. Details of each {tem, component, and area
exanined, and complete analysis of fts hazard potential may be found fn
the Operational Fire Hazard Woiksheets, Appendix E.
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DISCUSSION

I. DLFIRITION OF FIRL HAZAFD

In ordor to fdentify the fire hazards in the afreraft, 1t was firet
necessary to define the elewents and conditions required for fire
inftfation., Three elements are necessary: a combustible, an oxidizer,
and an ignition source. A corplete discussion of combustibles and fanition
sources, their characteristics, and the conditions necessary for igniticn
fs provided in Appendix A, A brief surmary is provided here:

a. Combustil.les - Among the potencially corbustible materials on the
C-5 are JP-4, hydrauiic fluic, nonmetallic materials (insulation, fairic,
panels, etc), and corlustible carco. liowever, investication of the
nonmetallic raterials revealed then to be flame resistant, self extinquich-
ing or $low turning and, therefore, of minor concern as corbustibles, or
fuels, for a fire. /dditional information on C-5 materials and their fir~
resistant characteristics may be found in Apoendix B, Monmetallic Miterials;
Appendix €, Lleed Air Cuct Test, and Appendix [, C-5 Wirino, The rost
comnon corbustibics or afrcraft are JP-4 anu hydraulic fluid. These, aln-n
with conbustible careo, will Le the primary combustibles considercd in
this study.

b. Oxidizer - Oxygen, either from the air or from the afrcraft oxycon
system, provides the oxidizing ayent.

¢. lgnition zources - Those can be electrical arc, sparks, high

temperatures, eotc.

o b
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It should be erphasized that just the presence of the three elements

does not constitute a fire. Combustion is dependent on several factors.
For exanple, when considering such materials as JP-4 and hydraulic fluid,
these factors include the ignftion energy, the temperature of the
combustible and the air, and the'éombustib1e - air mixtufe (f.e., vapor
ratio). The specific range in which each of these physical properties
exists determines its contribution to the 1gnftion sequence., These

factors were considered n evaluating the fire potential of each area,

11 HAZARD IDEWTIFICATION .

The process of identifying the C-5 hazards involved determining the
specific areas to be fnvestigated, examining those areas for 1ikelihood of
ignitior, and evaluating the protection available or to be provided.

- Availability of protection was not grounds for fgroring a potential

hazard. But, 1f a hazard was considered tn exist, protection was a
factor in evaluating the serfousness of the hazard.

A. Areas considereaq:

Considering the clements necessary for fire, the study group compiled

a list of ftems that are considered potential sources of fcnition and are
located near a combustitle material. The 1ist included any electrical/
electronic component, hot surface, hydraulic motor, actuator or high-

speed rotating component that could orovide a source for fgnitfon. CLach
ftem was evaluated and inspected on the afrcraft to determine the physical
re ationship of the combustible and fgnition source, and the 1ikelfhood of

a fire occurring. The areas of the afrcraft investigated included
prcgsurized and unprzssurized conpartnents of the fuselage, wings, and
empehnage. Worksheets fdentifying each component/area examined, describing
the ngards identified, and specifying recommendations for correction of the

hazards are provided in Appendix E.




B. Mresent Aircraft Fire Protection Systems

Detection systems are presently installed in the engine and APU
'compartmcnts. The system will dgtect fires and overhcat in the engine
pylon and fires in the APU compartments. The C-5 has three complete
extinguishing systems, one for the two left engines, one for the two
right engines, and one for the two auxiliary power units. Each engfne
system consists of two containers, charged with ditromodifluoromethane (DB)
and pressurized with nitroagen, located in {nboard pylons. The system
provides the capability for one discharge to each nacelle or for both
discharges to oné nacelle. Each container is charged with 7.5 pounds of
agert. This quantity of agent §s considered sufficient to extinguish f'-es
in the .~gfiie compartment. Statham analyzer tests have confirmed aduquate
agent concentration, distributfon and duration.

The APU compartments are protected by ‘a Hich Rate of Disunarge (HPD)
type fire extinguishing system. The system consists of two contafners,
each charged with 4.5 pounds of dibromodifluoronettane. The system

provides the capability for one container to discharge to each “ompartment
| or for both containers to discharge to either comcartient. Statham
analyzer test on the APU/ATM 1nsia11ation veriiicd adequate concentra-

tfon. distribution and duration.

Detection systems are used to ronitor bleed afr ducts throughout the
aircraft. The wing detection system consists of continuous type heat
sensing loops which detect excessive temperature in the vicinity of the

bleed afr duct couplings in the right and left wing leading edges, pylons,

-
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air conditioning compartment and under the floor on the heat ducting.
When the system alarms, an automatic shutdown of that portion of the bleed
air system is initiated. This involves closing valves to stop flow in that
portion of the systei where a‘leéi was detected and il]yminating the

overheat warning liéhts on the flight engineer's panel,

. In the occupied areas it s expected that fire normally will be
detected by personnel in the aircraft. Smoke or odors from fires will
be sensed by persoanel in the vicinity. Smoke detectors are jnstalled in
the cargo, avionics, AC load center and troop compartments to sense the
occurrence of the type of fire or overheat condition that generates
smoke. A total of twelve (12) portable, type A-20 fire extinguishers
are available for fire fighting and are installed in the flight station,
relief crew quarters, courier area, troop compartment and the cargo

conpartment.

C. Fire Suppression System (FSS)

A detafled description of the FSS installation and operation is
provided as Appendix F. It also provides rationale regarding areas not
protécted. A brief description is provided here.

1) The FSS will provide fire detection and inerting or
suppression in the following areas of the aircraft:

a) Fuel tanks

b) Cargo compartment

¢) Avionics and Guidancé (ALG) equipment compartment

d) The center wing section, including the Environmental Control
System (ECS) equipment, wing box and flap control equipment

e) The wing dry bays and wing and pylon leading edges

6




f) The main ard nose wheel wells
g) The forward and aft under floor areas
h) The Power Transfer Unit (PTU) compartments in the main
landing gear pods B
2) These areas will not be protected by FSS or existing aircraft
fire protection systems:

a) The empennage

b) The wing flap and atleron wells

¢) The mafn landing gear pod aft of the wheel wells, under
the pressure vessel and between the APU compartments

d) The underfloor compartments to the left and right of the
nose wheel well

e) Radome

f) Wing tips

g) Behind the Tower wing fi1let fairing and behind the lobe-to-
lobe panels

h) Uing leading edge outboard of outboard engines

D. Hazards ldentified

; 1) General characteristics

' For purposes of this study, a hazard has been defined as

i | an area where both the combustible and the potentfal ignition source are
located, where one or both of the necessary events (avatlable conmbustible
and {gnition te.aperature) are known to have occurred or are considered
probable, and thus constitute a greatef potential for fire over the

lifetine of the C-5 afrcraft. From the investigation, 26 specific areas,




cohmonents. or items were {dentified which meet this requirement. The
remaining areas were not considered hazards efther because the necessary
conbustible or fgnition source was not present, or because the 1ikelihood

of malfunction needed to provide one of these elerents was too small. The
general characteristics of the identified hazards are descrited below:

a) With one exception (described fn paragraph 2)a)l)), all of
the 26 hazards require a minirum of two faflures, one to provide a cortusty
and the second to provide ignftion. In most hazard areas the comtustible
was JP-4 or hydraulic fluid. The most common potential fgnition s.urces wei
electrical arcing and overhcating corporents.

b) Hone of the hazards requirc restriction of afrcraft

operations pending correction of the conditions which contritute to the
hazard.

c) lost of the hazards are in areas which will te better
protected after FSS installatfon. This will not eliminate the hazard,
{.e., the potential for fire. Cut 1t will reduce the probability of serious
damage prior to the fire being deiected and extinguished.

d) Although not so serfous as to require afrcraft grounding
for correctfon, two of the hazards are considered significant because there
would be no adequate rmeans of detectfon or suppression in the area and the
occurrence could result in significant afrcraft damage; In these cases
Vcorrective action should be expedited. The remaining ftems are considered

hazardous because the necessary elements are prosent and could result in

~ fire over the lifetime of‘the}C-S. Theymif;‘;sf considered to be as serfous

because of the nultiple circumstances riccessary for the event to occur and
because of the limited potential for serfous damage prior to detection.
The study group has also proposed recunriendations for correction

of each of these hazards.




e) Seven of the 26 hazards can be reduced to an acceptable level
by procedural changes, e.g., T.0. changes, inspections. The remaining
19 {tems would require modification, or further study to determine the nature
of modification. to rcduce/eliminate the threat. The necessary modiffcations
or studies are already in progress on seven of these 19 ftems.

f) Most of the hazards concern items, components, or conditions
common to aircraft; therefore, each hazard should be evaluated for applica-
bility to other afrcraft.

2)' Specific Hazards
The hazards are divided into two groups based on the serfousness

of the event if 1t occurs:

(NOTE: The numbers {n parentheses following
each hazard refor to the specific hazard
worksheet which may be found in Appendix E.)

o) Primary Hazards .

v 1) JP-4 fuel behind the lower wing fillet fafring and
behind the lobe-to-lobe panels (1) (hercafter referred to as wing fillet/
lobe area). This presents both a fire hazard and an explosfon hazard. The
fire hazard is dependent on a single fatlure as JP-4 can exist in the area
efther froh»aerial refucling operations or from the Auxiliary Power Unit (APL)
fuel line fittings leaking. Then, during ground operatfon of the APU, the
JP-4 can run down the fuselage into the APU inlet or exhaust and be {gnited.
The explosion hazard requires two modes of failure: the existence of JF-4
in the wing fillet/lobe arca, and an fgnition scurce in the same area in the
sanic time frame. The fire hazard {s of primary concern because the area
will not be protected by FSS. Althouoh a fire would be frmediately detected

by personnel operating the APU, serfous damage could gccur before ft could
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be extinguished. The explosion hazard 1s not consfdered to be as serfous
because, 1n addition to the nced for multiple malfunctions, the damage would
Vikely be Viuited to blowing off the fairings and lobe panels.

(2) Explosi?e JP-4 mixture can collect fn the wing dry bays
(2) and be 1gnited by damaged electrical wiring. Even thouch requiring
two failures, this hazard is of major concern because of the probable
consequences of such an explosion.

b) Secondary Hazards

The areas described herein are considered hazards because
the possibility does exist for fire to occur at s}ome' time during the life
span of the C-5, f.e., the necessary elements are present. hovever, these'
hazards are not considered to be as serfous because of the need for multiple
malfunctions, and because the probability of detection'is greater. These
24 hazaris are in the following general areas:

(1) The fire hazard caused by fuel leaking from a
failed aerfal refueling system manifold onto the Flight Enafneer‘'s panel (3).

(2) The potential for wirtng problems and resultant

fgnition hazard exists in several areas: the use of aluminum wiring; and
missing or deterforated wiring feed-through grormets (4), leakino JP-4

flowing onto landing 1ight wiring (5), and clsre deferioration (6).

. (3) Engine and pylon problem areas include vapor barrier
deterioration and lack of air cifculation on engine right side (7), engine
driven hydraulic pump rupture (8), and engine/pylon bleed air duct seal
deterioration (9). '

(4) Two types of conponents, the flap pover pack (10)

and the three pover transfer units (11) (12), were found to have known

10




failure problers that can result in loss of large quantities of hydraulic
fluid, providing a corbustible that can spread to fgnitfon sources outside
the {mmediate areas.

(5) Afrcraft batteries (13) were {dentified as hazardous

“for two reasons. Small hydrogen gas explosions are known to occur within

the batteries due to the charging cycle. In additfon, under some conditions,
the batteries will fail to fire the FSS.

(6) The chine drain system (14) was determined to provide
a source of some hydraulic fluid that constitutes a'hazard within the main
landing gear wheel wells.

(7) The emergency generator (15) was determined !> represent
an ignition hazard in the event of contactor faflures.

(8) The crosswind computer (16) can serve as an fgnition
source if the printed circuit cards reach excessive operzting temperatures.

(9) An unusual hazard §s presented by the troop compartment
grill (17) due to the ease with which a cigarette could be dropped through
ft onto cargo loads.

(10) Several components were found to constitute some
hazard due to fajlure modes which might generate fgnition tenperature.
These include, but are not limited to: lanuing gear extend/retract
system (18); tires and brakes (19); underfloor heat fans (20); wing bleed
afr 1solation valves (21); and the slot proximity control box (22).

(11) The forward and aft underfloor areas (23) were
determined to be hazardous becausc they collect flanmable fluids over a

period of tine.

n
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(12) Although designed to reduce potential fgnitfon
sources, the fuel tanks (without FSS) (24) are susceptible to fire[explqsion
from Vightning, static discharge, and other ignition svurces which canrot
be completely eliminated. :

(13) The cargo winch (61) s a hazard because an over-

heated winch could fgnite flanmable flufds spilled in the compartrent.

(14) The oxygen system (63) was.detefmined to be hazardous

because there is no provision for remote shutoff of oxygen supply in the -

event of oxygen line leakage or rupture.
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COHCLUSIONS

1. The C-5 has potential firc hazard areas.

2. Noné of the hazards pose a threat sufficiently serious to require
restriction of flight operations:

3. Two haiards require expedited currective action. They are the wing
fillet/lobe area (Hazard Worksheet No. 1) and the wing dry bay (lo. 2).
The FSS would not provide protection for the fire or explosfon hazards

in the wing fillet/lobe area nor for the explosfon hazard in the dry bays.
4. Unti) FSS 1s installed, hazards in the remaining areas can be greatly
reduced by fmplewenting the applicable reconnendatiSns.

5. For those fterns where the fire potential {s minimal, no corrective
actions are required. |

6. In all hazard areas where hydraulic fluid was the conbustible material,

a new hydraulic fluid with a higher flash/fire point would jreatly rcduce
the provability of a fire hazard

7. The Fire Suppression System, when installed, should provide early

detectfon and adequate suppression of fires in locations covered by the

FSS. The FSS may not detect a fire behind the ¢ 30 corpartment insulation

and panelling until the fire {s exposed to the open cargo corpartient.

8. With exception of fuel leaking onto the APU, no single-mode faflures

were found which could result in fire. All other hazards requirc at least

two faflures or malfunctions in nrder for a fire hazard to exist.

9. bMost hazards found in this study concern {tems, components, or con-

ditions couron to afrcraft. Similar hazards may be present on other

afrcraft.

13
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RECOMIENDATIONS

Shown in parenthcses is the agency which, in the opinfon of the study
group, should be OPR for fnitiating the actions recommended.

1. The following general recommendations are proposed:

a. Al future modifications to the C-5 should be reviewed to insure
that there are no new fire hazards designed or built in as a result of
the modification. (San Antonfo ALC/MAC/SPO)

b. Current programs to develop a hydraulic flufd with a higher
flash/fire point should bx continued. (AFSC) .

c. Other aircraft should be examined for hazards of the nature
fdentified fn this study. (AFLC/AFSC)

2. The following specific recomendations are proposed as means of
reducing or eliminating the primary fire/explosfon hazards:

a. Wing Fillet/Lobe Area .

1) MAC should emphasfze compliance with the T.0. 1C-5A-2-4
procedure requiring APU area scaﬁ‘prior to APU start. (MAC)

2) Recommendations which’may result from the present acrial
refuéling spillage study should be given top priority to correct the
fire/explosion hazards resulting from fuel spillage. (San Antonfo ALC)

3) The APU fuel line in the wing fillet should be modified by
replacing the Higgins fitting with a more relfable coupling and the
1ines ;hould'be rerouted with an expansion loop to reduce axial loads

in the Yine. (San Antonfo ALC)
b. Wing Dry Cays
The wires in the dry bays should be routed through conduits to
prevent damage during maintenance actfons. (San Antonio ELC)

14
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3. The following corrective actions are proposed for the sccondavy
hazards.

a. Flight Lnginecer's Panel ‘

1) A wethod should be devised to allow inspection of the cerial
refueling receptacle coupling outer shroud for faflure of coupling {nner
seal. (San Antonio ALC)

2) Study the feasibility of {nstalling a barrfer or baffle to
prevent hydraulic fluid and/or fuel fror: spraying onto the flight enginecr's
panel. Acconplish modifications recommended as a result of study. (San
Antonio ALC/FAC) -

b. AC/DC Elect Power and Distribution System

1) Establish optiium time change perfod fo; the aluminum wiring.
Installation of copper wiring at this tine 1s recormended. Review
T7.0. 1C-5A-6 inspection criteria for areas susceptible to hydraulic
saturation tc determine adequa-y. (San Antonfo ALC)

2) Establish an Analytical Conditfon Inspection (ACI) requirerent
to inspect the wiring feed-through grommets. (San Antonfo ALC)

c. Exterior Lighting
A study should be made to determine the maximum length of time

allowed for operation of landing 1ights and restrictions incorporated in
7.0. 1C-5A-1 to preclude overheating of landing 1ights/wiring. (San

Antonio ALC/MAC)
d. Clamps Supporting Wiring and Hydraulic Lines
1) The original design clanp, which is subject to age deterfora-
tion, should be purged from the atrcraft. This should be accorplished
expeditiously on some basis other than the presently specified replace-
ment only for worn/deterforated condition (San Antonfo ALC)
2) A better clamp should be {dentified/developed to support

the hydraulic lines fn the empennage. (San Antonfo ALC)

15
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e. [Engines
A study should be made to uetermine the feasibiifty of {mproving

- the integrity of the vapor barrier ané fmproving air circulation on the

right hand side of the engine coatustion section. If feasible, the
necessary sodifications should te accorplished. (San Antonfo ALC/1AC)

f. Engine Driven Hydraulic Pumps
FAC should erphasize the importance of noting case drain flow

fatlure printouts from MADARS. Correction of the cause for each such
fatlure ressage can help preclude engine fire. (MAC)

g. Pylons .
Installation of a new fire wall seal being developed under

MIP SANBM 74-0096 should be expedited. (San Antonfo ALC)

h. Flap Power Pack Assy
The control manifolds should be replaced as avaflable rather than

by attrition (San Antonfo ALC) ' .

f. 2/3 Power Transfer Unit (PTU)
Investigation of 2/3 PTU cartridge valve failures under
NIP SANB!! 74-0520 should be contfnued. (San Antonfo ALC)

J. 1/2 and 3/4 Power Transfer Unit (PTU)
1) T.0. 1C-5A-1 should be revised to add the following:

If & PTU malfunction occurs during 1/2 or 3/4 PTU uperation
fn flight, perform an inspection of the adjacent cargo compartment sidewall

for indications of heat. (MAC)
2) 7.0. 1C-5A-2-3 should te revised to add the following:

If a PTU malfunction occurs during ground operation, open

access panel and {nspect area for evi&ence of fire (prior to FSS).

(San Antonfo ALC)

16
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k. Aircraft Cattcries

Higher capacity nickel cadmium or Tead acid batteries should be

fnstalled. (San Antonio ALC)
1. Chine Drain

1) The straight runs of plastfc tubing between .G wheels should
be replaced with a more durabie tubing. Lightwaight aluminum tubing might
be suitable. (San Antonfo ALC)

2) Until rep\acennnt {s accomplished, T.0. 1C-5A-6 should be
revised to require regular inspection of these 1ines for leaks, breaks,
or splits; or collectfon of fluid at low points. (San Antonfo ALC)

3) Untfl replacenient 1s accorplished, T.0. 1C-5A-1 should be
revised to add the following:

In case of reservoir overflow during flight, monftor wheel wel)
arca for evidence of fire (prior to FSS). (MAC)
®m. Emergency Generator .

1) A warning system to fndicate contactor faflure should be
fnstalled. (San Antonio ALC)

2) A higher reliability contactor should be {dentified/developed
and fnstalled. (San Antonio ALC)

n. Crosswind Corputer

1) A study should be conducted by ASD/EIJPF to determine the
temperatures to which the failed printed circuft cards have been exposed.
(AsD)

2) If the ASD study {ndicates the failing cards are a serious

heat source, the units should be shielded or otherwise tsolated from fuec)

17
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sources, similar to thé Radar Altimeter or Anti-Skid Control Box shielding.
(San Antonio ALC) |

¢. Troop Compartment Grill

The crew should be included in the loadmaster's briefing covering

sroking restriction,in T.0. 1C-5A-1. VAC should enforce the existing require-
went that crew and passengers not be allowed to smoke in the troop compart-
ment unless they are seated in the troop area. (MAC)

p. MLG Extend/Retract System

1) MAC should continue inspection procedures established by

MAC message DO/LG/1G 0617152 Jan 75 until fire detection is installed. (MAC)

2) Cause of faflure for modiffed clutch asserbly should be
determined and appropriate actfon taken. (San Antonio ALC)

q. MLG Brakes and Tires

1) MAC should continue inspection procedures established by MAC
message DO/LG/IG 0617152 Jan 75 untfl fire detection 1s installed (MAC)
2) Installation of fuses {n any presently unprotected hydraulic
1ines in the landing gear system should be expedited. (San Antonfo ALC)
r. Underfloor Fan
An operational procedure should be added to T.0. 1C-5A-1 to
require energency depressurization to shut down underfloor fans {f flarmable
vapors are present or suspected. (MAC) \
s. Wing Isolation Valves i
A cover should be installed over the RH fsolatfon valve. Ef o s
to provide the required cover under MIP SANEM 74-0223 should be cantinued.

