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CAUSES OF AIRCRW-T ELECTRICAL FAILURZS 

Donald Galler, George Slenski 

PESTRACT 

In 1989, the Materials Laborz to ry ,  Wright ?,eseazc,i and 3evelopmenc 

Cenzer, Wright-Patterson A i r  Force Base awarcad a 2 h s e  I S3LR 

con t r ac t  t o  Failure malysis Assoc ia tes , to  i nves t iqaze  

the feasibility of developing a han&ook for the cvslzaziozl  of 

elecrsrical and electronic  componeccs d u r i z g  airczar': accident 

investiga& Lion. * T h e  work was conducted under  c o n t r a m  

F33615-89-C-5647 and completed in January,  i990. As par r  of xhe 

work under t h z t  contract ,  a survey 05 data or. f a i lu re s  of aizcraft 

e lec t ron ic  and electrical ccmponents was conduc ted  to Ider,cLfy 

problemetic components. T k e  motivacisn for Lhe work was to 

g r i o r r i t i z e  f u t u r e  xGrk on the  development of acciceEr i r iveszigzt ion 

techniques f o r  aircraft e lec t r ica l  components. 

Thzee sources of dzta were used i n  the survey. The p r i m a r y  souzc-e 

w z s  t he  Airforce Mishap DataDzse, which is nain tz inea  by the 

girectorate  of Aerospace S a f e t y  at N o r t o n  A i r  ?orce Sase. PLblislied 

dzta f r o m  the A i r  Force A v i o n i c s  i r , t aGr i -_y  P i o g r Z n  (AVZ3f and 

Hughes Aircraft were also reviewed. S r a t i s t i c a l  c z t z  frcm these 
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three sources are presented in the paper.  Photo3raphs shbwing 

damased components are a l s o  included In Eke p q e r .  

Two major ccnclusions of the work Ere: (1) problems wich 

interconnections 2re major contributors to aircrafc e l e c ~ r i c 2 1  

equipment f a i l u r e s  and; ( 2 )  eno i ronmen ta l  ~ ~ C Z G I S ,  e s p s c i a l l ; ~  

corrosion are significant contributors to connector  problems.  

AIR FORCE M I S F ?  DATABASE 

The Air Fcrce mishap database is a c o l l e c t i o n  cf sircraft mishay; 

r epor t s  far e l l  a i r c ra f t  in service in t h e  U.S. A i r  FGZC:. Eishap 

r e p o r t s  are filed by p i l o t s  for any c o n d i t i o n s  whick a f f a c t  the 

safety of the aircraft- Specif ic  conditions Nhich req-iizo, 2 p i l o z  

to f i l e  i! re?ort depend on the  t ype  of a i r cza f t .  In zlncst a l l  

C Z S ~ S  some repair a c t i v i t y  is perr’ormed t o  addzess the rniskap. 

There are  f o u r  classes of mishaps in the Norton datzbase. Classes 

A, B and C qer?erally represent in-fLl.skt c m a i t i o n s  t h a t  ~ E S ~ J L C  i n  

some carnage to The aircraft. The fourch class inc lu les  p o t e z t i a l  

mishaps. These may be t h e  resu l t  cf uni l sua l  ccnditions cbservec 

during naintenance or pre-flis2t checks. The cesl ,gnzsiocs  r s f e r  tc 

t k e  dcl l2r  value ar,d extent  of  tke  damage. Class  A is tie inost 

severe. individxal r epor t s  indicate  which sys tem cz’ the  a i r c r a f t  

WES involved and, in some cases,  a compor;ert t h a t  was repzired o r  

replaced. 

2 
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. 
Data was requested frcm Norton A i r  Force Base o n  a l l  mishaps 

related to the  electrical system aad x i r i r q  of the aircrar'z. The 

report w2.s generated Nov. 9, 1 9 8 9  and inclc:dec! all mishap classes, 

for a l l  a i rc raf t  from I986 t o  the date of request. The resors 

included a description of 652 mishaps which w e r e  tamed by 

electrical f a i l u r e s  related to instruments, wiring and electronic 

components, Failure records included 1 3  d i f i z r e n t  ccrnpczer.5 types 

on 30 di f fe ren t  a i rc raf t .  A sample of the r epor t s  was se1ecc.e~ and 

a t o t z l  of 326 reports  w e r e  evaluated i n  d e z a i l .  

The r e s u l t s  of the review are prosenced in TzSle 1 Sy  z i r c r a f t  and 

t y p e  of component. The t o t a l s  fer ezch csmpnen t  a r e  ccrrioined 2nd 

l istea Fn Table 2 .  Ad justed  t o t a l s  i n  Tzble 2 euclr;de zzy  reForcs  

t h a t :  (1) could be a t t r i b u t e d  to cpe ra to r  e r ro r ;  ( 2 )  cid n o t  

i d e n t i f y  the component o r ;  ( 3 )  listed t he  ccnscant speed drive a 

the s o u r c e  of the problent. A l thouch  t k e  constant spesd drive is 

senerally viewed as part of the e l s c t r i c  pcwer systein, i-- 

cperation is primarily mechanical. Fezcentages based cn t h e  

adjusced t c t a l s  by component are listed in :he zigh-, hand col~nn a?  

T e l e  2 .  

13 

The datz  or' Table 2 have been grouped zcccrdinq t3 basic s y s t e m  

f u n c t i c c s  and combined percentages for a ~ c n  of the basic f ~ r ~ c t i i o n s  

have bee-? coinputed as shown in Table 3 .  The results  are 

represecced in Fig. 1. The Norton data skous t h r t  switches, 
c o i x e c t c r s  w,d cocductors are the three lezdir,g c m s e s  cf E'eilures, 
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contributing 20, 18 and 175 of a l l  e lec t r ica l  failures on a i r c ra f t ,  

respectively. The interconnection function, consisting of wiring 

and connectors, results in 355 o f  a31 e l e c r i c z l  failures reviewed. 

- 

T h e  absence of e l e c t r o n i c  components fzom t5e data  sno~crr, LC Fig. 1 

may be due to t he  level of d e t a i l  used i n  che r e p a i r  or zhe 

eccident investigation. It is expected t h a t  mcre aczive a n d  

passive electronic components are  ac t -Ja l l y  far-x=3 czxscs z k m  azz 

indicated. One reason for this is thaz  the rnzterizls used i n  

printed wiring boards arid electronic components EL"B nc-t: likely to 

sur-Jive post-inpact damage. This damage mzy Frever , t  the cDrngor,eats 

f rom being identified as failure causes even L f  they d i ~  ~ l z y  a 

causal role in the  mishap. 

. ,  

AVIONICS INTEGRITY PROGWlii DATA 

A p q e r  describing the Avionics Integrity P r o g r v n  (A-VIZ) [ Z ]  

includes a summary of electrical fzilure causes on a i r c r a f t .  The 

data is shown in F l g .  2. The pzper s - q g e s z s  that ccnnecrors 

account f o r  about 40% of naincenance zepzirs on a i r c r a f t  eleccriciil 

equi?mer.z. The formation of surface Zilms tkz: cause cor.nectors co  

be nGn-CGndUCtiVS i s  i a e n t i f i c c  2 s  a najor prob les .  

incerconrections cn c i r c u i t  boards (=he t r z c e s ,  p l a t e d  through 

holes, sockets) acd e l e c t r o n i c  compocents on c izcui r  bcards Z.TP 

z l s o  iaencified as major contributors to failure. 

T 

Ga 005 
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HUGHES AIRCRAFT FACTORY DATA 

A s tudy  based on repair  records for prir-ted w i r i n g  bcards (2WBs) a t  

hughes A i r c r z C t  [31 includes data on f o u r  t y7es  of 2WBs of 

d i f f e ren t  ages and complexity levels. The study wzs based on part 

replacement dzta  from f a c t o r y  t e s t  and q u a l i t y  c o n C r o l  activiti2s, 

n o t  f i e l d  f a i l u r e s .  Over 5 8 , 0 0 0  repair  reccrds weze csed 2 s  the 

i n i t i z l  source or' data  for t h e  s t n d y .  The s o a l  S F  tine s c u e y  W E S  to 

rank components in t e r m s  cf cheir replacsnexz f r e ~ ~ e ~ c y  rzcher thm 

their f a i l u r e  r a t e .  The r e s u l t s  02 the study are skowx in Fig. 3 .  

The r e p o r t e d  conposite replacemenr freq.i;er.c;r ranking (6=3r[l Sighesr, 

to iowest) was: I C s ;  transistors; P-ySrld c i r c z i t s ,  capacicors  and 

resistors;  diodes.  
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LABORATORY ANALYSIS EXAMPLES 

The inspection of electronic hardware at an accident 

site and laboratory analysis of selected components c a n  be 

c r i t i c a l  i n  ascertaining the cause of an aircraft accident. 

The Wright Laboratory Materials Directorate has conducted. 

numerous accident i n v e s t i g a t i o n s  where electronic systems 

are suspected to have c o n t r i b u f e d  tc an a i r c r a f t  mishap. A 

typical case is where an electrical fault is suspected t o  

have i n i t i a t e d  a fue l  o r  hydraulic f l u i d  fire. An example 

of w i r i n g  involved i n  an a i r c r a f t  fue l  fire is shown i n  

F i g u r e  4 .  The post impact c o n d i t i o n s  destroyed the organic 

insulation and melted the aluminum conductor. Another 

section of wiring from this mishap exhibited evidence of  

a r c i n g  between copper w i r i n g  and the aluminum airframe as 

shown in Figures 5 and 6. Elemental x-ray analysis 

confirmed t h a t  aluminum had been t r a n s f e r r e d  t o  t h e  copper 

w i r e .  There were a l s o  no hydrocarbons found in the arc  

site. T h e  presence of hydrocarbons or soot would have 

indicated the arcing occurred in the post-accident phase. 

Inspection of o the r  aircraft revealed chafing damage to the 

wiring i n  the area suspected of arcing in the mishap 

a i r c r a f t .  The wiring failure shown in Figure 7 caused the 

partial l o s s  of an a i r c r a f t  flight control system. 

Electrical a r c i n g  of a d j a c e n t  w i r ing  shown in Figure 8 

disrupted the flight control computer and caused uncommanded 

aircraft maneuvers. The a i r c r a f t  landed s a f e l y ,  however, 

k. 000010 
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this failure may n o t  have been identified if the aircraft 

had impacted into t h e  ground.  Aircraft impact and fires 

typically assoc ia ted  w i t h  acc iden t s  can severely danage PWBs 

and semiconductors. The PWBs in Figures 9 and 10 ar2 

typical of electronic hardware removed from an accident- 

The majority of m a t e r i a l s  ased i n  PWBs and seinicondxctors 

are damaged at temperztures above 3OO0C making any a m l y s i s  

extremely difficult. Specia l ized  techniques are  a v a i l a b l e  

for extracting d a t a  from damaged semiconductors. 

Fortunately, a component w i l l  r a r e l y  cause an a i r c r a f t  

mishap since critical s y s t e m s  use redundancy to p r e c l u d e  the 

p o s s i b i l i t y  of a s i n g l e  p a i n t  failure. After a nishap ,  

e l e c t r o n i c  systems should always be a n a l y z e d  to rule o u t  the 

possibility that a single point failure s e r i o u s l y  2egraded a 

critical a i r c ra f t  system. 

SUMMARY OF ACCIDENT I W E S T I G A T I O N  TECHNIQUES 

The various failure analysis techniques f o r  e l e c t r o n i c  

compcnents were reviewed. and are ccmpiled i n  Tabla  4.  The 

t a b l e  lists c o n d i t i o n s  most likely to be of interest and the 

failure analysis techniques that would be used i n  an 

analysis- In many cases additional research is needed to 

differentiate pre- and post- a c c i d e n t  conditions. 

7 
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CONCLUSIONS 

1. T h e  m a j o  r i t y  of aircraft mishaps in olving electronics 

a r e  related to interconnection problems. Interconnection 

problems are  primarily due to wir ing  and cocnec to r  failures. 

Chafing, which results in electrical a r c i n g  of wj.ring and 

corrosion, which results in t h e  electrical breakdown i n  

connectors appear to be t h e  dominate failure mechanisms. 

2 .  Connectors and semiconductors are t h e  types of 

coinponents primarily responsible for PW5 l e v e l  a i r c r a f t  

equipment f a i l u r e s .  

3 .  A handbook f o r  conducting aircraft accident 

investigations involving electronic components is feasible. 

A follow-on program would develop new failure analysis 

techniques where required and develop guidelines for 

conducting a i r c r a f t  accident investigations. The most 

important challenge w i l l  be to develop t e c h n i q u e s  that can 

discriminate between pre- and post-accident conditions. 
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Table 2. Sumrnary of Data From Norton AFB by Component 

AC GENEUTOR 

CKT BREAKER 

EM. POW. UNIT 
INSTRUMENT 
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1- 279 279 100 
3TAL 

Table 3. Summary of Data from Norton Air Force Base 
(by Function Caregory) 

POWER SYSTEM 
AC GENERATOR 27 

9 DC GENERATOR 
8 EMER. POWER UNlT 

CIRCUIT BREAKERS 
BATTERIES 12 

ZECTROMECHANICA 
RELAYS 21 

13 69 25 

MOTORS 7 28 10 
‘ASSIVE COMPONENT 
RESISTORS 
CAPACrroRS 
IRANSFORMERS 

2 
2 
5 9 3 



Figure 1. Summary of Electrically Related Aircrafe Incidents [ I] 
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Figure 2. Causes of Aircraft Equipment Failures[2] 
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Figure 3. Printed Wiring Board Part Replacement Data[3] 
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Figure 4 .  
aircraft accident. 
t h e  aluminum conductors where melted as a result of 2 pos t  
accident fire. 

Example of electrical wiring involved in an  
The organic insulation was degraded and 

Figure 5. 
a fuel cell had chafed and shorted to the aluminum 
s t r u c t u r e .  

In this a i r c r a f t  accident the copper wiring near 

~ 0 0 0 2 0  
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Figure 6 .  This is a close-up of 
The t w o  m e l t  a r e a s  on t he  copper 
con ta ined  aluminum and confirmed 
taken place. 

... 
. . . :  

. .  . .; 
. 

the wiring in 5 Figure. 
wiring (middle  and bottom) 
that e lec t r ica l  a r c i n g  had 

F i g u r e  7. 
chafing initiated an electrical arc. 
produced during sustained arcing damaged ad jacen t  flight 
control wiring. 

In this case a wire bundle was severed a f t e r  
The high t empera tures  

000021 
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i,-]- ------ 

E'j,gure 8 .  
exhibit in F i g u r e  7 .  
disrupted the flight control computer. 

Photograph showing the wiring a d j a c e n t  to the 
Damage to the adjacent  wiring 

___ . .- 
-r. .. , . 

._ .:. . ' ' .. - .  . . .. .. . _ .  . _ .  , - .  .. :-.._ _. . .  . . .. . . . . ..'. . , ._ .- - .  
>--- _- 

Figure 9. 
acc ident -  

P r i n t e d  wiring boards removed from an aircraft 
Note t h e  e x t e n s i v e  h e a t  damage to the  hardware. 

&. ... i 
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Figure 10. 
e x h i b i t e d  by electronic hardware involved in an accident- 

Close-up showing t h e  physical and thermal damaqe 
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DEVELOPMENT AND ANALYSIS OF INSULATION CONSTRUCTIONS 
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St. Louis MO. 63166-0516 
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ABSTRACT 

The Wright Laboratory Materials Directorate at W P m ,  Ohio recenrly completed 
a research and development program under contract F336 15-89-C-5605 with the 
McDonnelI Douglas Aerospace Company, St Louis, Missouri. Program objectives were to 
develop wire insulation performance requirements, evaluate candidate insulations, and 
prepdare prelirniiiaq specification sheets on thc must promising candidates. Aircraft wiring 
conunues to be a high maintenance item and a major contributor to clectrially-related 
aircraft mishaps. Mishap data 011 aircraft show that chafing of insulation i s  the most 
common mode of wire failure. Improved wiring construcrions are expected to increase 
aircraft performancc and decrease costs by reducing maintenance actions. In the 
laboratory program, new insulation constructions were identified that had overall improved 
performance in evaluation tests when compared to currently available IWL-W-8 l3Sl and 
MIL-W-22759 wiring. These insulations are principally aromatic poIyimide and cross- 
ljnlted ethylene tetrafluoroethylene (ETFE), respectively. Candidate insulatioq identified 
in preliminary specification sheets were principally fluoropolymers with a polyimide inner 
layer. Examples of insulation properties evaluated included flammability, high 
temperat.ture mechanical and electrical performance, fluid immcrsion, and susceptibility to 
arc propagation under applied power chafing condiiions. Potential next generation wirc 
insulation materials will also be reviewed. 

INIXODUCTION 

The increased emphasis and reliance on electronk systems for modern aircraft has 
resulted in wiring becoming a critical safety of flight systcm. Aircraft now routlnely use fly- 
by-wire systems with minimal or no mechanical backup systems. McDonnell Douglas 
Aerospace Company has a very active program in developing new insulation and 
connection systems and providiq technical support to aerospace systems under 
development and in production. A recent study initiated by the Materials Directorate 
reported 34% of all electrically-related aircraft mishaps were related to interconnection 
failures involving wiring and connectors (Galler and SlensEci, 1991). Thc Materials 
Directorate System Support Division conducts failure analysis investiFations in support of 
Air Force accident boards, aircraft program offices, and depot operanom. In tbis capacity 
wiring failures have been l o u d  to initiate hydraulic and fuel fires via electrical arcing or 
cause malfunctions in flight control systcms and in other critical areas. At higb operating 
temperatures some insulations can soften and are susceptible to chafing damage that 
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normally would not occur at room temperatures. Examples where wire chafing led to 
arcing, a fire, and an aircraft mishap are shown in Figures 7 and 2. In both cases, the 
insulations were pure fluoropolymer constnictions and had chafed against a metallic 
structure. Loss of electrical connections can also lead to severe degradation 01 aircraft 
peiformance. A n  example of this failure mode is shown in Figures 3 and 4. This is an 
example of an arc propagation failure in a primarily polyimide wire or MILW-81381 
construction. In this case, polyimide was carbonized by high temperatures of an electrical 
arc produced by a metallic stmcture intimately contacting an exposed conductor caSrying 
electrical power. Polyimide does not melt, but degrades intu carbon at temperatures in 
excess of 650OC, which is much lower than the temperature of an electrical arc. Tn Figure 
4, wiriiig adjacent to the initial chafe site was degraded by the high zrc temperatures. The 
damaged insulation sustained additional arcing which led to over 30% of the wiring being 
severed. "he arc propagation event can take place before the thermal circuit breakcrs 
interrupt current now. This scenario requires several independent conditions which 
include an cxposed conductor, sufficient current and voltage, and intimate contacr hetween 
a conductor and metallic structure. Fortunately, this i s  one reason why arc propagation 
events are rare. Tlie damage, however, can be scvcre enough that even a rare failure 
should be a concern in new and existing ahraf t  designs. Reported instances of arc 
propagation and maintenance difficulties with currently available wiriug led the  Materials 
Directorate to initiate an in-house program and then a contracnial effort to develop new 
wire insulation constructions. Program goals were to have similar weight, volume and 
mechanical properties to MZL-W-8138 1 construction, have increased flexibility, yet not be 
susceptible to arc propagation failures, The new insulation conscructions would also need 
10 be manufacturable by more than one source and be available at a cost comparable to 
insulations currently used on aircraft. 

DEVELOPMENT OF A PROGRAM FOR NEW WlRE INSUL4TIONS 

The AF Materials Directorate, McDonnell Douglas Aerospace Company and other 
aerospace urganizations actively evaluated arc propagation and other characteristics of 
many insulation candidates as potential replacements for MTL-W-81381 during the mid 
19So's. Testing revealed that an insulation construction consisting of various combinations 
of polyimide tape and polytetrafluoroethylene (PTFE) layers would significantly improve 
arc propagation resistancc (Cahill, 1987). These hybrid constructions combine the 
desirable properties of polyimide and fluoropolymer materials. The introduction of a high 
temperature fluoropolymer interrupts the carbon path formed by thermally degraded 
polyimide during the arcing process. k c  propagation is just une of many wire 
characteristics that must be considered when selecting wiring for an aircraft. In 1.988 a 
program was conceived by tbe Matcrials Directorate that would provide a comprehensive 
evaluation of selected new insulation constructions. The ground rules were to evaluate 
commercially available materials that could be available within two years as a wirc 
insulation product from multiple sources. In addition, an industry-supported wire 
performance test method document being developed by the S A E  AE-8D Wire and Cable 
Subcommittee, AS 4373, would also be used as a testing guideline. McDonnell Douglas 
was awarded the two year wire developmcnt contract, F33615-89-C-5605, in late 1988. 
Work began in early 1989, and a final report was published by the government in mid 1991. 
l'he program was organized by tasks which included the following: establishment of wire 
performance requirements, selection uf ten insulation constmcrions for evaluatiou, a highly 
focused scrcening evaluation of the most critical wire insulation characteristics, additional 
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performance testkg to provide cornprehcnsive data on the top four insulations, an 
assembly and handling evaluation on selected insulations, and preliminary specification 
sheets on the most promising insulation candidates (Soloman, 1991). AI1 resting included 
thc two baseline aerospace wiring constructions MIL-W-S13Sl/11,/7,/~ and IMIL-W- 
2 ~ 7 9 / 4 3  ,/44,/33 ~ 

WIRE PERFORMANCE REQUIRFIMENTS 

Initially, the test program identified minimum wire performance requirements in the 
areas of assembly and handling, combat damage, thermal analysis, electrical, 
environmental, mechanical, marking, and wire volume and weight. Forty-three tests were 
identified and ranked or weighted 011 a scale of one to five, with five being the most crirical. 
Weighting was based on probability of a failure, field frequency of a failure, and 
seriousness of failure. The most critical tests were selected to initially screen insulation 
candidates. Overall ranking of insulation candidates included a weighting facior based on 
the identiiied performance requirements. Weighting factors were determined by a survey 
of three aerospace companies and several government urgarlizations. In all  cases minimum 
performance requircments had to be exceeded in order for a new insulation construction 10 
remain in The evaluation. 

INSULATION CONSTRUCTIONS SELECTED 

Insulation candidates were subrnirted by insulation manufacrurers and material 
suppliers. Ten candidates were initially selected from a field of hventy-two proposed 
constructions. Nine of the ten candidates consisted of various polyimide tape and 
fluoropolymer layers as shown in Table 1 (Soloman, 1991). Test specimens consisted of 22 
gauge and 26 gauge airframe and hook-up wiring. 

SCRlGENINC TESTING RESULTS 

Screening tests shown in Table 2 were selected from the must importaut or heavily 
weighted wiring characteristics identified in thc wire performance requirements (Soloman, 
1991). Testing was conducted OB the ten insulation candidates and the two baseline 
constructions. The most important tests were part of the verification of properties 
evaluation. Wire specimens were aged for 1000 hours at 2OOOC and then subjected to the 
seIected screening tcsts. Thermdly aging the wire specimens provided an indication of 
long term wiring field performance, since a 10,000 hour design life at 200OC will ultimately 
be required of a n y  new insulation. Statistical analysis was used to rank insulations in each 
test a d  give an overall r-anking. The best performing insulation construction was oiven a 
score of 0.0. Scores for other insulation construcuons were determined by dividmg the 
numerical Mereme between the best pcrformer and sekcted insulation by the unbiased 
standard deviation. A weighted factor determined in the performance requircments 
evaluation was multiplied by the candidates' calculated score. For the screening 
evaluauon, weighring ranged from 3 to 5.5. Screening test ranking of the candidates i s  
given in Table 3 (Soloman, 1991). The ranking includes all construction types evaluated. 

P 
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Selection of the top four candidates for further testing was based on overall screening test 
ranking and availability of a second manufacturing source. Based on these criteria the 
candidates selected for additional cvaluation testing were Notex, Thermatics, NEMA #3, 
and Tensolite. The Gore candidate was not continued in the program due to it's singe 
source availability. MIL-W-81381 and MLW-22759 baseline constructions ranked fifth 
md ten&, respectively. MIL-W-8 1381 failed to meet minimum pcrforrnance requirements 
in thc dry arc propagation lest. 

FULL PERFORMANCE EVALUATION 

A total of twentyeight tests were conducted on the insuIation candidates selected 
from the screeninu evaluation. Performance tess and their weighting are given in Table 4. 
Combined screelllng and performance evaluation results are given in Tablc 5 (Soloman, 
1991). Data in Table 5 differs slighrly from the referenced technical report due to the fact 
that several minor errors in the statistical analysis have been corrected. Candidate ranking 
was not affected by the corrections. The statistical approach used in the screening 
evaluation was also employed in the performance evaluation. Top performers were the 
Filotex and Tensolite consiructions. The Filotex constructioii tested in the performance 
evaluation employed a fluorinated ethylene propylene (FEP) top coat,, as opposed to the 
original PTFE top coat. The two top performing candidates and MIL-W-22759 were 
subjected to asscmbly and handling tests. Bundles were constructed and installed in an 
aircraft. During this evaluatiun characteristics such as insulation stripping, wire potting, 
splicing, handling, layout, damage susceptibility, and reparability were assessed. Overall 
the Filotex construction was a slightly better pcrformer compared to the 'l'ensolite and 
MIL-W-22759 constructions. 

0 

DISCUSSION 

Hybrid wire constructions exhibited higher overall performance than thc baseline 
constructions evaluated. Hybrids gave a more balanced range of insulation properties. As 
an example, wet arc tracking results €or the top three candidates and baseline constructions 
are givcn in Figure 5 (Soloman, 1991). Hybrid candidates performed as well or better ihan 
MIL-W-22759, which is usually considered to be a non-arc tracking insulation. ME-W- 
81381 readily arc tracks in this test. Abrasion test results, which give ai iridication of chafe 
susceptibility are given in Figure 6 (Soloman, 1991). Several hybrids performed at a level 
equal to or above MILW-81381. One of the most desirable characteristics of iMIL-W- 
81381 type Wiring is its ability to retain its excellent mechanical properties over a wide 
temperature range. As can be seen by the abrasioii data pure fluoropolymer constructions 
rapidly lose their mechanical properties at high temperatures. A common complaint from 
maintenance personnel is the stifhess and springback of MIL-W-813Sl. Springback results 
for hybrids and baseline constructions are given in Figure 7 (Soloman, 1991). Hybrids fall 
between a very st i f f  insulation (ME-W-81381) and a very flexible insulation (ME-W- 
22759). While the appropriateness of a test method for smoke quantity determination can 
be debated, the results in Figure 8 at least show comparisons between insulation 



constructions (Soloman, 1991). ITybrids are comparable to MIL-W-81381, an insulation 
highly desirable for manned areas due to minimal smoke generation when the material is 
thermally degraded. 

CONCLUSIONS 

Since completing the insulation program in 1991, hybrid insulations have continued 
to gain popularity as a aerospace wiring. Major aircraft companies have selected 
constructions similar to the Tensolite and FiIotex candidates. Several military progr-as 
are in the process of selecting hybrid construciions for aircraft use. Hybrid insulations are 
also being evaluated for space applications. Wire insulation processors continue to 
improve hybrid designs and have several products that are commercially available. 
Overall, hybrids can provide improved perlormaice over currently available aerospacc 
wire insulations. Hybrid insulations retain mechanical propemes over a wide temperature 
range, are arc propagalion resistant, provide reasonable flexibility €or installation and 
maintenance, and can be manufactured at a cost comparable to existing aerospace wire 
insuldons. 
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CONSTRITCTlON 
BARCEL #1 

BRAND REX #I 
CHAMPLAlN#z. 

DUPONT #I 
FILOTEX 
GORE #3 

THEELMATICS #3 
TENSOLITE #3 

NEMA #2 
NEMA #3 

M&W-81381/7 
MILW-22159/43 

? 
i l  

DESCRImION 
2919 polyimide(504oOL) /Urnintend €'"E 

XLETFE(5WaOL) /616 polyim ide/XL-EPrE(5W&L) 
2919 polyimide(S(Wd3L)/ktmded 4utEXFE 

2 layers new polyimide-fluoropolymer (ScMoOL)/Fluoropolpmer 
PTFE &usion/616 polyirnide/m dispersion 

PTFE(S%OL)/HSCR PTFE(5W'L) 
Modified P T F E ( j 0 4 6 0 L ) / ~ ~ p o l y l ~ d e / P T F E  Tape/Modified PTFE 

919 polyimide(5W&L) /P'l%%(SWOOL) 
Pll%(5(J'?"L)/616 polyimide/PTFE(W&oCPboL) 

616 polyimide/Extmded & E m  
616 polyimi&(SW!!L)/616 polyimide/poiyimide topcoat 

Dual extrusion of ETFE 

Figure 1. Arcing sire thar ignitcd 
fucl and totdy destroyed an aircraft. 

029= 2.0 mil plyirnide,05 mil 
2919 = 05 mil PTFEJ mil polymide,OS mil potyimide,05 mil PXTF. 
6161 0.l mil FEPJ mil poltirni&,O.l mil FEP 
919= 0 5  PTFE,l mil polyimide,OS mil PTFE 
FlTE = Polytcmftnoroethylene, ETFE = Ethylene tetrafluomethylene 
XL= Crosslinked, OL= Overlap. HSCR= High Strength Cnrsh Resistant 

L , 

. . .. .. 
. _ . I  ' - .-, .__ 

Figure 3. Example of a dry arc 
propagation failure in M1L-W-81381. 

Figurc 2 In-flight fire initiated by 
wiring arcing to a hydraulic line. 

Figure 4. Close-up of Figure 3 
showing carbonired insulation. 

TABLE 1. SELECTED INSULATION C A N D I D A m  AND 'XWO BASELINE CONSTRUCTIONS. 
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. 
SAE SAE 

AS 4373 TEST WEIGHT AS 4373 WEIGHT 
METHOD FACTOR METHOD FACTOR 

Diameter i 3.2 (3) Retained properties I 5.3 , 

TEST 

90 I Finished 1 Verification of 

( 1) Workmanship 1 3.0 70 1 Abrasion 5.5 
Dry Arc I 5.5 703 Dynamic Cut I 4.5 

(2) Toxicity 5.0 (4 Flex Life 1 5.5 

801 Flammability 4.3 510 Voltage Withstand 5.5 
601 IF1 uid 4.5 504 Insula tion 4.5 

902 Finished 4.2 (5 )  Examine Product 3.0 

301 
Resistance I Through 

708 Stiffnessand 1 4.2 707 Notch Propagation 5.0 
Sp ringback 

I lmmersion resistance 

Diameter 
(1)- As 4372, SAE Para. 3.1.4 (2)- Naval Engineering Standard 713, Issue 2 
(3)- Specimens were aged for 1000 hrs at 2000c (4)- MDC BO482 
(5)-  S A X  AS 4372 Para. 3-1.4 

WL/ YL S.1 wP.1 FB 

TABLE 2, SCREENING TESTS AND WEIGHTING FACTORS. 

TABLE 3. SCREENING TEST RESULTS 



WL/?IILSA W’PAFB 

SAE 
AS 4373 
Method 

(1) 
501 
502 
506 
507 

509 

# 009 

SAE 
TEST Weight AS 4373 TEST Weight 

Faclor Method Factor 
BSI Dry Arc Test 5.5 701 Abrasion 5 2  

Corona Inception 3 -3 703 Dynamic Cut ‘i’htough 4.8 
Surface Resistance 2.2 704 Flex Life 4.7 
Time/Current to 3.3 

Dielectric Constant i 2.0 702 I Cold Bend 3.3 

Insulation Impact 3.1 

Insulation Tensile 3.2 
Resistance I Smoke 

Wet Arc Tracking 3.2 706 

TABLE 4. PERFORMANCE TESTS AND WEIGHTING FACTORS. 

GO3 Humidity 2.2 804 Thermal Index 4.0 

511 I WireFusingTime 1 3.2 I 707 

604 

606 

607 
(2) 

Resistance I 
Weigh 2.2 %OS Thermai Shock 4.0 

Loss/Ou tgassi ng 
Weathering 3.5 712 Wire Surface Marking 3.8 
Kesistance 
Wicking 3.5 (3) Crush Resistance 3.0 

Wire to wire Rub 5.2 SO7 Verification of 5.5 
Retained Properties 

(1)- British Standard Institute 90/76828 and 90/80606 
(2)- Douglas Aircraft Company Procedure (3)- ASTM D3032, Section 20 1 

TABLE 5. COMBINED SCREENING AND PERFORWWCE TEST RESULTS 
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FIGURE 5. WET AKC TRACKING RESULTS 

WET ARC TRACKING RESULTS 
(22 AWG 5.8 MIL AIRFRAME WIRING) 

M81381 Mt2759 FILOTEX TENSOUTE THERMATICS 

INSULATION TYPES 

FIGURE 6. ABRASION TEST RESULTS 

ABRASION TEST RESULTS 
(22 AWG 5.8 MIL AIRFRAME WIRING) 

IT 150 C 
eo 

50 

40 

30 

20 

10 

Q 
M81381 M22759 FILOTEX TENSOLE THERMATKS 

INSUIATtON TTPES 

000032 
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t 

SPRINGBACK RESULTS IN DEGREES 
(22 AWG 6.8 MIL AIRFRAME WIRING) 

# 011 

FIGURE 7. SPRINGBACK TEST ‘RESULTS. 

FILOTEX TENSOLlTE THERMATlCS MSlfSY M22759 
INSUUTION M P E S  

FIGURE 8. SMOKE QUANTTY TEST RESULTS. 

SMOKE QUANTITY RESULTS 
(AFTER t o  MINUTES) 

(22 AWG 5.8 MIL AIRFRAME WIRING) 

18 
16 
14 
12 
YO 
8 
B 
4 
2 
0 

M81381 M22759 FILOTEX TENSOUTE THERMATlCS 
INSULATION TYPES 
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SERVICE BULLETIN 

This  mdlfication will prsvsnt chaflng 
of wlrm kaadleo located behind the 
night cngbear's panel. 

'Itre operators hrur reported inounces 
Jbere SaPaXal circult breakers tripped 
atad w k s  appeared f n n  the back of 
the fliet engfneer.a pmel.  Several 
vires vera subsequently found t o  be 
rsvaccly burned urd fused together as 
a rtrulr of chafing whst the 
cenrYctot back shell. 

Rerouting vlre bundle and melosin& 
the wire bundles in Teflon sleeving 
vilL pr-nt chafing e d i t i o n s  which 
could xamult in sewrrl sptema 
kcamlng irwpcractve. 

'available, inspect fer chded wires 
behind the flight snginerr'a panel. 
If no chafing i s  found, enclam uire 
bundle W i t h  Teflon alewing snd 
remute. If W i n g  i s  found, repair 
wire bundle, cncloae' Ln Teflon 
slewing und reroute. 

EFFECTIVITY 

A 1 1  747 a€rpbmes l ine posi t ion 1 
through 540 

Toocal Han-boclrs - 6 perM.rplanc 

Elapsed Tin4 - 6 Bourrr 

I 

1 
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I N m L  FAB.  
DEPT. M.O. DWG. DWG. 

6 I '  
PRD. Cn. 
TOOUNG 

BOEING 

LOCKYEED 

i CHARGE TO APPROVED MASTER MODIFICATION ORDER NO. 
rmE 

THIS PAGE REPLACES PAGE DATED 

CHECK WIRE BUNDLES ABOVE P6 PANEL - 747 AIRCRAFT 

TWA rn 7 1T80 M. 0. NUMBER 

DATE 
24- 50 

13 PAGE 
MODIFICATION ORDER AiA 

PAGE 1 OF 

IRCRAFT AFFECTED 

I SCHEDULE REPAIR BASE OVERHAUL 
I SHOP OVERHAUL 
I PRE-SERVICE 13 OTHER FAA. REPRESENTATIVE S. V.P.-ENGINEERING DATE REQ'D 
I CHECK "C' 13 LAYOVER 

13 UNSCHEDULED REPAIR 

DATE REQ'D TWA COST SUMMARY (SEE COsl PAGES FOR DETAILS CONTROLLER 
TOTAL DIRECT COSTS I TOTAL RELATED COSTS I TOTAL COST \ 

\ 
+ - 0- is 2,886.00 SR. V.P.-MAINT. & ENGIN DATE REQ'D 
I 2,886.00 

TOTAL OBSOLESCENCE 
FINANCE USE ONLY 

None ONTRACT CUSTOMER None WEIGHT AND d C E  DATA None FLIGHT OPERATIONS INFO 

A. REFERENCE: 
1. FAA A.D. 94-05-07 (Amendment 39-88451 
2. Boeing Service Bulietin number 747-2iA2186, Revision 1. 

9. DESCRIPTION: 
This M.O. directs the accomplishment of the Boeing Service Bulletin 747-24A2186, 
Revision 1 which directs a check of the clearance between the wire bundles above the 
P6 Panel and provides protection to the bundles if less than .25 inch clearance 
exists between the bund1 es. 

A 747-300 operator experienced a failure o f  the wire bundles above the P6 panel that 
resulted in smoke in the cockpit, sounds o f  electrical arcing and circuit breakers 
popping. The FAA issued AD 92-27-12 that requires a check o f  these wire bundles on 
all 747 aircraft by January 23, 1993 and repeated at intervals not to exceed 120 
days. The FAA issued A.D. 94-05-07 that supersedes A.D. 92-27-12 and requires that 
Boeing Service Bulletin 747-24A2186 Revision 1 be accomplished within 4,000 hours o f  
April 4, 1994. Accomplishment of this M.O. will, within 4,000 hours, assure 
compliance with A.D. 94-05-07. 

C. JUSTIFICATION: (Priority 1) Aimorthiness Directive 

D. ED INFORMATIOII(: 
M47-AO-V6 currently accomplishes the required checks on the wire bundles and must be 
continued until the accomplishment of this M.O. * 

000035 
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# FOR REVISED PAGES ONLY. TYPED L D A T E  Y-f-  ’’ PAGE 2 * ,  

AlRCRAFF FER NO. COPIES PRODUCTION CONTROL THIS PAGE REPLACES PAGE DATED 

SUBJECT 

CHECK WIRE BUNDLES ABOVE P6 PANEL - 747 AIRCRAFT 
M.O. NO. 

7 1T80 

ENmEEn 

NOTE: THISFORMWULONLYBElNFREQUENnYRMSED.SOREFERTOAS&P7-10-07WHlCH 
s THE o m w  LISTING OF ARCM TO BE COVERED BY MOJ AND INCLUDES 
AlRMlAR WED TO OTHERS AS WUL AS PARKED A R M .  

UuuQll 

. .  

RM l W A  ENG-1W-E (4-81) 

747 
-131 - 
17104 
17105 - 
17107 

17109 
17110 
17116 - 
17119 
-166 

l7B4 
-282B 

d a M =  - 
-2846 
17305 
17303 

17108 

- 
in3 

- 

- 

L-1011 
-1 * 

1 rm 
1 lw2 
11003 

-. y 
1101 
11013 
11014 
11015 
11016 
11017 
-60 

21018 
21019 
21020 
21aa 
21a23 

- 

DC 9 / 



* .ACFT 'NBR STATION DATE 

FOR REVISED PAGES ONLY: TYPED KEF DATE 4-8 9 -  PAGE 3 
'AIRCRAFT FLEET 
NO. OF COPIES PRODUCTION CONTROL: 
M.O. FAB . DWG. INSTL. DWG . 

T H I S  PAGE REPLACES PAGE DATED- 

I 

M.O. NO. 
71T80 

RE BUNDLES ABOVE P6 PANEL - 747 AIRCRAFT 

ENGINEER K.S. CRAYCRAFT MANAGER A.W. LUJIN 

I E. MODIFICATION INSTRUCTIONS: 

j - MECH 

R e f e r  t o  the a t t a c h e d  Boe ing  S e r v i c e  B u l l e t i n .  
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BOElNG SERVICE BULLEllN 747024442186 

B. Reason 

An aborted takeoff was reported by an operator because of smoke in the flight compartment Circuit 
breakers opened and electrical arcing was heard during the tak& roll. The operator reported thal 
42 wires were damaged and 6 power feeder cables were burned and cut. These wires are in 5 
different wire bundles. 

The damaged wires are located above the P6 panel around STA 400, WL 385, and RBL 25. This is 
an area where two wre bundles cross over the other three wire bundles. It was concluded that the 
wire bundles rubbed against each other at the crossover point and damaged the wires. 

This change gives inspection, repair, and wire installation instructions to prevent abrasion of wires 
around the P6 panel. This can prevent damage to the airptane. 

Revision 1 is sent to clarify the location of the area above the P6 panel that needs inspection. It atso 
clarifies the materials that the operators can use. 

The location of the area that needs inspection is changed from STA 400, WL 385. RBL 25 to STA 
400. WL 385, RBL 25. The illustration is changed to shoN the location of the area that needs 
inspection relative to the access panel for the fire detection module. 

Sleeve 1151-FRB and tapes that meet or exceed the specification MIL-1-42852 are added in the 
material informabon section. Installation instruction for sleeve 1 151 -FRB is given in the figure. 

C. Description 

1- - Inspect the wires above the P6 panel around STA 400, WL 385, and . RBL 25. This IS the area where wire bundles W418. Wtl00, and W1362 cross over wire bundles 
W998 and W718. Repair or replace damaged wires 

NOTES; 

- The inspection and repair described in the Boeing All Base Telegraphic Message 
M-7240-92-1100, dated April 14, 1992, is m compliance with the inspection and repair 
described in this service bulletin. - The Boeing AI Base Telegraphic Message M-724G92-2918, dated December 30,1992, 
described the inspection and repair and wire installation change in this service bulletin. 

WIRE INSTALLATION CHANGE - Measure the clearance between wire bundle Wl8 and wire 
bundles W418. W1100, and W1362 at the crossover point. Measure the clearance between wire 
bundle W 8  and wire bundles W418. W1100, and W13M at the crosswer point. No action is 
necessary if the clearance is 0.25 inch or greater. Do these changes if the clearance is less than 025 
tncn L 

- Wrap tape or sleeve around wire bundles W418, W1100. and W1362 

- Tie wire bundle W718 to wire bundles W418, W1100, and W1362 at the crossover point. 

- Tie wire bundle W998 to wire bundles W418, W110, and W l 3 M  at the crossover point. 

Revision 1 - no more work is necessary on airplanes changed by the initial refease of this SeTvicB 
bulletin. 

000038 
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BOEING SERVICE BULLETIN 747-24A2186 

Il. MATERIAL INFORMATION 
. .  

A. Parts Necessary For Each Airplane 

Quantity 
8 feet 
1 roll 

1 roll 

1 foot 

(a) 

(b) 

(c) 

Part Number lSoec ificationl Name 
BMS 1354 (a) Lacing Tape 
Scotch 70 (one inch wide) @) Tape 

or 

Tapes that meet or exceed the  Tape 
specification MIL-1-46- 

2 
or 

1 W - F R B ,  (determine Sleeve 
diameter at installation) (c) 

Refer to the material l ist  at the e n d  of the Boeing Material 
Specification (EMS) for supplier data There is no specific grade, 
type, class, finish and cotor requirement. 
Minnesota Mining and Manufacturing Company (v26066) 
Industrial Tape Division 

St Paul, Minnesota 55144-1 000 
Bently Harris Manufacturing Company (V81851) 
241 Welsh Pool Road 
Lionville, Pennsylvania 19353 

3M Center . 

M.'O. 71T80 

B. Parts Necessary to Change Spares 

None 

C. Special Tools and Equipment 

No special tods or equipment are necessary to do the change in this senrice bulletin. Also, 
maintenance and overhaul tools in manuals shown in Paragraph IJ., References, can be necessary. 
Examine operator tool supply to make sure all necessary tools are available. 

D. Existing Parts Accouna!Mty 

None 

. .  
. .  

. .  
. .  : 

. .  

Jan 14193 
REV 1 : ,May 20/93 

. i  

000039 

747-24A2106 
10 



C . .  

N 

0 

7 
BOEING SERVICE BULLETIN 747-24A2186 M.O. 71180 

.Page 9 
Date 4-FS 

111. ACCOMPLISHMENT INSTRUCTJONS 

NOTES: 
1. The paragraphs identified with letters give the general work instructions and the necessary tests 

The instructions identified with numbers on the figure give the recommended sequence of steps . 

2 If an electrical circuit is disturbed, make sure that an operational test is done on each affected 
system. Use the applicable subject of the maintenance manual to do the test  

A Remove the ceiling panels on the aft side of the P6 panel above the access panel for the fire detection I module. If necessary, remove the ceiling panel forward of the p6 panel. 

6. Remove elecrricd power from airplane circuits as specified in the  747 Maintenance Manual Subject 
24-22-00. 

CUECY C. Do the mspeckm and changes as shown in Figure 1. 

D. Supply electrical power to the airplane circuits as specified in the 747 Maintenance Manud Subject 
24-2200. 

E. Install the ceiling panels. 

F. Put the airplane back in serviceable condition, 

. 

I 

I -  

, Jan 14/93 
1 REV 1: May20/93 
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Page 10 
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FlGURE 1. 

SEE 

WIRE BI 
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JNDLE INSPECTION, REPAIR AND WIRE INSTALLATiON CHANGE 
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Page 11 . .  . Date 9 ~ & 9  
BOEING SERVICE BULLETIN 747-24A2186 

4gy b ‘Y991 
Y I R E  BUNDLE 
YITH SLEEVE 

TAPE SHOWN INSTALLED 

LACING 
TAPE 

\ 

- YIRE BUNDLE 
YITH SLEEVE 

SLEEVE SHOWN IN~TALLED 
I 

 DETAIL'^ 

FIGURE 1. WIRE BUNDLE INSPECTION, REPAIR AND WIRE INSTALIAllON CHANGE 

Jan 14/93 
REV 1: May2(yS3 747-24A2188 
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BOEING SERVICE BULLETIN 747-24A2186 M.O. 71T80 
Page 12 . .  . 
Date qd&$ 

pSOTES: 

A 

B. 

C. 

- 

-. 

. .. 
The instruction numbers Shawn bel& agree with the numbers shown inside the circle symbols in 
the figure. 

Do step 1 immediately when manrjower, parts, and facilities are available. 

The operators can do steps 2 through 5 at the same time as step 1 or during the next C check. 

INSPECTION AND REPAIR hter, 1) 
C*lXK 

1 kepazt the area where wire bundles W418, W1100, and W1362 cross over wire bundles 
W998 and W718. Replace or repair damaged wires as specified in the Boeing Standard 
Wiring Practices Manual, Chapter 20, Section 20-10-13. Use moisture resistant splice as 
needed. 

WIRE INSTALLATION CHANGE (stem 2 throuah 51 

2 Measure the clearance between wire bundle W718 and wire bundles W418, W1100, and 
W1362 at the crossover Doint. Measure the clearance between wire bundle W998 and wire 
bundles W418, W1100, .and W1362 at the crossover point. No action is necess&y if the 
measured clearance is a 0.25 inch or more. 

NOTE: 
3 Wrap tape or sleeve around wire bundles W418, W1100, and W1362 at the crossover point. 

NORs:  

Do steps 3 through 5 if the clearance measured in step 2 is less than 0.25 inch. 

- One wrap of tape with fifty percent overlap is sufficient 

- Cut the sleeve along its length Wore you wrap it around the wire budles The . Use lacing tape BMS 13-54 to tie the T sleeve must have afifty percent 
sleeve to the wire bundle. Do not put t e lacing tape at the crossover point 

4 Tie wire bundle W 1 8  to wire bundles W418. W1100. and W1362 at the cross&er point 
Use two ties of k i n g  tape BMS 13-54 to tie the wire bundles together. Do not use plastic 
ties. The ties must grip securely so as to hold the bundles together without relative 
movement between the bundles, but not so tightly as to deform the wires or cab1 Tie the 
wire bundles togeulef as specified In the Boeing Standard Wiring pmctices Man$ Chapter 
20, won 20-10-1 1. 

5 Tie wire bundle W998 to wire bundles W418, W1100, and W l 3 k  at the c r d v e r  point. 
Use two ties of Wing tape BMS 13-54 to tie the wire bundles together. Do not use plastic 
ties. The ties must grip securely so as to hold the bundles together with relative 
movement between the bundles. but not so tightly 8s to deform the wires or cabg Tie the 
wire bundles together as spedfied in ttre Boeing Standard Wiring Pl;ldices Manud, Chapter 
20, section 20-1 0-1 1. 
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Boeing Commercial Airplane Group 
t, 1 ” . g r  .?’, 6 ” , - .  PO Box 3707 r l  I 

Seattle. WA 98124-2207 & F A  2 I( -@J -2: 1 

I October 16, 1997 
: B-B600-16272-ASl 

Mr. Robert Swaim, AS-40 
National Transportation Safety Board 
490 L’Enfant Plaza S.W. 
Washington, D.C. 20594 

HOEIN& Subject: TWA 800 - Wiring Short Circuits Reported to Boeing 

Dear Mr. Swaim: 

Recently you requested information regarding wire shorts, wire fires and wire 
types on 747 airplanes. The following information is provided in response to 
your request. 

1. How many wiring short circuit events were reported to Boeing in 1996 ? If 
possible, locations and cause should be included, especially if due to FOD 
in the bundle. 