(San Antonfo ALC) \

18
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t. Slat Proximity Control iox

T.0. 1C-5A~1 should be revised to require a perfodic infiight
inspection of aft troop compartment and wing rear beam area on all missfons.

(MAC) S |
u. Forward and Aft Underfloor Con;artments )

1) An finspection requirement shkould be added to T.0. 1C-5A-1 and
1C-5A-6 to require inspection of the uncerfloor area when hydraulic fluid
and/or flammable cargo spills into cargo compartment. (/{AC/San Antonio ALC)

2) T.0. 1C-5A-1 should be reéised to require a 781 entry 2ny time
hydraulic fluid and/or flanmable cargo spills into Ehe cargo compartment.
This entry would require inspection of the underfloor area prior to next
flight. (MAC)

v. Fuel Tanks
" FSS installatfon should be continued. (San Antonio ALC)
w. Cargo Hinch ’

1) Until release of, and compliance with, TCTO 1C-5A-1749, which
will provide drain holes in the winch compartment, MAC should emphas{ze
the need for cleaning the compartment after any fluid spillage; and the
need for thorough {nspectfon prior to winch operation (lIAC).

2) Instructions should be added fn T.0. 1C-5A-9, requiring
observation of winch durfng operation. (MAC)

X. LOX Converter
. A study should be nade to determine the feasibiiity of installing
i renmote oxygen shut-off capability mounted on the Flight Enginecr's
Console. Acconplish modifications recommended as a result of the study.

(San Antonio ALC/HAC)

18A
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APPENDIX A
COMBUSTIBLES AND IGNIT1ON SOURCES

COMBUSTIULES

For the purpose of this review the following combustibles were coﬁ-
sidered a§ normally used or located in the C-5A aircraft.

a. MIL-J-5624, JP-4 (Primary fuel)

b. MIL-J-5624, JP-5

¢. MIL-H-5606, Hydraulic 0f1

d. MIL-L-7808, Lubricating 0i

e. Al nometallic materials such as fabrics, insulation, curtains,
plastic panels, floor coverings, bunks, flight station lining, cargo
compartment inner 1ining and tires.

f. Combustible cargo

The various propertiés of the flammable fluids are summarized in Table

Of the main combustible fluids aboard the aircraft only the jet fuels are

" capable of forming flammable vapor-air mixtures at the normal ambient
temperatures outside the designated fire zones (Engine & APU compartments).
As noted in Table I, these fuels have flash points of -10°F for JP-4 and
140°F for JP-5. This study is based on the fact that above =10°F JP-4
fuel will form aAflammable vapor-air mixture. The jet fuels and the less
volatile hydraulic o1} (MIL-H-SGOS) and engine oil (MIL-L-7808)
are capable of forming flammable vapoi mixtures in the engine and APU
compartments of the aircraft. These flammable vapor-air mixtures can be

fgnited by low fintensity sparks or by a hot surface.

Cvp W IS8 & 10 f.‘z».’wl>
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A1l nonmetallic materials used in occupied area of the C-5 are
required to ﬁeet Federal Aviatfon Regulatfon requirements for self
extinguishmert after flame remgval. These materials and thefir fire
resistant characteristics are iisted in Appendix B. Preventing
the spread of fire in occupied areas is based on the use of materfals
that have a low rate of.propagation such that a fire will not propagate

beyond the immediate arza of the {gnition source.

Hot brakes and wheels have been & source of ignition in nearbdy

td

hydraulic systems and/or the tires.

Combustible materials of all types are carried on or 11 the cargo
compartrnent and may be palletized, boxed, bagged or packay d, or may

be vehicles contafning automotive fuels and lubricants.

. JGNITION SOURCES

The followin§ fgnition sources were considered as being present
fn the C-5 aircraft. ‘
a. Surfaces which will ignite flammable *1u1ds impinging thereon
such as engines, AlJ, bleed air line and components, exhaust pipes,
"brakes, and electrical components.
| ~ be Electrical components subject to arcing.
€. Electrical faults and arcing.
d. Static electricity.
~e. Lightning

f. Smoking paraphernalia - matches, cigarettes

21
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One of Lthe rost widely used thermal funition tests consists of
uropping a s.all quantity of liguid into an open container treated to
soe specific tewperature.. The fluid, afr and container arc close to
the sane tenperature. Ignition tudperature is defined as the lovest
teuperature of the container at which a visible or audille evidence of
a flaiie or explosion is observed. Tests of this type generally give the
lowest ignition temperature reported. Mininum AIT valves for the fluids
investigated on the C-5A are shown in Table I. Duct surface fgnition
temperature data is based on tests using bleed 1jnes and, even at zero
afr velocity, the surface temperatures required for fgnition of the
varfous fluids are considerably higher than their minimum autoignition
temperature as détermined in heated vessels under static afr conditions.
Requirements specify a maximum surface temperature of 500°F. The bleed

air ducts are insulated with a maximum cold side temperéture of 450°F

- with a 615°F duct wall temperature and an ambient temperature of 250°F.

Tests conducted by the contractor show that with fluids {mpinging on
the bleed duct inside the insulation, the minimum hot surface ignition
point was 900°F. (A.H.B.)

Under {deal conditions, a minimum energy of about 0.2 millijoules
(6x10‘5 c2lories) is required for fgnition of fuel in air. To put this
in berspective, the energy of electrostatic discharge from a man can
produce a static discharge of 15 mil1ijoules. This is an exceedingly
small amount of energy aqd most familiar ignition sources on the C-57

are considerably more energetic. These include electrical system

arcing and static electricity. However, it should be noted that, in order

22
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to haQe a fire ignited from clectrical system arcing, the fuel/air

wixture wust be in its flzrmability range. A hydrocarbon will not burn

while it is in the Yiquid phase and to generate sufficient vapor, the

flufd oust exceed the flash temperature as shown fn Talle I. If the
electrical fault is a power short to ground, a fire may be ignited on

a combustible soaked insulation; however, the amount of combustible 1is
usually limited. Lightning strikes contain large amounts of energy, far
fn excess of the minimum required for ignition of flarmable vapor-air
mixtures. The fuel system {s designed to minimize hazard duc to lightning
and, with the installation of the FSS fuel tanks {nerting, additionaj pro-
tection will be provided. Areas outside the fuel tanks are not easily

~ protected from lightning strikes.

Several sources of fgnition exist in areas used or occupfed by
personnei. The sources may be the result of.equipment failure or
malfunction or of actions by personnel and may be overhecat, sparks,
open flames or embers. Incidents due to personnel may fnvolve careless
handling of smoking materials and the placement of objects adjacent to
fgnition sources. Oxygen is avajlable in the crew station, courier,
troop and cargo compartments. While oxygen is not & source of fire, it
Ean cause a fire to occur spontancously when 1t is relcased in the
presence of many materials. |

References: AFAPL TR-73-74

AFAPL TR-71-86

Aviation Fuel Safety (CBC Project No. CA-37-64)
Lockheed Report LG1U5283-1-1
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JP-5 JP-4 Hyd Fluid  Engine 0§}

Flash Point °F ’ 140 -10 195 440
Fire Point 145 to 150 -5 to O 225 460

Min Autofgnition Temp °F 435 470 440 740

Duct Surface Ignitfon Point °F 900 920 960 1010

Flammability Limits in Air

Lower Limits Vol % 0.6 1.3 297

Upper Limits Vol % 4.5 8.0 2.1

TABLE 1

COMPARISION OF FLAMMABILITY AND AUTOIGNITION PROPEKTIES
OF COMBUSTIBLE FLUIDS

MIL-H-5606 MIL-L-780¢

Flash Point: 'The lowest temperature of the liquid at which it gives
off vapor sufficient to form an ignitable mixture with
the air near the surface of the liquid.

Fire Point:  The lowest temperature of a liquid in an open container
‘ at which vapors are evolved fast enough to support
continuous conbustion.
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AOCRXRNEILD.CEORECIA COMPANY
A VISR BF LOJARILE AIRCHARY LONPORATION

INTERDIPARTMINTAL COMMUNICATION

Hom

SUSIICT:

D. 0. Guneon

C. B, Lovelace
C-5 LTERIOR MATERIALS

] .;.'f

Cargo Ccempt Hardliner
& Funetional Cover

ANV O

sur. 72-19 2omt 454 oat 3 Junc 1970

orer.  T2-19 zomt USY

LS 34580-1

LS 345811

LS 3485312

Rigid polyureo-
thane foam sande-
wich batween
resin irpregnated
glass febrie

EXT.

7025

Addrersee Re-towins |

COMLTIT

leets the FAA require-
ments for Iire resistans
naterials as outlined in
Mizht Standards Serviece

)

Release 453

D FOA ACTION

™ R{OLY Svi
L vous ngasi-

COMMENT

LTS Talx
T OGvan

[J mvesticant

D [
SORMATION

Cargo Compt Frame Covers,
§/5 0007 thru 004%, 13-1,
13-2, Crain Szowage BDoxes
& Device Stouage S/5

Glass fabrie per
STV 22-502 ir-
pregnated with
epcxy recin per

(Sazo as above)

0001 ¢thima 0019 M1~R-9300
Carzo Coxpt Frawe Covers KYD=X 1C2 o tests have been con-

Ships OC45 & up & 13-1, .
13-2 Device Stowage
S/5 0020 & up

cucted. Vendor clains
KYDZX 18 fire resistant |
in thickrecses over ,CL

PLESSE NCT2
AND ReTL AN

D et
fO.LOW LP

_ON.
REEAUTING, ShiCH
IS Jrac

1 RuaT180S 2ol
FOLLOW L7 DA,

Hyd. Service Centers

-

.

Corpressed honey-
cordb code
per STM 28«003
Type I

aluvminur,

]
Zqual to or surerior to!
r.orzal heneyccnd ‘

Cargo Compt Trim Panel
edge Meobers

LS 34547-1

LS 34647-4
1S %6481
Vinyl - Semi-
flexible

Slovw burning 10 seli-
extinguishing

Cargo Cempt and Troop
Compt Insulation Batts

[T AR

ST 26-703%, Type
II, Class I,

1.0" & 2,0" thick
insulation -
MIL-B-5924
Cover-ST. 26-103
Class ¥} & Claas
2k, sm™4 26-701
Type II, Grade AA,
Class 2

26

fire-resistant self-~
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Carco Compt Insulation
Batts

MATTRTAL

87 26-701, Type II,
Grade AA 1,0" thick
cov;r-uﬂ"26-10) claog
2). Fabricated per
ST?P-51-208 Type 1,
Clacs 3

COOTA

Fire~recistint self-cxtinguishin:,

Sce iiotcs /N & S\ of
Attachment

[ ]

Flt, Sta. & Crow Rest
arca Insulation Batts

ST 26-701, Type III,
Class 2, Grade AA,
yvot Lo-103, Class 2}
Orcon AN-4 Tedlar
£iln

Fire-resistant cel’-cxtinguish\ e
S~z Noteo £il e 22 ) & "
of Attachment

Troop Compt Trin Panels &

Modules

LS 245521
LS }4)9“-1
LS 3455L-1
18 34565-1
Rigid Polrurethane
foam sandwich bezveen
resin impreziated
glass fabric, An oo~
bossed flexible vinyl
foam on all above
LS's exceps LS 345E2.9

‘29 '3

Meets the FAA requirements for
firc-resistant materials as out-
1incd in Flight Standards Service

Relcase 453

-

Biced Adr Ducts

Pnerolie/Mberglass

Self-cextinguisning

Adr Disziridution Ducts

STM 26-103
$Ti 26-602

Mire-resist:nt self-extinguishisng,
See Note (13 of Aztachment

Ar Digtridbution Ducts
(lizited use)

STP 61-203, Type II,
Class A, Grade 2
epoxy - fiverglass

350® hect resistant.
Self-extinguishing

Underfiocr Isolation
Percls, Main Panel

ST 26-103

Self-exsinzuish-
of Attachmoens

Flere-resistant,
ing. See Nota /i\

Ur.derfloor Isvlation
Penel Funnel Area,

MIL~C=20595, Type I
Class 3, Caloropene
ecoated nylon

Self-extinsuishing. Eas firee

retardent innibitors

Rain Rezoval riuid Lines,
Duct Drain Lines, Potable

Vater Lines

Polyethylene .

Will melt and burn

Alr Concitioning Duct and

Fan Xafflers

DAIP rmodified
polyester resin &
fiberzlaca

20C*F heat-resistant flame re-
tarders in resin, sclf-extinguisher

Upper Deck Fioors

Aluninua Hoeneycomb

27
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FLIGHT STPTON MATERYALS

PATTRTAL

CH/RACTERTSTICS Wil SURJRCTCED

TO_FTRY €1 Bumuns, oo

Doors

Three basic conatructions.arc
used for door assys:
1S 35922 - ,5 or .75 thick

honcycomdb pancls core mat'l B

is 5052 AL per STii 26-102.
Face sheets are 7/G per ST
22-505, with 3 MIL vinyl
(Tedlar) painted surface onc
or both sidcs

2. 3&653 - Parel = Core is
polyurethane foam. Face
sheets are fiberglass &
vinyl (Panlanm)

3. LS 34873 fioneycomb panel
core is alwa,, face sheots
are thin gauge alwn (,008
t0 .012) one or boih sides
are covered with vinyl
sheets ,020 thick (Panlan)

A. The laid-up r/b as well as
"Comolite" P/G is sclf-
extinguishing.

™e "Tedlar” decorative con
is ratcd as slow burning %o
self-cxtinguishing.

C. The polyurcitane foam is se.
extinguishing.

D. The "Panlom™ decorative mat!
s self-oxtinguishing.

Panels and laminates will <4ernd

beecome unbonded at elevated

temperatures (approx. 300°F & u

Atcess Panel and
Doors

LS 34863 Pznel = Core is poly-
urethane foam, Face shects are
fiberglass & vinyl or F/G both
sides (same basic construction
as Item 2 a2dove)

Same as above

Upper and Lower
Side Consoles

LS 35939 & LS 34940 _
3/8" nylon paper (icmex) core
vith F/G face sheets

Nomex i85 impregnated with
phenolic resin and is self-
*extinguiching, It 4s also a

low sioxe generator

Glare Shield

Fﬁbcrclas'
Wool & nylon covering

Self-extinguishi

Flame resistant - Tlis matexd
meets FAR 25.653 requirement,
(Ltr, in file from vendor eon
firmming this certilication)

: Reveal & Sarouds

ABSKYSN (Thermo Formable Plast.c)
Laminate of A.B.S. & rigid poly
vinyl chloride

]

Polyplastex Co,

Letter dated Aug. 3, 1657
Material is self-cxtingulshin
Flammability tests by U.S,
Testing Co., Ine, 14072-1 cat
Jan, 8 96é

Kydex (Thermo Formable Plastic)

Selfl uxtinsu-on-n,

Tect Mcthod ASTM D-G33535T
Rhom & Baas DL$. PL-6743 & 1t
Sept. 10, 1969
C. H, Bryart (LAC) frea J. B.
Spenser (Rhom & Haaa)

Fiberglas

28
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MATTRT AT,

CIARACTIHISNICS Wikl SUNJILTD
T BT A3 sty e

Pancl Ffacing

Panl:m
(Rigid polyvinyl chloricde
laninate)

Polynlasicex Co. 1ltr. fuz, 3, 17
dat sell-extinmuisaing and rees
rejuircrents of CC-T-11%)
Method 5505 & CC-T-191d

Method 5902, Testz performed by
U.3, Mestirg Co, Tne. Rpt. #
14072-1 cated Jar, 8, 1648

o

Bunk Matiress

Polyurethance Foam & f“abric Cover

. erpepw g

Fire resistant por AN Flight
Stancards Sarvice Releacsoe «53

Pilot%s & Crew
Scats

Fabric Upaolstery, Foam Cughions
& Neauganyde Haadrest & Armrest

Flome resistant per par, 4,3 of
D%:¢C001 (docuzcnted in CIR)

> avmgsr o -

Relief Crow Scats

Fabrie Upholstery, Foam Cushions
& Novgahyde JAraests

Flame resistant per DAR/J0001

Moor Covering
Cadin & Troop
Comparimeny

Vinyl with vinyl sponge underlay

Sclf extinguishing or non- .
burning (Join Sneller 1ir. dtd,
huge 25, 1967 with attached
report)

bBlackout Curtain

Nylon vinyl coated

Self extinguishing o> nen-
burning in sccordance with Fli,
Std. Service Iclcase No. 453

BBy G T PP B Py W - Gty §

Aisle Curtain

Yool Gabardine

riaterial 4is inherently flcize
prool since it is wodol, ileets
requirezents of Fli, Safoty Sid,
453 per Clarke & Burchficid
(vendor)

lLavatory Curtain

Viryl coated fiberglas

Self extinguishing or non=-
burning par Flt, Safety Sid., &5% .

Lavatory Floor
Covering

Laminated rigid polyvinyl
chloride

Self extinguishing

Student Instr
Seats . .

Fabric upholstery, foam cushions
& ncugahyde on dback & seat

Flame resistant per par., 4.3 or
DX9C001 (dogumenzed in IR

Flt, Sta, & Passc-
enger Overhead &
Eide Soft Trinm

Vinyl facing on polyurethanc
Toaa - bonded to rigid fiberglas

Self oxtinguishing or non-
burning per Fit. Safoty Std 453,
(John Sneller 1tr. 6-19-67 &
Ag. 25, 1967)

Crew Lavatory
Weter Tanxs

Linear polyethylcne

Flamable « classified as slow
burning

B - MBS - S S WP S W G -

PR

Yator System " Polyethylene Flarmable - classified as alow
Tabing MIL-P-2303 duraing
eezoage Comat Kylon

Reatraint Nets

29
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) CIARACTVRICTICS WM SUAJECT™ L ‘
P vt 4 TERTAL TO_FIR% QN FEYTRIT: IEWT —
Teobles Formica Face Sheets Non-burning

1t Eng Rigid Foam Core Self extinguishing
Navigacer Wood Edging Slow burning
Conforence :
: —
Interior Paint Cellulose Nitrate Lacquer Will bumn ’i
Life Rafts Neoprexe Coated Nylon Material to meet requiresents {
Flight Safety Regulation 453 ;

Inflatadble Escap
Slides

' CBL:da

cos J. Clifford
R. D. Gilson
G. L. Rabeneck

Polyurethane coated nylon

Material to be flame resistes
to meet requircments of Fligh
Safety Regulation 453

-
-
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APPENDIX €

BLEED AIR DUCT IGNITION TESTS
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APPERDIX C
BLEED AIR DUCT IGNITION TESTS

RECGRD OF iOCKHEED LACORATORY TESTS
ATM FIRE INVESTIGATION 28 *AY 1970

This test was conductud as a result of the fire encountered on Ship 0011.
The environmental simulator was used for this test.

The R.H. ATM fnsulated surfaces were saturated with MIL-0-5606 hydraulic
oil. This was accomplished by cutting the RTV surface on the fnsulation
and pouring the oil on the felt insulation. The ATHM was then operated

with 550°F inlet air and with a 40 gpm hydraulic load. Surface temperatures
on the machine scroll approached 900°F. However, after 36 minutes of
operation, no fire resulted. A large volume of white smoke was present
during this test.

A 1ine was then located above the machine scroll thru which hydraulic
fluid was allowed to drop on the scroll. The above test was repcated
with a loose clamp (lower) on the ATH control valve. Again a large volume
of white smoke but no fire. o

ﬁgd;:ulic fluid was then sprq}ed directly on the fnlet valve and clamps.
re.

The object of this test was to try to determine the Auto Ignition Point
of MIL-0-560b6 hydraulic oil. Test set up:

gﬁromwuc
LINE
. i 4 tncw Oia, Docr

zs Jr —a—Hor AR

Ty = Afr Temp
T5 - Pipe surface tenperatu}e

Fluid was allowed to drrp from the hydraulic line onto the pipe surface.
16nm movies were made fur each test.

32
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TEST Ty °F Tp °F  REFARKS

] 465 410 Vhite/gray smoke

2 544 490 " "

3 625 - 550 . " .

4 695 610 . »

5 735 650 . .

6 810 710 . .

7 850 750 . v

8 910 800 v .

9 1 sq inch of saturated cloth on surface at 830°F.

White gray smoke slightly darker due to smoldering cloth.

No ignition occurred during any of the .above testing.

Testing continued on A409009.
- The next series of tests involved heating MIL-0-5606 oil in a pan.

o/L
y-

Qe g - Pt

HOT PLATE

T1&T, measured temperature of ofl. 011 heated to approximate 4790°F
white/gray smoke. No fire.