Response: There was one reported wire insulation abrasion on the 747 in 
1996. The operator reported that a burning smell was noted 
during cargo loading in the forward cargo compartment. Cargo 
loading system wiring was found damaged and shorted to ground 
below the cargo floor at station 650, below the aft right corner of a 
large ball mat. A wiring loom “ P  clip was found broken enabling 
the wire to chafe against structure. A hole was found burned 
through the bottom angle of the cargo floor cross member, where 
the wiring clip attached, and charring was evident in the 
surrounding insulation blanket. Repairs were made. 

2. How many wiring fires were reported in 1996. If possible, provide narratives 
for these. 

Response: There were seven reported wiring fires on the 747 in 1996. A 
description of each event follows: 

a. 747-200 reported on January 10,1996 

At seat 33K an electrical burning smell was noted. Investigation 
revealed a fluorescent lamp holder damaged/burned. 
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b. 747-200 reported on January 10, 1996 

At seat 33H-K electrical burning smell was noted, investigation 
revealed a fluorescent lamp holder damaged/burned. 

c. 747-400 reported on February 9, 1996 

The flight crew detected a burning smell and then noticed smoke 
in the flight deck of the airplane. The source was traced to 
window 1L. The smoke and heat increased in intensity so the 
window heat was turned off. Maintenance found the connection 
at the aft lower corner to window 1 L burnt. The window was 
changed. 

d. 747-1 00 reported on February 15, 1996 

Cabin crew reported sparks coming from door 4 right electrical 
control panel on landing. Door 4 right PES/PSS control panel 
was removed. Flames came from wiring and PES/PSS switches. 
Flames were extinguished. Damage and fire contained inside 
control panel. 

e. 747-400 reported on March 12, 1996 

During flight an electrical burning smell was noted near seat 27G. 
The crew found the odor to be coming from the seat 
entertainment unit. The unit was shut down and the cables were 
disconnected from the seat entertainment unit. Maintenance 
investigation found the electrical cables to the seat were 
scorched. Prime cause was found to be the spring clip connector 
retainers were missing from 2 locations on the seat electronics 
box allowing vibration to affect the connections. The seat 
electronics unit and seat cables were replaced System checkout 
was good. 

f. 747-200 reported on October 12, 1996 

Wire bundle arcing and resultant fire at aft bulkhead of forward 
lower lobe cargo hold on a 747-200 freighter. This occurred with 
the airplane on the ground, during post C-check functional test. 
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Note: Portions of the damaged wire bundles were fonvarded to 
Boeing for evaluation in determining the cause of the 
damage. The results of the analysis indicated the primary 
conductor(s) sustained mechanical or thermal damage 
prior to the application of electrical power. 

g. 747-400 reported on November 1, 1997 (see response to 
question 1) 

The operator reported that a burning smell was noted during 
cargo loading in the forward cargo compartment. Cargo loading 
system wiring was found damaged and shorted to ground below 
the cargo floor at station 650, below the aft right corner of a large 
ball mat. A wiring loom "P" clip was found broken enabling the 
wire to chafe against structure. A hole was found burned through 
the bottom angle of the cargo floor cross member, where the 
wiring clip attached, and charring was evident in the surrounding 
insulation blanket. Repairs were made. 

3. What was the type of wiring (Poly-X, Kapton, hybrid, etc.) used in W824 and 
W834 bundles installed in airplanes with line numbers between 630-639? 

Response: W824 used BMS 13-51 (Kapton) wire in 747 airplanes with line 
numbers between 630 and 639. 

W834 used BMS 13-48 (ETFE) wire in 747 airplanes with line 
numbers between 630 and 639 

If you have any questions, please do not hesitate to contact me at any time. 

Very truly youry, 

JohrkW. Purvis 
Director, Air Safety Investigation 
Org. 6-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 
Fax (425) 237-8188 
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ANALYTICAL ENEXNEERlNG REPORT 
J 

M.S. pM)3 
M 0 s  * 03-AK 

GRCIUP INDEX: 

SUBIECT: 

BACKGROUND 

NO.: 9-5576-WP-97-394-P.1 

rrl&MNO.: QIwn63W ' 

DATE; October 31 I 1997 

MODEZ EQA 

A w i n  hundle (No. W1 IS, connwrtor number 019471) ttmovtd from a P14 pmel of 747 idrplanc 
RA 104 ( S I N  19670) waa submitted for analysis of deposit3 obsrved on the w f a c a  of thc wiro 
insulation near the cmaaslor. 

L 1  
CONCLUSIONS 

Thc connector submimd fw annlysis is shown in Figure 1. A region with dark deposits an the wires i 5  

ahown in Figurn 2. Light- arlard deposits on rhc connector have @e aFp0;Uoncc of behg dcpo$ired 
from 8 liquid, 3$ show& ia Figwc 3. The dark dqwits on thc wires md the light deposita on rhc 
cmnaor vera mulyzed wing Infrared micro.~pakw.9copy aqd ~lcctron mlcrcpmbs. 
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Ei6ctrical bumd are the result of the eiectrlc current tlowlng through the tissues or 
bones. Tlssue damage Is caused by the heat generated by the Gurrent flow through the 
body. Electrical burns are one of the most serbus bjutiee you can r w l v e  and should 
be ghm lmmedlato attention. Since the most 88wm burning is likely to be on the 
inside, what may apc>oar et fltst to be d mall surface wound couM, In fact, lx an Indl- 
catkm of -re Internal bums. Arc and contact bums will be discussed in the next 
8eczkxl. 

Arc burn8 make up Q oubstantlal portion of the Injuries from electrical malfunctlon.The 
electric arc betwoon metals can bo up to 35,Qoo degrees F which Is about four times 
hottet than the surface of the sun. Workers aeveml feet Itom the 8oum of the arc can 
m d w a  severe 01 fatal burnr. Slncs most electrical safety guidelines recbmmend safe 
wrklng distances based on shock considerations, workers can be foilowlng these 
gukielkres and sM be at risk fran SIC. 

ElWk am8 can occur due to poor electrical contad or failed insulation. Elactrk;al are 
in0 Is caused by the passage of rubstardlal amounts of current through the vaporized 
termfnal material - ueually metal or catbone Sfnm the heat of the arc IS dependent WI 
the short drcuh C m n t  avallabb 8t the arcing polnt, on 480 \Il..susterns 

as those generated at 13,000 volts. 

Tho third ww08 of poaalblo hazard ie the blaut aoeociat@d wfth an electric am-.7%is 
blast wmes from the pressure developed by the near lnotantaneous heatlng of the air 
surtoundlw the arc and from the expa~ion of the metal as R IS vaporized. (Copper' 
expands by a factor in e m 8  of 6S.bOo tfmes in boiltng). These pressures an be 
great CWrOUQh to hurl peopk, 8~tctqeer, and cabha msiderabb distances. hother 
hazard assodated wAh the blast, Is tha hutling of molten metal droplets which can 
cause contact burning and armdated damage. 

A po6siWe beneficial aide 
from the arc, thoreby, reducing the ocfect d arc bum& 

4 the blest, is that R could hurl a nearby person away 

2-5 
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FROM :FIIR SRFETY INV TO : 516 928 8310 1997,06-25 17:38 8741 P.02/06 

To: Whitney, Marvin 
SUbjeol: FM: TW 800 Ships Wiring 

DennI8, 
Following are my response to Bob Swaim questions dated June 2,1897: 

Q1- 

A1 - 
Copper Alby, 600 V (RMSJ 302F (I 50C)ll , is known 85 Po\y-X type insulated wire. 

Is Wiring identified with a "42p" the BMS 1342 Revision A, insulated with the Poly-X Coating? 

Wiring identified as a 4W is BMS 13-42 flevision A, "Wire Electric, Alkine-Imide Insulated, Coppe'r and 

Q2- 

A2- Thls is the wire manufacturer's ldentiflcafion of the wit'& This is the brmkdown of this identification. W ( 
Wire). 42 (BMS 13-42), A (Revision of the Specificaticn), 8 (Type 8 ,  wire or cable 1 10 mil INOM) Insulation, Tinned 
Copper Conductor)), 1 (Class 7 ,  A single insulated conductor)), 16 (16 Guage), 06090 (wire W G  Cage Code, in 
this case this number is for Reychem Company} 

43- 

43- 

(24- 
between the flight engineer panel and the CWT? 

A 4  
center tank connecfor DM127. The FQlS wire beween the P4 panel (Panel-Fllght Engineer Instrument) and and the 
center tank connector DM127 is IOmX37fs-2 type wire. The FQlS wir% 4 t h  in thB Center fuel lank 19 10+6O8754 type 
wire. 

QS- Was Poly-X wlre used in any af the wiripg runs adjacent to CWT FQtS and was Pd&X geed for any of the 
fuel pumps? 

A5- Wire known as P0ly.X was Used in wlra runs adjacent 10 CWT FQIS Wiru, pieage refer to the Wires!ypes list 
adjacept to CvVr FQlS which was provided on February 4,1897. Po1y.X wire was used fof the fuel pump wrnng. 

Q6- What Problems the Poly-X wirlng had in 6ervioe'l What is the effect of the fatigue, chemical attack, 
coldlheat exposure on the Poly-X wire. 

A69 Wire known as Poly-X had three in-sen/ice problems: 
-AbraSbR of ths insulation in bundies installed in high vibration areas. 

(This pmblem was corrected by Boeing Service Bdletin No. 747.71-2105, bated July 19, 1974) 
-Random flaking of the topcoat 
-Insulation radial cracks in tight bend radii. 

Radial cracking phenomena of the Poly-X wire was assacjatad mainly with mechanical stress. Bend radius is the 
IargPst contributor to mechanical stress In gn installed wire or cable. Presence of muisture in conjunctiop with 
rnechanlcal strws is also a contnbutor. 

Please ldentiiy how the wiring is coded. For example, We have wlring with W4ZA18/1-16-06090? I 

Was Pcly-X wire used an RA164 (TWA 800). 

The Poly-X wire was usad a6 a genaral purpoae wire on tho RA164 V A  8001 aircraft. 

Was Poly-X wire used in t h ~  center Wing friei tank ( C W  Fuel Ouantlty lndlcation System (FQIS) wiring 

Wire known RS Poly-X was not used between rhe P4 pane[ (Panel-Flight Engineer IRGUument) and me 
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1. 

2. 

2.1 

2.1.1 

2.1.2 

SCOPE 

a. This s p e c i f i c a t i o n  covers  c roaa l inked  alkane-lmlbe polymer i n s u l a t e d  copper  
and copper  a l l o y  w i r e  and cable .  This s p e c i f i c a t i o n  r e q u i r e s  q u a l i f i c a t i o n  
of products .  

b. RATING 

"he w i r e  of t h i s  s p e c i f i c a t i o n  is r a t e d  for  t h e  f o l l o w l n g  condi t ions .  

( 1 )  

( 2 )  

When o p e r a t i n g  p o t e n t i a l s  do n o t  exceed 600 v o l t s  (m). 
Where any comblnat ions of ambient temperature  and conductor  c u r r e n t ,  for  
e i t h e r  i n t e r m i t t e n t  or cont inuous s e r v i c e  does n o t  produce a S t a b i l i z e d  
conductor  temperature  in excess of 302 F I150 C ) .  

REFERENCES 

Except where a speciflc i s s u e  is i n d i c a t e d ,  the noted  issue of the following refer- 
e n c e s  shall be cons idered  a part of t h i s  s p e c i f i c a t i o n  t o  t h e  e x t e n t  specified hemin. 

SPEC I P I C A T I O N S  

FEDERAL 

a .  lT-S-735, Type  I11 Standard Test Flu ids ;  Hydrocarbon, m r c h  1 9 a  

b.  W-T-4508 Tissue ,  Facial, 24 S e p t .  1963 

E .  CCC-T-19lb Textile T e a t  Methoda, 15 May 1951 
d .  C-F-206C P e l t  Shee t ,  Cloth,  Felt, Wool, Pressed, 30 J u l y  1g68 

MILITARY 

a. MIL-C-70788 Cable E l e c t r i c  Aerospace Vehicle General  S p e c i f i c a t i o n  

b. MIL-T-5438 Tester; Abrasion, E l e c t r i c a l  Cable, 19 Dec. 1949 

C .  MIL-H-5606B Hydraul ic  F lu id ,  Petroleum Base, Aircraft, M2ssi le .  and 
Ordnance,26 June 1963 

d .  MIL-A -6091C Alcohol, E t h y l ,  S p e c i a l l y  Denatured, 9 Feb. 1968 

for, 17 March, 1m 

e. M I L - L - ~ ~ ~ ~ E  L u b r i c a t i n g  O i l ,  Al rcxaf tTurb ine  Engiqe, S y n t h e t i c  Base, 

f .  MXL-L-236w L u b r i c a t l n  O i l ,  Aircraf t  Turbine Bngine. Synthetic Base, 

g. MIL-D-26937A Dctergsnt ,  Synthetic, Anionic  (Alkyl  Benzene S u l f o n a t e ) ,  

13 mrch 1963 

1 March 19% 

15 A p r i l  1963 
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5.2.1.3 

5.2.1.3.1 

5.2.1.3.2 

5.2.1.4 

5.2.1.5 

5.2.1.5.1 

5.2.1.5.2 

5.2.1.5.3 

5.2.2 

5.2.2.1 

Conductor Elongat ion and Tens i le  S t rength  

Elonga t i o n  

The i n d i v i d u a l  s t r a n d s  of t h e  conductor or t h e  whole conductor  m o v e d  f r o m  
f i n i s h e d  w i r e  shall have t h e  following minimum e longat ion  when measured i n  
accordance wi th  8.5. 

S o f t  annealed copper  10 percent  
High-strength copper a l l o y  6 percent  

T e n s i l e  S t r e n g t h  (High-Strength Copper Alloy Only) 

When h igh-s t rength  copper a l l o y  i s  s p e c i f i e d ,  t h e  i n d i v i d u a l  s t r a n d s  of t h e  
conductor  or the whole conductor removed f r o m  f i n i s h e d  w i r e  shall have a 
minimum t e n s i l e  s t r e n g t h  of 58,000 p s i  when measured i n  accordance w i t h  6.5 

Conductor Mameter  

The d i a m e t e r  o f  t h e  conductor shall be as s p e c i f i e d  in "able  11. 

I n s u l a t i o n  

The i n s u l a t i o n  s h a l l  be cons t ruc ted  so that i t  can be r e a d i l y  removed by mechanical 
w i r e - s t r i p p i n g  devices .  

Primary I n s u l a t i o n  

The primary i n s u l a t i o n  of one or more l a y e r s  shall be  c r o s s l i n k e d  ex t ruded  
alkane-imide polymer. When more than one l a y e r  i s  employed a c o a t i n g  of modified 
imide polymer may be  used between t h e  l a y e r s .  The alkane-imide polymer shall be 
an of f -whi te  c o l o r  r e a d i l y  d i s t i n g u i s h a b l e  from t h e  b a s i c  b r o m  c o l o r  o f  t h e  
imide c o a t i n g .  

Coat ing 

A c o a t i n g  of modified imide polymer shall be  a p p l i e d  o v e r  t h e  i n s u l a t i o n .  This  
c o a t i n g  shall be cont inuous and free f r o m  c racks ,  s p l i t s ,  b l i s t e r s ,  and o t h e r  
d e f e c t s  when examined without  a i d  of magnif icat ion.  

I n s u l a t i o n  Elongat ion and Tens i le  S t rength  

The primary i n s u l a t i o n  and t h e  coa t ing  shall have an e longat ion  of 50 percent  
minimum when t e s t e d  p e r  8.14 and shall have a t e n s i l e  s t r e n g t h  o f  7500 PSI 
minimum for w i r e  s i z e s  30 throu 10 and 5000 PSI (minimum) for wire s i z e s  H '  through 4/0 when t e s t e d  p e r  8.le 

FINISHED CABLE CONSTRUCTION 

The c o n s t r u c t i o n  o f  f i n i s h e d  cable  s h a l l  be  as s p e c i f l e d  ln t h e  i n d i v i d u a l  Type 
and Class c o n s t r u c t i o n  d e t a i l s .  In  multi-conductor c a b l e s  t h e . i n s u l a t e d  w i r e s  
as  determined by t h e  class designat ion shall be s p i r a l l y  l a i d  t o  provide as 
c o n c e n t r i c  a c a b l e  as poss ib le .  The l a y  of t h e  i n d i v i d u a l  w i r e s  shall be not  
less than e i g h t  or more than s i x t e e n  times t h e  major diameter  of t h e  c a b l e .  
The d i r e c t i o n  o f  l a y  s h a l l  be lef t -hand.  Pil lera w i l l  n o t  besallowed. 

S h i e l d  Cons t ruc t ion  and Coverage 

The s h i e l d  shall be a c l o s e l y  woven b r a i d  and shall comply with t h e  fol lowing:  

a. The i n d i v i d u a l  s h i e l d  s t r a n d  s i z e  s h a l l  be as  fol lows:  

( 1 )  

( 2 )  

( 3 )  S i z e  

S i z e  38 s t r a n d s  s h a l l  be used over  wire  or c a b l e  having a major diameter  
o f  0.300 inch or l e s s ,  

S i z e  36 s t r a n d s  s h a l l  be used over  w i n  or c a b l e  having a major diameter  
g r e a t e r  than 0.300 inch and less than 0.400 inch.  

s t r a n d s  shall be used over  w i r e  or c a b l e  having a major diameter 
of 0.400 inch  or over .  
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"fiYCFlEM C39POP4TiOS 
300 CONSTI'IUTIOW DRIVE 
"ID P.9RK. CALIFORNIA A l l  Classes 

s.11 C l l f I S P S  

A l l  Cla.sses 

TYPE LX 
A l l  Ciasses 

I 
Sippj-::.: 42,mcveii f:~ Type 7 wire a re  approved f o r  5 
Type VI1 c q b l e .  a l l  c l a s s e s ,  In t h e  size: l i s t e d  f o r  7 

pprove1.t f r . r  Type X w i y e  are a?-Jru;cki C -- mi 

ir. t h e  s i z e s  I l e t e d  f o r  m p e  X .  

pproved for Type XI wire a r e  approved  for T 
. in t h e  s i ze s  l l s t e d  for Tyae X I .  

.- 

T 

24 

1 2  
~ t h r u  

30 
t h r u  
20 

111 and  
I .  

VI 2nd 
5 v .  
x i 1  c3'0: 

x i r r  C? 

BOEING MATERIAL SPECIFICATION 
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The Honorable ;Im Greenwood -. 
House of XeFresenta t ives  
WashinstDn, GC 205:s 

Dear Mr. Grecnwood : 

,, . . '4 

has  
has 
YOU 
Jeff 
Prog 
rsct 
safe 

IC I s  my understacdins that your constituenc, Mr. Ed B l a c k ,  
exnressed concern regarding wiri9g Fr, the P - 1 4  a i r c r a f t  z:>d 
requssted i n f o r m t i o n  from the N a v y  via your office. I trcst  
havU*= rec352izec fzon t h e  detailed res?onse of' Rear Atmiral 

' Cook, the Prosran  Sxecutive Officer for Tactical A i r c r a E c  
rams, dated Jzne 2, 1997, t h a t  t.he Nar;y has agsrcssively 
lfied t h i s  F-14 i s sge  azc! remains ccymitr.td to er.ha;:ci,ns LhG 
aperatic:: of a ~ ,  - >  xarfightirg sys:e;?.s. 

I 
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' ?  Wash 
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IN REPLV RCCER TO 

1421 JEFFERSON DAVIS HWY , - a * .  - 
ARLINGTON V A  22245 2 .fune 1937 

Honorable J a m s  C. Greenwood 
e of Representatives 
ingtorl, DC 20515-3805 

Dear Mr. Greer:wcod: 

Thank you f o r  t h e  opportunity t o  respond t o  Mr. Zd Block's 
rezGllection of the A?rll 10, 1997 meeting. Hows'Jer, we 
under s tood  t h a t  the g r o u n d r u l e s  established at t h e  beginning of 
this meeting were t h a t  no official minutes were t3 be reccrded. 
Therefore ,  we were disappointed t o  l ea rn  t h a t  p o r t i o n s  of Mr. 
Slock's nc te s  ksc! become available to t h e  media. Consequently, I 
believe it is important t h a t  you have t h e  Navy's position on this 
issue as it r e L a t e s  t c  t h s  ?-I4 aircraft. 

Three types of wiring have been used i n  =he F-:4, XIL-X- 
S 104 411 6-i3 (Poly-XI , MIL-W-8 i381 (Kapton) and NIL-X-22753/32-/35 
.;::c /41-/45 (Spec 5 5 ) .  
w . z e r i ~ i ,  was t h e  original wiring used i n  F-14 p r x i c z t i o n .  I n  
1 5 7 6 ,  saychem disc3rtin:ed n a n c f a c t u r i n g  Poly-X and the Sa\*y 
besan ~!-..a,ting ir, Xa?=cn w i r i n s  icto a i r c r a f t  crodzction. ~ p s c  5f 
w i r i q  was developed by Raychem in 1977 b u t  a 1978 s z ~ : d y  
comparing Kapton and S?ec 55, i n d i c a t e d  that these w i r e s  w ? r ;  
approximately eqgiv&le.?t Dx;t t h a t  Kapton was lighter. 

? ~ l y - X  wizi . .  -g/ based br. a p:!:~ini5e t y p e  

I 

Based 3.7 . .  
t h i s  s t x r l y ,  a c e z i s i o r :  xas  c -  -"  ,----:-,. --..--..-e ;r.asiz; ? i~pzcr .  ~::-1:-.; 

i2to F r o d u c t l Q n ,  x:.:*9 2SL25 2p F s l y - x  3.7 hand. 
7 a .  

During t h e  mid t o  l z t e  1 5 T 1 ? ' 5 ,  t h e  Navy experiezced 
s i g n i f i c a z t  maictainabilicy prl;?:,?ns and a redzc t ior ,  in c o z 2 a t  
readiness due t o  Poly-X wirin?. Poly-X wiring was f o z n d  to be 
deficient in t h e  c p e r a t i z g  e n v ~ r c n z e n t  of the F-i4. 
S?ccifically, h i g h  h * m L d i t y  and h i 2 h  p E  based a i r c r a f t  ?leaning 
sol2tions caused the wire insulation t o  crack which increased the 
potential f o r  e l e c t r i c a l  f a i f u r ? s .  Because of these problems, 
Foly-X was p r o h i b i t e d  frc: 5eir.g w e d  in c e r t a i n  critical 
.ria=r.esses i,? Ssvere  Wins b:,c.i Moistcre Problem (SWMPJ a reas .  

337 F-14 a i r c r a f t ,  hac :?fir: produced. 

By 
* I .  -..e tine Poly-X was cca?nlecely phased out of procGcticn a i r c r a f c ,  

c 

I n  1979,  t h e  Navy prr,pcsed an extensive retrofit program to 
completely replace Poly-X w i r i n g  w i t h  Kapton wiring in 323 ( o c t  
of t h e  f i r s t  337)  sircraft. T o t a l  cost estimate was $354M; b u t  
this was never appropriated by Congress,  (Th?-$354M figure was 
referred to by Mr. Blcck during the April 10, 1997 meezing.) . 
Instead, a wiring modification program casting $?6M was 

lemented from 1982 t h r o u g h  1989, which fnvolved replacing . 
y-X. apd Kapton !$ring wic S2,ec 55 in 

,,LA-c3afe .-yvc, - * '  Frotecti:3' 3r,$ ~ i a t e r  ne 
sh'mp areaS as 

1 as the fncDrporatis3 3f 

> A  *' 0 0 0 0 ~  
ritrGsiSn*rpreverition. . 



, * L _ _  .. - ...) - . xr 5.t ~ > . 
, a -  .- . - 

The rewire w i t h  Spec 55 was required due to continuing. 
. 

maintainability and durability problems w i t h  Poly-X and the 
emergence of similar problems with  Kapton in SWAMP areas.  This  
d e c i s i o n  was reinforced by two s t u d i e s  conducted i n  1981 t h a t  
indicated that both w i r e  types, based on polyimide materials, had 
similar properties and were nct t h e  optimum choice f o r  use in 
nava l  a i r c r a f t  because the  wire i n s u l a t i o n  was susceFtible to 
stress, chaffing and breakdown. The d i f f e r e n t  chemical 
composition of Spec 55 w i r i n g  c o a t i n g  solved many o f  t h e  problems 
ir.hore2: w i t h  P3Ly-X anc! Kapton w i r i n g .  
t h e  Naval A i r  System Command i s sued  policy guidance  i n  1981, 
s t a t i n g  t h a t  Spec 55 was t he  Freferred wiring f o r  use in n a v a l  
aircrafc f o r  a l l  r e w r k  and cepair acc ions .  

Based on these s tudies ,  

E c r i n g  the April 10, 1997 nesting, t h e  ?!avy scated  that 
t h e r e  a r ?  no F-:4 a i r c r a f t  t u r r e n c l y  f l y i n g  wich Poly-X w i r i n g .  
Tk.a t  srca:srne?t, wkich was based on limited data we were able EO 
g ? t h e r  shortly before t h e  meeting, was Incorrect. In fact, ::?ern 
are cLzrently 4 5  aczi;re aircraf: w i E h  some P o l y - X .  Hcwever, 
t h e s e  a i r c r a f t  have received =he  S p c  55 update t o  c r i t i c a l  
w i r i n g  harnesses. 
originally proc-Lced w i t h  Po ly -X  w i r ing ,  91 were placed ir: s t c r a g e  
a t  Davis-Wznzkan Air S o r z e  Ease Secacse their useful f a t i g u e  l i f e  
h a d  exp i red  or because c.“.ey were cogsidered e v z e c s  1.?-;3------* - - . - - - Y  4.*U x n r i  

represent war reserve. 

Of the r e m a i n k g  337 a i r c r a f t  t k a t  were 

c* lhese a i r c r a f t  w e r s  n o t  p l a c e 2  ir. szcza.Je 
dxe to ?r;r&ierns xi:.-, ?:l;:-X NLZ:?$ . .  as  alleged by xr. ? i s c k ,  

T h e r e  a re  z s r r e n t l y  2 9 5  C-14 a i r c r a f t  activoly fa2::- .2  r.;2:a;.. 

A 1 1  a i r c r a f t  have  Spec 55 in cricical wir ip .g  harnesses. 

Of these, 
..iL:< -a- 

wired. 

45 c o c t a l r ;  son? an3u;nt of Poly-X wiring, 161 ~ s r . t a : n  a - -  . .  
r,f K a p t o n  arid S ~ Z  55 x 1 z i n 3  and 8 9  a r e  coz2letsly Sszc 3 ;  

.% s t a t e d  i u r i s 9  ti-ia A ~ L - L -  . .  L2, 1 3 5 7  meetizg, t h e  F-14 h a s  no: 
e:-:;arLe>zed a w : r ; ~ g  . I  s z f e c , y  irsus. 

The Navy recommends that Chrs issue be closed from an F-14 
perspec t ive .  

. ,  . e. 

*$-. ..-E‘ 5 . I hope t h i s  information will be useful t o  you. If I may be 
of further  assistance, piease let me know. 

.., . ’ -. 
,: :.,.: . 

Sincerely, 
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D e A R f i E N T '  
NAVAL AIR SYSTEMS COMM 

NAVAL AIR S Y S T E M S  COMMAND HEA 
i WASHINGTON DC 20361 

i' Y I C i  I ni 
National Electrical Manufacturers Association (NEMA) 
2101 L Street,'NW, Suite 300 
Washington, DC 20037 

I 

From: Commander, Naval Air Systems Command 
To : 

S u S j :  Summary of Findings of the Military Aircraft 
Subcommittee Investigation on MIL-W-81381 

I 
I 
I 

Encl: 11) Part (1) Committee 7HP: Location West Coast 
Part ( 2 )  Committee 7HP: Location East Coast 

\! 
\ Dear Jack, 

I have read the results of your committee's investigation 
and wish to thank you and the wire manufacturers for your 
efforts in bringing more light on the subject of aircraft wire 
problems associated with MIL-W-81381. Enclosure (1) contains 
comments addressed to your reporc 
with poly-X wire are well known to headquarters and its use has 
been curtailed. 
committee to concentrate on MIL-W-81381 in conjunction with our 
experience with it and not spend quite so much time on poly-X. 

1 

I As you know, the problems 6 
I 

On the other hand, we t r u l y  expected t h e  

It is known at Headquarters which aircraft, by serial 
number has MIL-W-81381 and which does not. O u r  remarks 
concerning this wire pertain particularly and specifically to 
those aircraft that have it installed. Also, your inspection 
team missed opportunities to inspect Kapton wire aircraft when 
t h e y  did not go to N A S  Whidbey where a l l  of the EA-5B's are 
based or to N A S  Cecil F i e l d  where the East Coast S - 3 A ' s  are 
Sa se:!. 

Nhile y o u r  committee made no recommendations concerning the 
ase of MIL-W-81381, I am s u r e  y o u  would agree t h a t  in order to 
maximize the utility of MIL-W-81381 already in use, the Navy 
s h o u l d :  

a .  upgrade training 
b. ensure proper t o o l  distribution 
c. enforce strict compliance with MIL-W-5088 
d. Keep aircraft cleaning solvents at lowest PH level 
e .  Continue to replace MIL-W-81381 in S-3 wingfold 

f. continue review of F-4 SLEP aircraft and make 

g. continue monitoring the performance of MIL-W-81381 

i areas and other S-3 trouble areas 

changes a s  necessary 

I 
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8W :ndcPendence Ave , S 'rN 
Washngton. 0 C. 20591 

The H o n ~ ~ > l e  James C. Greenwood 
I-' ?'.is6 of Kepresentatives 
Washington, DC 20515 

Dear Ccngressrnan Greenwood: 

Thank you for your letter of April 30 on behalf of M r .  Ed E3lock regarding our recorl. 
meeting. f appreciate the opportunity to have r e t  wth vou and hlr. Block. 

klr. 8!cck's views on civil aviation wirins. as prespc:ed Zi ocr Ami! 10 res!icg are not 
new to the Federal Aviation Administra?ion {FAA ! !.fide 9ave oxcb3r.rjed cprrespondecce 
with Mr. Bock Z n  thesesame issces. 

1 do not agee with most itecns in ihe  mrnutes ?repared by Mr. Block and 5 ,  "Iteve $2:  :?e 
ccndusms ars solely his. Although there ,&as m,%irrjent time at the Aprii 1.3 rneetic5 
to discuss :he issues or agmg wiring and Mr. Bloc:< 7 :ecommecw':o?s, I bei,eve my 
comments cfeariy tndiczted a drsaqreement with T.C ;r 3f the I Z S L , ~ . .  qL ;T: !?;lied. Th?: 
d lsapement ,  and my expressed reasons. hav? 3eort omr::& f-n :rz : I I ; .  L:CS. 

[?e LVhrte hoirse Commissron, hszded by Vice 2resirfm Gore, has mace specific 
recommendatlons regarding aging wiring rn civil airzraf: In r2sponse !o those 
recommendanons. the FAA is $anmr-; 10 study the ksdes assoc:;r!~'d with aging w i q ,  
conduct any research necessar)'. and tshz ap?ro;iriare .;i!ron d z c ~ ~  cn the study 
recommendations. Our study w~ ::onsic'er the issue? --,ed by Mr 3'i jck and others. as 
.ive!l as all servrce experience to cato with all types of L%:r!ng. 

._ - 
I f  you need fueher assistance, please con tx !  A. !3rz$-, 
!3r Government and Industry Affairs. at (21;:) 267-227:. . .  

- ;J*& I& 

.L I '  diims. As,. - 
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commnly employ fuel pumps and other motors which are internally 
grounded. The c lass  of motor represented by Figure 2 is unique, 
in that inrush currents vhich often are in the 500 t o  loo0 
anpcxertgion lrrust pa88 t o  ground (structure) t h r o w  the case 

In p a r a l l e l  with the case-ground (Rb). 
normally an Insulated wire.of the same size as  the positive-side 
linc conductor. In the typical  Instal la t ion it may range from 
one t o  several feet i n  length. Assuming size 8 or 10 vim, the 
resistance of this c i r c u i t  would comcmly lie betveen 2 and10 
milliobms 0 

- 

c i r c u i t .  Tbe la t ter  consists of the ground lead (Rg) 
Ground lead Rg is 

As an example, l e t  us ass- that in a e v e n  instance, Rg is 
0.005 ohm, and Rb is the ident ical  value. 
of tvo  equal res i s tors  in parallel is 1/2 that of either,  giving 
a net  of 0.0025 ohm. If the inrush current of the =tor in this 
instance is 700 amperes, then t h e  lR drop across the ground-path 
is : 

The effective resistance 

700 (0.0025) - 1.75 volt 

It should be noted that should a mund-faul t  occur withln the 
=tor  a t  Pt. A, then Figure 2 wuld resemble Figure 1, except 
that the current flowing between the housing and structure vould 
divide between Kb and Rg. In figure 1, Rg does not pass apprec- 
iable currcnt during a ground-fault . 
With the configurations i l lus t ra ted  by Figure 1 or  Figure 2, the 
voltage, Eb, developed across the ground c i rcu i t  may cause 
ign i t ion  of combustible mixtures in either of tvo ways, as 
r o m w s  : b 

1. A localized hot-spot may occur in the mound-Dath represented 
. -  by Rb, If the resistance of this mound should be largely con- 

centrated i n  a m m l l  point having low c u r r e n t - c a - r .  
capacity. 
candescence, or  expulsion of molten and vaporized = ta l  
results. 
be a potent ignition source. 

lodged in such a manner as t o  form a parallel path (Ftx), 
across the joiat .  
installed on screws vhich bridge the joint, thus formlng a 
built-in illanrent. 
metall ic debris or the cut ends of safety win may be heated 
t o  lncandeecence by t h e  flow of current, (Ix on Figures 1 or 2). 

Such a point can be so severely heated that in- - 

Laboratory tests have shown t h i s  type of action can 

' 2. A fore im,  extraneous metallic obdect (debris) may have 

Thls path could also involve safety vire 

The paint-contacts associated with 

SHEET 14 
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Commercial 
AIrplane 
G r o u p  

747 
Service Bulletin 

Number: 747-28-2205 NSC 01 
Date: September 25. 1997 

ATA System: 281 1 

Notice of Status Change 
5 \{ '7 -j-$ {?( * f E r  
2 8- &-a 

7 I SUBJECT: FUEL-FUEL TANKS-CENTER FUEL TANK INSPECTION 

This notice is applicable to Service Bulletin 747-28-2205, dated June 27, 1997. 

DESCRIPTION: 

This notice of status change is sent to the operators to clarify the items that follow: 

1. Paragraph three in the Summary Background and on page 8, paragraph 1.6. Reason. The word 
"absent," is inappropriate. There is no reason to suspect that bonding jumpers are missing. 

2. On page 13, NOTE: 3.b.l). The word "necessary" should be "recommended'. Atthough the pistol 
grip probes offer a significant advantage, other Avtron probes can be used. 

3. On page 13, NOTE: 3.d. The following should have been included: "Make sure the meter is in the 
correct range. It is possible to get a misleading measurement if the wrong range is selected." 

4. On page 17, paragraph 7.f.l) and on page 19, paragraph 8.1.1). The requirements to use the 
AVTRON model T477W, should have stated that any standard ohmmeter can be used. 

5. On pages 17 and 18. Subparagraph d. is inappropriate and should be removed. 

6. On page 19, paragraph .8.e.2). The sentence, "See Figure 9.", should say, "See Figure 10." 

7. On page 37. Forward Isolation Valve Illustration 

One of the three bonding meter measurements shown, points to the upper support bracket. Change 
the location of the meter to point to the lower support bracket. Also the resistance value should be 
changed from 10.0 milliohms to 1 .OO milliohms. 

The bonding jumper wire is shown incorrectly. The wire appears to go from the support bracket to the 
valve body. There is no bonding jumper wire to the valve body. The bonding jumper should be shown 
between the support bracket and the support bracket mounting plate. 

8. On page 81, STEP 2 NOTES. The words, "of the pump" are not appropriate. STEP 2 applies to the 
pressure switch also. 

The next revision to the service bulletin will include the data in this Notice of Status Change. 

000070 
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Commercial 
Airplane 747 
Group Service Bulletin 

Number: 747-28-2205 
Date: June 27, 1997 

ATA System: 281 1 

SUBJECT: FUEL - FUEL TANKS - CENTER WING FUEL TANK INSPECTION 

THE BOEING COMMERCIAL AIRPLANE GROUP 
RECOMMENDS THAT EACH OPERATOR 
EXAMINE THIS SERVICE BULLETIN 
IMMEDIATELY. 

BACKGROUND 

This inspection will make sure that the wiring, tubing 
and component installations inside the center wing 
fuel tank are in satisfactory condition and electrically 
bonded to the airplane structure. 

This inspection should identify any conditions of 
in-service deterioration and make sure that such 
conditions are repaired. 

Examples of such conditions are non-conforming 
wire connections and clearances, improper 
mounting of components, including interference, 
absent or loose bonding jumpers, deteriorated fay 
surface bonds and corrosion at wire terminals and 
connectors. 

Refer to Boeing Message M-7240-97-0805 dated 
22 May 97 for additional information. 

As part of a service bulletin validation program, this 
inspection was completed on airplanes RT610 and 
RD255 before the release of this service bulletin. 

ACTION 

Open the center wing fuel tank for inspection. 

Examine for damage all of the wiring, tubing and 
component installations inside the center wing fuel 
tank. 

Examine for damage the fuel system wiring and 
component installations outside the center wing fuel 
tank. 

Remove and examine the APU boost pump and the 
scavenge pump, if installed. 

Measure the bonding resistance of fuel system 
tubing and components, and report the findings. 

Repair any non-normal installations. 

COMPLIANCE 

Boeing recommends that this inspection be 
accomplished at the next convenient maintenance 
interval, not to exceed two years after the date of 
this service bulletin. 

EFFECTIVITY 

All 747 airplanes line positions 0001 through 1124. 

INDUSTRY SUPPORT INFORMATION 

Boeing warranty remedies are available for 
airplanes in warranty as of June 24, 1997. Please 
refer to Paragraph I.F., Industry Support Information. 

MANPOWER 

Total Man-hours - 32 for each airplane 
Elapsed Time - 8 Hours 

MATERIAL INFORMATION 

None 

BOEING COMMERCIAL AIRPLANE GROUP P.O. BOX 3707 SEATTLE, WASHINGTON 98124-2207 
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B. Reason 

This inspection will make sure that the wiring, tubing and component installations inside the center 
wing fuel tank are in satisfactory condition and electrically bonded to the airplane structure. 

This inspection should identify any conditions of in-service deterioration and make sure that such 
conditions are repaired. 

Examples of such conditions are non-conforming wire connections and clearances, improper 
mounting of components, including interference, absent or loose bonding jumpers, deteriorated fay 
surface bonds and corrosion at wire terminals and connectors. 

Refer to Boeing Message M-7240-97-0805 dated 22 May 97 for additional information. 

As part of a service bulletin validation program, this inspection was completed on airplanes RT610 
and RD255 before the release of this service bulletin. 

C. Description 

The center wing fuel tank is opened and examined for evidence of damage or deterioration of wiring, 
tubing and component installations. 

Fuel system components outside the center wing fuel tank are examined for evidence of damage or 
deterioration. 

The APU boost pump and the scavenge pump, if installed, are removed and examined. 

Bonding resistance measurement data is recorded and the findings reported, as instructed, on the 
figure pages. 

Any non-conforming installations are repaired. 

Please make a copy of the figure pages 2 through 13 of this service bulletin, that apply to the airplane 
inspected, and send to the address below. Include the airplane variable number and hourskycles. 

PLEASE SEND A REPORT OF YOUR INSPECTION AFTER EACH AIRPLANE INSPECTION IS 
COMPLETE. 

SEND TO: BOEING COMMERCIAL AIRPLANE GROUP 
ATTENTION: MANAGER. AIRLINE SUPPORT 

D. Compliance 

Boeing recommends that this inspection be accomplished at the next convenient maintenance 
interval, not to exceed two years after the date of this service bulletin. 

E. Approval 

This service bulletin was examined by the Federal Aviation Administration (FAA). The changes 
specified in this service bulletin comply with the applicable Federal Aviation Regulations (FAR) and 
are FAA approved. This service bulletin and the FAA approval were based on the airplane in its 
original Boeing delivery configuration or as modified by other FAA approved Boeing changes. 

If an airplane has a non-Boeing modification or repair that affects a component or system also 
affected by this service bulletin, the operator is responsible for obtaining appropriate regulatory 
agency approval before incorporating this service bulletin. 

Jun 27/97 
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111. ACCOMPLISHMENT INSTRUCTIONS 

NOTES: 

1. The paragraphs identified with a letter give the general work instructions and the necessary tests. 
The instructions identified with numbers on the figures give the recommended sequence of steps. 

2. Obey all of the warnings and cautions given in the specified manual sections. 

3. Bonding Meter Measurement Information - General 

a. Measure and record the electrical bond resistance between the component and primary 
structure electrical ground as shown in the figures. 

b. Types of meters necessary to complete this inspection: 

1) Bonding Meter 

Use the Avtron Model T477W Bonding Meter to take the bonding resistance measurements 
required in this service bulletin. Refer to BSWP 20-20-00. Also, it is necessary to use the 
Pistol Grip Probes, Avtron Part No. C22161. 

2) Megohmmeter 

Use a standard megohmmeter like the General Radio 1644A, or equivalent to take 
Scavenge Pump and APU Pump insulation resistance measurements off the airplane. 

c. The center wing tank structural webs that follow are to be considered as primary structure 
electrical ground. See Figure 1. 

-' Front, Mid and Rear Spar 

- Spanwise Beams No. 1 , 2  and 3 

- Right and Left Side Body Rib (tank ends) 

- Butt Line zero Partial Rib 

- Upper and Lower Skin Panels 

d. The bonding resistance measurement should not exceed the value indicated on the figure. All 
Avtron Meter display ranges are calibrated in milliohms. The limit values shown in the figure, 
above the meter symbol, is in milliohms. Record your resistance measurement, in milliohms as 
displayed by the meter, in the space provided. See Figure 1. 

e. Make sure that the probe tips penetrate the surface coating (Yellow Zinc Chromate or anodize) 
to assure reliable values. Refinish bared or scratched areas. Refer to SRM 51 -20-01. 

f. If measured resistance exceeds the limit shown in the figure, then repair the bonding and 
grounding jumper installation at both ends or the fay surface bond path. Refer to BSWPM 
20-20-00 and applicable AMM subjects. Write down the resistance measurement before and 
after the repair. 

4. Examine all the bonding jumper installations on all components, including all valves, pumps and 
tubes. Refer to BSWPM 20-20-00. 

5.  Make sure each tube section is bonded. The figures attempt to show the most common 
configurations. Make sure each section of tubing is measured and the value recorded. 

000073 
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1 B 0 El N G SERVICE B U L LET1 N 747-2 8-2205 

A. Center Wing Tank Internal Dry Bay Inspection (On airplanes with a dry forward bay) 

Open the Center Wing Tank (CWT) dry bay. Refer to AMM 28-1 1-00/201 and 28-1 1-01/401. 

1. Examine for evidence of fuel leaks from the wet bay. 

2. If the Water Injection System is installed, examine all the components. See Figure 13. 

.3. If the Water injection System was installed, but has been deactivated, make sure the wiring has 
been removed or capped and stowed at both ends. Refer to BSWPM Chapter 20. 

NOTE: Boeing recommends that the wiring be removed from the dry bay completely. The wiring 
at the pressure seal should either be removed and a new pressure seal installed or the 
wiring at the seal should be capped and stowed on both sides of the seal with a maximum 
length of four (4) inches on either side. 

4. Examine the 1.5 in. diameter drain holes. 

5. Examine the tubing to the exit port. 

B. Center Wing Tank Internal Wet Bay Inspection 

Open the center wing fuel tank for inspection. Refer to AMM 28-1 1 -00/201 and 28-1 1 -01/401. 

1. Examine the Fuel System Pressure Manifolds and Components. See Figure 2. 

2. Examine the Refuel Distribution Manifolds. See Figure 3. 

3. On airplanes with the Secondary Refuel Valve Shutoff System, 

4. Examine the Vent System tubing and components. See Figure 5. 

examine the tubing and components. See Figure 4. 

5. Examine the Scavenge System tubing and components. 

a. On airplanes with the Electric Pump Scavenge System, see Figure 6. 

b. On airplanes with the Hydromechanical Scavenge System, see Figure 7. 

6. Examine the Override/Jettison Pump Priming tubing. See Figure 8. 

7. Examine the APU Fuel Supply Tube. See Figure 9. 

8. Examine the Fuel Quantity Indication System (FQIS) components and installations. See Figure 11. 

a. In-Tank Fuel Quantity Wire Harness Repair 

NOTE: if a non-normal FQIS wiring installation condition is found, then the procedures that 
follow should be used to make any repairs. 

b. Retermination of Lo-2 (unshielded) Wiring 

1) Cut off damaged terminal and trim conductor until all visible damage-andor corrosior) has 
been eliminated. 

2) Prepare conductor for installation of terminal. Refer to BSWPM 20-30-1 1. 

000074. 
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3) Clean stripped conductor. Refer to BSWPM 20-60-01. Use solvent and a soft bristle brush. 
Refer to BSWPM 20-00-1 1. 

4) Install and crimp a BACT12M4, or equivalent, terminal to the conductor. Use crimp tools as 
specified in BSWPM 20-30-1 1. 

5) Brush coat all exposed surfaces of conductor with BMS 5-45 tank sealant or ProSeal 860 
sealing compound. inject enough sealant to fill the void between the insulating sleeve and 
the terminal body at the rear of the terminal. Take precautions to avoid contaminating 
terminal mating area with sealant. 

c. Retermination of Hi-Z (shielded) Wiring 

NOTE: Some Hi-Z wires use a solder sleeve to attach the shield pigtail to the shield. It is NOT 
permissible to repair these wires using solder sleeves, as the necessary heat sources 
are not allowed inside the fuel tank. Any repair to such wires must employ the 
procedure below using mechanically secured ferrules. 

1) Cut off damaged terminal and trim conductor until all visible damage and/or corrosion has 
been eliminated. 

2) Clean stripped conductor. Refer to BSWPM 20-60-01. Use solvent and a soft bristle brush. 
Refer to BSWPM 20-00-1 1. 

3) Prepare center conductor and shield for installation of terminal. Refer to BSWPM 20-30-11 
and for pigtail wire 20-10-15 paragraph 5C. 

4) Assemble the inner ferrule, outer ferrule and pigtail wire and crimp. Use the crimp tools as 
specified in BSWPM 20-10-15. The inner and outer ferrules are identified in BSWPM 
20-1 0-15, Table VI Shield Terminations for Boeing 10-60875 Cable . 

5) Install and crimp a BACT12M130 or equivalent terminal to the pigtail wire. 

6) Install and crimp a BACTl2M4, or equivalent, terminal to the conductor. Use crimp tools as 
specified in BSWPM 20-30-1 1. 

7) Brush coat all exposed surfaces of conductor with BMS 5-45 tank sealant or ProSeal 860 
sealing compound. Inject enough sealant to fill the void between the insulating sleeve and 
the terminal body at the rear of the terminal. Take precautions to avoid contaminating 
terminal mating area with sealant. 

d. Splicing of Lo-2 (unshielded) Wiring 

1) Trim wire ends as necessary to remove any damage andlor co.rrosion. 

2) Prepare conductor for installation of splice. Refer to BSWPM 20-30-12. 

3) Clean stripped conductors. Refer to BSWPM 20-60-01. Use solvent and a soft bristle 
brush. Refer to BSWPM 20-00-1 1. 

4) Install a 1.5 inch piece of 0.5 inch diameter RT876 sleeving or Teflon tubing over one wire 

5 )  Install and crimp wires to an NASl387-4 splice. Refer to BSWPM 20-30-12. 

end. This tube will be used to contain sealant applied in step 7. 

Jun27197 . 747-28-2205 
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6) Brush coat all exposed metal surfaces with BMS 5-45 tank sealant or ProSeal 860 sealing 
compound. 

7) Slide the sleeving or tubing installed in step 4 over the splice. Inject BMS 5-45 or ProSeal 
860 into the sleeving. Make certain the space inside the sleeving is completely filled. 

NOTE: Do not use heat to shrink the sleeving. 

e. Splicing of H i - 2  (shielded) Wiring 

1) Trim wire ends as necessary to remove any damage and/or corrosion. 

2) Prepare each wire end for installation of one coaxial contact. 

3) Clean stripped conductors. Refer to BSWPM 20-60-01. Use solvent and a soft bristle 
brush. Refer to BSWPM 20-00-1 1. 

4) Install one male coaxial contact (Boeing P/N 10-60479-44 or Cinch P/N CN0941-15) onto 
one wire end. 

5) Install one female coaxial contact (Boeing P/N 10-60479-41 or Cinch P/N CN0941-16) onto 

6) Install a 1.5 inch piece of 0.5 inch diameter RT876 sleeving or Teflon tubing over one wire 
end. This sleeving will be used to contain sealant applied in step 9. 

7) Mate the two coaxial contacts. 

the remaining wire end. 

8) Brush coat all exposed metal surfaces with BMS 5-45 tank sealant or ProSeal 860 sealing 
compound. 

9) Slide the sleeving or tubing installed in step 6 over the splice. Inject BMS 5-45 or ProSeal 
860 into the sleeving. Make certain the space inside the sleeving is completely filled. 

NOTE: Do not use heat to shrink the sleeving. 