011 heated to 470°F white/gray smoke ignited by open flame (match).
Black smoke after fgnition.

L]

011 heated to 510°F. White/gray smoke. Ignitfon occurred; however,
the source was not clearly noted. UBlack smoke after ignition.

®\ HYDRAUL 1C Ost
é s——i%AA/
’ maw—

)
| L xSer
TIrANIUM PLATE
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. * APPENDIX D

* AIRCRAFT ELECTRICAL
. _ * WIRING HAZARDS REPORT ON GENERAL
‘ PURPOSE AIRFRALE WIRE.

Aerospace Safety Engineering

. Department *
Lockheed-Georgia. Company

Preceding page blank
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1.

INTRODUCTION

gnoctrical Systems

Practically all systems in a no&ern airplane depend upon electrical

energy ir come form or another, as a‘;ower producer (generator system),
roiating devi.es (metors), control circuits (direct or by use . mys,
s01id state devices, etc.) and warning systems of ail xinis. ™ mcans of
transmitting this energy to all of the syatems is through the utilization
of wiring. The number one enemy in the electrical complex is the short
circuit. This has been caused by original design: re-design, lack of
consideration of the total environment, moisture,induction and humnan error.

The most serious by-product of the short circuit is the electrical fire.

A study of electrical wiring fire hazards relative specifically to the

C-5A involves the following general areas.

1. Choice of wire for various applications.
2. Specification of wiring process to be used.

3. Special attention to wiring items having high hazard possibility or
other unique features.

4. Implementing of wiring in the individual systems.

5. Quality assurance to insure that requirements have been met.

Wire to be used in the C-5A has been chosen, Wiring process specification

STP 65-101 has been prepared.

Thg last three general areas are being developed., Safety Engineering will
monitor and coordinate with the design groups for maximum safety considera-

tions particularly in potentially hLazardous areas,
38
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SCOFE

This report discusses general considerations in aircraft wi::ing fires
and burnt wiring, then describes accomplishments and the approach being

* take.a in C-5A design for wiring safety.

II. BACKGROUND

Tho major general purpose wire which has been used tﬁrough the airfrane
industry is MIL-?—SOBG. This wire utilizes FVC (Polyvinyl chlbfide) as
a yrinary insulation and is Jacketed with nylon; types II and III of this
specification also include glass braids bdetween the primary and jacket.
Many problems haye been associated with the use of NIL-W-5086; the major
ones ares
. , (a) Kylon cracking, which has been under investigation for the last 5 years.
(b) Wet wire fires, an investigation of which resulted in Gelac discontinuing
the use of Type II MIL-W-5086 shiclded wire which was considered a
. fire hazard. .'
(o) Corrosion. When PVC is operated at 175°F, corrosive fumes are emitted;
this 1s below the rating of MIL-W-5086 which is 221°F (105%).

Praevention of wiring fires and other wiring defects has been a key factor in
the choice of wiring for the C-5A. A thorough study was made of the latest

otate of the art development in types of wires,

Based on studies and tests made by Lockheed's Material, Standards and Design

grodps, MIL-W-81044/2, Tin Coated Copper, Abrasion Rosistant wire was chosen

for general purpose use on the C-S5A., MIL-W-81044 consists of a cross-linked

. poly@lkone pricary insulation and a cross-linked polyvinylidene fluoride
39
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(Kynar) jacket which offers low and higﬂ temperatu-e advantages over MIL-#-5086
*as well as overload protection. In addition, MIL-W-81044 presents significant

weight saving opportunities and has.a numder of hazard prevention features over

the old NIL-1-5006 wires

1. Subdbstantially less smoking at currents in excess of 300% overload.

2. Crack resistance., The cross-linked structure of the polyalkene/bolyvinylidene

.f fluoride insulatioﬁ makes it stress-crack resistant. Further, it is not
moisture sensitive such as the nylon jacket on MIL-W-5086 wire.

3. Anti-melting characteristic. When overheated considerably beyond its
temperature range, the insulation dogs not mclt and drip off the conductor.

o ' It tends io decompose but stays in place on the wire. Therefore, at least

partial insulation properties are retained and the possidility of fires

from bare wires is reduced

4. No “wet wire" fires as have been experienced with MIL-W-5086.

H-Film (Kapton), Teflon and silicone rubber insulating systems were considered.
for the C-SA program. Such factors as function, cost, weight, physical properties
and fabrication methods wére the dasis of the evaluation. H-Film would be lighter
than UIL-7-81044 and offer higher temperature properties; hozever, there was no
airf;wme usage or specification for this wire and the state-of-the art was such
that i¢ coqld not be recomm;nded at the time of the selection. Teflon was not
reconncnded £3 a general purp;se wire ggcause of cost and weight, however, it

. was specified for thoso epplications whero the properties of Teflon are recquired

5(/ to meet design requirnments.
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Attention was focused on three aspects of wiring fires and other wiring

defectg:

(1) Burnt wiring eand wiring fires
(2) Foulty Wiring ’

(3) Massive Current Overload

These problems area are discussced below:

III. BURNT WIRING AND WIRINC FIRES
Reports of aircraft electrical fires, including wiring fires, often do
not differentiate between wiring or electrical components charring and/ozr
burning in two and these same items supporting a flame. Even in eircraft
general purpose wire, the objectives are to have the insulation et least
"flame resistaﬂt". This means the insula;ion will not continue burning,

beyond safe limits, after the source of heating has been removed.

The major hazard in defects of wiring leading to catastrophic firer,is that
of an ignition source. Arcing or overheated electrical componerts erd

wiring create a high haz;r& prodbadbility 1n.u combustible enviror=ent.

Nany of the 1nsta11ationvprocedures of NIL-W-5088 and Lockheed specificaticns
ere directed toward the isolation of :nd protection from faulty wiring in

combustible environments.

IV. FACTORS IN FAULTY WIRING

Heat and arcing associated with faulty wiring are isolated to thre following:‘
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1. Excossive currents in wire csused by faults in tho wire or its
ocircuit equipment.

2. Heaf from tho surrounding environment by conduction or convection.
Exposure to flame is an extréme example of this.

3. Arcing from iooao connections or faults, and the heating developed

from the resistance of liose and faulted connections.

Mechanical factors are one of the broadest sources of wiring problems. A
majority of troubles are caused by wires being scraped, cut, abraded, chafed,
loosened at connections, shorted at connections, c;ushed. and pinched. '
Highest quality in initial installation and follow-on maintenance is essential.
"The relatively few wiring prodlems on the C-141 relate to mochanical factors:
. These problems involved wiring chafing sgainst s (electrical connector) plug beh:
the flight engineer's peanel, wiring chqfiﬂg in wing and improperly clenped
.viro chafing in the engine nacelle. Suitable corrective and duality control
. actions have been taken on_thase defects.
Like everything else, wiring ages. On types used in the past, cracking
of insulation was the major effect of aging. Environmental factors of
heat, humidity, and vidbration, are contributing factors to the deterioration
“ef insulctioﬁ. Wiring deterioration has contributed to hazards in s&ﬁe of
our earlier century aerie; fighters.
| Wiring specifications spell out resistance of insulation to aircraft fluid
. and in special cases, for acids, Installation practices have an objective
. to proc}ude tho possibility of hydraulic fﬁuidu, fuel, and other fluid leaoks
éripping on wiring or immersing wirdng.
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layout and routing of wires is an ea;ly phase in design to prevent
mechanical damage to wires agd protection aga{nst hazardous faults. Pro-
tection against electromagneccic interferences is a companion prizc cousidera
in early phasos of §esisn. In modifications and major maintenance, adherenct

to good wiring practices is equally important.

Investigating the wreckege of a catastrophic fire of a jet utility trainer
a few years ago revealed that the main power leads were routed with dis-
tridution feeders. Also, power wiring was found to have insuffizient

clearance to oxygen lines. Both of these defects are direct violations of
MIL-w-5088.

An oxiremo installation wiring hazard in a business jet transport was
caused by a new cable clamp which could be installed in a manner where the
clemp tightening screws scraped the 1nsu1ation from the wires causing faults
and burnins.‘ Needless to say, tyfee c%anps_wera replaced by safe items,
FAA Safety messages and articles in Safety magazines con?istently show
mechanical problems as the major nause of wiring defects. Besides nmuchanical
damage to virins incurred during normal ai;éraft operation and installation,
& considerable amount of wiring damage is caused by careless and iaproper
maintenance. Damage also rea&lta from carelessness of maintenance perscnnel
working on ecqyipsment near wiring. in a modern, high performance aireraft,

electricity is used for so many functions, that wiring is as widesprcad and

'comp}ex throughout the aircraft, as notwork of nerves are throughcut the

human body. This tendency is increasing. Not only wiring for normnl
. : 43 -
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electric services, actuators, owitching devices, und instrraoutation;
but in the C-5A, additional control, monitoring and computing requirements
cause & large increase in w. ring requirements, The MADARS itself requires
& private network of wires throughout the aircraft. Maintenance dore in
virtually any arcz of the C-5A will have wiring as a coneideraticn.

.
Devign specifications for the wire used normally takes care of environrerital
effects on wire. The main consideration here is hest resistance. Taken
into account are possidble bleed air leaks, high tenferature areas of the

airplane, aﬁd long term exposure to humidity. Wire specifications also

" provide for special wire which must operate durirg and after a fire.

Installation practices of protective tubing and use of special tape protects

against wiring damage in wheel wells, from shiftirg cargos and other speciel

‘hazards. Since wiring problems are racognized as such a corzon hazard.

designers are more reluctant to compromise weight, space and cost for lower

ggfety factor wiring and installation practices,

MASSIVE CURRENT OVERLOADS

Data was collected to learn more abcut the pehavio} of various wire constructio
under conditions of extreme current overload. Such corditions say occur shen
there is sore form of catastrophic failure of a protective device. In the
tests described below, five wire constructions either ccuwonly used ¢r

proposed for general use in aircraft were subjacted to identical tests.

A1) specimens were 1'8-'22o 19 ntrania.

5086 I MIL-7-5086, type I. A polyvinylchloride/nylon 4insuletion systef.

Yall thickness .020 inch.
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5006 11  MIL-W-5086A, Type II. A three part insulation oyatem consisting of S
polyvinylchloride prizazy insulation covered with liber glass '
braid, jacketed with extruded nylon. Wall thickneso .022 inch. : /

* TS MIL-W..16878, Type E. A polytetrafluorothylere insulation systen.
Wall thickness .009 inch. ‘ .

H-Film B-Film/FEP construction utilize two separate tapes cach over-

lapped 50% with 8 .0005 inch fluorocarbon dispersion over the outside |
layer. Insulation wall thicknees .013 inch.

. 81044 MIL-¥-81044/2. A radiation cross linked pclyalkene/polyvinyliidenc
fluoride eystem. Insulation wall thickness .019 inch.

TEST METHODS.

" Sinale Wire

§1nglo conductor specimens, approxicately 22 inches in iength, wese held in %
. a horizontal position between iwo bench vises, as shown in the following
photographs. The primary voltage of & 60 cps step dom transforuer was

. rapidly increased with a manually operated autotransforaer to re¢sca the desired j

test current in less than two eecoqdc. This current wis peasured with ar
agmmeter in series with the specimen. The test was terminated at the end of

five minutes in those cases where the conductor did not fuse,

.
‘\ . Ty e
1 . A
} . /

\l

At cach tes .urrent the tine at which each of the follewing events occurrad : )
: was recordeds (a) smoke (b) flawe ignition (c) fusing o; condactor and o
v (d) flame extinction. ' \
X
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Sudsaquent to the completion of each test, each specimen was visuully

oxamined nnd.the observations were recorded,

0
o

Cable Bundle

conductor using the samc test sppraratus described above.

o se s

Seven~wire cable btundles were tested by applyirg the voltage to the center
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. OBSERVATIONS AND FACTUAL DAT4

Single Wire

20 Amperes ' o
o

A test current of 20 amperes for five minutes did not domage TFE,
¥-Film or 810LL wire, but did cause s minor amount of mflting and flovlnﬁ
of the 086 Type I and Type II insulation.

) 20 Amperes .
, (911 elepsed times in seconds) '
4
t .
1Y . - i .
5086 I
' Smoke none
Flsme Ignition ) nons
!
. - Faeing ' .none
) Insulation melted snd flowed
' : . i
: 4?7
. . Iy
/L A
l (} . / _\\\ = - ’ 7
WA S \ -

Tre




' T? \ S ‘]"‘ ‘.l‘/ o \ ~ - \\v ‘ '
(a1 olopsed ﬁmu in Qecond:) "y
. ' '
v
] { " .
Q\. 0 ﬂt‘?“ﬂﬂtn"
{
p '
. \ \
Smoke none . Smoke none '
Flegme Ignition none Flams Ignition none
Fueing none Fusing none
Insulation melted snd flowed '
. through ruptured jecket, ' . |
o~
b ,,
. X ,Y, !
!
‘ ‘ )
’ ! .
Smoke . none Emoke ' none : !
Flsme Ignition none ’ Fleme Ignition nors
Fusing none Fusing nor
. . * 3
. : '. i ) 1 :
. ’n 48 . . k B
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30 _Amperes ) . . N
At 30 amperes o1l of the wires exhibited some damage. The mechanism of
degradstion is quite different for each insula*ion system. "

l Both 5086 constructions are suscoptible to melting and rapid disintegration.
Only brittle fiber glaes braid is left on the 5086 Type II wire, The TFE insulation,
on the other hend, does not melt, but does split and fall, thus leaving large areas
of conductor expossd, The first stage of damage to the H-Film construction is the
melting of the FEP that eerves to bond the various layers of H-Film tape together.
The FEP flows out through the fluorcarbon dispersion ccating fomming small glob-
ules. 'l'he 810Lk wire is demaged by cherring of the insulation system.

No flaming was observed with any of the wire types, and only thc 50(’6 )
Type 1 wira fused. '

. 30 Amperes
: (a1l elepsed times in seconds)

5086 1

Smoke 23 !
. Flame Ignition none
. . Fusing 74

Insulation melted end flowed off conduc tor

.
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30 Amperes
(211 elapsed times in a'conds)

et N

>,

Pt r“"““
. ” d 77 ‘ aae e Bl tiemn. wioa :.'

AlRs w.r:u.mil 2oL PR PRIV,

EAV

Eoes )6 G ' . TFS
moke 15 : Emoke 58
Flame Ignition nane , Flame Ignitian none .
Fusing none Fusing ‘ none
Insulestion decomposed into smoke : Insulation split baring corductor
leaving only brittle fiber glsss braid -
4
2
810Lk '
Smoke
Fleme Ignition none Flame Ignition none /
Fusing none Fueing none
FEP melted . Soms cherring
: 50 . -
. 7Y |
i
LT o -~ \\_ 4\““\;;7' . \'\.. ‘ -t ~ ’l/ /’ - . . /5 . . ;'J
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TIPS Wy

LO_Amperes

The first fires were cbserved at bb smperes. They were obeerved in the

was more extensive,

-

_ 4O Amperes
. * (211 elspsed times in seconds)

' |, 5086 1

\ ' + Smoke 10
S Flame Ignition none
, " Fusing - 21 .
' . : Insulation deczmposed into smoke and
. . © dripping particles
! ]
f 51
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' TFE and H-Film constrictions and were not severe in either cice,

The other forme of demage previously describad at lower currents wer:

observed.for each wire type, and in each case the damage occurred earlier and




dripping perticles ' .

LO Amperes ’
(811 elapsed times in teconds)

5086 _1I : TFo

Smoke 8 _ Smoke

Flame Ignitdon none " Flame Ignition
Fusing 56 * - Fusing
Insulation decomposed into esmoke and Flame Zxtinction

’

|

L L Y

« s N
PR -
N
| S '
’ ..
A e rtasadaias

20

26 )
27 '
Insulation split baring condctor

FEP melted and charred

: . 52

{ , I .
SPTPSPIINOPNIONE ~ - <V . ¢ ¢ IR . il L iaial,
H-F1lm : . 810L4L .

. Smoke L S Tmoke 32
Flems Ignition 35 Flame Ignition none
Fusing . 26 Fueing 55
Flarms Extinction 24 ’ Charring

ous



'20 Amperes

A1l of the effects observed at LO amperes occurred even more r,apidly at

50 amperes.
The insulation of both 5086 constructions wss totally consumed within a

few secorids while the other three wires retained their insulations for varying

dengths of time, ;

S0 Amperes
(011 elspsed tides in seconds)

086 I

3
Flsme Ignition none
Fusing 11

Insulation decomposed into smoke and
, ".dripping perticles
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50 Armpeses
(811 elopsed times in seconds)

".’mw‘vm'”mcvg."\“‘
: ,-' .l L .,,..,.‘,
N ¥ -
] P ORE
p LT ‘ e
S

Moaras
g.:,' | S

a i
. J 20 } ]

cof6 II - ) TE
Smoke = 1 Sioke 4

Flame Ignition none Flame Ignition 10 .
Fusing 19 Fusing 12 :
Insulation decomposed into emoke and Flame Extinction 12

dripping perticles . Insulation split baring conductor

...n-.o'.ﬁ-.— e o 8w LE A..A—.h.--~s-—o‘-
S AP Ry Ny ¥ g Ay ey

H-Film _ ~ 81olk
) : 2 Emoke 12
Fleme Ignition 15 Flame Ignition ° 24
Fusing : 16 , Fusing 28
Fleme Sxtinction 16 Flame Extinction 29
FEP melted and charred . Some charred remeins on conductor
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60 Amperes

D

N The effects noted ut 50 amperes generally appeared more rapidly .ﬁith th.

. TFE insulstion eplitting in the iirst few seconds, The fires in the TFE and H-Film
e specimens appesred to be more vigorous than those which occured at 50 amperes.

60 Amperes
(811 elapsed times in seconds)

. 5086 I

Smoke

Flome Ignition
Fusing

Insulation decomposed into emoke snd
dripping particles

none

. oy -
e i o s nae omh
!
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SO

C e et eyt e

60 Amperes
(al) elapsed times in seconds)

ané 1 '
moke 1l
Flme Ignition none

Fusing 7
Insulation decomposed into smoke and

dripping particles

Py paras ..m%ou-n.u...w-w

H-Film

Smoke .

Flame Ignition
Fusing :
Flome Extinction
FEP melted and entire 1nsu1¢tion

syetem charred . . -

OO @ =

56

TFE

Swoke 1

Flome Ignition 6 '
Fusing 7 '

Flame Extinction 8
Insulation split baring conductor

-ot 'y -a- ovooo

810LY

Smoke 5
Flame Ignition none
Fusing 15

Soms charred remain on conductor

s —
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10 Amperes

A1l the wires fused in 3 to 7 seconds. Both the H-Film and 8104l flanes
< burned for a few seconds after the conductor fused, with the 810LL burning longer.

: The fire im the TFE wire extinguished‘ 1tself in less than one second after fusing,

. 70 Amperes
(a1l elapsed times in seconds)

)
Fusing
Insulation decomposed into smoke and . e
; dripping particles )
[y '. ' .
!
. ¢ 57
. . . 21
=
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5086 11

Smoke - l
Flme Ignition none
Fusing L

Insulation decomposed into amke snd
dripping particles

o 7
) Q-“\ Y
: e T \-‘
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moke

Flome Ignition
Fusing

Flame Extinction
FEP melted amd entire 1nau1.tion

system charred

=2\

NPPER

TFE
Tmoke
Flame Ignition b
Fusing ll:

58

Flme Extinction
Insulation split baring conductor

810LkL

Smoke L
Flame Ignition - 7
Fusing 7
Flame Extinction 13

Some charred remains on conductor
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OBSZRVATIONS AND FACTUAL ﬁATA

7 COﬁductor Bundles
30 Amperes '

The only danmage caused by the 30 ampere test occurred with 5086 cor-
structions, The insulation of the Type I wire melted and crarrcd, leaving
parts of all conductors btare. The Type II construction slec shovei some

relting and charring.

40 Arperes

All of the wire conatructions were dawmaged at 40 azperes.

The 5086 I damage was of the zame form as' thet obaserved at 30 czpares,
but it occurred more rapidly. With 5086 II the insulation on the center
‘wire was coypleéely consumed, leaving only brittle fider gless braid on the
oconductor, Heating caused the twiat;d bundle to bazoms quise looss. Tnis
unwinding effect was not observed with the other four wire 4ypes.

The TFE insulation exhibited extensive splitting leavirny parts of &1l con-

ductors in the dundle exposed, with two or more uninsulatci wir2e in contact,

.The first instance of burning occurred at 40 arpures in a TIZ wire oundie. Tha

could have been an anomalous result which can only be explained efisr further

inventization.