9. Examine the Structure and Sealant Installations. See Figure 12. 

C. Center Wing Tank External Inspection 

1. Examine the Override/Jettison Pumps. See Figure 2. 

2. Examine the Refuel Valve Control Units. See Figure 2. 

3. On airplanes with the Horizontal Stabilizer Tank (HST), 

4. Examine the Jettison Transfer Valves. See Figure 2. 

5. On airplanes with a Fueling Isolation Valve, 

examine the Horizontal Stabilizer Tank Isolation Valve Actuators. See Figure 2. 

examine the Fueling Isolation Valve Actuator. See Figure 2. 
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6. On airplanes with the Horizontal Stabilizer Tank, 

7.  On airplanes with the Electric Scavenge Pump System, 

examine the Secondary Refuel Valve Pressure Switches. See Figure 4. 

examine the Scavenge Pump and Pressure Switch. See Figure 6. 

a. Remove the Scavenge Pump from the airplane. Refer to AMM 28-1 5-01/401. 

b. Examine the Scavenge Pump for: 

- Fuel leaks 

- Heat discoloration 

- Corrosion or damage. 

- The impeller for damage or excessive wear. 

- Interference between impeller and housing. 

- Foreign Object Damage, ingestion or impact. 

- Signs of bulges, bent flanges, broken screw, medium to heavy corrosion damage (as 
specified in the 747 Corrosion Prevention Manual Subject 20-40-00, Part I, General 
Information - Corrosion Removal Techniques, Paragraph 3.A), etc. 

c. Examine the Scavenge Pump electrical connector for: 

- Heat discoloration 

- Corrosion or damage. 

- Damaged contacts 

NOTE: Clean the cap after the inspection. Refer to BSWPM 20-60-01. 

d. I f  necessary, replace the Scavenge Pump. 

NOTE: Although the pumps are removed from the airplane for the tests that follow, they may 
still contain some residual fuel. Take precautions for proper drainage and ventilation. 

e. Do a Scavenge Pump Pressure Switch - case ground resistance measurement test. 

1) Use the AVTRON model T477W ohmmeter. 

2) Measure pin 4 resistance on the pressure switch connector. See Figure 6.  

f. Do a Scavenge Pump - case ground resistance measurement test. 

1) Use the AVTRON model T477W ohmmeter. 

2) Measure from pin 4 on the pump connector to the body of the pump. Maximum value should 
not exceed 10.0 ohms. This is a continuity check to support the insulation resistance test. 

000077 
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g. Do a Scavenge Pump - insulation resistance measurement test. 

1) Use a standard megohmmeter like the General Radio 1644A, or equivalent. 

2) Set the megohmmeter in the range of 10 to 50 volts DC for the initial safety check of the 
pump. 

3) Measure the insulation resistance between pin 4 and each of pins 1, 2 and 3 on the 
pumps electrical connector. If any of the measurements are below 1 megohms, then the 
pump should be replaced. 

4) Set the megohmmeter to 500 VDC range 

5) Measure the insulation resistance between pin 4 and each of pins 1: 2 and 3 on the 
pumps electrical connector. If any of the measurements are below 1 megohms, then the 
pump should be replaced. 

h. Install the Scavenge Pump. Refer to AMM 28-1 5-011401 

8. Examine the APU Fuel Boost Pump. See Figure 10. 

a. Remove the APU Pump from the airplane. Refer to AMM 28-25-01/401. 

b. Examine the APU pump for: 

- Fuel leaks 

- Heat discoloration 

- Corrosion or damage. 

- The impeller for damage or excessive wear. 

- Interference between impeller and housing. 

- Foreign Object Damage, ingestion or impact. 

- Signs of bulges, bent flanges, broken screw, medium to heavy corrosion damage (as 
specified in the 747 Corrosion Prevention Manual Subject 20-40-00, Part I, General 
Information - Corrosion Removal Techniques, Paragraph 3.A), etc. 

c. Examine the APU pump electrical connector for: 

- Heat discoloration 

- Corrosion or damage. 

- Damaged contacts 

NOTE: Clean the cap after the inspection. Refer to BSWPM 20-60-01. 

d. If necessary, replace the APU Pump. 

Jun 27/97 
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NOTE: Although the pump is removed from the airplane for the tests that follow, it may still 
contain some residual fuel. Take precautions for proper drainage and ventilation. 

e. Do an APU Pump Pressure Switch - case- ground resistance measurement test. 

1) Use the AVTRON model T477W ohmmeter. 

2) Measure pin 4 resistance on the pressure switch connector. See Figure 9. 

f. Do an APU Pump - case ground resistance measurement test. 

1) Use the AVTRON model T477W ohmmeter. 

2) Measure from pin 3 on the pump connector to the body of the pump. Maximum value should 
not exceed 10.0 ohms. This is a continuity check to support the insulation resistance test. 

g. Do an APU Pump - insulation resistance measurement test. 

1) Use a standard megohmmeter like the General Radio 1644A, or equivalent. 

2) Set the megohmmeter in the range of 10 to 50 volts DC for the initial safety check of the 

3) Measure the insulation resistance between pin 3 and each of pins 1 and 2 on the 
pumps electrical connector. If any of the measurements are below 1 megohms, then the 
pump should be replaced. 

pump. 

4) Set the megohmmeter to 500 VDC range. 

5) Measure the insulation resistance between pin 3 and each of pins 1 and 2 on the 
pumps electrical connector. If any of the measurements are below 1 megohms the pump 
should be replaced. 

h. install the APU Pump. Refer to AMM 28-25-01/401. 

9. Examine the FQlS wiring. See Figure 11. 

a. Outside the center wing tank, examine all FQlS wiring for damage and proper clearance with all 
other components and structure. 

1) Examine the routing on the rear spar, where it penetrates to the inside of the tank. 

2) Examine the rear spar electrical disconnects for proper terminations. 

3) Examine the routing in the wheel well area, for damage and for proper clearance with all 
other components and structure. 

D. Close the center wing fuel tank. Refer to AMM 28-1 1-00/201 and 28-1 1 -01/401. 

E. Return the airplane to serviceable condition. 
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NAME 

Tubing 

PROCEDURE REFERENCES 

AMM 28-22-071401 

The step numbers shown below agree with the numbers shown in the circle symbols in the figure 

I STEP TASK NOTES 

Examine For installation 
security and/or 
condition. 

I 1  
Examine Bonding Jumpers I BSWPM 20-20-00 

BSWPM 20-20-00 Measure 
Electrical 
Bonding 

Measure and 
record the 
bonding 
resistance of 
the components 
shown. 

(see bonding meter 
symbol) 

I 

r" Examine Override/Jettison 
Pumps L and R 

l 5  I 

Examine Override/Jettison 
Pumps (L and R) 
Bonding Jmpers 

See ground 
build-up detail. 

Examine Jettison Transfer 
Valve L and R 

Refuel Valve 
L and R 

Examine 

1 8  Examine FIOW Limiting 
Valve 

l 9  Examine Forward HST 
isolation Valve 
Land R 

On airplanes 
with HST 

Examine Fueling Isolation 
Valve 

On airplanes 
with Fueling 
isotation Valve 
only L 
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BOEING SERVICE BULLETIN 747-28-2205 

The step numbers shown below agree with the numbers shown in the circle symbols in the figure 

1 

2 
3 

FTEPI TASK I NAME 1 PROCEDURE I REFERENCES 

Examine Tubing AMM 28-22-07/401 

Examine Bonding Jumpers BSWPM 20-20-00 

Measure (see bonding meter . BSWPM 20-20-00 
Electrical symbol) 
Bonding 

' 4 IEFmine  

5 1 Examine 

Pump housing- i 
Inlet Screen I 

I 6 /Examine ICheckValve I 
I 

7 /Remove 

8 (Examine 

I 

Pump See Accomplishment AMM 28-15-01/401 

Pump . Instructions 
I I I I , 

9 Measure 

NOTES 

Pressure Switch 1 
Connector 

For installation 
security and/or 
condition. 

10 Measure Pumpconnector I I 1 

1 1  Measure Shipside Connector - 
12 1 Install Pump AMM 28-15-01/401 , 

BSWPM 20-20-00 After installation, 1 
measure and 
record. 

13 Measure Pressure Switch 

Measure and 
record the 
bonding 
resistance of 
the components 
shown. 
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B OEl N G S ERVl CE B U LLETl N 747-28-2205 

REFERENCES 

AMM 28-22-071401 

BSWPM 20-20-00 

BSWPM 20-20-00 

The step numbers shown below agree with the numbers shown in the circle symbols in the figure. 

NOTES 

For installation 1 
security and/or 
condition. 

I 
Measure and 
record the 
bonding I 
resistance of 
the components j 
shown. I 

I 

]STEP I TASK 1 NAME I PROCEDURE 

L 

2 Examine 

3 Measure 
Electrical 
Bonding 

4 Examine 

1 Examine Tubing I 1  I 
Bonding Jumpers 

(see bonding meter 
symbol) 

Check Valve 

Jun 27/97 
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The step numbers shown below agree with the numbers shown in the circle symbols in the figure 

2 Measure 
Electrical 
Bonding 

NAME 

1 BSWPM 20-20-00 

I 
I 

Bonding Jumpers 

After installation, ~ 

measure and 
record. ! 

(see bonding meter 
symbol) 

Pump 

Pump 

Pressure Switch 
Connector 

Pump Connector 

Shipside Connector 

Pump 

Pressure Switch 

PROCEDURE REFERENCES 

BSWPM 20-20-00 

BSWPM 20-20-00 Measure and 
record the 
bonding 
resistance of 1 
the pump. I 

I 

~ ~~ ~~ 

See Accomplishment 1 AMM 28-25-01/401 
Instructions 

1 AMM 28-25-01/401 I I 
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The step numbers shown below agree with the numbers shown in the circle symbols in the figure. 

STEP 

1 

5 

6 

-4 

2 

3 

4 

TASK 

Examine 
NAME 1 PROCEDURE REFERENCES 

Wiring 

- .  . 

Examine 

Measure 
Electrical 
Bonding 

Examine 

Grommets and Seals 
(where the wires 
penetrate the 
structure) 

(see bonding meter 
symbol) 

Tank units 

I I 

Examine Electrical connectors 
On the rear mar. 

i 
Examine Compensator I 

Jun 27/97 

BSWPM 20-20-00 

AMM 28-41 -0 
28-41 -03/401 

14 0 

NOTES 

For: 
satisfactory 
installation, 
connector 
corrosion 

For: 
physical 
degradation or 
damage 

Measure and 
record the 
>onding 
'esistance of 
he components 
shown. 

-or: 
:orrect 
:learance 
ntnimums 
)etween the 
inits and tank 
, t ruct ure 

'or: 
:uel leakage 

- 
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October 30, 1997 
B-B600-16281 -AS1 

Mr. Robert Swaim, AS-40 
National Transportation Safety Board 

~ n z - ~ v -  490 L'Enfant Plaza S.W. 
Washington, D.C. 20594 

Subject: Center Wing Tank Probe Inspection/Rework 

Reference: a) Telecon BoeinglNTSB on Oct 28, 1997 
b) Telex M-7220-97-1725. dated Oct 27. 1997 

Dear Mr. Swaim: 

Here is a summary of the items noted during the reference a) telecon in 
regards to the upcoming Service Bulletin on Probewiring inspections and 
items that the NTSB noted were important to include. 

Summary of 747 Center Wing Tank Probe InspectioniRework 

Boeing is in the process of issuing a Service Bulletin pertaining to the Fuel 
Quantity Probes and wiring in the 747 Center Wing Tank. Damage to the 
CWT wiring has been observed which degrades the insulating capabilities 
of the wiring. 

The Service Bulletin, discussed in the reference b) telex, will contain the 
following instructions: 

A procedure to removelreplacelrework probes with Series 3 terminal 
blocks and wiring attached to those probes 

For ROO01 -R0058, R0501 -R0506 recommend replacement of 
center tank wire harness. These airplanes have been identified 
as delivered with probes that had Series 3 terminal blocks. 
For all airplanes, if the fuel quantity probe has a Series 3 
terminal block, replace probe with a probe that has a Series 4 
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Swaim 
B-6600-16281 -AS1 

terminal block and reterminate wires to affected probe or 
replace Center Tank FQlS Wire Harness 
Utilize maintenance manual and ATA 20 instructions for 
probe/wiring replacement/rework. 

Inspection of probe terminal blocks for correct wire routing/wire damage: 

Inspect probe terminal block wiring to ensure conformance to 
drawing. 
If wiring has been misrouted, inspect for damage (abrasion 
against terminal block edges or terminal studs). 
Reterminate wiring to terminal block if wire is damaged. 
Reroute wiring to terminal block if not per drawing. 
Utilize maintenance manual and ATA 20 instructions for 
probe/wiring replacement/rework. 

Includes a test procedure to perform an insulation resistance test of the 
Center Wing Tank wiring. This test can be performed without entering the 
tank: 

Conduct a low voltage insulation resistance test of the in-tank 
FQlS wiring utilizing approved explosion proof equipment. 

0 If this test fails, troubleshoot the failure per the approved MM 
procedures. 

Estimated release date for this Service Bulletin is January 1998. 

NTSB Telecon Notes 

In a follow-on telecon with the NTSB, the following NTSB 
recommendations were noted and will be included in the Service Bulletin: 

1) In regards to the retermination of the wire - a strong statement 
needs to be made in the SB that 'I& those repair procedures 
relating to the repair of ATA 28 in-tank FQlS wire may be utilized 
and that wire repair procedures for other wire in the airplane are 
I_. not to be used." The NTSB wants both the positive statement on 
ATA 28 wire repair and the negative statement regarding other wire 
repair procedures. This is due to a repair that was found where 
tape was used to secure the shield on an FQlS in-tank wire bundle. 
The procedure used to repair this wire was not approved for use in 
fuel tanks. 
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2)  Include reporting requirements on the findings of the probe 
replacement and repair. The NTSB specifically requested that we 
try to get removed harnesses and probe wire terminations. They 
also requested that we add a request to report the results of the 
insulation resistance test - the pass/fail values and what was done 
to fix the airplane. 

3) The NTSB also asked that we include data collection on any 
problems and rework required fcr Series 4 terminal blcck pfcoes. BDEJNS 

If you have any further questions, please do not hesitate to contact me at 
any time. 

- 
._ - -. _- - - 

John W. Purvis 
Director, Air Safety Investigation 
Org. 6-6600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 
Fax (425) 237-81 88 

CC Mr. AI Dickinson, IIC 
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Swaim Bob 

From: Rodrigues, J D[SMTP:J.Rodrigues@PSS.Boeing.com] 
Sent: Tuesday, October 28, 1997 3:21 PM 
To: Swaim Bob 
Subject: FW: M-7240-97-1725 (BC2-EXT-COMM-4618782) 

> ___-__-___ 
> From: Hulm, Jerome R 
> Sent: Tuesday, October 28, 1997 11 :53 AM 
> To: Rodrigues, J D 
> Subject: FW: M-7240-97-1725 (BC2-EXT-COMM-4618782) 
> 
> Here's the telex on the Probe Inspection that  you wanted to forward to 
> B. Swaim. 

> Jerry Hulm 
> Manager - Electrical Systems 

> Pager: 986-6031 

> 

> Phone: 425-294-4638 FAX: 425-342-461 6 
Home Phone: 425-338-2496 

> E-mail: jerome.r.hulm@boeing.com MS: 04-JU 
> 
> -- -------- 
> From: esebc2.boecom@boeing.com[SMTP:esebc2.boecom~boeing . ~ o m ]  
> Sent: Monday, October 27,1997 8:15 PM 
> To: jerome.r.hulm@boeing.com 
> Subject: M-7240-97-1725 (BC2-EXT-COMM-4618782) 
> 
> BOECOM DISTRIBUTION COPY 
> 
> MESSAGE NUMBER: M-7240-97-1725 
> 
> MESSAGE OWNER: ROD SOMERS - PRO 

> DISTRIBUTION: 

STATUS: DUE 20 NOV 97 
> 

> J. HULM - EDV 
> 
> 6. STAUFENBERG - EAD, B. VANNOY - EAD, D. HAWKINS - ELE, 
> D. KALOTAY - FSA, I. FERGUSON - COR, J. BURK - EDV, 
> J. HULM - EDV. K. HENSHAW - RAD, M. MAHESH - PRO, 
> R. BREUHAUS - , R. CANNON - EVS, R. LlDlCKER - EDV, 
> R. PARKS - EDV, R. SOMERS - PRO. S. HATCH - EDV, 
> T. DUNNIGAN - EDV, T. LANNERD - RDV 
> 
> MULTIPLE EXTERNAL DISTRIBUTION 
> 
> SUBJECT: CENTER WING FUEL TANK INSPECTION UPDATE 
> 
> 
> 
> M-7240-97-1725 27 OCT 97 
> ATA 2800-00 MODEL 747 20 NOV 97 H 
> CENTER WING FUEL TANK INSPECTION UPDATE 
> REF /A/ M-7240-97-1649 
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> /B/ BOEING SERVICE BULLETIN NUMBER 747-28-2205, RELEASED 
> 27 JUNE 1997 
> IC/ M-7240-97-1242 
> 
> 
> THE FOLLOWING MESSAGE SENT TO ALL 747 FIELD SERVICE BASES FOR 
> DISTRIBUTION TO THE APPROPRIATE AIRLINE PERSONNEL. A COPY IS 
> PROVIDED TO BOEING REGIONAL DIRECTORS, THE AIR TRANSPORT 
> ASSOCIATION, INTERNATIONAL AIR TRANSPORT ASSOCIATION AND AlRLlNE 
> RESIDENT REPRESENTATIVES IN EVERETT AND RENTON. 

> SUMMARY 
> THE INTENT OF THIS MESSAGE IS TO ADVISE OPERATORS OF UPCOMING 
> ADDITIONAL SERVICE BULLETIN ACTIVITY FOR THE CENTER WING TANK ON 

> 
> ................................................................ 

> 747 AND 747-400 AIRPLANES. 
> ................................................................ 
> 
> THE REF /B/ SERVICE BULLETIN WAS RELEASED IN JUN 97 TO INSPECT 
> THE CENTER WING TANK FUEL SYSTEM. REF /A/ PROVIDED A SUMMARY OF 
> INSPECTION RESULTS RECEIVED TO DATE. REF /B/ AFFECTS 
> APPROXIMATELY 1125 AIRPLANES AT 90 OPERATORS REF /C: REQUESTED 
> OPERATORS PROVIDE THEIR SCHEDULES FOR PERFORMING REF /E/ WE 
> HAVE RECEIVED SCHEDULES FOR 354 AIRPLANES FROM 29 OPERATORS TO 
> DATE. 

> BASED ON OUR ONGOING INVESTIGATION OF THE FUEL SYSTEM AND REF iB/ 
> INSPECTION RESULTS, BOEING IS PLANNING TO ISSUE ADDITIONAL 
> SERVICE BULLETINS PERTAINING TO THE CENTER WING TANK. DAMAGE TO 

> DEGRADE THE INSULATING CAPABILITY OF THE WIRING. ADDITIONALLY. 
> BOEING IS EVALUATING BONDING REQUIREMENTS FOR SPECIFIC COMPONENTS 
> IN THE CENTER WING TANK. 

> THE NEW SERVICE BULLETINS WILL REQUIRE REWORK AND/OR REPLACEMENT 

> BONDING REQUIREMENTS FOR SOME COMPONENTS INSIDE THE TANK. 
> BOEING'S PHILOSOPHY ON RELEASING SEPARATE SERVICE BULLETINS IS TO 
> KEEP REF /B/ AS STRICTLY AN INSPECTION SERVICE BULLETIN. ANY 
> MODIFICATIONS OR REWORK RELATED TO THE CENTER WING TANK WILL BE 
> RELEASED VIA SEPARATE SERVICE BULLETINS. 

> 

> THE FQlS CENTER IN-TANK WIRING HAS BEEN OBSERVED WHICH MAY 

> 

> OF DESIGNATED FQlS PROBES AND WIRING AND MAY INCLUDE ADDITIONAL 

> 
> WE ARE PLANNING TO RELEASE A NEW SERVICE BULLETIN TO REPLACE ALL 

> OR LATER/ PROBES IN THE CENTER WING TANK AND REPLACE OR 
> RETERMINATE THE WIRING TO THESE PROBES ON ALL 747 CLASSIC 
> AIRPLANES. THE /SERIES 3 OR EARLIER/ PROBE INCORPORATES KNURLING 
> ON THE PROBE TERMINAL BLOCK ALONG WITH A COMPRESSION STYLE METAL 
> CLAMP TO RESTRAIN THE WIRE HARNESS. DAMAGE TO THE FQlS CENTER 

> BASE ON THE /SERIES 3 OR EARLIER/ PROBE CONFIGURATION. THE FIRST 

> PIN 6089201 0-XX /SERIES 3 OR EARLIER/ FQlS PROBES WITH /SERIES 4 

> IN-TANK WIRING HAS BEEN OBSERVED DUE TO CONTACT WITH THE PROBE 

> 64 747 AIRPLANES (LINE POSITIONS 1 - 64) WERE DELIVERED WITH 
> PROBES WITH SERIES 3 OR EARLIER TERMINAL BLOCKS. HOWEVER, DUE TO 
> INTERCHANGEABILITY, THESE PROBES COULD BE INSTALLED ON ANY 747 
> CLASSIC AIRPLANE. 
> 
> ON AIRPLANE LINE POSITIONS 1 - 64, IN ADDITION TO REPLACEMENT OF 
> THE PROBE, BOEING WILL RECOMMEND THAT THE ENTIRE WIRE HARNESS 
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> ASSEMBLY P/N 60B40037-308 AND JUMPER P/N 61 B40498-XX BE REPLACED. 
> ON AIRPLANES AFTER LINE POSITION 64, REPLACEMENT OF THE PROBE 
> WILL ONLY BE REQUIRED IF A /SERIES 3 OR EARLIER/ PROBE IS 
> INSTALLED. THE OPERATOR WILL HAVE THE OPTION OF EITHER 
> RETERMINATING THE WIRE TO THE AFFECTED PROBE(S) OR REPLACING THE 
> WIRE HARNESS ASSEMBLY. THE SERVICE BULLETIN WILL PROVIDE 
> INSTRUCTIONS TO REWORK THE /SERIES 3 OR EARLIER/ PROBE TO A 

> AFFECTED AS A DIFFERENT TANK PROBE DESIGN IS UTILIZED WHICH IS 
> NOT INTERCHANGEABLE WITH THE 747 CLASSIC. 

> IN ADDITION TO THE PROBE AND WIRING REWORWREPLACEMENTS. AN 
> INSULATION RESISTANCE CHECK WILL BE REQUIRED ON THE CENTER 

> ALTHOUGH THE AFFECTED LINE NUMBERS HAVE NOT YET BEEN DETERMINED). 
> THE INSULATION RESISTANCE CHECK WILL BE PERFORMED PER AMM 

> /SERIES 4 OR LATER/ CONFIGURATION. NO 747-400 AIRPLANES ARE 

> 

> IN-TANK WIRING ON ALL 747 MODELS (INCLUDING 747-400 AIRPLANES 

> 28-41-01 AND AMM 28-41-02 FOR 747 MODELS WITH HONEYWELL SYSTEMS. 
> PER AMM 28-41 -01 FOR 747 MODELS WITH SMITHS SYSTEM, AND PER AMM 
> 28-41-00 FOR 747-400 AIRPLANES. THIS CHECK WILL NOT REQUIRE TANK 
> ENTRY UNLESS THE TEST FAILS. FAILURE OF THIS TEST WILL REQUIRE 
> REPLACEMENT OF THE FAILED PART, THE CENTER WING TANK HARNESS OR 
> THE PROBE IF IT CAN BE IDENTIFIED. 

> WE ARE ANTICIPATING RELEASE OF THIS SERVICE BULLETIN BEFORE THE 
> END OF THE YEAR IF SUFFICIENT PARTS ARE AVAILABLE. WE ARE 
> REVIEWING THE PARTS AVAILABILITY WITH OUR VENDORS AND WILL 
> PROVIDE AN UPDATE BY 20 NOV 97. THE FAA HAS INDICATED THEY MAY 
> TAKE REGULATORY ACTION ON THIS ISSUE. 

> BOEING HAS NOT YET MADE A DECISION REGARDING FQlS PROBES AND 
> ASSOCIATED WIRING WITH /SERIES 3 AND EARLIER/ CONFIGURATION IN 
> THE MAIN TANKS. WE WILL KEEP OPERATORS APPRAISED ON THIS ISSUE 
> IN FUTURE UPDATES. 

> A  SECOND NEW SERVICE BULLETIN MAY BE REQUIRED TO PROVIDE 
>ADDITIONAL OR REVISED BONDING OF SOME COMPONENTS IN THE CVVT. 
> BOEING IS STILL EVALUATING THE FULL SCOPE OF THIS CHANGE. WE ARE 
> ANTICIPATING RELEASE OF THIS SERVICE BULLETIN DURING THE 1 ST 
> QUARTER OF 1998 IF REQUIRED. 