Blocking was observed-in all wire types except 5086 I, »hsre %n2 inzuiamtion
was virtually completely consuzed, The most severe oslocking sdceurses with 1n2
H-Filn constructions, where tne FEP bonding melted ani finwed coneing »ii Of

the wires in the bundle to stisck tesether.
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EO Amperes

At 50 smperes fusing occurred much more rapidly; 23 nconda (5086 11)

to L7 seconds (810LL),
perstures for a shorter period of time,.

~ than that which occurred at 4O amperes,

As a3 result, the bundles were exposed to olevaud tem-

‘fhe ensuing damage was gonorally less

The second instaice of burning occurred at SO amperes with 5086 II, The -

following photograph shows the fire, which lasted for 2l reconds sfter the

current-carrying conductor fused,

60 _dmperes

‘l'he tests were terminated rapidly st 60 smperes.

PO .P\“

5086 1I -

7-Corductor Bundle

S50 dmperes

Smoke ) 7 seconds
Fleme Ignition 20 seconds
Fusing 23 seconds
Flame Extinction L7 seconds

!
i

as severs as those .observed at either LO or SO amperes.

wes tha baring of conductore - in the casu of the 5086 I v:lrc where the insula-
tion flows and chars, and TFE where the mmlation splits, '

. 60

The moet severe ¢ffect

Thus the effects were not

e .
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CONCLUSION

The odservations and factual data on the massive overlond tests

' indicate that moat types of wire will burn., No ideal wire exists

for general yurpose air frame application., However, the maesive
overload tests indicate that 5086 wire degrades before all the
other types of wire tasied, and that i.(IL-W-BlOM wire flame
ignition and fusing occur later tﬁap the TFE or O-film wire,

The longer time interval allows greate:.: opportxznity for the
cirouit protecvion to op.rate and protect thé wire prior to
wire fire or wire fusing. Aorospace Safety Engineering vwill
continue to study this problem in hopes of finding an even safer
wire. Althougﬁ it i1s somevhat early to make a Judgement, the
next step forward towerd safety in the wire field may be an en-
tirely new concept. Development in this field will be closely
monitored. ' . |
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OPERATIONAL FIRE HAZARD WORKSHEETS
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"~ fuselape. 2,

OPERATVONAL FIRY HAZARDG WORKSIGT

HAZARD NO: 1

WIC: _ N/A DATE: _30_Jan_1975
e R LRSI B ER

Wing T'illet/Lobe

LAY WYL IS VI W L Py

L07ATTCN: Lobe Panels and under Wing .
ICNTTION TESPEHATIE DOE TO NORMAL OPFRATION ____ FMALFUNCTION_ X

FLAMIOALS MATERTAL: JP-4 and hvdraulie fluid

STATTILNT OF MAZARD: 1. Jp-4 leaking irto wing fillet during aerial rcfucline (AR)
or from a foose Wiggpins fitting on the APU fuel linc and fgnited by an electrical
mwalfunction, 2. JP-4 leak in the arca from fuel spilled during AR or a lonse
Wigpins fitting on the APU fuel line and running down the fuselage into the APU
inlet ecr exhaust,

DISCUSSION: >

The APU fuel line in the fillet area contains a hard-seal Wiggins fitting

(not the flexible wiggins fittings) whith has a history of leakage due to

axial movement of the fuel line. Fuel can leak into the wing fillet/lobe arecas
either from this fitting or from aerial refueling. 1. During flight the fillet/
lobe arca appears to be well ventilated and probability of a fire/explosicn is low
and damage would probably be limited to the fillet/lobe panels. Sources of
ignition in this area are confined to the leading edge lobe fairing forward of

the wing SPARS. The sources are pressure vessel electrical wiring feed through,
hot airducts, AR isolation valve, and the cooling air fan. The most probable
source of ignition in this area would be a short in the electrical wiring. The
hot airducts have temp. sensors, the AR isolation valve is hermetically scaled

and the cooling air fan is turbine powered and isolated in s plenum chamber.

Fuel accumulation in this area is unlikely due to :he loose mating of the fillet
panel to the fuselage and drain holes allowing drainage down th) side of the
During ground operation fuel from AR or leaking APU fuel line in
the fillet/lobe area rurning down the fuselage into the APU intake/exhaust presents
the greatest probability of fire/explosion. The malfunction of the APU fuel line
presents the greatest hazard in that it can support a fire/explosion, whereas fuel
from AR spillage would be of limited quantity,

CCHTLUSION:

Fucl leaking from the APU line 48 a fire hazard, moreso than fuel accumulation
due to AR spillage. "

PANEL,_RECOMMENDATION: (Use back i{f necessary)

1) MAC should emphasize compliance with the T.0. 1C-5A-2-4 procedure requiring
APU area scan prior to APU start. 2) Recommendations which may result from

the present aerial refueling spillage study should be given top priority to
correct the fire/explosion hazards resulting from fuel spillage. 3) The APU
fuel line in the wing fillet should be modified by replacing the Wiggins fitting
with a more reliable coupling and the lines should be rerouted with an expansion
loop to reduce axial loads in the line.

REPLY/STATUS: (Use back if necessary)
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OPERATIONAL FIRE HAZARNDS WORKSHEFRT

WUC: N/ DATE: __ 30 jan 1975 HAZARD NO: _2
NOMANCLATURE: Wing Dry Bays :

a7 g At e TP

LOCATION: 1In Wing box between inboard and outboard engines

* IGNITION TEMPERATURE DUE TO NORMAL OPERATION . MALFUNCTION X
FLAMMABLE MATERIAL:  JP-4/Hydraulic oil - -

STATEMPNT OF HAZARD: - X

0
. *

o h i A e T £

; . Electrical wiring in this area could arc from breakage qr dhmaged insulation,
i igniting leaking fuel.

DISCUSSIONs

Fuecl lines in this compartment include three shut-off valves and associated
wiggins couplings. Fuel leakage is possible. Ventilation is provided in flight
to produce a change of air each two minutes. Statically and during taxi, the

" vent air flow through the compartment is low to nil. Although all electrical
circuits are protected by circuit breakers, an explosion/fire could occur if
there is a flammable mixture present at the time the arc pccurs. The FSS
provides detection and extinguishing capability in this compartment but would
not prevent an explosion. Making the compartment inert with LN, would resolve
the problem but would require sealing the compartment and adding climb and dive
valves in each compartment. Another solution would be to run the electrical
wiring insid conduits to prevent damage which could result in ignition of an
explosive mixture. Since the valves located in this cavity have explosion proof
motors, they arg not considered to present any addition.l hazards,

CONCLUSION: .

It is possible for a hazardous condition to exist in this compartment,

-

PANEL RFCOMMENDATION: (Use back if necessary) 1. The wires be routed through
conduits to prevent damage during maintenunce. 2. 1Insure that an inspection of

the wires is made after maintenance action in the compartment prior to closure of
access panel,

REPLY/STATUS: (Use back if necessary)
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OPERATIONAL FTRY NAZARDS WONKSIIST

3
» .
- e —— - — -

WIC: 12 AAU DATE:_30 Jan 1975 HAZARD NO: 3 , /o

o] WO S
vk dirisban s UL e

LOCATICN:  Flight Engineers (FE) instrument pancl, _

ICNTTION TRNPEASUNE DUS 7 NORWI OPRRATION ____ FPALFG.CTION X :
FLAMUOLE MATERTAL:  JD-4 and hydraulic fluid

STATEMNNT OF HAZARD:

Flamable fluid leaking from AR receptacle coupling onto the Flt Engineers
panel,

DISCUSSION:

The refueling receptacle coupling has an inner and outer seal both of

whizh must fail to allow leakage. .

The coupling can and has leaked during or just after aerial refueling. In all S
cases it has been detected by the flight crew before the fluid has contacted an //
ignition source. The electrical components probably wpuld not ignite a fire /

unless a malfunction of a component occurs at the same time as the leakage occurs.

Leaking fuel would probably leak into the cockpit area prior to getting behind the

FE's panel. This is due to the location of the line low point being below the i
access opening into the FE panel; however, a spray could get behind the panel
prior to being detected, The fuel coupling is shrouded which would reduce the |
possibility of fuel spray; however, there is no means of detecting a leak of the

inner, primary seal. The temperature of the malfunctioned electrical component

would be detected prior to reaching a temp. high enough to ignite hydraulic

£luid or JP-4 in a liquid form,

CONCLUSION:

JP-4 can and has leaked into the cockpit from the AR receptacle’coupling and
is a. hazard.

PANEL RECOMMENDATION: (Use back if necessary)

1) A method should be devised to allow inspection of the aerial refueling
receptacle coupling outer shroud for failure of coupling inner seal. '
2) Study the feasibility of installing a barrier or baffle to prevent
hydraulic fluid and/or fuel from spraying onto the flight engineer's panel.
Accomplish modifications recommended as a result of study.

REPLY/STATUS: (Use back if necessary) \
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OPERATIONAL FIRZ HAZARDS WORKSHESD

WUC: Numerous DATE: 30 Jan 1975 HAZARD NO: 4
NOMANCEATURE: _AC/DC Electrical Power and Distribution S78

LOCATION: _From Engine and APU generators & external Power Recepracle To Citsuitlnreaker

' IGNITION TEMPzRATURE DUE 70 NORAL OPERATION MALFUNCTIOH

FLAMMABLE MATERIAL: _ Hydraulic Fluid/Oxygen/0il/JP-4
STATEMENT OF HAZARD: 5

Possibility of malfunctioning electrical wiring igniting a combustible.

DISCUSSTON:

Review of the following item installation was accomplished: a. Engine generators
and feeder system, b, APU generators and feeder system, c. AC/DC electrical
feeder system, d. AC load distribution panel, e. Generator dnd bus tie
contractors, f. External power plug, g. External power contactor, h. Trans-
former rectifiers.

Problems were noted in the following areas: a. Aluminum wire is used from the
pylon disconnect to the AC load center in the generator system. This has been

a problem on previous aircraft because vibration/aging causes this type wire

to become stiff, brittle and subject to breakage, b. Generator wiring in the
engine, pylon and APU is subject to frequent saturation with hydraulic fluid,

€. AC feeder wires under the catwalk on the right side of the aiccraft are
subject to frequent hydraulic saturation where they pass the two hydraulic service
centers, d. Initially installed wire bundle clamps have deteriorating insulator.
This item is covered separately (See Hazard Worksheet No. 6). e, Damaged or
missing wiring feed-through grommets behind the navigator's panel have caused
deterioration of insulation, arcing, and fire. This area has been thoroughly
inspected and the situation corrected. However, there are numerous other areas
‘in the aircraft where such grommets are used, Tlese areas have not been subjected
to thorough inspections,

CONTLUSION:

Further action is required on the problem items,

A )

PANEL RFCOMENDATION: (Use back if necessary) L Establish optjmum time change period
for the aluminum wiring. Installation of copper wiring at this time is recommended.
Review inspection criteria of areas susceptible to hydraulic saturation to determine
adequacy. 2. Establish ar Analytical Condition Inspection (ACI) requirement to
inspect the wiring feed-through grommets,

REPLY/STATUS: (Use back if necessary)
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OPERATIONAL FIRE HAZARDS WORKSIERT

WUC: 44 -ee DATF: 30 Jan 1975 HAZARD NO: 5
NOMANCLATURE:s Exterior Lighting

LOCATION: __ Wing tip, NLG, MLG, Fusclape, Empenage
ICGNITION TeMPERATURE DUE TO NORMAL OPERAT X

FLAMMABLE MATERIAL: Mivdraulic/JP-4
STATEMENT OF HAZARD: .

Possibility of external lighting system causing fire.

DISCUSSION:t The navigation, wing leading edge, and upper anti-collision lights were

revicewed and little chance of any mal function occurring when a combustible is avail-

able. The lower anti-collision light is subjected to hydraulic fluid but the operating
and malfunction temperatures are reported below the danger point. The taxi lights
wiring could possibly arc to the airframe if a taxi light is lost {n flight.
Probability of ignition of hydraulic fluid is low due to the airflow through the areas
during flight and taxi. The landing lights would be subjected to JP-4 during taxi

if leaks occur outboard of pylons conc and four. Probability of lamp induced
combustion is considered low due to airflow. luel could get to wire from power
transformer to the lamp. This wire could and has overheated {f lamp is used for

an extended period, or if a 1000 watt lanp is installed in lieu of the 600 watt

lamp. Lockheed reports 900° F temperature at lamp contacts with 1000 watt lamp
installed. This will radiate back through wire. Additional temperature data is
shown on page 69, .

.

CONCLUSTON:

A hazard exists if the temperature of the landing light wire from the lamp to
the transformer exceeds the JP-4 ignition temperature.

PANEL RFCOMMENDATION: (Use back if necessary)

A study should be made to determine the max. length of time allowed for operetion
of landing lights and restrictions incorporated in the Dash 1 to preclude over=-
heating of landing lights/wiring.

REPLY/STATUS$ '(Uée back if necessary)
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HAZARD NO. 5

LANDING LIGHT TEMPERATURES

ALL TEMPERATURES WERE TAKEN WITH THE (LIGHT RETRACTED

BULB 10 MIN. 20 MIN. 30 MIN. 60 MIN., 120 MIN. STABILIZED
1. 1000 watt  300°F 380°F 455°F 520°F 560°F 61C°F
600 Watt  165°F 220°F 255°F 320°F 375°F 415°F
2. 1000 Watt  150°F 170°F © 203°F 265°F 308°F 365°F .
600 watt N/A - - - - 250°F
3. 1000 watt  137°F 175°F  205°F 255°F 290°F 360°F
600 Watt NA - - - - 224°F

1. Temperature pick-up on wire immediately outside of insulator.

2. Temperature pick-up adjacent to clamp about 4 inches up from #1. !

( .

3. Temperature pick-up between canopies which separate door actuator and bulb, i

Wire is made in two parts, The first part, about 2% to 3 inches adjacent to the
bulb, is nickel plated. 1t then splices to tinned copper wire. The jacket ,
is silicone impregnated fiberglass and is good for 392°F (200°C). : b
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OPERATIONAL FIRE HAZARDS WORKSHEST

wUC: _ DATF:_ a0 jan 1975 HAZARD NOt 6
ROUNCEATNE $_Clamps supporting wiring and hydraulic lines

LocATIC: Thrqgghout the aircraft /
ICNITICN TENPEXATIRE DUE 7 NORMAL OPR.RAT 10N VALFUSCTioN X . :
FLAMAABLE MATZRTAL: Hydraulic fluid/oxygen/JP <4 T -

STATFRMNENT 0‘ HAZARD:

Deterioration of insulators on initially installed clawps causing chafing of
electrical wires, and hydraulic lines,

DISCUSSION:

1. The insulators on the majority of the originally installed clamps are age
deteriorating with the consequent hazard of worn wires arcing and hydraulic

leaks, It has previously been determined that the clamps will be replaced

with standard MS type ones on a conditional basis during base and depot mainten-
ance. Many of the clamps are extremely inacceassible and some are accessible only
during PDM. This inaccessability hampers proper conditional inspection increasing ,
the probability of chafing causing electrical shorting and hydraulic leakage. N
Replacement of all the originally installed clamps regardless of condition ;
would be required to eliminate the hazard. - ‘

2. In addition, the clamps suppor:ing the hydraulic lines in the vertical
stabilizer are breaking, This has Leen attributed to vibration and flexing of
the tail,

CONCLUSIONs

Further sction is reyuired to assure replacement of the original design clamps
and to provide a clamp capable of surviving the vibration and flexing in the
empennage.

PANEL RFCOMENDATION: (Use back if necessary) 1. The C-5 should be purged of
all clamps.of the deficient design. This should be accomplished expeditiously g
on scme basis other than the presently specified replacement only for worn/ \\
deteriorated condition. 2. A better clamp should be identified/developed to

support the hydraulic lines in the empennage.

REPLY/STATUS: (Use back if necessary)
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. STATFMENT OF HAZARD:

OPERATIONAL FIRE HAZARNS WORKSHESP

wes 23 DATF: 30 Jan 1975 yavanp NOs 7
NOMANCEATURE:  Engines

. LOCATION:

' ICNITION TFMPERATURE DU o PERAT I0M FUNCTICRI
FLAMMABLY, MATERIAL: Engine oil, Hydraulic oil, JP=% deicing fluid—am? elect. wiring.

‘s

Ignition of flammable material by hot surface, fatled rotating equipment, shorted
electrical wiring, hot gas leakage or malfunctioning electrical components.

DISCUSSIONs

All engines are susceptible to fire due to hot operating conditions, accessory
failures, and the presence of flammable material. The C-5 engines have five
detector loops in the accessory section and apron an? a two shot halon 1202 (DB)
fire fighting capability. The main problems have been in vapor barrier leakage
combined with hydraulic pump failure, or fuel leakage. One incident is believed to
have been caused by deicer fluid. All necessary actions to correct thase problems
are believed to have been taken,

Explosions originating aft of the vapor barrier could have possibly been prevented
if there had been better circulation of air on the R.H. side of the combustion
section of the engine. Recoup air outlets presently provide circulation on the
top, bottom and L.H. side of the engine.

CONCLUSION:

Problems with the vapor barrier and poor air circulation on the R.H, side of
the engine contribute to the fire hazard potential on the engine.

PANEL, RECOMMENDATION: (Use back if necessary) \ )

A study should be made to determine the feasibility of improving the integrity
of the vapor barrier and improving air circulation on the right hand side of

the engine combustion section., If feasible, the necessary modifications should
be accomplished. «

\
- i

REPLY/STATUS: (Use back if necessary) o \

i
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OPERATTONAL FIRE HAZARDS WORKSHEST

45AEA/ .
WUC: CEA/EEA/CEA DATE: 30 Jan 1975 HAZARD NO: 8

NOMANCLATUHRE:  Encine driven hydraulic pumps

LOCATION: _ Engines

ICNITION TFMPERATURR DUE TO NORMAL OPERATION  MALFUICTION X
FLAMVABLE, MATERIAL: Hvdraulic fluid

STATEMENT OF HAZARD: "

A ruptured hydraulic pump provides hydraulic fluid i{nto the engine cowling, which
could ba ignited.

DISCUSSIONW:

Recent failures of some hydraulic pumps have resulted in broken cases. This
allows hydraulic fluid into the engine cowl where the high temp. environment

aft of the vapor barrier can easily result in ignition. The most probable cause
of case rupture is overpressure due to case drain flow restriction. Case drain
flow monitors are available in MADARS. ’

A majority 'of pump failures are internal, not allowing extensive external fluid
loss.

This arca is covered by the engine fire fighting system.

CONCLUSION:

A ruptured hydraulic pump case can result in an engine fire.
Fire flghting is available.

PANEL RECOMMENDATION: (Use back if necessary)

MAC should émphasize the importance of noting case drain flow failure printouts

- from MADARS, Correction of the cause for each such failure message can help

preclude engine fire,

REPLY/STATUS: (Use back if necessary)
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OPERATIONAL FIRE HAZARDS WORKSHEFT

WUCs _ DATE: 30 Jan 1975 HAZARD NO: 9
NOMANCLATURE: Pylons

,  LOCATION:
TIONITION TFMPERATURE DUE TO NORMAL OPERAT 10N HXEFUEETIEN

FLAMMABLE MATERIAL: Hydraulic Fluid JP-4 & electrical wiring
STATFMENT OF HAZARD:

Ignition of leaking hydraulic fluid or JP-4.

DISCUSSIONS

Bleed air ducts, electrical wires and electrical components are possible
ignition sources. Fire has also spread through the fire wall from an engine
fire in the past. Leakage of fuel from fue! lines has also been a problem
in the past, but has apparently been corrected. The area is well ventilated.
It will be protected by the FSS when installed. °

CONCLUSIONs '

Probability of ignition Tow except for burn through of engine fire.

»

PANEL RFCOMMENDATION: (Use back if necessary) S

fxpedite installation of new fire wall seal being developed under MIP SANBM 74-0096.

REPLY/STATUS: {Use back if necessary)
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OPERATIONAL FIRE HAZARDS WORKSHEST

WUC: _ 143cA DATF: ___ 30 Jan 1975  HAZARD NO: 10
NOMANCLATUREs Flap Pouer Pack Assy

LOCATION: _ Center Roar Wing Beam

IGNITION TFMPERATURE DUE TO NORMAL OPERAT ION HMALFUNCTION
FLAMMABLE MATERTAL: Hvdraulic D
STATEMENT OF HAZARD3

Power pack components overhcat due to malfunction and ignite hydraulic fluid.

DISCUSSIONs
Electrical components are solenoids and switches. System is protected by
circuit breakers. Solenoids are explosion proof. The flap power pack is run
intermittently for short periods so components would not overheat to temperature
required for ignition. Area is vented so vapors would not likely build-up.

Hydraulic manifold has past history of failure. Although fluid would not likely
igrite in immediate area, the volume of fluid and run off paths could provide
fuel to other possible ignition sources. Manifolds have been redesigred. Units
arc being procured on priority basis but are scheduled for replacement on
attrition basis. The hazards of spilled hydraulic fluid and operation with one
system lost will remain until all units have been replaced.

Area will be protected by FSS,

CONCLUSION:

Probability of ignition is low. Hydraulics could provide fuel for other ignition
source.

PANEL RFCOMMENDATION: (Use back if necessary) S

Replace manifolds as available rather than by attritionm.

REPLY/STATUS: (Uﬁe back if necessary) -
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OPERATIONAL FIRE HAZARDS WORKSHERY

WUCs 45 JOO DATE: 30 Jan 1975 HAZARD NO: 11
NOMANCEATURE: 2/3 Power Transfer Unit (PTU)

LOCATION: Center Wing rear beam comp, fwd of att troop comp.
IGNITION TEMPRRATURE DUE TO ORl OPERAT UNC
FLAMMABLE MATERIAL: Hyd fluid -

STATFMFNT OF HAZARD: o

’

Feilure of cartridge valves in PTU can spray hyd fluid throughout the
wing rear beam compartment,

DICCUSSION:

Recently, failures have been experienced on the 2/3 PTU in which cartridge valve
heads have been blown, spraying hyd fluid into the wing rear beam compartment.
Possible ignition sources, discussed in other worksheets, include electrical

wiring, flight control servos, and motor driven valves.

Similar failures have not been encountered on the 1/2 or 3/4 PTU's, which
are located below the hyd reservoir level,

The possibility of the PTU overheating to an ignition temperature was considered
negligible,

CONCLUSION:

This area is protected by the FSS. Known failure of the 2 to 3 PTU can provide
a hyd fluid fuel constituting a fire hazard,

PANEL RFCOMMENDATION: (Use back if necessary) S
Continue investigation of this problem under MIP SANBM 74-0520,

REPLY/STATUS: (Use back if necesswy) -
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OPERATIONAL FIRE HAZARDNS WORKSHEST

WUS: 45 300 DATF: 30 Jan 1975  HAZARD NO: _ 12
NOMANCLATURE:  1/2 and 3/4 Power Transfer Urits (PTU)

LOCATION: WO M.L.G. FATRINGS

IGNITION TrMPERATURE DUE TO NORMAY, OPRRATION MALFUNCTION X
FLAMMABLE MATERTAL: Hyd fluid — —

STATFMENT OF HAZARD:

Failure of PTU'. could result in spray of hyd fluid in the FWD M,L.G. FAIRING
AREA.

DISCUSSION:

The 2/3 PTU is known ¢to fail in such a mamner as fo spray nyd.fluid (see
worksheet on 2/3 PTU). 1If the 1/2 or 3/4 PTU fails in the same manner, it
could provide fuel for an undetected fire. ,

Thes: PTU's have not had failures of the same type as the 2/3 PTU. The
probability of overheating to ignition temp is considered negligible.

FSS zone fire fighting will cover this area upon installation; however,
until then, a fire could go undetected in this area.

CONCLUSION:

Although a fire is not likely to occur, flammsbles may be present due to
PTU failure. Present methods would not detect such a fire. .

PANE], RECOMMENDATION: (Use back if necessary)

1) T. O. 1C-5A-1 should be revised to add the following: If a PTU malfunction
occurs during 1/2 or 3/4 PTU operation in flight, perform an inspection of the
adjacent cargo compartment sidewall for indications of heat. 2) T. 0. 1C-5A-
2-3 should be revised to add the following: If a PTU malfunction occurs auring
ground operation, open access panel and inspect area for evidence of fire (prior
to FSS). )

REPLY/STATUS: (Use back if nccessary)
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~ OPERATIONAL FIRE HAZARDS WORKSHEST

WUC: 42AAC ~ DATE: 30 Jan 1975 HAZARD NO: 13 3 
NOMANCLATURE: Aircraft Batteries Ly

. LOCATION: R. Fwd Cargo Compartiment e
*  IGNITION TEMPERATURE DUE TO  NORMAL OPERATION ¥ MALFUNCTION X — i
FLAMMABLE MATERIAL: Hydrogen/some cargo loads 4
STATEMENT OF HAZARD: y

Battery explosion during charging.

DISCUSSION: These nickel cadmium batteries are very low capazity (5 ampers hour). .
The reliability of the cells used in the C-5 is very low. Apparently the load —~
connected to these batteries when they are used as a sole power source is at or

above their capability. Frequently when these batteries are being re-charged

after use a condition called thermal runaway occurs. When this happens the
electrolyte in the weakest cells boil off producing hydrogen gas. When the elect-
rolyte level is depleted the cells overheat badly enough to melt their outer case and
ignite the hydrogen gas in the battery case. To date the resultant explosions have
been very small and usually are undetected until the battery is removed to the battery
shop for failure or periodic (70 day) repair and capacity check. The batteries are :
located in and vented to the cargo compartment, There is little access to any fuel b=
sufficient to substain a fire witn the exception of vapors from certain cargo loads. T

-

DC power is required to operate the FSS. The batteries are the only source of DC power |
in an emergency where all the AC generators and the emergency generator are off/failed.
The batteries will not provide sufficient power for operation of the FSS if not fully ;
charged or at temperatures below =40°F. The batteries are used for other applications s
s0 would not necessarily be at full charge when needed. 1Installation of a charging !
rate control would decrease the likelihood of fire/explosion but would not solve the !
FSS power problem. A higher capacity battery would provide the FSS the needed i
electrical power and greatly reduce the likelihood of battery explosion.

CONCLUSICN: :
1. The batteries constitute a fire/explosion hazard. PRE

2. The, batteries are not adequate to assure FSS operatioﬁ when needed.

PANEL RFCOMMENDATION: {Use back if necessary) v L

Install higher capacity nickel cadmium or lead acid batteries.

REPLY/STATUS: (Use back if necessary) -
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REPLY/STATUS: (Use back if necessary)

OPERATTCNAL FIRS HAZARDS WORKSHEST

WUC: _ _ DATE: __ 30 Jan 1975 HAZARD NO: 14
NOMARCLATURE: Chin. Drain Svstem

LOCATION:  Main Ceas Well Oaly

IGNITION TrFPFYATURS DUE TU NORVAL OPERATION MALFUNCTIONY

FLAMMARLE MATERTAL: Hvdraulic Fluid - '
TATEMENT OF HAZARD: -

Gear, tires, and wvheel well being saturated with fluid from a leaking or broken - o
drain linc -and {Juid being icnited by a hot brake.

LISCUSSICN:

Plastic drain lives in MLG wheel well areas are breaking and splitting due to

altitude cold soaking, wind blast, and vibration. Even when properly installed,

the lines sag between clamps providing low areas for collectioa of hydraulic

fluid and/or water (accumulated from flushing down of hydraulic or cargo leaks

inside cargo compartment)., Water freezing at altitude may be cause of reported .
splitting. Accumulated hydraulic fluid, or fluid lost during flight from seal .y
drains or overf{lowing reservoir, can flow onto wheels or brakes. The ruboer

tires will not absorb the fluid and only a limited amount can remain on the

brake surfacc to be heated at ignition temp. Once the lines drained, there ix

would be no further supply to sustain a fire. This area will eventually be

protected by FSS. Actions are alrcady in effect to detect possibility of hot

brakes during taxi or takc-off, Yot brakes on RTO or landing do not constitute a f

hazard in this case. ™
./7‘ .

There is a limited potential for fire in this area. S

PANEL,_RECOMMIINDATION: (Use back if necessary) 3

1) The straight runs of ;lastic tubing between M.LG wheels should be replaced o
with a more durable tubing. Lightweight aluminum tubing might be suitable. /
2)\ Until replacement is accomplished, T.O0. 1C-5A-6 should be revised to i
require regular inspection of these lines for leaks, breaks, or splits; or . '
collection of fluid ~t low points. 3) Until rcplacement is accomplished,
T.0. 1C-5A-1 should be revised to add the following: 1In case of reservoir

overflow during flight, monitor whecel well area for evidence of fire
{prior to FSS).

| !
!
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OPERATIONAL FIRE HAZARDS WORKSHEST

D ST et L R |

WUC: 42 GAA DATE:__ 30 Jan 1975  yazarp No: 15
NOMANCLATURE: Emergency Generator
. LOCATION: Number two hydraulic service center L. cargd compartment,
IGNITION TFMPERATURE DUE TO NORMAL OPFRATION ____ MALFUNCTION X
© FLAMMABLE MATERIAL: Hydraulic Fluid -
. STATEMENT OF HAZARD: "

Malfunction of the emergency generator contactor causing the emergency generator
to overheat.

DISCUSSION:

The RAT deployment accumulator and several hydraulic lines are above the emergency
generator. Leakage and fluid spills in this area are frequent. Pooling of fluid
in and under the gencrator is possible. The emergency generator contactor connects
the generator to the emergency bus when failure occurs in the AC or DC systems.
This contactor has a history of failure even after Safety TCTO 1C-5A-1344 is
accomplished. When the contactor fajls, it comnnects the generator to AC power
from other sources. This causes the generator to try to act as a motor, but it
stalls because the hydraulic pressure is shut off to the hydraulic drive motor for
the generator, This causes the geucrator windings to heat up to their melting
point. The generator case temperature can get above the ignition temperature of
hydraulic fluid, The generator is located behind soundproofing adjacent to the
number two hydraulic system service center. This area is protected by smoke
detection and will be protected by FSS, but a fire behind paneling would probably
be quite large before it would be detected.

* CONCLUSION:

The emergency generator contactor failures represent a source of ignition.

s>

PANEL RFCOMMENDATION: (Use back if necessary) v
1. 1Install warning system to indicate cuntactor failure.

2, 1Install contactor with higher reliability.
REPLY/STATUS: (Use back if necessary) -
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OPFRATTONAL FIRE HAZARDS WOR(°HV’P

13GG0/72CA0/13EED
WUC: DATE: _ 20 Jan 1975 HAZARD NO: 16

NOMANCLATUSE: __ Crosswind Computer Radaw Altimeter and Antl-Skid Coatrol Box

LOCATION: L & R Carpgo Arca

IGNITION TRMPEHAZURE DU TO NORMAL, OPRRATION ____ MALFUNCTION_X
FLAMMABLE MATERTAL: Jivdraulic fluid

STATFMENT OF hn!ARD° ‘
Possibility of malfunctioning the Crosswind Computer, Radar Altimeter or
Anti-Skid Control box igniting a combustible.

DISCUSSION:

The crosswind computer could be saturated with hydraulic fluid from an overhead
leak. Malfunction tempcrature of the cards is not known. The radar altimeter
and the anti-skid control box have protective covers installed to prevent
leaking hydraulic fluid from contacting them, All three ui:its are located

in the cargo arca with smoke detection available. The cresswind computer

and the anti-skid box are ecasily accessible for on board fire fighting
equipment. The protective cover can ecasily be broken for access to the radar
altimeters, Will be protected by FSS.

CONCLUSTON:

A hazard exists in the crosswind computer if the temperature of the cards
exceed the ignition temperature of fuel and oil vapors.

PANEL RFCOMMENDATION: (Use back if necessary)l. A study be qonducted by ASD/ENJPF to
determine the temperatures to which the failed printed circuit cards have been exposed.

2. If the ASD study indicates the failing cards are a serious heat source, the units
should be shielded or otherwisc isolated from fuel sources, similar to the Radar
Altimeter and Anti-skid Control Box Shielding.

REPLY,’STATUS: (Use back if necessary) .
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OPERATIONAL FIRE HAZARNDS WORKSHEST

WiC: DATF: 30 Jan 1975 HAZARD NO: 17

e IR T

NOMANSLATIR:: Tro&b Comnpartment Grill

L) EYYLLICY)
St o, .\“-\3

SNITION TrRNPERATORR DUE TO - KOAZAL OPRAATION X PharUnsTtion
FLAYMARLY, MATERTAL: General Carpo
STATTNINT OF HAZARD:

Lighted cigarette drop onto cargso through the open grill,

DISCUSSTON: »

The system safety group has previously discussed this potential problen.

A cigarette can be dropped on to cargo below and go undetected and a fire
could be started,

LGC has stated that any prbtective screen would restrizt air flow that would
be reauired during a rapid decompression.

CONTLUSION:

This a potential fire hazard.

PANEL RECOMMENDATION: (Use back if necessary)

The crew should be included in the loadmasters briefing covering smoking
restriction, in T.0. 1C-5A-1, MAC should enforce the existing requirement
that crew and passengers not be allowed to smoke in the troop compartment
unless they are seated in the troop area. '

REPLY/STATUS: (Use back ir necessary)
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OPERATICNAL FIRE HAZARDS WORKSHEST

WUC: 13 --- DATE: __3) Jan 1975  HAZARD NO: 18
NOMANCLATURE:  MLG Exteni/Retract Sys

LOJATION: MLG Wheel Wells

ICNITION TiNPARATUAS DUS TO NORVAL OPRRAT 104 VALFRCTION X
FLAMMABLE MATERTAL: Hydraulic fluid - -
STATFMENT OF HAZARD: y

Overheating of a MLG extend/retract component, such as a main gearbox assy
clutch or elcctric motor, might ignite leaking hydraulic fluid.

DISCUSSION:

MLG components were evaluated as possible ignition sources in a failure mode.
Only two components were identified as possibly achieving ignition temp. The
hyd actuated clutch can slip, causing significant overheating.' Recent modifica-
tions to the main gearbox are thought to have eliminated this slippage problem;
however, a recent failure has been reported and a UR exhibit has been requested,

rd

Failures on the electric motor have been through stalling and burning out; however,
the motor is used only on emergency extension. Detection and fire fighting
capability on the ground is considered adequate.

As discussed in the worksheet on MLG brakes, this area is now having detection
installed and will receive fire fighting in FSS.

CONCLUSTON: moverheated clutch in the main gearbox can serve as an ignition source.

Detection will be adequate with expedited installatjon of partial FSS, and fire
fighting will be covered by full FSS,

PANEL RECOMMENDATION: (Use hack if necessary)

1) MAC should continue inspection procedures established by MAC message DO/LG/IG
0617152 Jan 75 until fire detection is installed. 2) Csuse of failure for
modified clutch assembly should be determined and appropriate aciion taken.
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OPERATIONAL FIRE HAZARDS WORXSHEST

WUC: 13 E00/13 LAA  DATR: 30 Jan 1975  pAZARD NOs 19
NCMANCLATURE: M.G Brakes & Tires

LOCATION: MLG Whi el Wells

ICHNITION TrVPERA-CR2 DUE TO RYAL OPERATION _ X MALFUNCTION
FLAMMABL® MATERYAL: Hyd fluid/Rubber tires —

STATEMENT OF HAZARD:

Overheated brakes or tires igniting hyd fluid and/or tires.

DISCUSSION:

Brakes can generate temp enough for auto-ignition of hyd fluid. Tires can
conceivably be ignited by scrubbing on runway. On ground detection and

fire fighting is considered adequate, therefore, retracted gear is considered
hercin,

Hyd fluid is available from several sources: hyd drain 1ines, ATM panels,
brake lines, etc. A failure or melting of any of these can ignite or feed
an cxisting fire. ‘

The detection portion of the FSS wheel well installation is being expedited.
Interim procedures, required by MAC, include wheel well inspections after take-off.

San Antonio ALC is developing an ATM panel shield to reduce heat access to and
‘fluid spray from, the panel. A mod proposal for installation of hyd fuses in
the MLG anti-rotation system hyd lines is being considered by the AFLC Configura-
tion Control Board for prevention of complete hyd system drainage into the wheel
well.

CONCLUSION: Present inspection procedures are adequate to detect any such fire early.
Detectio- system will allow discontinuation of insp. FSS zone fire fighting will
provide protection when installed. Hyd fuses in all wheel well lines will limit
fuel quantity if fire develops.

PANEL RECOMMENDATIONS: (Use back if necessary)

1) MAC should continue i .spection procedures established by MAC message DO/LG/IG
0617152 Jan 75 until fire detection is installed. 2) 1Installation of fuses in-
any presently unprotected hydraulic lines in the landing gear system should be
expedited, .

REPLY/STATUS: (Use back if necessary)
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OPERATIOIAL FIRE HAZARDS WORKSHEST

41CCE DATR: 30 Jan 1975 HAZARD NO: 29

L I RN

cuaZ:  Underfloor Heat System Fans

I.CSATION: 3 Locations ou leit slde under cargo compartment Lloor; F.s. 750
ISNITION TR EvA~IiE DIE TO NORAL OPFRATION MALFUISTION X 1109
FLAMMABLS MATERIAL: - —17590

STATFNENT OF HAZARD:

Aluminuw fan blade tips could rub nn fan housing, gencrating heat and ignition
vapors in and/or surrounding the fan housing and ducts.

DISCUSSICN:

The fan blades have approximately 0.003 inches tolerance (clearance) between

tips and fan housing. Loose motor mounts or bad bearings could cause fan blade
wobble, tip rub and subsequent friction heat. Flezmmable vapors from cargo spills,
or aircraft fuel or hydraulic oil could be drawn through the environmental air

ducts.

1f these two conditions exist in the same time interval, an explosion and/or

fire could occur.

CONCLUSION:

A hazard can exist if fan fails in presence of flammable vapors.

PANEL RECOMMENDATION: (Use back if necessary)

An operationa) procedure should be added to T.0. 1C-5A-1 to require emergency
depressurization to shut down underfloor fans if flammable vapors are present

or suspected.

REPLY/STATUS: (Use back 1if necessary) .



OPERATIONAL FIRS HAZARDS WORKSHEST

WUC: 41 JAE DATE: 30 Jan 1975 HAZARD NO: 21

NOMANCLATURE s Wing Isolation Valves

LOCATION:  Forward Wing Beam (Aft section of Crew Compartment)
IGNITION TEMPZRATURE DUE TO NORFMAL OPERAT 10N X MALFUNCTION
FLAMMABLE MATERIAL: _ pvdraulic 0il, pear box lubricant

STATFMENT OF HAZARD: .

Flammable fluids could leak or drip down onto the valve motor or bleed air ducts,
which are exposed.

DISCUSSION:

The two wing isolation valves and valve motor assemblies on the incoming bleed
air ducts are mounted just above the floor in the environmental compartment,
Several hydraulic lines are mounted above the isolation valves and could leak
or develop pin-hole leaks spraying hydraulic fluid onto either isolation valve.
Also, the leaking edge slat clutch-brake assembly is mounted directly above the
right hand isolation valve. This clutch-brake provides protection in this
area, when installed. :

CONCLUSION:

The right hand wing isolation valve requires shielding to avoid contact with
the flammable fluid. The left hand valve 1is not as serious a hazard,

PANEL RECOMENDATION: (Use back if necessar) v
Provide a cover over the right hand fsolation valve. MIP SANBH 74-0223 should
provide the required cover. This should be monitored until corrective action is
taken.

REPLY/STATUS: (Use back if necessary) -
MIP SANBM 74-0223 to provide a fireproof, grease proof cover over R.H. isolation
valve should reduce the hazard.
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OPFRATIONAL FIRE HAZARDS WORKSHERT

WUC: 14 JJB DATE: 30 Jan 1975 HAZARD NO: 22
NOMANCLATURE: STlat Proximity Cont Box

LOCATION: Fwd Bulkhcad of Aft Troop Comp, inside wing rcar beam area
IGNITICH TEMPERATURE DUE TO NORIL PERAT IO UNCTION X
FLAMMABLE MATERTAL: _ yydraulic fluid .

STATFMENT OF HAZARD:

Overheating control box igniting leaking hydraulic fluid.

DISCUSSION:

A shorting circuit card inside the proximity control box might overheat
to the ignition temp of hydraulic fluid. Actual temperature {s unknown.
Congrol box is a sealed unit.

Control box is virtually isolated; however, a spray or mist of hydraulic
fluid might reach the unit. Such a leak would be easily detectable and
accessible for on-board fire €fizhting if ignited, This area will be
covered by FE1301 Halon fire suppressant when FSS is installed.

CONCLUSION:

FSS will adequately protect this are. "Interim action not justified due to
low probability of ignition. Inspection of area will detect leak/fir..

PANEL RFCOMMENDATION: (Use back if necessary) v

A periodic inflight inspection of aft troop compartment and wing rear beam area

ghould be required on all missions.

REPLY/STATUS: (Usé back if necessary) °
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OPERAT VONAL FTRE HAZARDS WOUSIEST

IC. DATn. 30 Jan 1975 HAZARD NO: 23

TR

UNSIATUEET hHazardous Arcas

ICNITICN TrNPZHATURE DUE TO NORVMAL OPERATION FALFURC
FLAMANILE MATERTIAL: Hydraulic 011, Cargo spills

STATFIENT OK‘ HAZARD:
Fire could occur as a result of flammables existing under the floor which would
be ignited by malfunctions in a variety of electric motors, bleed air equipment
or electronic components.