> BOEING ACKNOWLEDGES THAT THESE FORTHCOMING SERVICE BULLETINS WILL 
> REQUIRE ANOTHER CENTER WING TANK ENTRY ON SOME AIRPLANES TO 
> ACCOMPLISH. WE ARE CONTINUING TO WORK WITH THE INDUSTRY TO 
> MINIMIZE THE IMPACT OF MULTIPLE TANK ENTRIES. WE CONTINUE TO 
> ENCOURAGE INSPECTIONS PER REF /B/ SERVICE BULLETIN WHERE THE 
> CENTER TANK IS ALREADY ACCESSED DURING NORMAL MAINTENANCE. 

> IN ADDITION, A REVISION TO REF /B/ IS PLANNED FOR DEC 97. THIS 
> REVISION WILL INCORPORATE THE CLARIFICATIONS AS OUTLINED IN NSC 
> 01 DATED 25 SEP 97. THE REVISION WILL NOT INCLUDE ANY ADDITIONAL 
> INSPECTIONS OR REWORK INSTRUCTIONS. 

> WE WILL PROVIDE A FOLLOW UP TO ADVISE STATUS OF THE UPCOMING 
> SERVICE BULLETINS BY 20 NOV 97. 

> 

> 

> 

> 

> 

> 

> 
> 
> BILL STAUFENBERG 
> 747/767/777 AIRLINE SUPPORT MANAGER 
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> SERVICE ENGINEERING 
> CUSTOMER SERVICES 
> BOEING M-7250 04-ER MRZ 
> 
7 

> 27 OCT 97 2015 
> 
> 
> BOECOMll-FSE-ID-5020285-EMAIL 
> 
> 
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Takeoff and maximum continuow thrus t  EPR arc presented on the 
. appropriate engine t h r u s t  s e t t i n g  charts in Section 4 .  

N1 - Low Prf2SOtlre Compressor RQtor 101.4% 
N2 - High Pressure Compressnr Rotor 100.6% 

b 

Takeoff (Wet 1 a 4 6  deg c 
Takeoff (Dry). 846 dcg C 
Haximum Ccmtinuous 816 deg C 
Starting 650 Jeg C 
hccelerat ion 846  deg C 

2 - 1 f 2  Minutes  (Plus Dry 

5 Minute8 
Continuous 

t o  5 Minutes  Tvtal) 

Maximum und minimum limits....-........Ret radioliband 
Cautionary ~imits ...................... Yellow a r c l b a n d  
Normal operating range .......,.......,. G ~ ~ e n  archand - 

IThe f u e l  designation j s  i n  Pratt d whitney Service Bulletin 2016, as 
revittd.  
exceed 0 .15% by volume may be used. 
is 84lowed. 

The maximum tank fuel temperature j s  5 4 . 5  deg C (130 dcg F) , except 
JP-4 which is 43 deq C (11U deg P). 

Anti-icing fuel additive PFA 55MB at a concantrution n o t  to 
No Puel s y s t e m  anti-icing c r e d i t  

Inflight tank f u e l  temperature must be m a i n t a i n d  a t  least 3 dcg C 
above the freezing puint of the fuel beJng uaad. - 
ON f o r  a11 approaches and landinqs ,  ON while operating i~ heavy rain, 
severe turbulence or vo1cimic dust; or upon entering icing candjtlow; 
or when standing water or s l u s h  exists on the runway. 
operations when the throttle bur is in the high altitude t h r u s t  l ever  
idle stop position. # 

* 1gnition.ON i s  n o t  required if Boeing Service B u l l e t i n  74-2003, or 

ON' far bL1 

equivqlerit ,  is incorporated. 
000207 

Code 2uo 
FAA APPROVED 06-06-95 D6-13'103 Section 1 Page 11 



000108 



I SeDtember 1989 
AIRCRAFT L I G H T N I N G  PROTECTION HANDBOOK 6 .  Performing Orponixotion Cod. I 

8. Performing Orqonizotion Repor*  No- 
7. Author's) 

F; A. Fisher and J. A. Plumer* R. A. Perala** DOT/FAA/CT-89/22 
9. Perlorming Orpmixotion Home and Addreas IO. Work Unit No. (TRAIS)  

*Lightning Technologies Inc.  
10 Downing Parkway 
P i t t s f i e l d ,  MA 01201 

11. Controct or Gront No. 

DTFA03-86-C-00049 
13. TYPO O f  Report ond Period C0v.r.d 

\ 
12. Sponaorinp Aponcy Nom. md Addr*sa 
6. S. Department of Transportat ion _.__ . Handbook 1 
Federal Aviation Administration 
Technical Center 14. Sponsorinp Aponcy Cod. 

At lan t i c  C i t y  In t e rna t iona l  Airport ,  N J  08405 ACD-230 
15. Supptomontary l4ot.s 

** Elec t ro  Magnetic Applicat ions Inc. ,  Denver, Colorado 80226 
Program Manager: Michael Glynn, FAA Technical Center 
16. Abstroc* 

This handbook w i l l  a s s i s t  a i r c r a f t  design,  manufacturing, and c e r t i f i c a t i o n  
organizations i n  p ro tec t ing  a i r c r a f t  aga ins t  the d i r e c t  and ind i r ec t  e f f e c t s  of 
l igh tn ing  s t r i k e s ,  i n  comp1;lance 'with Federal  Aviation Regulations. 
comprehensive t ex t  t o  provide the  e s s e n t i a l  information for the in- f l igh t  
l igh tn ing  protect ion of a l l  types of  f ixed / ro t a ry  wing and powered l i f t  a i r c r a f t  
of conventional, composite, and mixed cons t ruc t ion  and t h e i r  e l e c t r i c a l  and f u e l  
systems. 

The handbook contains  chapters  on t h e  n a t u r a l  phenomenon of l ightning,  the 
in t e rac t ion  between the  a i r c r a f t  and the  e l e c t r i c a l l y  charged atmosphere, t he  
mechanism of the l i g h t n i n g  s t r i k e ,  and t h e  i n t e r a c t i o n  with the airframe, wiring, 
and f u e l  system. 
protect ion;  the physics behind t h e  vol tages ,  cu r ren t s ,  and electromagnetic f i e l d s  
developed by the s t r i k e ;  and sh ie ld ing  techniques and damage analysis .  
handbook ends with d iscuss ion  of test and a n a l y t i c a l  techniques f o r  determining t h e  
adequacy of a given pro tec t ion  scheme. 

It  presents  a 

Further  chapters  cover d e t a i l s  of designing for optimum 

The 

18. Diatribution f tofommt 

Document is avai lable  t o  the publ ic  
through the National Technical 
Information Service,  Springfield,  - 
Virginia  22161 

1. (of thia pop.) 71. No. of Popea 

Unclassified Un c l a s s i f i e d  I 5 00 
Form DOT F 1700.7 (8-72) Reproduction of completed paQe outhorixed 

2%. Price 
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of a wing are nonconductive or sufficiently isolated as 
to  be una+lable for conduction and that the remain- 
ing wing box is comprised of skins and spars having 
the dimensions as shown in Fig. 7.26. The cross sec- 
tional area of the spars and skins forming this box is 
135 cm2 (21 in?). The tank also contains an aluminum 
vent pipe electrically bonded to the structure at  each 
exid of the tank. This tube has an outside diameter of 
10 cm (4 in), a wall thickness of 0.5 mm (0.02 in2) , 
and a cross sectional area of 1.56 cm2 (0.24 in’). 

30cm vent --, 5?cm 

Fig. 7.26 Hypothetical u-ing box n i t h  integral 
fuel tank. 

Assume an intermediate strike with an average 
amplitude of 2000 -4 for 5 1115. in accordance with Com- 
ponent B of [ i . ? S ] .  The curienr in the pipe can be 
calculated as follows: 

1.56 cm2 
135 cmz 

3 x 2000 A = 23.1 A (7.2) Ipipe z [ 
Currents of this order of magnitude have pro- 

duced arcs at movable, poorl?- conducting, interfaces 
in some couplings. More common examples of electric 
arc sources include motor commutators. 

Bond straps: Electrical bond straps or jumpers are 
sometimes installed across poorly conducting pipe cou- 
plings, as shown in Fig. 9.2i. These bond straps 
should not be relied upon to prevent sparking from 
lightning currents. Current is apt to divide in propor- 
tion to resistance which may be the result of a small 
contact area in the coupling. Some current in the cou- 
pling could lead to sparking even with the bond strap 
in place. 

ELECTRICAL 

COUAINC 

Electrical bonding juniper across 
insulated coupling. 

Conduction through couplings and interfaces: The 
extensive use of anodized coatings to provide noncor- 
rosive mating surfaces in pipe couplings would seem to 
preclude arcing across the pipe interface, but relative 
motion between these surfaces can wear through the 
anodized coating, forming a conductive path. If there 
happens to be a large, bare metal-to-metal contact 
within the coupling, this could provide a spark free 
path. However, a slight change in the relative posi- 
tion of the mating surfaces, or introduction of dirt or 
residue might drastically change the electrical capabil- 
ity of a coupling. It is probable that the electrical ca- 
pability of a typical pipe coupling changes many times 
during a flight as a result of relative motion caused by 
structural vibrations a id  flesing. 

Some of the commercially available couplings and 
bulkhead fittings have been designed to conduct im- 
pulse currents up to 2500 amperes nithout sparking. 
These couplings should be adequate for use in most 
metal tanks where currents are of the order of a fe\v 
hundred amperes or less. 

Fuel tanks fabricated of CFC materials. however, 
are more highly resistive than aluminum. Currents on 
the exterior skin surface of such tanks will diffuse more 
rapidly to internal conductive plumbing and currents 
might greatly exceed 2500 amperes. 

Guidelines for protection: In the absence of definitive 
data on the electrical conductivity of pipe couplings 
under in-service conditions. it is advisable to take the 
following approach: 

1. 

2. 

3. 
-.-. 

Determine, by analysis or test, the fraction of 
lightning current expected in a particular pipe. 

Inject this current into a sample of the coupling 
under simulated in-flight vibration and contami- 
nation conditions. 

Perform this test in a darkened enclosure and ob- 
serve whether any arcs or sparks occur. Fkpeat 
the test until a reliable result is established. - 

Non-conducting interfaces: One solution to the 
problem of arcs and sparks at couplings and plumb- 
ing inierfaces with aircraft structure is to insert elec- 
trically non-conductive isolation links into these lines 
to eliminate them as current carrying paths. This so- 
lution. of course, requires additional couplings, which 
may add additional weight compared to the traditional 
all aluminum plumbing. 

Another solution is to make the pipes of a non- 
conductive material. Various solid polymers or fiber 
reinforced resins may be used for this purpose. Some 
electrical conducting material must be provided in the 
interior linings of pipes transferring fuel howe\.er, to 
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c)\/C;-i 5 "-8' F ('\;. 'i ! I ;~'s .k. 
i 

This reduced the peak current in pipes to the following values:- 2 8 - ( ( - 0 0  # 
c ' > i "  L, 9 1  t s  

f , <  's 
l r  

Mil-C-22263 Joint 2.3kA r+,+L;, , , 

2'2 I l-\fl ( i  i 1: L r 8  
Glued Joint 2.2kA. 

( 

It did not however prevent sparking at the Mil-C-22263 joint. 

A final test approaching full threat level was done to try and identify if sparhng was taking 
place elsewhere and what would be the level of current in the pipes. This was done with a 
clamped current waveform, Le., a unidirectional pulse. This prcduced a great burst of 

was not possible to identify any other sparking. Some sisns of internal sparkin. was detected . 
by fibre-optics on the glued pipe joint, and subsequent analysis revealed slight pitting. 

sparking at the Mil-C-32263 joint seriously over-exposing the film in the cameras, so that i t  
I - __ --,.-.-.-iL- ; +  
i 

8" f 

- \  0 
The test parameters from this final shot were as follows: 4 -4- .i 

,p d or) 
Total Peak Current 175kA Action Integral 2.3 x 106A2s. 
Peak Current in Mil-C-22263 Joint 12kA. Peak Current in Glued Joint 17k.A. 

-.rdj 

7 CONCLUSIONS OF BOX TESTS 

It is clear from these tests that the best surface protection that could be provided Le., covering 
the box with metal foil would not prevent the Mil-C-22263 joint from sparking. It was 
therefore felt there would be no point in investigating further the effects of lightning protection 
on the box. 

8 GAS IGNITION TESTS FROM THERMAL SPARKS 

It has been claimed by some manufacturers that although considerable sparking can be seen and 
recorded on cameras during arc tests these would not be adequate to ignite a 1.2 stoichiometric 
mixture of Propane and air. 

A considerable moun t  of information is available on the ignition of gas mixtures by ~~oi tage  
sparks. The data from thermal sparks is much more limited and we did not have the 
information available for this type of spark. It was therefore proposed to test whether the type 

3 



1 Mil-C-22263 Joint 

The construction of the Mil-C-22263 joint with the thin wire spring fingers is such that 
sparking is bound to occur at comparatively low lightning pulse currents. In our c u e  we could 
only reduce the levels to 2 to 3kA peak. 

2 Expected Pulse Currents 

Tests to the experimental wing box section provided showed peak currents in the pipes could 
be of the order of 12 to 17kA for a full threat level of 200kA during conduction shots with 
aluminium foil covering the surface of the box. Even with arc attachments io the surface of the 
box a peak current of 6 to 8M was observed in the pipes. 

3 Foil Protection 

The use of protective aluminium foil on the surface of the box is only likely to halve the 
currents in the pipes. 

4 Ignition of Gas Mixtures 

It was confirmed that the sparks at the Mil-C-22263 joint at 3kA would ignite stoichiometric 
mixtures of Propane and air and Ethylene and air. Ignition occurred on all tests made. 

5 Use of Promel to Suppress Sparking 

Since it is understood that it is not practical to modify the Mil-C-22263 joint, the effect of 
Promel, a suppressant foam to prevent sparwignition propagation was tested. The foam did 
not prevent isnition from occuning, but does reduce the volume in which it occurs, and hence 
reduces its severity. The success of this approach would appear :o depend on the geometry of 
the box and how completely it can be filled with foam. 

6 Arc Tests to Box 

Arc tests to the box at 200kA showed about 5 to 8kA peak current could flow in the fuel pipes. 
The damages to the CFC was over an area of about 100 x 150mm and 5 to 6 piies deep from 
visual inspection, 

000122 
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7 Arc Tests to Bolts 

Arc tests to the spar fixing bolts showed that aluminium foil 3" wide and 0.003" thick was 
enough to prevent internal sparking for a 187kA peak current test pulse. Having sparked 
however with no foii, further application of the foil did not prevent further sparking at the same 
bolt. 

8 Ignition of Fuels 

Whether the sparking seen would ignite aircraft fuels such as JP4 and JP8 under suitable 
conditions is not proven. It would however not meet the requirements of MIL STD 1757A. It 
is therefore hoped to extend this work to verify the ignition requirements for fuels wirh thermal 
sparks. 
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Protection Against Ignitions Arising out of Static, Llghtning, and Stray Currents 

SECTION 1-GENERAL 

1.1 scope 
This recommcndcd pra&cc presents h a  current Whol- 

ogy in the fields of static clcctrjcily, lightning, aid stmy cur- 
ren(s applicable to the prevenlioo of hydmarboa ignitiw 
The reammendstinns for protectbn are baccd on 1H-h 
and pnctictd experience h the pehnlCuln inchhy; homer, 
the principles discussed in this recumendcd przcticc are 
applicable to otbm operadoas in which ignitaMeliqoids and 
gats axe hsndled. “heir use cllould lead to @mvd safety 
prncticcs and evaluations of existing imtrh~ions and proce- 
dures. Furthmme, when the namow liiiils within which 
static: electricity ma mise ignition are pmperIy understood, 
tire investigators cnn be encouraged to search inom dili- 
getilly for ~lic: true ignition YOIUCS in tiatmces where igid- 
t ion by static eleciridty is unlikdy or impossible. 

ScveraI &‘ive basic rteps that may bo taken to prevent 
static ignition ace discussed in the following paragraphs. The 
recanmended practices and precautions given in this guide 
are not required iindw the following condilions: 
a. Static dischsrgw may m u r ,  but flammable vapors are 
excluded by gas freeing or inerting the atmosphere in the 
ares d rtihwge. 
b. Product handling occur8 in r closcd system, and oxygen 
in that system is below the mitrimurn concentnition requid 
to mppw combustion, such as in Ux handling of liquefied 
petroleum gas (LPC). 
c. The flammable conccntratbn is above the upper 

d. Flam~naHe wpor may be present. but 110 d m k m  CX- 

ists € 0 ~  static accumulation and dischlugc. Included in tIlis 
category arc most Situations in which some pctrokum fiq- 
aids, such as cnde oi ls .  residual Oils, aqhdt8 (iuciudhg cut- 
hacks), heavy fuel oils (No. 6. bunker, nnd so foah), and 
water-soloblc liquids (such as akoluh) are handled in 
grounded cnndt~~tive equipment. 1yKsc liquids do not amu- 
mulate electrostatic chzuges because of thcir relativdy high 
elmrid mnducliviry (gmatcr lhan 50 picoaiemm per me- 
ter). Experience indiates that thcscrnakrisls do not p1E-t 
a significant dtsctrostatic hamd unlw they are broken up 
Uito fine dropfds so that a charged mist is formed. Tu the 
presence of ruch mists, elecaicalIy InSiillKed cnndrlctive. ob- 
jects may become highly clarged. 

A ~ t l I l ~ U C  limit (UFI J. 

1.2 Fundamentals 
This publicdon considm the practical procedure for 

protecting specific operations. Fiindatncntnls of static el* 

Copyright by the Rnerican Petroleun Institute. 
Reoroduced uith pernisslon by Infornation Handling Seruices. 

tricity aiid &finitims are covered in Appeadix A. Static 
measuII)IDe& nnd dctcdion techniquw am c o r d  in Ap- 
pendix B. Appenllix C i.. a copy of tbc static ignition q m  
tbanaire PGCd to collect data for analysis dekctmstatic 
inadcnfs. Readus w b  huve cxpxkmxd an ignition of hy- 
drocadxm h m  1 static igdioa saurce m encmmgd K, fill 
out a copy of ihe qUWtiontwue md forward it to A.PL Tht 
a t l ~  c d l d  will be rsed for futurz: rmlyrirr 

1.3 Referenced Publicatlons 
No .single publiicafion coven all thc d i d  needed to UQ- 

demtand ebctrosratic ignition of hydrocadmls ur to povidc 
*qproprkte proteclion against 8udl ip’hi t .  The fokwing 
publibn~om. to the exrent opCc3fied in the &~t, fomi aps$ d 
this recomlnended m i k e :  

ASTM’ 
D 4308 Test Method fa EIacfricd Cnrdvclfvify Of. 

Liquid H + d  by Precision Meter 

1 
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SECTION 2-PRECAUTIONS FOR TANK VEHlCLES 

2.1 General 
The rtudy of s(Rtic ele&city i s  concerned with the accc11- 

mulation of electrical charges oti mtltuialt. t l ~ .  rnechsniums 
ty which these charge u e  gaiuated. and the p m m %  of 
dissipating the ;tcrxlmuJatd charps. ?hc flow of eleariuty 
during gtnerdtion and accuniufilion can produce potcatid 
difference8 of thousands of vdts, evcn h u g h  the ticlod 
flow of dcctricity is small-in the mnge of rnillion~hs of'm 
atnyere. Far ihis muon, boilding or groanding lllrough a re- 
xistance as large as 1 megohm (1 million ohms) will act as a 
short circuit lo dissipate R static clixgc. 

A primary manifestation of static electricity is thc dis- 
charge of the accumulaled charges by sparking. Bccause 
static cledticity ia dif€erent frurn power electricity, the mea- 
snremcnt icistrurnaits and tcchniqucs art quik different (see 
Appendix B). 

2.2 Ignition by Static Electriclly 
To pevent a tin. one or mole of rbc three elernenfs re- 

quirccl Tor conhuttion-fuel (in vapor or mist form), air, 
aid a souw of ignition--must be conhotled. Sparks froin 
stdic dccticity are a sigiificnM soim of igniiiun. Cmtrd 
procedures should prevcnl Ihe presence of either sparks or 
ffammsbk vapo+nir mixtumn. 

Far an dcctrostatic chrrrge to be a SOUITX of ignition. four 
conditions milst he present; 

a. A means of genmNtng on alccliwlalic charge. 
b. A nmns of auxxmulathg an ekctrostatk chame capable 
of producing 81) inceclciiry spark. 
c. A spark gap. 
d. An ignitable vsyor-air mixture in the spark gap. 

Ignition hazards frOm static sparks can be climiniled by 
controlling the garemtion or accuruulation of stntic chases 
or hy eliminating flammable mixturcs at poiuts whem s t a k  
e l d c i t y  nlay \IC dischugod IS sparks. "be ignition risk can 
be r e d u d  if the preswsce of aparl: promoters in ~ M S  of po- 
teiitially high elect+. iiclds is ovnlded. 

2.3 Spark Promoters 
Crrre should be exctdsed to awid spark praiuotcrs. such 

as unbonded coiidudng chjects, within a tonk conipartmd. 
Tanks should be inspected mid any anbondcd objeci re- 
m o d  before loading. 

A t& gauging rod or ocher device that projects into the 
urge spce of a talk truck can provide a p p  between Itself 
and ha rising liquid, allowing static spting. In top loding, 
a cmductivc downspout at  p x ~ n d  potcncial extends inlo the 
liquid. If ulc downspout Is mnr (he pmjecko. the voltage 

grrtcticat on [tic liquid surf- near h e  pmjdon may bc IT- 
duxd mmgh to diminish thc possibility of sthc d h q e .  

oluging rod projection iff of greater concern in boltom 
kcdmg k a m e  there: is M downspout On trucb with pm- 
w i g  gauging mb, tfm NXI ahoufd be connected LO cho bot- 
torn ofthe lnnk by a wire or drain. 
W k  fienmabls mixtures can bc expected io the vapor 

rpacc, metal or conductive ubjccts, such as gauge upes, 
m p l e  containers, and II)eniiornctcrs, should not be Jowcrd 
into 01 mpemterl hi a conlputment, either during filling or 
immediately afterward. In addition, the downspoor shoukl 
not be removal unlil any cktmstatic charge M thc pmduct 
lias had tk oprtunily to relax. A waiting p i n d  of about 1 
minute idler filliirg has stnpped will normally pennit sub- 
atallid relaxdonof the dactrosfatic ctnuge. However, when 
voy low conductivity hydmcahons ut: loaded into tank ve- 
hicles, a lohger rclnxatbn period is mnmnicndcd (yea 4.5). 

Pdrdenrn liquid shaukl not be f r d y  discharged from a 
hose into n tank unless all metal tit l ings arc bonded to thc 
Iank. 

7kru types of qrdc promoters are shown in Figures 1 A 
and 1B. 

2.4 Flammable Vapor-Air fflixtures 
2.4.1 GENERAL 

The probability of a vapor-air i n i x t u ~  being flanlniable 
depmds on tho product's vapor pressure and f h h  point and 
tk temperature nt which it i s  handlcd. These pmpcrties DCC 

used (0 classify refinal pniducts whae electrical resistivities 
arc high tnoagh lo  euablc them to accumulatc significant 
electm.*&c LGarges under s o m  Iimdfingcondilions. Thwe 
ckwsifi4ons arc L O W - V ~ ~ ~ T - ~ X W C  p c d u d ~ .  intermedi- 
ate-vapos-pe?sure pmducts, and hi&-vnp-pressure e- 
ucts (see A9 of Appendix A for detaih). 

2A2 LOW-VAPOR-PRESSURE PROMJCTS 
Low-vapor-pressure products are products with dmed- 

cup f i s h  pinla above 100°P (38°C). Examples of tlicse 
products inclurle furnace al. kernsene, d i~sc l  fuel, comtncr- 
cia1 avktim turbine fuel (kt A), and safety solvents. Since 
t k s e  produck are normally handled at tempcrahites well bc- 
Iw their flasb point.. tksy do not develop BatnmabIe vqmm 
under no@ bundling conditions. However, t d i t i o n  for 
ignhipa miry exist if thwe prducls a= hmdkd at tempwit- 
'tures above their flash points, rvecontrwninahd with intarm- 

contaiiiers where vapors at mncentmtionu a1 or above the 
nuxmry b prodilce a flammable mixtnre arc p r a m  from 
previous uac. This my occur during switch barling, 85 d e  
.Scribed in 2.4s. 

diaw oc high-vapor-pressurc @uCl~, OT .trtiderred h t ~  

Cowrlght by the Anerlcan Petroleun Institute. 
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APPENDIX A-FUNDAMENTALS OF STATIC ELECTRICITY 

,A.1 General 
The study of static elcchiaty ib: concerned with tbe a m -  

mulation of dectrical churga an rnakriale, the mccbnn&ms 
by which &me charges we generat&, sad the procmes of 
dksipnthg eccum~iartd charge. The flow of clumidty dur- 
ing generation and accurmlaliotl is  small, in tho ranga of 
milliontha of m amp- but the potwid differen- im- 
volvcd m y  amount to U I ~  of d t s .  bx this ICBSOJ~ re- 
htances OC 1-6 then 1 megohm act TIS short circuits. A 
primary rnanXcstatiiw of static ekctridq io tht discharge or 

&y ls different from power electricity, the inturuments and 
techniques for measurement arc uiiique (aec Appendix B). 

Sparkinrr Of h laXlIlWhted ChMgW h U 8 e  U& deCU'k- 

A.2 Generation of Static Electrlclty 
Static electricity la geilerakd by the scpamtim of like or 

unlike bodies. Both poritivc and negative elecmrtatk 
chqm always occar In pairs and are separnted and became 
evident when two bodies that haw bccn in contact are sepa- 
rated. For significant charges WI be developed, the H i e s  
miust become and m a i n  insulated with respect to ea& other 
so that the eleclrons that have passed over the boundary SUI- 

tion may occur because Ihe bodies nreamplcrdy pkiysicdly 
separakd otbdcurPt at lcast aie dlhe bod& is an insulator. 
In the latter instance, charging may arise h m  friction or 
mlling contact btwm bodies. Examples of s tdc  pr0dUce.m 
are .shown h Figure A-I, 
Of more hpomncc DO the petroleum in- is UB rtatic 

charga resulting from contact md sepuitjon tbrt taka plroo 
b a Aowhg liquid. Bcfoie Bow, the liquid coatains equal 
quantities of potitively and negatively c h w d  ions and is 
elactrically wut~al. However, ions of one sign uc prefem 
tially adsorbcd by th sulace of the mntainer or pipe, lav- 
ing a smplus of iom of Ihc opposite sign in tho liquid at  rhe 
interface When the liquid flows, charging occurs because 
the adsorbed ion8 arc stgarakd from the free ictnx, which @re 
clrried hto the body of the liquid by lurbdence. Rgu~c A- 
2 sh- how the c h a q a  are &ed with thc liquid and m- 
rjed dawnstnam The opposite charge is usudly condscfed 
ttrrou&h h e  mclallic pipe w d l  in tkc mnie direction b u s e  
of the natural athactioii belwen oppa4tc charges. lmpwities 
(wetcr, metal oxide, and &aniab$ increex thc rtatic-gen- 
erntirg C h t e M C S .  

The ROW of c1eCtriC;ty cawed by tb entrainment of 
chsged parZklca in the flowing W d  is known at the streem- 
fag cumat. If this charged steam enters a n d  container or 
tank, & h a r p  Raplration will be induced on ihe tank well. A 
Charge CqUd b magnitude to h fluid charge, but of opposilt 

face or inarfacs am trsppsd whan separaficm occurs. lasola- 

A,OnatlOn and 

Figure A-1-Static Producers 
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that can accumohte on an hsuhred body d q e d  on the rate 
ni which the static charge is being generated and tbe rruis- 
tmce ofthe pmhs ttuough w h i h  the chuge disllipatar. 

A.5 Canductivlty 
Thc ability of a liquid to rctabi m ekxtrortatic charge a 

function of ik conductivity. 'L'his cliarac(eiidc CM h8 ex- 
pressed in tern of condnctivity [I conductivity unit = 1 @- 
cosiemen per meter (lov1' ohrn-'.cni-')] or in the iavema 
Lm~~rorpfierlxhG' pxF3uim-+.h e ]  f3&itne bW~o - 
form 8s resistivity (1 resistivity ink = Id' ohmcm)]. An- 
odxxwmnionly used measure ir thc half-vale lime. whkh 
is the t h e  i t  hkw for the. chorge in a liquid imide a metal 
co'ntaincrto decrease to onc-halfim original vrlrre.The half- 
value time is inversely proportiontll to the liquiri's specilic 
conductivity and i s  directly proportional tu its dielmric con- 
stant. Bblc A-1 lists the conductivity, d i i v i t y ,  md helf- 
valne thnes of typical liquids. 

Except T a r  mists, elcctrostatic sccumuIaliou is not 
significant when the conductivity of the liquid exceeds 50 pi- 
cosienlens pcr meter snd the fluid is halidled in conductive 
contahien. A b w  this value, the chnrge.8 rccanbine as fast 
as they atc separated. 

Liquids with condudivities less than about 1 phsicmtn 
pcr meter do not. in practice, relax charges as slovly ns thc 
half-vdtle time would Ng8trt. As explrjned in Reference I 
(see Appennix D), w b  such liquids are highly charged, the 
amat relutiotml-ip &scribed by Ohm's Law does no1 apply. 

A.6 Statlc Discharge 
AS.1 OENERAL 

In practice, elecmtaiic char&- conrtantly h k  from a 
charged body bcwwe they are rlvays iintcr Ihc ath-actioa of 
an equal but opposite charge. Tbis chamcteristic is called 
chtuge daxnlion. and beconoc: of rhir, inast mtic sptwk.9 a n  
proditcad only while the gmerathg mcdIankm is active. It 
is possibk. however. €or charges generated during move- 
ment of mmc rcfimd petroleum product: to remain for a 
short t h e  after the fluid has stopped moviilg, because of the 
auirI's insulating qunlities. 

A.6.2 SPARKS AN0 ARCS 

Althoukh popnlar usago does nnt distinguish between 
sparks and arcs. a techuicrl dflwmce is recog&&. A spark 
results from the sudden breakdown oCLhe in.dating smnglh 
of e dicbrric (such as air) that sepiala two electmctcs of 
diffcrenc potentiak Tbir breakdown p10auces u trirnsient 
fiow of elechicity m o s s  the epark gap a d  is accompmied 
by a flash of  light. indicating a high tcmperatun. In coiilrlrst 
lo a cplrk, w arc is I low-vdngc, higbcu~imt elecbical dii- 
charge hat occurs at &e iastmt two points, tbmugh which II 
larp current is flow@ am separated Tccbnically. elecbo- 
slalic discharps 8tt always Itpa2ks. 

Q y - =  - 
P 
L 

Where: 
v = pDrentiaL fn v01m. 
Q = chiup, in coulombs. 
C = ayecitanco,infarads. 

Since the crpndtnnco of a body with rarpect Lo its SUT- 

roundings d e p e d s  an jt8 size and position, tlta =ne &luge 

ing may or may not occur. For i~rntmcc, R large sbcet phto 
suppot~~xl parallel IO the d% sr r f ics  mi insulated from it 
hns alaqa capacilana with mspcct tu h a  earth than does a 
mnaller plate niounted m a h i l a r  marinm at the seme &is- 
trnca from the carth. If the same charge is placed on both 
p l ~ .  thc larger p l a ~  will havc'r lower voltage with mpt 
to ground than Win the smalkx we, %IS, thc s d e s  plate 
might spark to tha earth (discharge), but the larger pltte 
would not have mfficient v d t a p  for rrparking. 

d m o t  81WayS nsUb the aMlC V0lt;Ye. M d  h C C  Spark- 
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Under the continuous influence of a charge-gemrating 
mechanism, !he vdtagc of m Indated body continues Lo 
grow. Fnce IW insulation ia pfe-ct, a8 the voltage becomca 
greater, the rate at which the chap Lesks rhtough die im- 
lation inrxerrscs. At name voltage, the leakage of charge will 
equal thc rste nt which t b ~  charge is being pked on thc in- 
sulakd body and n slable conditiai will be reached. If this 
atahili7Ld wItagc is M o w  the requited sparking polcntial. 
RO xparkiag will occur. If the stabiliztd voltage h above tha 
spnrklng potential, rperking will accwbcfore stabjlirirlinn irr 
reached Par Uiis mason, individual and discrete spark: dis- 
ch- arc sonletimcs obsewed uirdct conditions d ccmtbl- 
uoos electzostatk genaolioa As chargw m deposited on a 
body. the vollagebegh to grnw, then, il  the diargc leakage 
through thcinsulrtbn iS not npid enough. r@u potaltial 
is reached. The spah then dkcharga froin the body and the 
voltage immediately drops. At 0th pint, the entire procerwr 
is rep?ated. 

A.6.4 IGNITION ENERGY 
The mere fact that a spsrkresnlt~ fmm lGgh rollage docs 

not mean that ignition of a fl;anmehle mixtun will occur. For 
combuttbrr to be Inidrred, sufficient energy must be trans- 
f e d  fiwn lhc spnrk to the rrurrouhdiry fiurunabk mixture. 
The cnugy tbat in stored and available fnwn II capacitive &a- 
charge is related to voltage aid capacitance by the folhwing 
formula: 

E - ascv 
When?: 

E = energy, 1s joules. 
C = capt\dtmcc, in farads. 
V = potential, in vdts.  
Bxpcrimts mdef the mt fdvomble con&tioils haw ig- 

nited petrdcum vapoo~-& mixtures ut nppwxinrately 0.25 
mnillijwlc. Theenergy requirement inaeascs m the aIiXtuR'8 
composition approaches the Ian or rich sides of the 
flamrnabtc ntnge; it is at I mirliinurn near the rtoichiomctdc 
mixmrt. 

The energy mquhwnent is also hweascd by other factors 
thel tend to decrease the availability ofthe stored energy to 
the flammable mixturn These factors Include the following: 
a, A portion of the cnef8y will be dissipated in a resistive 
podon d the discharge circuil and win not be avaihMe at 
thc rptrrk gap. 
b. The ckdrode I L C ~ S I I  which the sparking OCCUIY will be of 
a shspc md nirterial so& that a portion of the energy ia Ute 
& will be wasted in htrttng thc eleclrode a d  will not be 
available to heat h e  malerial in the gnp. This is imt pro- 
nounced with short gaps and Ls tnowa 8s the elcctrodc's 
quenchirrg effect. 
c. Tbc spuk gap may be :o long that the energy is dis- 
tributcd over too long a patb b lieat the mixhue b ipition. 

Copyright bs the lkerican Petmleun I n s t l t u  
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A.7 fgnltion by Static Electrlcity 
Form elcctrcstatic charge to bc a source of ignition, four 

miiditions must be fulfillad: 

a A niePR8 of generating IUI electtwtatic charge must be 
P-t. 
b. A YnW8 OF accumulating an dcctrostcttk charge that is 
cayabk of prodwing an iaccndive spnrk nwut bc present. 
c. A rneaus of diacharghg the rrccumulaeed elactro~tatic 
cha%einthafonn~arrinxndive~k(UutiS asparkgap) 
niust bc pment. 
d. An ignitable vapor-air mixture must be present in the 
spark gap. 

A.8 Stalk Control 
Aa.1 GENERAL 

Ignition h a a d s  fmni static sparks can bc climillnted by 
conkofling rhe geaeration or aocwnuladm of static ~%argcs, 
the discharge of static ChRcgcs, or ttre vapor-rir mixtum at 

era1 basic and a f f d v e  steps Ulal can be taken to prevent 
static ignilion arc dkcu.d in A 8 2  duough 14.8.8. 

pointswhcnsaaliGchaqpccr,&dlschargcdw~sl>arkaScv- 

A.82 BONDING 



Rgure A-6-hth Bodies Are Grourdad and Have No Charge 

ing the spnrking pocentirl by rtRhicting or reducing the rate 
o€ static g a a b .  To the case of liquid hydrocarbou prod- 
iacts, the rate of geneaatba can be reduced by dccratiing oc 
dirninating the conditions or activiticv &ti\ produce static. 
Thus, reducing agitation by avudicy air or v a p  buWing, 
reducing flow velocity, rducii~g jet aid pgtlkr blending. 
and avoirlmg fre M h g  or dropping ol liquid tbroilgh the 
d e  cf~torcd Proapct wjU decreast or eliminate rhe gen- 
wation of static. Bl~~&cWalic charging is also reduccd by 
psvanting droplets of water or other pirticiilatcmaiter fmm 
settling through the body of rhc liquid. . 

A.8.5 INCREASINQ STATIC DISSIPATIOPI 
A chmge on Lhr: liquid will dissipate at a rate that is a fimc- 

tion of Lime a d  b liyuid's conductivity. 'Ibc charge on the 
liquid can be reduced by incrtasing ilrr conductivity through 
the we of d r t r t i c  rddives.  which will pennit thc ehrvge 
to dissipate mom quickly, or by maiuing thc liquid in an an- 
closed pipe or relaxition tank at low turbiihice t~ p v i d e  
more l ime for thc cbarge to dirsiptte. 
Whm mthtadc additive8 m &, they B ~ O U ~  be jnlro- 

d u d  at the beginning d tha distribution train. It s:bi)uhl be 
thet ha hitially adjaalea mdwtiv i ly  can berc&~ccd 

dgnifbntlyby nzpeatedsbipmeab t~~~Ipas.sapffmghclay 
filters. Itis esbmtiirl hat tlle additive nianufacturer's itisbuc- 
tions be lobwed. 

A.8.6 CONTROLLING THE ENVIRONMENT 
When shlic dircharge cannot be avoided by bonding, 

grounding, reducing btatic generrtiou, or iircrenaing &tic 
dissiplltion, bition can bo prcvwrted by axclediug ignitable 
Vapor-& lnixnuer when the spark may occur, Thb is par- 
ticurdy d i f h l t  in h e  caaeof II flnamahle pehulaum liquid 
whose vapor pmslum pwduoar ignitable mixturn at han- 

dling knrperalures. However, avapor-air mixtun cannot be 
ignited lulIcss the vapor-to-air ratio lies witbin certain well 
defined limits, d d  the lower and uppo.jiamrmbllity lfm- 
its. The ~cc~ptcd valuer for various pchnlcirn prorlucts RE 
given in U.S. B u m u  of Mincs Rlindin 627 [2]. 

I f  Ihe rhnosphcrc in a vapnr space is in th0 jinmmrble 
mngc, drchr7ard CM bsr&ed M climinlltctd cithmby low- 
d n g  die oxygen nmtenl by ditylacblg the air with an inert 
gas or by keeping rhe v u p i  spimi'well above the upper 
flummrrbility litnit timu& Iho introduction of natural gas or 
ffm vapors of a volacilc produd. Clue must be tt&w m the 
use ofthere ruelhads to avoid contamidion d the product 

A.8.7 ELECTROSTATCAUY ACTIVE FUELS 
AN0 PROSTATIC AGENTS 

In some c a a  accidents rrttribiitahlc to cltatic electricity 
have occlrncd cvcu whelt operstimr have been caniulooL 
€or ycan in substlmlirlly the rsm~ mama wiliwul inddeat. 
In an attempt accounl fbr lhee u r ~ u s a a l o c c u ~ e . ~  it has 

ally electr~~t.tically active because of Ihe prescucc of un- 
known trace coolponeotj thKt iucrcascd tho chacgiog 
tendency withoot significantly changing the fuel's ccmduc- 

ple polar corryloun& and comntnn fuel additives IS hnving 
prastolic cffccts; however, it hns been found thatptrdeunl- 
derivod sodM sutfonrtter rn &ctrostaticelly d 9 e  in trace 
concentmlions. Wntcr wan tmnd to be the II[IoLL( n w l y  ideal 
prostatic a g e n ~  The magnitude of its effm varied b d w m  
fuels, leading to tba cunclurriua UML interaction with m1uc 
undctcrrninad cmuiiituent of rhc fuel prwjdes b e  obsztved 
e l l d .  

Prcscot knowledge ic inadequate k~ p m i t  pdictioti of 
rocallad "ho~" fuels. Convcntioaal fad inspcctioas rJvc no 

be0 @ult td  W in 11- iastwca~, the fuel w ~110s~- 

tiWty 131. M-spollsored  ITS^ has eliminated IIIOS Sim- 

Gpyrlght b!J tho k r i c a n  Potroloun I n s t l t u t o .  
Reproduced u l t h  pamlss lon  bu Infomat ion  Handllng Services. 
WDSTD Issus  96-(w. 



CUJ rrccaslonatly, and the possibility must not be owxhked 
when bading precaurbns a10 considered or accidtnta are ir+ 
vestigeled. 

A.8.8 ELECTROSTATIC CHARGING OF 
CLOTHING AND PERSONNEL 

In a dry attnoqhcre, such RR in  a h a t e d  building in thc 
winter. db~Crostatk c h q i n g  of ~ S O M C I  CIUL become n e  
tictable. %tic di8clqea firm clothing 8re vtry u d h l y  to 
ignite ordinary hydrocarbon gwcs im the sir. Hwever, 
sparks h r n  the body Io ground may have a u f f j c i i t  energy 
for ignition, since the body is a fairly gmd conductor and 
m y  retain a h e .  Ryskal separation of dbsh&u mate 
rids is dway hrdvcd in lhc generation OF I high body volt- 
age. Sorm typical examples am ranoval of an outer garment 
( c l i q e  sepmtiun between the garnicnt and the remaining 
dothing and body) ancl walking on II rug (charge separation 
between tbe rug and the soles of the shoes, which rcrults in 
ch&qg of the body). Crolhing is riot likely to gembe high 
body voltage exccpt by its removal. A6 a pra&cul mal&, 
smic darging of pusomel has not proven to  be il signiliwt 
safety pmblcni in normal pelroleurn industry o p e r a h x ,  
ptnhably bemuse of thc & hck of ac tiont such as tlioss 
just m e n r i d ,  collpled with thc normal absence of persou- 
ne1 bcing expmed to n fhunmsMc atmosphere. 

The n d  for mntrd af pemd charging usually arises 
in situatiaus in wfiich workem am exposed lo VQT w i l y  ig- 
nitabb roaterials i tnbrs,  rruchaa in kmpital operating sniw 
(with nixtured of oxygen rid easthesic gas) and in the 
mmnufactwc ofmunitions. In these r j c ~ i o n i .  peventinn a~ 
pcnmnel charging is achieved by continuous budy pmnd- 
ing through (he nst of conductive footwcar a i d  conductive 
fboring. 

A.9 Definitions 

CombuPlibde liquid shall mean a liquid hving 1 flash 
paint at OT above 1 W F  (37.8%). C~rnbnsrible liquids slialf 
ba mbdivided 88 fdows: 

F7ummcrbcc &Win shall mean a liquid havmg 8 fl&poinc 
below 100°F (37.8OC3 .nd having a vapor pressure not k- 
ceding 40 pound8 per square inch 4bohte at 100°F 
(37.Soc) and sh.u be lnwrwn as Class I liquid Class 1 liquids 
J h l l  be SUMiVidul M follows: 

, 

000125 
Coprrrlsht bu the kerfcan Petroloun Institute. 
Reproduced uith pernission kr Infornatlon Handling Services. 
WDSD Issue 96-04. 



- 20 - 

o Some military a i rc raf t  use explosion suppressant foam in their  fuel tanks 

Unless precautions are 

to  reduce combat vulnerability. 
composed of  skeletal networks o f  tiny l i g h t w e i g h t  strands o f  
polyester-polyurethane o r  polyether-polyurethane. 
taken, entering fuel can impinge on the foam and depending on the porosity 
of the foam, the impingement velocity, and the surface area impinged u p o n ,  
can constitute a potent charge generator. I n  such a case, as w i t h  plastic 
pipes, one charge i s  l e f t  on the foam, and charge of the opposite sign i s  
convected away by the fuel. T h e  charge which resides on the foam (which 
i s  a good insulator) cannot easi ly  migrate to  ground, and so can quickly 
accumulate t o  levels where an incendiary discharge can occur. Incidents 
traceable t o  the presence o f  explosion suppressant foam began t o  surface 
i n  1974 (Fig. 13) and continue to  be a problem f o r  the military services. 

These foams are  a sponge-1 ike material 

- JP4 

0 KEROSENE 

JP4 1N FOAM FILLED TANK 

NOTE : 
(1) 12 lNClOENTS WITH AVGAS (1958-1963) 

{2) 23 KNOWN INCIDENTS SINCE 1980 (USAF AIRPLANES 
WITH FOAM IN TANKS) 

'60 '65 '70 '7 5 '80 

YEAR 

Figure 73. Aircraft Accidents Attributed to Static Eleclricity (Ref I )  

When incendiary events induc4 by discharges occur i n  foam protected 
tanks, the foam prevents , : x? los ion ,  and prevents large scale f i r e  
spreading; however, the charred foam m u s t  be replaced w h i c h  i s  an 
expensive, time consuming task .  S u b t l e  problems w i t h  expl osion 
Suppressant foam f o u n d  i n  the past have included the following: 
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TO: R.D.Roy 

cc: 

1 , 1 1 1  

ANALYTICAL ENGINEERING REPORT 28- ~~-~~ 

04-03 NO.: 9-5576-WP-97-280 
, 

ITEM NO.: Chem 6016 
1 

DATE: July 3 1,1997 

MODEL: Ev. EQA 

GROUP INDEX: 9-5576 - Analytical Engineering, Chemical/Physical 

SUBJECT: Identification of Five Contaminant Samples from a Fuel Scavenge Pump 
(=&t 0'7310s. F&&A 

Five samples of solid debris that had been removed from a fuel scavenge pump from a 747 were 
submitted for identification. The samples consisted of the rear grommet of a P/N MS24264R1075PNX 
connector, two fragments of gray elastomer, a fragment of metal and a small chunk of what appeared to 
be a mineral material. 

FINDINGS 

- The five samples have been identified as follows: -- -. - 

(1) From Damaged Connector Rear Grommet - Silicone Polymer, Not Recommended for Use in 
a Fuel Environment 

(2) From Discharge Relief Valve Cavity - Non-chromate Polysulfide Fucl Tank Sealant 
.. 

..!.ye (3) From Pressure Relief Valve - Chromated Polysulfide Fuel Tank Sealant 

(4) From Pump Discharge Chamber - Metallic Aluminum Fragment (1000-Series or Pure 
Aluminum) 

(5) From Sexvice Shut-Off Valve - Crystalline Silica Mineral Particle 

EXPERIMENTATION AND RESULTS 

The samples were inspected optically, and were analyzed by infrared microspectroscopy and/or electron 
microprobe. 

Connector Rear Grommet. The damaged grommet, shown in Figure 1 A, had a strong fuel odor. An 
electron microprobe elemental survey and infrared spectrum of the grommet material, presented in 
Figure 2, show that the elastomer consists of a dimethylsiloxane type silicone polymer. Reference 
spectra of silicone and fluomsilicone products are presented in Figure 3 for comparison. Silicone 
polymers of this class are not rated for fuel exposure, and can be expected to swell and soften when 
exposed to fuel. Fluomsilicone,' fluorocarbon and nitrile rubber are fuel-compatible elastomers. 
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Elastomer Fraement from the Discharge Relief Valve Cavity. The dark gray elastomer fragment 'from 
the discharge relief valve cavity is shown in Figure 1B. Analytical results, presented in Figure 4, are 
indicative of a non-chromate polysulfide sealant such as BMS 5126 Type 11, containing calcium 
carbonate and titanium dioxide fillers and manganese oxide catalyst. Reference spectra of a polysulfide 
polymer and of calcium carbonate are presented in Figure 5 for comparison (the titanium dioxide anb 
manganese dioxide absorptions are too weak to contribute significantly to 4B). This type of sealant is 
compatible with the BMS 10-20 Type II chromate primer used in fuel tanks, and some green primer was 
observable on the surface of the sealant fragment. 

' 

Elastomer Fragment from the Pressure Relief Valve. This larger fragment of elastomer, shown in 
. Figure lC, is represented by the data in Figure 6. This fragment is also polysulfide sealant, but is a 
different product than that found in the discharge relief valve cavity. This fragment contained no 
calcium carbonate, but did contain strontium chromate. Other pardculates, including what appear to be 
aluminum silicate, were present. 

Metal Fragment from Pumu Discharge Chamber. The sampIe is shown in Figure lD, and an electron 
microprobe elemental survey is presented in Figure 7. Clearly, the particle consists of aluminum. With 
the exception of a low concentration of magnesium (0.3 percent) and a location-dependent varying 
concentration of silicon (1  to 3 percent), only trace concentrations of other elements (Cu, Mn, Zn, Ni) 
were detectable. Based on these results, the particle has been tentatively identified as a low strength 
loo0 series alloy, which is essentially pure aluminum. The origin of the particle is not known. A small 
quantity of polysulfide sealant like that recovered from the discharge relief valve cavity was present on 
the surface of the sample. 

Mineral Particle from Service Shut-Off Valve. Results for the mineral fragment, shown in lE, are 
presented in Figure 8. As demonstrated by the data and the reference spectrum, the particle consists of 
crystalline silica and most likely had its origin in the environment. 