LOPATIOu.Forward and Aft Under Floor Comgartmcnts F,S 664-12 62_ S. _1644-1964

O__X_

DISCUSSION:

MAC hauls a wide variety of types of flammable cargo which spill and leak through
the cargo floor and pool between frames. in the under floor arca. Hydraulic leaks
are common in.these areas, ' This spillage and leakage may go undetected until

the next major inspection, thus the flammable liquid condition could exist for a
considerable time, If a malfunction or overheat condition would develop during
this same time frame, a fire could very easily result, . These under floor areas

+contain wmany components which could overheat. Each of these components are treated

as separate items in this study and most have a slim chance of overheating. However,

because of the large number and varicty of these components, the chance that one
will overheat during the lifetime of the entire fleet is extremely high,

CONCLUSION:
The forward and aft under floor, areas must be protected from the chance of fire.
The PSS will provide this’ protectfon, when installed.

PANEL_RECOMMENDATION: (Use back if necessary)

1) An inspection requirement should be added to T.0, 1C~5A-1 and 1C-5A-6 to
require inspection of the underfloor area when hydraulic £luid and/or flammsble
cargo spills into cargo compartment. 2) T,0. 1C-5A-1 should be revised to
require a 781 entry any time hydraulic fluid and/or flammable cargo spills into

the cargo compartment. This entry would require inspection of the underfloor
area prior to next flight,

REPLY/STATUS: (Use back if necessary)
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OPERATIONAL FIRE HAZARNS WORKSHEST

WUC: DATE: __30 Jan 1975 HAZARD NO: 24
NOMANCLATURE: Fucl Tanks

LOCATION: Both wings

IONITION TRVPERATURE DUE TO "NORVAL OPERATION _ MALFUNCTION
FLAMVABLE MATERTAL: RN - -

STATEMENT OF HAZARD:

Fire and explosion,

DISCUSSICH:

Leakage of fuel has been covered under other hrzard areas. The tanks are
susceptible to fire and/or explosion from fuel being ignited by one of
several igrition sources. Some known ignition sources are lightning
strike, static discharge, electrical arcing, penetration of tank by hot
engine parts or incendiary gun fire and auto ignition fmm external fire.
Lightning preof filler caps and improved component bonding aend wiring
installation practices have been incorporated in the C-5 fuel system,

The FSS will protect this area.

e i e

CONCLUSION: The C-5A has the latest technology designed into the fuel system to
reduce ignition sources, however, all ignition cannot be eliminated. The installa-
tion of the FSS cannot prevent fuel from burning which has leaked outside of a

PANEL RECOMMENDATION: (Use back if necessary)

fuel tank if an ignition source is present but it can prevent fire and explosion

inside the fuel tank regardless of ignition sources.
v

Continue with FSS installation.

REPLY/STATUS: (Use back 4if necessary)

.
&
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OPERATIONAL FIRE HAZARDS WORKSHERT

wuc: 41 TCA DATE: 30 Jan 1975
NOMANCLATURE: MADAR Cooliag Fan

HAZART NO: 25

LOCATION: __FS 470

IGNITION TFMPERATURS LUE TO NORMAL OPRRAT ION MALFURCTION x
FLAMMABLE MATERIAL: Jp=-4 -

STATFMENT OF HAZARD: ‘

Electric motor could overheat or fan blade tips could rub on the fan housing
generating heat which could ignite liquids or vapors.

DISCUSSION:

+

The electric motor is explosion proof and protected from overheat by both
circuit breaker and internal thermal protection. Fan blade assemblies

could work lcose on their shaft or bearings could fail, allowing blade
tip rubbing action which would generate heat.

CONCLUSION:

The amount of airflow around the motor/fan assembly is sufficient to preclude
_auto igniC1on of JP-& vapors.

PANEL Rmomnnmmm (Use back if necessary)
None

REPLY/STATUS: (Use back if necessary) -

N/A
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OPERATIONAL FIRE HAZARDS WORXSHEST

WUC: 11WFz __ DATE:___ 30 Jan 1975 HAZARD NC. 26
NOMANCLATUHE:  Radome and Compartment ’

LOCATION: __Aircraft Nose

IGNITION TEAPENATURE DUE TO NOR“AL OPARATION MALFUIRCTION X
FLAMMABLE MATERTAL: Wiring Insulation —— E——
STATEMENT OF HAZARD: \ .

Fire in the radome and radome compartment,

DISCUSSTON:

The radome compartment coatains numerous high power electronic systems but
the only combustible available in the compartment to sustain an electricl
or lightning strike fire is wiring insulation. The electrical/electronic

systems have circuit protection and system malfunction indicators are
installed. Any man-induced fuel should be discovered prior to flight,.

CONCLUSIONs

The radome is not considered to be a fire zone.

PANEL RECOMMENDATION: (Uss back if necessary)

None

REPLY/STATUS: (Use back if nccessary) .
N/A
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OPERATIONAL FIRE HAZARDS WORKSHERT

WIC: 44D00 DATE: 30 Jan 1975 HAZARD NO: 27
NOMANCLATURE: __ Cargo Lishting Systcm

LOCATION: _ _ carpo Ray .
JONITION TeHPERATURE DUE 10 NORFAL OPSHATION HALFUICTICT X
FLAMMAULE MATERIAL: Hydreulic Fluid/Oxygen

STATFMFNT OF HAZARD: "

Cargo lighting system igniting a combustible,
DISCUSSIONs

A review was conducted of the following lighting compcnents in the cargo
bay;. Dome lights, lrading lights, curb lights, and curb light transformers,
The normal face plate temperature is below 200°F. A ma'function could
occur that could cause electrical arcing, but the components and wiring
located where little combustible wmaterial is available., -Area is currently
protected by smoke detection syatem, and the FSS is to be installed.

The arca is accessible for use of on-board fire fighting equipment,

CONCLUSTION:

These lights do not repréaenba significant source of ignition,

[y

PANEL RFCOMENDATION: (Use back 4f nocessary)

None :
REPLY/STATUSs (Use back 4f necessary) -

N/A
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OPERATIONAL FTRE HAZARDS WORKSHE T

WUC: 44cyc DATE: 30 Jan 1975 HAZARD NO: 28

et e 4% oot e —

LOCATION: Haylioft/vertical stabilizers '
IGNITION TFENMPeiATURR DUE TO NORVAL CPERATION MALFUNCTION X
FLAICAABLE MATERTAL: Hydraulic fluid - —
TATEMENT OF HAZARD:™

Possibility of hayloft/empennage lights/transformers igniting & combustible.

DISCUSSION:

The hayloft/empennage lights installation was reviewed and little chance
was seen for hydraulic fluid to be available {f a malfunction of the
light or wiring occurred. The two transformers located on either side
of the empennage access ladder could be in the path of hydraulic fluid
leakers above them. The operating temperature of the transformers is
approximately 285°F and malfunction temperature approximately 400°F.
Adequate ventilation is available during flight to prevent ignition.

CONCLUSION:
Little hazard is expected 4n this area.

3

PANEL RFCOMMENDATION: (Use back if necessary)

None

REPLY/STATUSt (Use back if necessary)

N/A
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OPERATIONAL FIRE HAZARDS WORXSHEST

WUC: 71CMF/66A00 DATRs 30 Jan 1975 HAZARD NO: 29
NOMANCLATURE: Lorsn Ant., Coupler and CDPIR

LOCATION: Horizontal Stabilizer (Sece Discussion)
ICNITION TEMPERATURR DUE TO NORMAL OPRERATION
FLAMMABLE MATERIAL: Hydraulic 0il -
STATEMENT OF HAZARD: “

MALFURCTION X

Malfunction of.printed eircuit may generate enough heat to ignite hydraulic
oil mist.

DISCUSSION:

Tie Loran Antenna Coupler is located in the nose bullet of the horizontal
stabilizer center body and could be hit by a spray of hydraulic oil from a
failure of the pitch trim hydraulic system. The overheat temperature is
unknown but it would only oceur for a few seconds and would have to happen
at the saie time that the hydraulic system malfunction occurred. This area
is well vented and it is unlikely that the hydraulic oil temperature could
be raised to the fire point.

The CDPIR is in the upper surface of the afterbody of the horizontal
stabilizer centerbody. The components of this unit are housed in an
enclosed afirfoil which is in turn shielded from the open compartment which
is well vented. 1t is unlikely that ofl mist could get to the
electrical/electronic components.

CONCLUSTON:

The likelihood of a hazard existing in this area is very low.

»

PANEL RECOMMENDATION: (Use back if necossary)

None

REPLY7STATUS:‘(Ube back if necessary) -

N/A
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OPERATIONAL FTRE HAZARDS WORKSHENT

wWUuc: 61AND DATFE: 30 Jan 1975 HAZARD NO: 30
NOMANCLATURZ: __ M, F, Transmitter :

LOCATION: Approximately FUS STA 2500 in upper portion of compartmont

ICNITION TrMPERATUIE DUE TO NORMAL OPRRATION VALFUNCTION X
FLAMMABLE MATERTAL:  pvdraulic oil — .
STATFMENT OF HAZARD:

Electrical ARC from antenna feed through or overheat from couplifier
unit could possibly ignite a combustible.

DISCUSSION:

Leakage of hydraulic oil from a failure in the pitch trim actuator
system could run down the leading edge of the vertical stabilizer into
the area where the antenna leads go to the couplifier unit. The
couplifier unit is below the deck so that it is improbable that oil
would get in contact with the unit., There is no source cf heat in the
antenna compartment to elevate the temperature of the oil to the fire
point where an arc could ignfite {t.

CONCLUSION:

The probahility of a hazard existing 1& this area is very low.

PANEL RFCOMMENDATION: (Use back 4f necessary)

None.

REPLY/STATUSt (Use back if necessary)

N/A
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CPERATIONAL FIRE HAZARDS WORKSHEST

WUC: 13LAB/13LCE__ DATE: 30 Jan 1975 HAZARD NO: 31
NOMANCLATURE: MLG/NLG Wheel Bearings

LOCATION: Wheel WGllsﬂ

IGNITION TRHPERATURR DUE TO NORMAL OPERAT ION MATFUNCTION
FLAMMABLY MATERTAL: flyd fluid/rubber/grease ~ ———
STATFMENT OF HAZARD: -

e

Overheating due to failed bearings might ignite hyd fluid, grease, or tires.

DISCUSSION: .

Failed bearings are known to have a potential for overheating in failure.
On landing, such overheating can be detected and combatted adequately.

In flight, such significant overheating of MLG bearings should be detected
by current MAC directed inspections. NLG bearing problems should be
detectable during taxi operations before reaching excessive temp.
Installation of the FSS will provide adequate detection/fire fighting

capability.

No significant feilure problems have been encountered on either NLG or
MLG bearings.

CONCLUSION: A known failure mode has the potential to produce ignition
temperatures in NLG or MLG wheel bearings° however, such failures are not

documented as a C-5 problem.

¥SS detection will detect any such fire, once installnd,
PANEL RICOMVENDATION: (Use back if necessary)

None

REPLY/STATUS: (Use back if necessary) .

N/A
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OF ZRATIONAL FIRZ HAZARDS WORKSHEST

WUC: 13£00/13300 DATR: 30 Jan 1975 HAZARD NO: 32
NOMAKCLATURE:  NLG Extend/Retract/Kncel System

| s LOCATION: _ NLG Wheel Well

| IGNITION TRHPERATURE DUE 1O NORMAL OPSRATION ____ MALFUNCTION X
| FLAMMABLE MATERTAL: Hydraulic fluid
STATEMENT OF HAZARD:

Overheating NLG components igniting hydraulic fluid. : )

DISCUSSION:

No components in this system were found to be strong potentfal ignition sources.
Short, intermittent actuation cycles on most components keep temps low.

One ‘electric motor is actuated only for emergency extension; another (kneel motor)
only for ground operations; a third (gear box shift motor) has been shown to
completely stall without reaching ignition temp. ) .

CONCLUSION:

NLG extend/retract/kneel components do not represent probable fgnition sources.

Al

PANEL RFCOMMENDATION: (Use back 4f necessary)

None

REFLY/STATUS: (Use back if necessary) -

N/A
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OPERATIONAL FIRE HAZARDS WORKSHEST

v e g s st

WUC: __ DATE:__30 Jan 1975 HAZARD NO: 33
NOMANCLATURE: NLG Door Actuation System Components

LOCATION: NLG Wheel Well

IGNITION TEMPERATURE DUE TO NORVAL OPERATION MALFUNCTION X
FLAMMABLE MATERIAL: Hydraulic Fluid ,

STATEMENT OF HAZARD:

Overheating components igniting hydraulic fluid,
DISCUSSTION:

No components in this system were thought to be strong potential ignition
o i sources., Short, intermittent activation cycles on most keep temp low,
The door drive electric motors are used only for emergency extension and
are circuit breaker protected.

rd

The FSS will cover this area with zone fire fighting when installed.

[P -

- 2
g ;
|
g
|
E CONCLUSION: The probability of the NLG door actuation components being ignition
sources is low. Interim action before FSS installation is not justified due
. to low ignition prchability.
PANEL RFCOMENDATION: (Use back if necessary)
T None
REPLY/STATUS: (Use back if necessary) -
P
~
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j OPERATIONAL FIRE HAZARDS WORKSHEST

WICs  13GEU/13GEW _ DATF:__ 30 Jan 1975  HAZARD NO: 34
NOMANCLATURE MLG Position Transmitter & Crosswind Transducer (LVDT)

e - LoCATION: MLC Whecl Wells

N IGNITION TrMPERATURE LUE TO NORVAL OPRRAT ION MALFUNCTION x

-0 FLAMMABLE MATERTAL:  Hyd Fluid I I
STATFMENT OF HAZARD:

Overheated position transmitter or LVDT igniting leaking hyd fluid.
DISCUSSION: - ' .
The position transmitter and LVDT are both circuit breaker protected,

and are enclosed in a large heat sink that would dissipate heat.

LVDT would be utilized only for short periods of time for landing or
taking off, The units will be protected by the FSS. .

CONCLUSION:

i Position transmitter and LVDT do not present a cignificant ignition source.

PANEL RFCOXMENDATION: (Use back if necessary)

None.

REPLY/STATUS: (Use back if necessary) -

N/A



REPLY/STATUS: (Use back if necessary)

OPERATIONAL FIRE HAZARDS WORXSHEST

WUC: 13 HOO DATE: _ 30 Jan 1975 HAZARD NO: __ 35
NOMANCLATURE: MLG Hyd Kneeling System

LOCATION: MLG Wheel Wells

IGNITION TEMPLRATURA DUE TO ‘NOnHAL OPRRAT 10N FALFUICTION X
FLAMMABLE MATERIAL: Hvdraulic €£luids - - —
STATFMENT OF HAZARD: '

Overheated kneeling system components igniting hydraulic fluid.

DISCUSSION: .

Kneeling system components would be operated in flight only in an emergency.
Normal operation is on the ground,

Detection and fire fighting on the ground is considered gdequate.

This arca will be protected by the FSS.

CONCLUSION:

The hydraulic kneeling system does not represent a significant ource of
ignition.

PANEL RFCOMENDATION: (Use back if necessary)

None

N/A .
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OPFRATIONAL FIRY HAZARDS WORKSHEST

WUC: Various WUC's DATE: 30 Jan 1975  yazarD No: 36
NOMANCTATURE: Landing Crear Sequence Control Panels _

LocATION: NLG-REt Twd Tgo Comp. —NMLG-RT & LIt ttdecntrof-Cgo—Ctompr—
ICNITICH TENPERATURE DUE TO NORMAL OPERATION HALFUNCTION X
FLAMMABLY MATERIAL: Hvd Fluid

STATEMENT OF HAZARD: j "

Overheating sequence control panel igniting leaking hyd fluid.

DISCUSSION: -

A landing gear sequence control panel might overheat to ignition temperature

of hyd fluid due to a shorted circuit card. Actual temp is unknown.

Panels are sufficiently sealed to prevent hyd fluid from dvipping/running
onto it from above. A spray or mist of hyd fluid might reach it from the
front, but such a leak would be readily detectable.

This area will be covered by FE1301, Halon fire suppressant. Any fire
would be readily detectable and ancessible for on-board fire fighting.

CONCLUSION:

FSS will adequately protect this area. Interim action not justified due to
negligible probability of ignition.

PANEL RFCOMMENDATION: (Use back if necessary)

None
REPLY/STATUS: (Use back if necessary)

N/A
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OPERATIONAL FIRE HAZARDS WORKSHERT

YuC: N/A DATE: 30 Jan 1975 HAZARD NO: 37
NOMANCLATURE: AT M.L.G. Fairings .

R L L

LOCATION: MLG Faivings Aft of Wheel Well, Inb'd & ALt or AYU Compartment
: - IGNITION TEMPERATUR®E DUE TO NORMAL OPERATION MALFUNCTION X
FLAMMABLE M4™EPTAT: Hydraulic 0il -

STATEMENT OF HA.ARD: .

Hot air ductz, sutoff valve or APU exhaust could ignite hydraulic oil.

DISCUSSION:

The supply, case drain and pressure lines Zrom the ATM driven pump pass through
this compartment. A leak from one of these lines could spray on the hot air ducts
of valve, Hazard No. 53 covers the iguition hazard of hot air ducts and Hazard
No. 56 covers the ignition hazard of the S.0. valve. There is no direct line

of sight from the hydraulic iinas to the APU exhaust duct, therefore the
likelihood of getting hydraulic oil on the duct is very low. The duct

is insulated such that the surface should not exceed 500°F. This area will

not be protected by the F.S.S.

o e b et v

[

CONCLUSION:

The likelihood of a fire hazard existing in this compartment is very low.

PANEL RFCOMVMENDATION: (Use back if necessary)

None

-

REPLY/STATUS: (Use back if necessary)

N/A
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OPERATIONAL FIRE HAZARDS WORKSHERT

WUC: N/A DATE: 30 Jan 1975  PAZARD NO: 38
NOMANCLATURE: Unorotected Area _

LOCATION: Left & Right of Nose Landing Gesar Area F.S5.: 0524-004
IGNITION TEMPARATURE DUE TO NORMAL OPERATION ____ WALFUNCTION X
FLAMMABLE MATERIAL: Hydraulic Fluid

STATEMENT OF HAZARD:

Leaking hydraulic fluid could puddle in these two areas, and cveate ¢
potential fire hazard,.

DISCUSSION: : :

Compartments on either side of the nose landing gear well are enc®zued

and separated by an underfloor stvuctural cross member “rom the remainder
of the forward underfloor area. Inspection access te these areas is

limited to removal of the floor panels. Detection ¢f a fire in sithe~ of
these areas would be difficult, particularly because the Fire Suppression
System wiil not extend into these unpressurized areas. There &e no ignition
sources in this area.

CONCLUSION:

This area is not considered to be a fire zone.

PAWEL RFCOMMENDATIOQ: (Use back if necessary)

None

REPLY/STATUS: (Use back if necessary) *

N/A
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" OPERATIONAL FIRE HAZARDS WORKSHENT

WUC: Various WiC's  DATFs_30 Jan 1975 HAZARD NO: 39
NOMAKEDATURET Fit Contl yiyd Stotoff Valves in Afleron, Spoller, RullerTs
Eleyator Scrvo Manifolds,

LOGATION: Aft wing beama, horjz snd vert stab rear begna

ICNITICH TEMPAHATLRE DU TO NORFAL GPRRATION FAFURSTIOT X
FLAMMADLE MATERIALY Mvd Fluid " : -
STATEMENT O KAZARD: T

Hydraulie fiwtd lvskege or spray from pin hole Zn lines with electrical
wires in game arra could produce five.

DISCUSSIONS . :

Flight control hyd shutoff valves are electric motor operated to the open
position during flight. These motors are encloszed and protected by

circuit breakers. Power is applied during flight to open valves. These
electrical wires are eo located that probability of shorted wire igniting a
hyd fluid leak 48 very low becaune airflow in these areas i8 enocugh that
circuit break.rs would pop before sufficient heat could be generated to
{gnite hyd fluid. '

CONTLUSTON:
Hydraulic shutoff valves in these ventilated areas do not represent a
significant source of ignition,

PANEL RFCOMMENDATION: (Use back if nacessary)

'
l

None

REPLY/STATUSt (Use back if necessary) .

N/A
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OPERATTONAL, FIRY HAZARNG WORXSHEST

WUC: 61

4 ATT_S2ATA _ DATE: 30 Jan 1975  HAZARD NO: 40
NOMAN

Ny

LATUAS: AiT?rnn/Spoilcr Cable Scrvo & Afleron/Spoller Autopilolt Servo

LOCATIOV:‘_~p¢gtar Wine Rear Beam

YONITION Tidy v u B T 70 NORZAL OFYRATION ___ PALFUTRCTION x
FLAMMIBLE MATERIAL:  Wydraulics -

STATAMENT OF HAZARD:

Motors burn out, overlicat, and ignite hydraulic fluid,
DISCUSSTION: : :

Motors are sealed units, explosion proof, and protected with circuit breakers.
With this protectfon they will not reach sufficient temperature to ignite
hydraciic fluid. Area will be protected by FSS,

CONCLUSTON:

Motors are adequately protected., Low probatility of fgnition.

PANEL RFCOMMENDATION: (Use back if necessary)

None
REPLY/STATUS: (Use back if necessary) -

N/A
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OPERATIONAL FTRY HAZARDNG WORKSIET

14LCJ/141CL
WUC: Y4JrU/14JEV__ . DATR:_ 30 Jan 1975 HAZARD NO: 41
NOMANCLATURE: S1at/Flap Asymmetry Brakes

LOCATION: _  Outer Wing Freat/Rear Beams

ICNITION TRRPERATURE DUE 99 NORMAL OPRRATION _ MALYUWCTION X
FLAMMABLE MATERIAL: Jp-4

STATFMENT OF HAZARD:

Solenoids overheat and ignite leaking fuel.
DISCUSSIONS .

Solenoids sre emergized only during slat/flap operation when an
asymmetrical condition occurs, a condition which will be detected and
cortected. Limited time of operation and circuit L.eaker protection would
prevent units reaching high temperature. JP~4 would not be likely to
collect in flap area because of venting. Slat area is vénted and subjected
only to fuel tank leakage through the front beam.

CONCLUSTION:

Solenoids are adequately protected. wa probability of ignition.

PANEL RFCOMMENDATION: (Use back 1f nacessary)

- None
REPLY/STATUS: (Use back if necessary) °

N/A
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OPERATTONAL FIRE HAZARDS WORKSHESD

WUC: Various WUC's DATE:__ 30 Jan 1975  HA7aRD NO: 42
NOMANCLATURS s Spoiler Scrvo and Actuators, Alleron Servo Assy, Aileron Trim
Actuator, and Alleron/Spoiler Mixer Ratio Shi{t Actuator
LOCATION:  Outer Wing Rear Beam

+ JONITION TEMPENATURR DUE 1O NORIAL OPRRATION ____ WALFUNCTION X
FLAMMABLE, MATERTAL: Hydraulic, JP-4 .
STATFMENT OF HAZARD:

Electric components overheat and ignite hydraulic fluid or JP-4.

DISCUSSIONs

Units contain motor operated shut-off valves, pressure switches, electro-
hydraulic valves, LVDT's, and solenoids. Most of thess components operate
for short periods of time. All are protected with circuit breakers., Motors
are ‘explosion proof. Area on wing is well vented and at low temperaturc

in flight. Vapors could collect on the ground but units would be generated
only for short periods,

rd

CONCLUSTONs

The electrical components are adequately protected. Low probability of fgnition.

PANEL RFCOMMENDATION: (Use back if necessary)

None

REPLY/STATUS: (Use back 4f necessary)
N/A
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OPERATIONAL FIRE HAZARDS WORKSHEST

WUC:  52AE- _ DATE:__ 30 Jan 1975 HAZARD NOs 43
NOMANCTATURE:  Elcvator SoYvo and ETevator PAC Servo

LOCATION: Horizontal Stabllizer Recar Doom
IGNITION TRIPSRATORE DUB TO NORHAL OPERAT 10N MALFUICT IO x
STATZNENT OF HAZARD:

‘e

Electric components overheat ahd ignite leaking hydraulic fluid,

DISCUSSION:

Electric components include motor operated shutoff valves, pressure

switches, electro-hydraulic valves, solenoids, linear variable

displacement transducer (LVDTs). Some components are used only intermittently.
All have circuit breaker protection. Locations sre in area of high air

flow excep: during ground operation during which operation would be of

short duration, _ -

CONCLUSTON:

Electrical components are adequately protected. Possibility of heating
hydraulic fluid is limited. Probability of ignition is low.

PANEL RFCOMENDATION: (Use back 4f necessary)

None

REPLY/STATUS: (Use back if necessary)

N/A
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N ]—‘-—ﬁ OPTRATIONAL FIRZ HAZARNS WORKSHEST

S WUC: 4CAT _ DATE:__ 30 Jan 1975 HAZARD NO; 44

{ n s

NOMANCLATUR:: Pitch Trim Actuator

- LOCATIMN:  1n Top of Vertical Stabilizer
IGMITICH TrNPLRATURE DUE TO NORVAL OPERATION ICTICT x

FLAMMARLF MATZRTAL. Hydraulic
STATFMENT E HAZARD:

Electric components fail, overheat, and ignite hydraulic fluid.
DISCUSSION:

Electrical comiponents are solenoids, All have circuit breaker protection.
Units should not overheat to temperature necessary to ignite hydraulic fluid.

L4

y
ety e e

CONCLUSIONs

Electrical units are adequately protected. Probability of fgnition is limited.

PANEL RFCOMMENDATION: (Use back if necessary)

None

REPLY/STATUS: (Use back 4f nocessary)

N/A

T S 108

3

i
)
~

————




OPERATIONAL FIRE HAZARNDS WORKSHEST

WUC: yarjous wyc's DATE:__ 30 Jan 1975 HAZARD NO: 45
NG‘SANCLATUEE:__&uddet Servo Assemblies, Rudder Trim Actuator, Rudder
JLiafter Actuator
LOCATION: _vertical ftabilizer Rcar Beam .

ICNITION TPHPERATURE DUE 10 KOAVAL OPRRATION MALFORCTION X
FLAMMABLE MATERTIAL: Hydraulic - .
STATFMENT OF HAZARD:

Electric components fail, overheat, and ignite lcaking hydraulic fluid,

DISCUSSION:

Electric components include motor operated shutoff valves, pressure switches,
electrohydraulic valves, LVDT's and solenoids. Most units are used
intermittently for short duration., All have circuit breaker protection,
Units are located in area of high air flow during flight. On the grcound,
uriits would be energized for short period of time,

-

'CONCLUSION:

Electrical units are adequately protected. Limited probability of ignition.

)

PANEL RECOMENDATION: (Use back if necessary)

None

REPLY/STATUS: (Use back if necessary) .

N/A
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OPERATTONAL FTRN HAZARDS HWORKSHERTD .
WUC: _ 14LCD/143CS  DATE:_ 30 Jan 1975 HAZARD NO: 46
NOMANCLATURE: _S1ae Clutch/Brake Assy & Slat Decoupler
LOCATION: Center Wing Frnt Beam/Center Wing Reat Beam
IGNLTION TrMPRRATURE DUE TO NORMAL OPRRATION __ ALFURCTIO x

FLAMMABLY MATERTAL: Hydraulic fluid
STATEMENT OF HAZARD:

Component overheats due to malfunction and ignites leaking hydraulic fluid,

DISCUSSION:
U..lts are on for limited duration but solenoids in clutch/brake are energized

"¢ ntinuously. Unit has circuit breaker orotection., Solenoids should not

gt hot enough to {gnite hydraulic fluid. Area will be protected by FSS,

Decoupler bearings could fail, get hot and ignite hydraulic fluid leaking
from adjacent installations. No cases of this in service. Rotational

speed is low (1600 rpm) and duration of operation (less than 1 minute) would
be too short a time to permit sufficient temperature generation. Area

will be protected by FSS.

CONCLUSIONs
Probability of ignition is extremely low.

PANEL RFCOMMENDATION: (Use back if necessary)

REPLY/STATUS: (Use back if necessary) .
N/A
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OPERATIONAL FTRY HAZARDS WORASHERT

WUC: _ S2AE DATE:__30 Jan 1975 ___ HAZARD NO: 47
NOMANCLATURZ: Elev, Autopilot Servo & VFU

LOCATION: Cargo cowpartment ceiling under co-pilot o
IGNITION TriPLRATURS DUB 10 NORMAL OPERATION MALFUTCTION X.

FLAMMABLE MATERIAL: hydraulics

STATEMENT OF HAZARD: .
Component overheats due to wa'function and ignites leaking hydrauuc fluid.

DISCUSSION: . ‘

The elevator autopilot servo and the variable feel unit both have electric
motors. The motors are explosioa proof and have circuit brezker protection,
Experfience has been that the failed motors would not reach temperatures
sufficient to ignite hydravlic fluid before opening the circuit breaker.

The VFU also contains prescure switches but these cannot overheat to
fgnite hydraulic fluid, Area wi). be protected by FSS installations.

CONCLOSION:
The motors are adequately protected,

PANEL RFECOMENDATION: (Use back if necessary)
None

REPLY/STATUS: (Use back if necessary) .
N/A
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OPERATIONAL FIRE HAZARDS VIORXSHEST

WJCs Various E!!g‘_s_ DATE: 30 Jan_1975 HAZARD NO: 48
NOMANCLATURE: Motor Priven Hydraulic Valve

LOCATION: Engine and ATM Hyd Suction Lines
ICNITION TFrMP=RATURE DUE TO NORMAL OPF.RATION HALFURCTION X
we FLAMMABLE MATERIAL: Mydraulic Fluid/JP-4
; STATFMNENT OF HAZARD: . »
: Overheating electric drive motor igniting leaking hyd fluid or JP-4.

DISCUSSION: *

A dual failure of (1) electric drive motor on the motor driven valve and
(2) a hydraulic or JP-4 leak in the same arca might result in a fire,

: Motors are explosion proof and are circuit breaker protected on input
P side. Experience has been that these motors open the circuit breakers
' or burn out quickly enough that extensive external heat is not generated.

N COMCLUSION:
RN Motors are adequately protected., Low probability of ignitionm,

| .

) PANEL RFCOMMENDATION: (Use back if necessary)
b None

REPLY/STATUS: (Use back if necessary) *
B N/A
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OPERATTONAL FIRY HAZARDS WORKSHEST

WUC:45AEB/CEB/EES/GEBDATE: _ 30 Jan 1975 HAZARD NO: 49
NOMANCLATURE: Hydraulic Boost Pumps

LOCATIOH: Hyd. Service Center

IGNITION TEMPERATUKE DUE TO NORMAL OfERAPION MALFUNCTION X
FLAMMABLE MATERIAL: Hydraulic Fluid

STATFMENT OF HAZARD:
Hydraulic pump malfunction and overheat igniting hyd. fluid.

DISCUSSION: -
Pump failures have not generated sufficient temp. to ignite hyd fluid.

If a fire were to develop, eafly detection is most likely and the fire would

be easily accessible for fire fighting purposes. Area will be protected
by the FSS. ‘

CONCLUSTION:
This condition is not a critical fire hazard.

PANZL RFCOMMENDATION: (Use back if necessary)
None

REPLY/STATUS: (Use back if nccessary) -
N7A
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OPERATTONAL FIRE HAZARDS WORKSHEST

WUC: 45AEC/GEC____ DATF:__ 30 Jan 1975 __ HAZARD NO: SO__
NOMANCLATURE: Electric Suction Boost Pump

LOCATION: #1 & #4 Hydraulic Service Center

IGNITION TEMPERATURE DUF TO NORMAL OPERATION MALFUNCTION X
FLAMMABLE MATERTAL: Hydraulic fluid

TATFMENT OF HAZARD: .

Electrical Boost pump failure could ignite hyd. fluid.

DISCUSSION: . "
The pump is protected with circuit breakers. The pump has no known
history of fire in the C-130, 141, and C-5 aircraft.

The probability of overheat to sufficient temperature to ignite
hydraulic fluid 1s low., 1If a fire started, early detection would

be likely, and the fire would be easily accessible for fire fighting
purposes, FSS will protect this area, -

CONCLISION:
This condition 18 not a critical fire hazard,

- .

PANEL RFCOMMENDATION: (Use back if necessary)
None.

REPLY/STATUS: (Use back 4f necessary) .
NI'A :
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OPERATIONAL FIRE HAZARDS WORKSHERT

WUC: 45LE- DATE: 30 Jan 1975 HAZARD NO: 51

NOMANCLATURE: Ram Air Turbine (RAT) Assy

LOCATION: RAT Compartment (LH Fwd MLG)

IGNITION TENPERATURE DUE TO NORUAL OFERATION __ MALFIUNCTION X

FLAMMABLY MATERIAL: Hvd fluid

STATENENT OF HAZARD:

Hydraulic fluid leakage or spray from a pin hole in line white unit is
retracted in compartment, or hyd pressure reverse flow driving pump.

DISCUSSICN: -
The possibility exists of driving the RAT pump in reverse from NR2 hyd

system pressure while unit retracted ia compartment. Before byd pressure
can be generated to reverse drive the pump, a piessure line check valve,

control regulator valve, and return system solenoid/manual valve must
be activated, If this sequence oncurred, the RAT -ould extend, If
reverse flow drove the RAT backwards, while extended in the airstream

which would try to drive the RAT forward, the RAT would overheat and/or

rupturc hydraulic lines. There is no electrical power in the area}
extend switch is ground only,

CONCLUSION:
Reverse drive of RAT pump is.not probable due to the multiple failure
modes involved.

PANEL RECOM/ENDATION: (Use back if necegsary)
None

REPLY/STATUS: (Use back if necessary) .
N/A :
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- OPERATIONAL FIRE HAZARDS WORKSIIEST

WUC: 41APC ____ DATRE:__30 Jan 1975 HAZARD NO: 52
NOMANCLATURE: Cargo Compartment Recirculating Fan

LOCATION: Wing Front Beam F.S. 1107

IGNITION TRFPERATURE DUE TO NORMAL OPRRAT 10N MALFUNCTION_X
FLAMMABLE MATERIAL: Hydraulie 0il, JP-4 vapors

STATRMENT OF HAZARD: E

Electric motor could overheat or fan blude tips could rub on fan housing
generating heat which could ignite liquids or vapors.

DISCUSSION: °

The electric motor is explosion proof and protected from overheat bLy

both circuilt breaker and internal thermal protecvion. Fan and motor could
come loose in its mount<, allowing blade tip rubbing actica which would
generate heat,

Hydraulic oil from above fan could spray/drip onto overheated fan,

The installation will be adequately covered by the Halon 1301 FSS,
when installed. ’

CONCLUSION:

The motor is adequately protected. The fan tip rubbing will drag motor
rpm down, increasing amperage which will blow circuit breaker or internal
thermal protection,

PANEL RFCOMMENDATION: (Use back if necessary)
None

REPLY/STATUS: (Use back if necessary) .
N/A
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" OPERATIONAL FIRE HAZARDS WORKXSHETT

WUCt yarfons WUC's . PATE:_ 30 Jan 1925 HAZARD NO: __ 53
NOMANCLATURE: Jiot Adx Bleed Pucts

LOCATION: See DISCUSSION -
IGNITION TeFPEATURE PUE T0 NORMAL OPERATION MALFUICTION X
FLAMMABLE MATERTAL: Hydraulic oil/Jp-4

STATEMENT OF HAZARD- “ ,

Ignition of flammable material by hot surface of ducts or leakage of hot air.

DISCUSSION:

The hot air bleed ducts run from the engine na‘elles up the pylon leading
edge and from outboard pylons in the wing leading edges to the fuselage &nu
across the fuselage forward of the wing front beam, Also & line runs from
the L. H. APU compartment across underfloor to the R. H. APU and upward into
the cargo cempartment where it runs aleng the R. H. cargo wall forward to
the wing front beam station and thence upward fo tie into the cross ship duct
in the environmental cowpartment. It takes a double failure, pressure aug.
valve and pylon S. O, valve, for the air In this duct to reach a temperature
above 600°F (APU Max., temp 540°F) and both of these failures are detectable.
All of the ducts and connectors are insulated to surface temperature below
400°F. All of the mechanical connections of these ducts have overhesat
uetectors sct at 310°F to warn if there is excessive leakage.

There was no fguition obtained in tests conducted at Lockhced where hydraulic
o{l was exposed to bare ducts, on {nsulation, under insulation and soaked on
frayed insulation, even though the temperature of the air in the ducts exceeded
the nurmal max (600°F). Reference Appendix D,

CONCLUSION:
The likelihood of hot air ducts on the C-5 being a fire hazard is very low.

PANEL RFCOMVENDATION: (Use back 4f necessary)

None

REPLY/STATUS: (Use back if necessary) °
N/A
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OPERATTONAL FTRE HAZARDS WORKSIEST

WUC:  4IATF DATE: __ 30 Jan 1975 HAZARD NO: __  s4
NOMANCLATURL: _1urhine driven cooline fan

LOCATION: winp_leadins g . inboard of slats
IONITION TrMPoxAWUirn DUE T NOHAL O°PHERAT ION FALFUNCTION x
FLAMMABLY, MATERTAL: " Hydraulic ofl

STATEVENT g£ HAZARD:

Tip rub of fan could heat externzl surfaces to a point it would ignite
hydraulic ofl.

DISCUSSICON:

1his fan is powered by a hot air tip diiven turbine which exhauats
overbourd through a duct and i{s operated to provide cooling air for the
primary and secondary heat exchangers at apeeds below ,3MACH No. The unit
18 located in a scaled plenum which would have to have & massive structural
failure to allow hydraulic oil t5 come in contact with the unit, There

are hydraclic lines in the wing leading edge a.t of the plenum., Failure of
the plenum would be detectable as an air conditioning overheat and the
hydraulic fai{lure would result 4n a systew fluia loss,

CONCLUSION:

The 1likelihood of a hazard cxisting in this area is very low.

PANEL RFCOMMENDATION: (Use back if necessary)
None

REPLY/STATUS: (Use back if necessary) .
N/A
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OPERATTONAL FIT.S HAZARDS WORISHEST

WUC:  41AWF DATE:_ 30 Jun 1975 HAZARD NO: _ ss
NOMANCLATURE: Cooling Turbine

LOCATION: On side walls of environmental compartment

ICNITICH TR iCANATIIR DUE 70 'NORFAL OPRHATION ____ WALFUICTION X
FIAMYABLE M!TERIAL: Hydraulic 011
STATEMENT OF HAZARD:

The hot surfaces of the unit could ignite hydraulic oil,

DISCUSSION:

These hydraulic lines coming :into the compartment frca the wing leading edges
turn aft under the wing box i{mmediately and are shielded from the turbine
units by cargo air conditioning distribution ducts., There is however a

direct line of sight from the hydraulic lines attaching to the slat gear

box to both L.H. and R.H. units, The L.H. unit is approximately 8 ft from the
gear box and the R.H. unit is about 5 ft away. The normal max operating
surface temperature of the unit is below 600°F; however, {f the unit

is allowed to operate at overspeed/overtemp for an extended length of time

(30 min) the compressor scroll could reach a temperature exceeding 700°F,

The unit is designed to preclude continued operation at an overtemp condition
by fusing the turbine wheel where it will fail in a tri-hub burst at 75,000
rpm. Containment of this failure has been demonstrated. Fafled bearings
could result in wheel tip'rub on either the turbine or compressor scrolls

and a prolonged operation with this failure could result in surface temperatures
up to 1300°F. Failures of this type would normally ba prevented by a prior
tri-hub burst of the turbine wheel.

The area will be protected by FSS.

CONZLUSION:

Due to the separating distance between the source of hydraulic oil and the
units and the low probability of the surface temperatures of the units
reaching an 1gnition temperature, the likelihood of these units being a fire

" hazard is v

PANEL RF”OMMEﬁbATI N: (Use back if necessary)
None

REPLY/STATUS: (Use back if necessary) *
N/A
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i OPERAT IONAL FIQP HAZARDS WORKSHEST

'
[

WUC: Varfous WUC's DATF: __ 3C Jan 1975  HA7ARD NO 56
- NOMANCLATUAZ: _ Motor Driven Environmental Control Valves
. LOCATION: __Varfous Locations
- ' IONITION TERPSHATURE DUE TO NORMAL OPERATION ___— MALFURCTION X —
FLAOUDLY, MATZRTAL: _yvdraulie_fluid/Ip-4 - .
’ STATEMENT Or HAZARD:

Electric motors could fail internally. overheat and ignite leaking hydraulic

DISCUSSTION:

i The motors which operate the environmental control system control valves could
fail due to bearing failure or a short circuit. The motors could also

fail to stop running due to a& malfunctioning limit switch, in which case

the motor would stall out, drawing excessive current. The overheatcd

motor could vaporize combustible fluids, igniting the fuel/air vapors,
However, these electric motors are explosion proof, protected by circuit
breakers, and contain an i{nternal thermal sensor. The overheat condition
would only exist until the internal thermal protective device or the

circuit dreaker opens, :

CONCLUSTION:

Electric motors are adequately protected from a continuous overheat condition.

PANEL Rmo..“, {DATION: (Use back 4if necesasary)

None.

REPLY/STATUS: (Use hack if necessary) .

N/A
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OPERATIONAL FiRE HAZARNS WORKSHERT

WUC: _ 41 GFA/GEB DATE: __30 Jan 1973 HAZARD NO: 57
NOMANCLATURZ: pressurization Outflow Valves

LOCATION: Rt Aft Cgo Com

IGNITION TrMPEIATURKN DUE TO NORMAL OPF.RAT 10N VALFURCTION X
FLAMMADLY MATERIAL: y»d Fluid -

TATFNENT OF HAZARD:

Overheated motor igniting hyd spray or mist.

DISCUSSION:

Failure of a motor might cause motor overheating to ignition temp. Hyd fluid
spray or mist might reach the unit; howvever, such a leak is easily detectable.

Motor 1s explosion proof and protected by circuit breakers on the input
side. Motor is enclosed and isolated. Overheating is not expected to
raise external temp. to ignition temp.

-

This area will be covered by FE1301 Halon fire suppressant when FSS installed.

CONCLUSION:

Motor is adequately protucted. FiS will adequately protect this area.
Interim action not justified due to low probability of ignition.

PANEL RFCOM/ENDATION: (Use back if necessary)

None

REPLY/STATUSt (Use backK if neceseary) .

N/A
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. OPERATTONAL FIRE HAZARDS WARKSHEST

WUC: Various WUC's parp; 30 Jan 1975 HAZARD NO: 58

NOMANCEATURE Motor Drivé Duel Shut OIT Valve

LOCATIO.: Wing ATt bBeam/ Wing Root 7 DIy Bay

IGNITION TFNPERATURRN DUE 0 NORVAL OPERATION  WMALFURCT ™ X
FLAM\BLE MATERTAL: 17-4 - - I
STATFMENT OF HAZARD:

Electric motors could fail internally, overheat and ignite leaking fuel.

DISCUSSIONs

The motors which drive fuel valves open and closed could fail dine to bearing
failure or a short circuit. This could cause the motor to overheat,
vaporizing fuel and igniting the flammable vapors. MNowever, these motors
are expli_ion proof, protected by circuit breakers, and contain an internal
thermal sensor. The overheat condition would exist until the internal
protective device opens or circuit breaker trips, The wing root dry bay
will be covered by FSS. .

b 4

CONCLUSIONs

Electric motors are adequately protected from a continuous overheat condition,

PANEL RFCOMMENDATION: (Use back if necessary)

None

REPLY/STATUS: (Use back if necessary) °

N/A
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OPERATIONAL FIRE HAZARDS WORKSHEST

WUC: 4GHAE DATF: 30 Jan 1975 yy9.np NO: 59
NOMANCLATURE: SPR Drain Line Pumps

LOCATION: Forward M.L.G. Fairing
IGNITION TANMPERATURE DUE TO oamrmu MALFUNCTION X

FLAMVABLY MATERTAL: __yp_s/uodraulic 04l
STATFMENT OF HAZARD: Ny

A malfunctioning motor could ignite a combustible from arcs or overheated
case,

DISCUSSION:

fhere are hydraulic lines in this cavity but the lines are not pressurized

~ at the time this pump i{s utilized. JP-4 fuel lines/couplings could

leak and create an explosive mixture in the compartment while the pump is
in operation. The pump motor is explosion proof and is protected with
circuit breakers. This pump has been used on C-130, and C-141 aircraft,
as well as C-5's, and there have been no known mal functions which would
have created this hazard. The pump is used only after ground refueling
operations and the area is manned during this time. The FSS will protect
this compartment when installed.

CONCLUSION:

The likelihood of this being a hazard i1s very low.

PANEL RP"N‘.‘":HDATIO!-': {Use back if necessary)

None

REPLY/STATUS: (Use back if necessary) .

N/A
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OPERATIONAL FIRE HAZARDS WORKSHEST

WUC: yayious wuC's . DATF:__30 gan 1975 HAZARD NO: 60
NCMANCLATU ez ' FUD/AFT_Ramp Coatrols and FWD/AFT Lighting Control Panels

LOCATION: gxgd_ﬁnt[gpgg_poor and left Troop Door

ICNITION TEMPSHATUKE DUE TO NORFAL OPFRATION ___ MALFUNCTION X
FLAMMAYLE MATERIAL: Uvd fluid v
STATRMENT Cr HAZARD:

Spraying or leaking hyd fluid on electrical components.

DISCUSSION:

Hydraulic lines could rupture and saturate electrical control panels with
hydraulic fluid rosulting in hydraulic fluid being ignited.

This malfunction would be easy to detect, and {f a fire starts, it is
accessitie for use of onboard fire fighting equipment.

-

These areas will be protected by FSS when installed.

]

CONZLUSTON:
These areas are well vented and easily accessible. The probability of a
fire is low due to the lack of sufficient heat to ignite hydraulic fluid.

PANEL RFCOM/ENDATION: (Use back if necessary)

None

REPLY/STATUS: (Use back if nocessary)

}

N/A
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OPZRATICNAL FIRE HAZARDS WoRveHwer

WC: _ 12 CAG DATF:_ 30 Jan 1975 _ HAZARD NO: __ 61

novawsy ARET Car;lo Winch

g
PLIPIR IR NY PP Ry S

LOGATIC:

ICYTTION TrMPa2ATUXS DUE TO NOA¥AL OPERATLO0N VLR S TI0% X
FLAMMABLY MATZRIAL: Flammable Fluids (Hyd., MoGas, Diesel),
STATRIFNT OF EAZARD: y

Overhcated cargo winch returned to the storage compartwent which has had
flamrable fluids spilled into the compartment.

DISCUSSION:

A flamable fluid could be spilled into the winch compartment and not cleaned up.
1f, during winch operation, the winch overheats and it is not dectected, a fire
could occur, Loadmaster procedures require a survey of the winch compartment for
foreipn material prior to winch operation. There is no requirement to observe
the winch during operation, '

-

CONZLISION:
A hazard exists if the compartment is not adequatzly cleaned.

PANEL RECOMMENDATION: (Use back if necessary)

1) Until release of, and compliance with, TCTO 1C-5A-1740, which will provide
drain holes in the winch compartment, MAC should emphasize the nced for cleaning
the compartment after any fluid spillage; and the need for thorough inspection
prior to winch operation, 2) 1Instructions should be added in T.O. 1C-5A-9,
requiring observation of winch during operation,

REPLY/STATUS: (Use back if necessary)
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OPERATIONAL FIRE HAZARDS WORKSHERT

WUC: 12GCK _ DATE:__ 30 Jan 1975  HAZARD NO: 62
NOMANCLATURE: Static Linc Retriever Winch

LOCATION: Center of Cargo Comp.

IGNTTION TFRMPERATURS DUK TO NORIMAL OPERATION MALFUNCTION X
FLAMABLE MATERTAL: Hyd Fluid
STATFMENT OF HAZARD:

Overheat or electrical short in winch igniting hyd, fluid leak.

DISCUCSION:
Failure of the winch can result In ignition of hyd fluid spray or mist. Unit
is manned at all times during use; therefore any leak that could reach the

unit would be immediately detected, and on-board fire fighting would be
available, if ignition occurred.

This area will be covercd by FE1301 Halon fire suppresgant when FSS
is installed.

n

v '

| CONCLUSION:

i ) Due to constant manning, significant hazard does not exist.

PANEL RFCOMENDATION: (Use back if necessary)

None

}: REPLY/STATUS: (Use back if necessary).

/ | N/A
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OPERATTONAL FIRR HAZARDS WORKSHRST

¥UC: 47000 DATE: 30 Jan 1975  HAZARD KO: 63

-

RANCLATIE:  LOX Converter

LOTATION:  LOX Compartment between fwd and aft wheel well, IcIt side
Iae nm" ENPENATURS DUETO NORYAL OPRRATiON MALFUNCTICH X
FLAMZASLY MATERTAL:  JP-4, Hydraulic Fluid, other combustible matefTals
STaT J‘"“ oF PA7ARD-

Leaking or ruptured LOX/gascous oxygen system components will lower the ignition
temperature of most flammable materials, and intensify any fire.

DISCUSSION:

The aircraft oxygen system is isolated from most sources of fuel and protected
by wrapped insulation. However, a leaking oxygen line, valve or regulator
would introduce pure oxygen into most of the fire zones in the fuseiage.

The presence of cxygen will lower the flash point and ignition of lcuxing

fuel and other combustibles. A fire involving oxygen enriched atmosphere

will produce a very internse fire with an increased buriiing rate and nmay cause
the combustion of materials that would not normally burn in a standaid atmosphere.
The oxygen system has a manual emergency shutoff valve mounted on the pressure
skin inside the oxygen converter compartment with the valve handle protruding
inside the cargo compartment. In the event of an oxygen fed fire, a crew-
member must go to the left center of the cargo compartment to close the
emergency shutoff valve. .

CCNCLUSICN:
With the existence of many hot conpcnents throughout the fuselage, the crew should
have the capability to remotely isolate the oxygen system from the fire. :

PANEI, RECOMMENDATION: (Use back if necessary)

A study should be made to determine the feasibility of installing a remote
oxygen shut-off capability mounted on the Flight Engineer's Console.
Accomplish modifications recommended as a result of the study.

REPLY/STATUS: (Use back if necessary)-
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APPENDIX F
FSS COVERAGE AND CAPABILITIES

The FSS protects the follewing areas: (See attached Fiqures)

1. Fuel tanks

2. Cargo compartment

3. Avionics and Guidance (A&G) equipment compartment

4. The center wing section, including the Environmental Control
System (EC§) equipment, wing box and flap control equipment

5. The wﬁng dry bays and wing and pyion lzading edges.

6. The main and nose wheel wells

7. The forgivard and aft under floor areas

8

. The PTU comparthents in the main landing gear pod

The fuel tanks and their corresponding vent systems are protected
against fire and explosion by nitrogen inerting. The principle of
inerting 1s to maintain an oxygen concentration in the fuel tanks and vent
lines below that which is necessary to support combustion. Nitrogen,
which is an inert gas, is used to replace the oxygen in both the fuel and

. the vapor spaces in the fuel systme. By the use of vent valves and

nitrogen regulators, pressures within the tanks are maintained at a slightly
higher pressure than outside ambient pressure to prevent the entry of

air which would destroy the inert atmosphere. Nitrogen is stored

onboard the aircraft in the liquid form in vessels called dewars. The
system operates automatically at all times with or without electrical

power and whether the aircraft is attended or Jnattended. Testing
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shoved the oxygen concentration in the tanks rewained well below the

9% requirément during all phases of flight.

The cargo conpartment, the avionics and guidance bay and the center
wing section are considered manned areas and are protected by optical
fire detectors and brombtrifluoromethane (Halon 1301) extinquishing agent.
The detectors are activated by the infrared in the flame and cause fire
warning lights to light. Halon 1301 is a freon agent similaf to the
lialon 1201 agent used in the present C-5 engine and APU fire fighting
systems. It extinguishes fires by chemical reaction and is relatively
safe to use in inhabited areas. .

The wing and pylon leading edges, the dry bays, the PTU compartments,
the wheel wells and the under floor areas are considerad unnénned areas
and are protected by thermal fire detectors, somctimes called continuous

sensors, and 1iquid nitrogen (LNy) extinguishing agent. The therral

detectors sense increases in temperature and at a predetermined temperature
will cause a warning 1ight to light. LNy is not as efficient an
extinguisher as FE1301, but fs used because it is already present for use
in the inerting system and does not significantly increase weight. LN»
extinguishes fires by suffocation and is, therefore, dangerous to use in
inhabited areas. The LNy system has multi-discharge capatility, whereas

FE1301 only has one. \

FSS fire indicator and fire fighting contro? panels are located at
the flight engineer's station, at the aft loadmaster panel and in the nose
wheel well (NWW). Each panel has a switch to arm the system. The N

(‘79:?»1 /s\f - 139 Mank)
131




panal is powered from the battery if no other electrical source is availatie.
The indicator lights are an integral part of the discharge switch, Fire

warning lights are 2lso preseﬁt on the pilot's and the flight engineer's

announciator panels.

Th2 manned areas are separated into three zones, the A&G bay. the
center wing area and the cargo compartment. The cargo compartment has
17 halon bottles containing 70 pounds of FEIBO!,each. the center wing has
two 70-pound bpttles and the A&G bay has one 10-pound bottle. A
warning light/discharge switch for each zone is located on both the
flight engineer's and the loadmaster's panels. The Nil' panel has one
light/switch which will indicate a fire in any one of the three zones and

discharge all 20 bottles when depressed.

The unmanned areas are separated into 12 zones. The zones are as

follows:

1. Left wing dry bay, No. 1 pylon leading edge, wing leading edge
between No. 1 ard 2 pylons. B

2. ho. 2 pylon leading edge, wing leading edge l.etween llo. 2 pylon
_and the fuselage, and left wing root dry bay.

3. Right wing root dry bay, wing leading edge between the fuselage
and Ho. 3 pylon, and Ho. 3 pylon leading edge.

4. HWing leadi;g edge between No. 3 and No. 4 pylons, lic. 4 pylon
leading edge and the right wing dry bay.

5. The nose wheel vell.

6. The forward underfloor (forward half of section between the

main gear well and nose gear well).
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7. The center underfloor (aft half of section between the rain acar |
well and nose gear well).

8. left main well wheel.

9, Right main well wheel.

10. Aft underfloor (aft of main gear well).
1. Left PTU compa;tment.

12, Right PTU compartment.

The flight engineer's panel has a warning 1ight/discharge switch for

cach zone.

-

The loadmaster's panel has no indicators or switches for unmanned
areas. The NWW panel has one indicator/switch for the two left wing zones,
for the two right wing zones, the four zones forward of the main vheel well,
except WWW (forward underfloor, center underfloor and both PTU compariments),

and for the aft underfloor zone. |

FE1301 will extinguish fires at concentrations of three or four
percent; however, in order to assure complete extinguishing, the specifica-
tion requires six parcent concentration in the entire protected area within

four seconds. The cargo compartment was the only manned area which did

" not meet the four second requirewent during qualification testing. While

most of the volume of the cargo compartment was under the specified tine,
several remote areas did not reach sfx percent until five seconds had
elapsed. Due to the large volume of the cargo compartment and the
necessity to keep the Halon containers out of the cargo envelope, this

deviation was accepted. The specification also required, with exception of
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the avionics bay, that the six percent concentration be maintained for a

winimum of five winutes with the circulating fans off., Halon extinguishes
fire within milliseconds once it reaches the proper concentration, but the
five minutes allows the fire area to cool so reignition will not occur.
The cargo compartment and the center wing box remained within acceptable
levels far over the tire requirement. The ECS compartment wvas

s1? jhtly below the requirement and the aft wing spar area (flap control
area) was well below it, approximately 26 second average. These early
decreases in concentrations were due to the necessity to vent the areas

to the cargo Eompartment to ecqualize pressures in case of a rapid
decompression. Since blocking of the vent areas could not be safely
accomplished, thg deviations were accepted. The time to six percent in

the ECS section was cloce enough to the time requirement that proper
cooling will still take place. The aft wing sp;r area will have to be
monitored with hand bottles after initial extinguishing. Also, it is felt
that a fire 1n.this area would propagate to the cargo compartment since the
combustible in this area woqld be hydraulic fluid from the flap pack,

which would run into the cargo deck through the large vents. The discharge
of Halon in the cargo area as well as in the center wing would cause the
concentration in the center wing to remain above six percent'for the

required time.

The avionics compartrent time at six percent requirement was specified
as ten seconds. This is because the cooling fan in the compartnent recir-

culates the air quite rapidly. Even §f the circuit breaker for the fan
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is pulled, an overboard valve opehs which vents the pressurized compartrent
to outside'ambie;t pressurc which creates approxiuately the same recircu-
lation when at altitude. This area also needs additional monitoring with
an A-20 fire extinguisher until the source of the fire has been found and

deactivated.

Halon 1301 has a toxic effect on humans at high concentrations. For
this reason a maximum allowable concentration of ten percent was specified.
In order to stay below this concentration in the cargo compartment as the
volume of cargo increases, §t is necessary to cut several bottles out of
the firing circuit. A volume selector switch on the flight engineer's
panel has thfee positions on it. The “"Below 10,000 Cu Ft" position fires
all 17 bottles. "The 10,000 to 20,000 Cu Ft" position fires 13 bottles
and the “Over 20,000 Cu Ft" position fires nine bottles. The bottles
that are not fired while at a higher volume selection can be fired at a
later time, if necessary, by placing the selector switch on “Under 10,000

Cu Ft" and depressing the discharge switch again.

The detectors in the manned areas will detect all visible infrared (IR)

on a 45 degree angle from the center line of the detector (see attached

figures). This creates a 90 degree cone of vision from the detector.

The detectors are installed so that they scan the largest fire susceptible
areas with the center Ijne detection as much as possible towsrd the most
1ikely ignition sources. Two d;tectork fn the ECS area do not cover areas
behind ducting, but flames are expected to appear from behind the ducting.

One detector in the center wing box will detect any flame where combustibles
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arc lfable to be in this arca. Three sensors in the aft center wing

spar arca encompass the entire hydraulic control section. The ALG bay

has three detectors which scan all electronic equipment and are especially

effective when the compartrient lights are off. The 30 detectors in the
carygo conpartment are lpcated on the ceiling, 11 on the right side, scven
in the middle and 12 on the left side. They are aimed to detect fires
between cargo and the fuselage on the left and right sides, in the center
between cargo pallets, across the top of cargo, and the entire area

when no cargo 1s onboard.

ilitrogen gas must reduce oxygen concentration below 12 percent

to extinguish fire.

The specification requires the oxygca concentration be below 10 percent

within 10 seconds of discharge. Testing in a simulated wing root dry bay
and an aft underfloor section, showed that fires were detected within

22 seconds after ignition and extinguished within 7.5 seconds of detection.
(This was igniting a four square foot pan of JP-4 fuel). NKOTE: Vhen a
nitrogen discharge button is depressed on the WM panel LNy discharges
until depleted or turned off. The other discharges are tiﬁcd. In the
unmanned areas, the thermal detector wires, which are 20, 30, and 43 fect
in length are located to best measure the average temperature in a
protected area and are looped back through areas where the most probable
ignition sources exist. The sensors in the wing areas vwhich are subjected
to solar heating, will give a fire indication at an average temperature

of 255°F. The entire underfloor area, which is not subject to solar

heating, triggers at 160°F.
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-Areas_unprotected by FSS and rationale for no coverage

The fdllowing areas are not protected by the FSS:

1. The empennage.

2. The wing flap and aileron wells.

3. The flight decg. including crew rest and courier compartment.

4, The troop compértnent.

5. The main landing gear pod aft of the wheel wells, between the APU

compartments and the pressure vessel.
6. The underfloor compartments to the left and }1ght of the nose

wheel well.
7. Radome.
8. Wing tips.

9, Under the wing-to-fuselage airings and under the lobe-to-lobe

panels. .
10. Wing leading edge outboard of outboard engines.

The empennage has an extremely large volume and is well vented. These
factors plus the cold temperatures encountered in flight and the distant
proximity of ignition sources to flammable fluids make the possibility

of combustion occurring,or maintaining combustion if combustion doas occur,

l very small. The same factors make the possibility of getting enough

extinguishing agent to a fire with a fixed system even smaller.

The wing flap and aileron wells are well ventilated and have a fairly
large volume. Also fgniticn sources are few, particularly in the flap vell.
This area is also cold during flight. During the period when ignition
sources are most likely to be energized, the flaps are extended which negates

(
any protection available. The flight deck, crew(iest area, courier compartment
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and troop deck are not protectcd for several reasons. First, areas vhere
combustion can occur arc accessible with A-20 hand bottle. The majority .
of ignition sources, except for the flight deck, would result from human .
action and should be quickly detected and extinguished. The flight derk
{s usually occupied when ignition sources are present and fire would be
quickly detected and extinguished. Another reason for omission of fixed

fire fighting in these areas is that the loud noise and loss of visibility

due to condensation which result from discharging Halon could be more of
a flight hazard than a fire. particularly when {hadvertently discharged.
The aft main gear pod areca was not protected because the possible ignition
sources were well separated from the possible flanmable fluid scurce. The
bleed air lines in this area buve overheat detectors to indicate line
failure. The APU exhaust pipes come out the back of the APU corpartnents
and the pressure and suction hydraulic lines come out the side. The
compartment walls separate the hydraulics from the exhaustvgas shoﬁld

the exhaust pipe fail.

The underfloor areas next to the nose wheel well were not protected
due to its inaccessability and the low probability of the existence of

conditions necessary for combustion. )
The radome has no flamable fluids in it.

The wing tips are well ventilated and have only a sma11 possibility

of having the conditions necessary for combustion.
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The wing fairing and under lobe to lobe panel arcas are well ventilated.
The possibility of getting extinguishing agent to a fire, should one start,
is very small. Any flanmabl: fluid would run ou. of the area rather

swiftly. This with the ventilation, greatly decrease the chance of

combustion.

The wing leading edge outboardvof lo. 1 and tlo. 4 engines has no
hydraulic fluid and the only fuel would be JP-4 leakace through the front

spar. There are~few potential {gnition sources.

-

On all areas that were not protected by the FSS, the decisfons not to
protect them were based on weighing the probability of conbustion occurring
against the ability to get enough agent to the fire to extinquish ft, the
ability to install the fire fighting capability, and the weight {ncrease.
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NITROGEN FIRE SUPPRESSION ZONES AND CONTROLS
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