". 

hepared,M 

Approved by 
W. L. Plagemann 
M / S  73-09,234-3025 

4 

Electron Microprobe: J. C. Wessel 
Photography: J. M. Packard 
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Reference paragraph 5.3.4 6r5.3.5, A piccc of non magnetic metal approximately 0.194" by 
0.092"was found in the pump discharge chambcr of tlie puml) housing [PM RR24675-11. Red arrow 
indicates a piece of rubber type material approximately 0.297" by 2.16" by 0.048'' thick, was also 
found jammed in the pressure relief valve [PM RD246811. 

EQUIPMENT QUALITY ANALYSIS 
EQA NUMBER: 1659T . 

PHOTO NUMBER: 9 
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Rcfcrence paragraph 5.8, Examination of thc AC motor stator assembly PM RGZlSGS] revealed 
scvcral picces of red rubbcr through out the asscmbly. 

4 

J 
EQUIPMENT QUALnY ANALYSIS 

EQA NUMBER: 1659T 
PIIOTO NUMBER 24 

. 000132 
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Referenee paragraph 5.8.2, The protective slccving and connector grommet had dctcrioratcd due to 
contamination and exposure to fuel. 

EQUIPMENT QUALITY ANALYSIS 
EQA NUMBER: 1659T 
PIIOTO NUMBER 26 
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Motor Cooling Tube 

Poppet Check Valve 
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Boeing Commercial Airplane Group 
P.O. Box 3707 
Seattle, WA 98124-2207 sys TFrn  s P A C T 9  l d L  

May 12, 1997 
B-B600-16120-ASl 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza, S.W. 
Washington D.C. 20594-2000 

HnEINn 

Subject: Fuel Pump Materials, TWA 747-1 00 N93119, Accident off Long 
Island, New York on July 17, 1996 

Reference: Your e-mail to Kevin, dated 3/25/97 

Dear Mr. Swaim: 

In questions 1 through 5 of your reference fax, you requested that we identify 
the materials used in the scavenge and override/jettison pumps. 

I Enclosed with this letter is the information you requested in your questions 1 
through 5. Our responses to questions 6 through 15 were provided to you 
earlier. This completes our reply to the reference message. 

If you have any further questions, please feel free to contact me at any time. 
, 

Very t uly yours, du* 
~ 

John W. Purvis 
Director, Air Safety Investigation 
Org. B-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 

j Fax (425) 237-8188 

1 Enclosure: 

1 cc: Mr. A. Dickinson, IIC 

As noted (14 pages) 
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(1) What is the material used for the scavenge pump vanes? 

The Scavenge Pump part number fiom R0103/RA164 is unknown at this time. 
The original Pump that would have been installed, according to the tabulation on 
the installation drawing 65B92406, is the 60B92403-2/-5 combination. Later this 
part number was superceded by 60B92403-12, -13 and -18. Backwards 
compatibility was maintained. A spares provisioning note in the drawing states 
that the “-18 can replace or be replaced by -5 or -12 or -13. 60B92403-18 is the 
preferred spare.” It may be possible to confirm, from TWA maintenance records, 
the exact part number that was flying on the airplane at the time of the accident. 

The following is a summary of Pump and the corresponding detail part data: 

60B92403 Supplier Supplier Assy Blade P/N Mat eriaVFinis h 

-5 Lear Siegler, Inc. RR24680 RS26179-114 Steel 

RS26177-114 Steel 
Romec Div. 
LL cc 

-12 ‘-1ntertechnique 

-13 Intertechnique 218 386-2 218 668 Carbon Composite 

. -  218 496 Carbon Composite 

-18 Intertechnique 218 386-3 218 941 Carbon Composite 

218 942 Carbon Composite 

(2) Is there any point in the he1 pump where two steel parts would come in contact 
(or nearly so)? 

For the Scavenge Pump; yes, there are pump configurations having steel parts that would 
be in contact with each other. See the attached figures. There are other steel parts in the 
pumps such as screws, washers and springs that are not necessarily in contact, but are 
“nearly so”. 

The -5 pump, which would have been included with the original delivered configuration of 
R0103M164,  has all pumping elements, rotor, blades and sleeve, made of a case 
hardened steel. In the case of the -18 pump, the current configuration, the rotor and liner, 
are steel, and blades are a carbon composite. 
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(3) Override/Jettison Pump Steel Parts. 

One TWA800 O/J Pump assembly PM is known to be the 60-703 104 (Hydro- 
aire). This pump was the Right Center Tank pump, recovered from the wreckage. 
The Left Center Tank pump PM is not known. According to the engineering 
drawing spares notes, any one of the pump assemblies below could possibly have 
been installed in the Left Center pump location. 

60B92403 Supplier Supplier Inlet Impeller P/N MaterialFinish 

-3 CraneMydro-aire 60-70303 60-7032 1 2024-T35 1 Aluminum 

60-70306 60-7032 1 2024-T35 1 Aluminum -7 

60-70307 60-70321 2024-T35 1 Aluminum -9 

60-70308 60-70385 2024-T35 1 Aluminum -10 

-1 1 6 6  6 6  60-70309 60-70385 2024-T35 1 Aluminum 

Assy. P/N Priming Impeller 

60-75538 Type 3 16 CRES 

60-755 3 8 Type 3 16 CRES 

60-75538 Type 3 16 CRES 

60-7553 8 Type 3 16 CRES 

6 6  6 b  

‘L b b  

6 6  6 6  

60-75538 Type 3 16 CRES 
-13 c c  6 6  60-703 103 60-70385 2024-T35 1 Aluminum 

60-75538 Type 3 16 CRES 
-14 66 (6 60-703104 60-70385 2024-T35 1 Aluminum 

. -  60-75538 Type 3 16 CRES 

60-7553 8 Type 316 CRES 
60-703 1 13 60-70385 2024-T35 I Aluminum ‘ b  e‘ -15 

- 17 ( 6  6 6  60-72101 60-721 18/60-72112 2024-T351/2024-T35 1 
60-75538 Type 3 16 CRES 

-18 6 6  t‘ 60-7230 1 

The Override/Jettison pump has both a priming impeller and inlet impeller. Although the 
materials used in these parts are the same for all configurations, they are used in 
combination with adjacent parts of various materials including aluminum, bronze and 
CRES. The attached figures are representative of the above configurations with respect 
to the presence of steel parts used in the pumps. 

In response to question (2), for the Override/Jettison Pump; yes, there are pump 
configurations having steel parts that would be in intimate contact with each other. There 
are other steel parts in the pumps such as screws, washers and springs that are not 
necessarily in contact, but could be considered “nearly so”. 
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What materiel is used to seal the scavenge and jettison pump electrical connectors? 

Hydro-Aire Fuel Pumps (overridehettison) 

220(A) Potting compound (uses 951 hardener) to pot wires on back side of connector. Used for 
over 27 years for this application on all 747 fuel pumps. 

RTV 730 (with R W  1205 and 1200 primers) is used on new production 60689004 and 
overhauled pumps approximately between 1993 and 1996. This was used to stop the 
accumulation of contaminates (water trap) next to the connector body. Also the potting was used 
to stop ingress of moisture into the interfaces of the feed through connector. This is a silicone 
based sealant. 

The hermetic seal connector uses glass between the pins and the connector case as the sealing 
material. 

On all new configuration pumps starting Nov 1996 tank sealant (Pro-Seal 890, B-2 per BMS 5-26 
Type If CL B-2) is used on the environmental side of the connector to seal the gaps/interface 
between the feed through connector and its backshell from ingress of water and contaminates. 

Lear Sieqler Fuel Pumps ( C W  scavenge pump). 

The feed through connector is an environmentally sealed connector with a standard part number 
MS24264RlOTSPNX (per MIL-C-26500) that has a silicone rubber grommetlinsert. 

No sealants or potting compounds are applied to this connector/interface. 

The Supplier Component Maintenance Manual recommends the use of DC-200 Silicone oil or 
equivalent be applied to ease the insertion of the contacts. 
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Number: 747-28A2208 
Date: Soptemhcr 25, 1997 

P.TA System: 281 5 

Summary 

SUBJECT: FUEL - STOWGE - CENTER WING TANK SCAVENGE PUMP INSPECTIO'J I 
BACKGROUND 
C .  

I his inspection will m k o  sum the center wing tank 
scavenge pump connoclor Is not damaged and will 
no1 loak fuel 

The Lear Rornec component mainterrance manmi 
(CMM) 28-20-01 for !!IC HR24360 scavenge pump 
had the wrong connector pari number specafed. 
Contact with fuel may E ~ U S O  deterforation of the 
MS24204 conncdor that wa6 specified in this CMM. 

Wa have r i d  reccivod any reports of leaking contor 
tank scavenge pumps. Wo have not received any 
reports [hat scavange purnys have been r o m v c d  
txcaaso of demge to the electrical mnneclor. 

The Lsar Rornec saavongo pump which is the 
subject of Ihis inspection wits delivered on 747 
airplanes through lina number 344. I1 is possible tho 
pump was installcd on airylanes allor line number 
344 AS an interchangeable spare p r t .  

An inspection of tho scavenge pump electrical 
connector part number will make s u m  that tile 
cor'rsct connector is installed. 

ACTION 

Dixconnect the center tank smvongo pump airplane 
cloctricsll connector. Do an inspedian Of the pump's 
electricel ccrmctor part numbor. If the correct par1 
fiumber cociiieclor is installed, put back the airplano 
eledrical connector. 

if a different puny' connector part number is 
installed, replace !he scavongo pump wilh one that 
has the correcl pump cannactor part riurribor or is n 
different pan number pump. 

Do an operational lest of the scavenge pump. 

If a spare pump is not available, the ahplane can ho 
yerated wilh tho scavange pump deactivated. For 
Iho 747, refer lo 1/10 747-1 00/-200/-300/SP Oispaich 
Deviafions Prcceduros Qulde p a p  2.28.22.0 lor 
nore data. For the 747400, iefer to tho 747-400 
Dispaldi Dcviotions Guide page 24?8*25-1 .O for 
mote date. 

COMPLIANCE 

Boelng recommends that Ihis inspeclion be done at 
Iho earliest opportunity where manpower and 
facilities nre available, 

E FFECTl V(N 

All 747 airplanes line positions 001 -971. 

iNDUSTRY SUPPORT INFORMATION 

At tho tirile of releaso of this service bdlclin, 
warranty ramedies lave imt been dciarmined. A 
suhsequenl revision or Nolico of Siatus CItangG will 
address tho warranty refnedies wailable, if any. 

MANPOWER 

Total Man-hours - 1 .O for each hirptnne 
El~psed Tine - 1 .O Hours 

These mardiours nocossRcy to repi#cv Iho pump: 



E. Reason 

BOElNG SERVICE BULLETIN 747-28A2206 b 

This inspac!lan vfll make sure the contor wing tAnk scavenge pump connector is noel damaged and 
will not leak fuel, 

The Lcar Romec component mainkmance mnual (CMM) 28-20-01 for Ihe RR24300 scavenge putnp 
had tho wrong contiector par! numbar spwifled. Ccnlact with fuef may cause dctorioration of the 
MS24264 connector that was specifid in this CMM. 

We have not roceived any reports of leaking conter tank scavenge pumps. We have not received 
any repads that scavenge purnps haw been rornoved because of damage lo lhe elsclrical corincctor. 

The Lear Romec mivnnge pump wli idi  is the subjoct of this inspodion waa dettvered co 747 
airplanes tfirough line number 344. It ;s prssible the pimp was instal!ed on 3 i T h O S  Mer line 
number 344 as an interchangeable spare part. 

An Inspection of the scavenge pimp e!ectrical connector p r t  number will make siire that 1t;e corrcci 
connector is installed. 

C. Descrlpttofi 

The center ?ank scavcngo pump airplatre Jlectricai ccnnoctor W disconnected, An inspection of the 
pump's eleclrlcal cotincctor part number Is done If Iho correct part nrirr,aer connector 1s installed !tic 
airplane electrical connector is put back. 

if ~f dilferent pump cotvector pail number is instnilon, the scaverigo pump ig replaced with 0110 tha! 
tias tho correct putrip connector part number or is a different pgrl ntrmber. 

An operational test of Itre scovonge pump is done. 

If n spm pump is not avnilnblo, the airplane can be cpcmtsd wilh the scavenge pump deactivated 
for \he 747, refer to the 747-100/-200/-300/SP Dispatch Deviations Proceduras Guide page 
2.28.22.0 for more data. For the 747-400, refer lo lhe 747-400 Dispalclr Deviations Guido p g e  
248-26-1 .O for more data. 

D. Carnpllanco 

Baeing recommends that this lnspectio!\ be dcne nt the earliest opportunity where manpower a n d  
facilities a o  available. 

E. Approval 

This sowice bulletiti was exatnincd by the Federal Aviation Administration (FAA). The changes 
specified In this scrvice bulletin comply willi Ihu applicable Federal Aviation P.egMions (FAR) and  
ate FAA approve!. This serllice bullelin and tho FAA approval were bas& on the airplane In its 
orlg!nal Oacirig defwery cotifigtirallon or as modified by other F,M approved Roeing changes 

I f  an airplane has n non-Boeing rncdification or rspair that affects a compcnent or systcm also 
affected by this servictl bulletin. tho operator is r9sFoflSiblO for obtaining awmprinto rogirhtory 
agency approval before incorporating this setvice bullctin. 

Fa Industry Support lnformatlon 

AI 1118 tirile ol release of this service bulletin, warranty retmdicis have not been determined. 
strlwquent rovislon or Notice of Status Change will address the wnrranty rernedies available, rf m y .  

.A 
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lil. ACCOMPLISHMENT INSTRUCTIONS 

1. The paragraphs idontllled with a lotler give the general work lnslructions and Ihe nocessary ~ O S ~ S ,  
The lnsiructions )don!ified with numbors on the flgures givo lhe recommended sequence 01 stops. 

2. Obey all of fhe warnings and caii!fons given in ihcr specified manual sec?lons, 

A.  Find !he pad number of thS installed Cenlef lank scavanga p m p  rnolor. If the parl number Is not 
RR24680 (8oelng Specificalbn number 65892403-5) , no more action I9 necessary. If tho part 
nurnbor Is RR24880, do theso steps: 

1, For lhe 747: 

a. On the P i 2  panel, open the SCAVENGE PUMP CONTROL Cir lx i t  breakcr and attach a 

b. On t.ho P6 panal, open tho SCAVENGE WMP circuit breaker ood attach a DO-NOT-CLOSE 

DO-NOT-CLOSE tag. 

tag. 

For the 747-400: 

a, On thc PI80 panel, posiliori HZ, Dpan the SCAV PUMP CONT circuR breakec and attach a 

b. On the P414 panel, pshbn MP, open the SCAVENGE PUMP Circuil breaker and attach a 

DO-N UT-CLOSE lag. 

CO-NOT-CLOSE tag. 

2. Do an inspadloo of the scavenge pump molor as specifled in Figure 1. 

>YARNING: DO NOT REMOVE THE MNDiNG GEAR DOOR LOCKS AS SPEC!FIED IN THE 
AMM PROC€DUPES IN THE NEXT STEP. RAPID ACllON OF THE DOORS CAN 
CAUSE INJURY TO PERSGNNEL OD DAMAGE TO EQUIPMENT. 

3. I f  lhu part n m b w  of the connector is Z~Y-AC- I~ IO-SP or ZZL-AC-1710-W, continue to the next 
Step. If any other part number connector is installed, rc?p!ace the scavenge pump, Refer lo tlic 
747 AMM 28-:5-01 or 747-400 AMM 28-15-01 far Ihe removal and Installallon procedures. Makc 
surc tho new Wrnp has the correct connoctor part number or is B dffferent parl number‘ pump. 
Fiefer lo tile 747 or 747-400 IPC 28-1541-01 to get the replacement pump part numbre. It is not 
necessary to do a test 0: a replaced scavenge pump at this Ilrne. 

I f  a spare pump is no1 avallabla, rho airplane can be operaiod with the scavenge pump 
deactivated. For the 747, relor lo Iho 747-100/-200/~3006P Dispatch Dcviatbns Procedures 
Guide page 2,28.22.0 for rime data. For the 747-400, refer to tha 747-400 Olspatch Oevlations 
Guide page 2-28-25-1 .O lor more data. 

NOIE: Geler io tho Leaf Hornsc Servlce Bullelin nR243CC-28-001 to replace ttic c;cdrical 
connector of any removod pump. 

scp 25/97 
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4. For I h O  747: 

a. On the PI2 pancl, reinovo Ihe IlO.NCT.CLOSE tag find close Ihc SCAVENGE PIIMP 

6. Or\ the PO panel, remove the 00-NOT-CLOSE !ag and c!ose tiw SCAVENGE PUMP citcuil 

CONTROL circuit breaker. 

breaker. 

For the 747-400, 

a On the P18U panel, positio;: 112, rcn-iwe tho SO-NOT-CI-OSE lag snd c!c;se ll>e SCAV PU,hfP 
CONT circuit brcakcr. 

For \tie 747, do theso steps: 

a. Gn !:IC P4 pmel, set tha SCAVENGE FWW w!;c:!I 10 ihc 01.1 ;iosifiGn. 

b. Moko sirre the sravcngo putrip opcrales (listen or feei tor H vibralicn), 

c. 011 P4 panal, set the SCAVENGE PUMP switct! to the CFF p x i i l k ~  

I_- W A n N ’ N t ; :  00 N3T TRY 10 IIEMOVE THE LAND!f.13 GEAII UGCR LSCKS L”r’HEr\i T) iE3E  IS 
I’RESSURE TO THE l4Yl)biAULIC SYSTEM. IlAPILl ACTION OF THE DOW3S CAY 
CAUSE INJURY TO PEHSCNf’JEt OH DAMAGE TO ECUIPMENT. 

E. Rcrraove the wing and body gear door locks. Refer lo the 747 AMM 32-00.30 or the 747.409 AMM 
32-00-30 for the tkcessary procedures. 

C. Rcmove the ctcdrical p w e r  il ii is not rwcessary. Refer to the 747 AMM 24-22-00 or the 747-490 
AMM 24-22-00 for the necessary procedures. 

D. For airplanes RAISl-nAl63 only, anolher scavonge purnp can he  ir-e.tai[ed, Refer la llre 741 IPC 
20-15-01-16, Item 012, to got Ifie loca?ion of tho s w r d  scavei’lyv pump. ! h e  tlie iistrrl airplanc 
rmintenaricc practkes to do the mnnscto: part numker insyoction on this wavcnge punit,. 

E. Piit the airplane back into setviceablc coditiuri. 

000142 
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7?ie slep numbers shown below agree wdh the r~urnbers shown i n  thc circlo syin&ols in tho  figure. 

--$ NOTES 
--.- 

NAME PART NUMBEn 1 QTY -. TASK -. STEP 

- 1 1 Disconnect Gorinector .I 

2 See Part Number -- 1 Look at Ihe pad nurnber of 
-- 

i1:stallcd cn the scavcnoe 
the electrim1 conowtor 

C 

.- 
Connector 1 

-I__- 

3 Cormect 
- ._ 

000144 FlGUnE 1. 00 AN INSPECTION OF THE SCAVENGE TANK CONNECTOR PART NUMBEn 
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B O E I N G  C O M M E R C I A L  A I R P L A N E  COMPANY P.O. B O X  3 7 0 7  S E A T T L E .  Y A S H l M t T O R  98124 

I ATA 2 8 2 0  

I SYSTEM: 

_.____ - PLEASE NOTIFY BOEXNG - ,--OF YOUR PLANNED ACTION- - AND INSPECTION RESULTS- 
7 - 

NO: 7 4 7 - 2 8 A 2 0 9 2  
I DATE: February 12, 1979 - 

9 REVISION 1: April 27, 1,979 

SUBJECT: MAIN FUEL T m K  PUMP WIRING INSPECTION, REWORK, 
AND MODLFICATION 

NOTE ; . THIS SERVICE BULLETIN IS BEING SENT TO ALL AFFECTED-, 

BOEING. OPERATORS WHO HAVE LEASED AIRPLANES SHOULD 
FORWARD THIS INFORMATION TO THE LESSEE. OPERATORS 
WHO HAVE SOLD AIRPLANES SHOULD FORWARD THIS 
INFORMATION TO THE NEW OWNER, UNLESS 30 DAYS HAS 
ELAPSED SINCE BOEING HAS RECEIVED NOTIFICATION OF THE 
SALE. 

OPERATORS WHO NORMALLY RECEIVE SERVICE~IBUEEETINS FR0i.l 

I. Planning Information 

A. Effectivity 

1. Airplanes Affected 

An equivalent change will be incorporated in 
production in accordance with PRR 79382 on applicable 
airplanes other than those listed below. 

CUSTSNER t HOD€L t 
S E R I E S  MFG. S E R I A L  NC. R E G 1  ST RY N O -  C U S T O M € R  NO- 

GRObP I 

AF ( A I R  FKAhCL)  
RA25 1 -RAi54  747-128 19749 THRU 1 9 7 5 2  F-BPVA THRL, F-BPVD 
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BOEING S E R V I C E  BULLETIN NO. 7 4 7 - 2 8 A 2 0 9 2  

B. Reason 

T h i s  i n s p e c t i o n ,  r e p a i r ,  and  m o d i f i c a t i o n  w i l l  p r e c l u d e  
e l e c t r i c a l  a r c i n g  i n t o  main  f u e l  t a n k s  N o .  2 a n d  3 t h a t  
may r e s u l t  f r o m  damaged wires w h i c h  p r o v i d e  power t o  t h e  
No. 1 a n d  4 main  f u e l  t a n k  boost  pumps. 

Two m a i n  f u e l  boost pumps f o r  each of t h e  N o s .  1 a n d  4 
m a i n  f u e l  t a n k s  a r e  l o c a t e d  i n  a d r y  b a y  a rea  (dog  h o u s e )  
n e a r  t h e  o u t b o a r d  e n d  o f  t h e  Nos. 2 a n d  3 m a i n  f u e l  t a n k s .  
E l e c t r i c a l  w i r i n g  t o  t h e  pumps is i n s t a l l e d  i n  a luminum 
c o n d u i t  r o u t e d  t h r o u g h  t h e  Nos. 2 a n d  3 t a n k s  b e t w e e n  t h e  
wing  rear  s p a r  and  t h e  dog h o u s e .  

R e c e n t l y ,  one opera tor ,  i n v e s t i g a t i n g  t h e  c a u s e  of a f u e l  
leak i n  a n  a u x i l i a r y  f u e l  t a n k ,  f o u n d  a small  h o l e  b u r n e d  
t h r o u g h  t h e  c o n d u i t  t h a t  h o u s e s  t h e  e l e c t r i c a l  w i re s  t o  
t h e  a u x i l i a r y  f u e l  t a n k  pump. R e p o r t e d l y ,  a wire h a d  
a b r a d e d  a g a i n s t  t h e  i n n e r  c o n d u i t  w a l l ,  e x p o s i n g  t h e  
c o n d u c t o r ,  and  a r c i n g  f r o m  t h e  c o n d u c t o r  t o  t h e  c o n d u i t  
p r o d u c e d  t h e  h o l e  t h r o u g h  w h i c h  f u e l  escaped. Alert 
S e r v i c e  B u l l e t i n  747-28A2091 was r e l e a s e d  t o  f o u r  a f f e c t e d  
overseas operators  a n d  recommended a n  i n s p e c t i o n ,  repa i r ,  
a n d  m o d i f i c a t i o n  of a u x i l i a r y  f u e l  t a n k  pump w i r i n g .  

T h e  c o n d u i t  a n d  w i r i n g  i n s t a l l a t i o n s  f o r  t h e  Nos. 1 and 4 
f u e l  t a n k  boost pumps are similar b u t  n o t  i d e n t i c a l  t o  t h e  
a u x i l i a r y  f u e l  tank i n s t a l l a t i o n s .  An i n s p e c t i o n  of t h e  
m a i n  f u e l  t a n k  boost pump w i r i n g  was i n i t i a t e d  o n  selected 
a i r p l a n e  g r o u p s  i n  o r d e r  t o  e v a l u a t e  t h e  possible e x t e n t  
t h a t  w i r e  , c h a f i n g  may e x i s t  i n  t h e  f l ee t .  
.of t h e .  s u r v e y  t o  date  i n d i c a t e  t h e  e x i s t e r i ' c e  o f  c h a f i n g  
a n d / o r  a b r a s i o n  i h  v a r y i n g  d e g r e e s  of t h e  m a i n  boost pump 
wire i n s u l a t i o n .  Damaged wires were r e p o r t e d  o n  a i r p l a n e s  
t h a t  h a d  a c c u m u l a t e d  a p p r o x i m a t e l y  4 0 , 5 0 0 ,  23 ,000 ,  2 2 , 0 0 0 ,  
2 0 , 0 0 0 ,  a n d  15 ,000  f l i g h t - h o u r s .  N o  wires were r e p o r t e d  
t h a t  h a d  worn t h r o u g h  t h e  i n s u l a t i o n  t o  t h e  c o n d u c t o r .  

Part>-+> .resul. ts-  - .  

I 

I n  summary, o f  2 5  wire b u n d l e s  i n s p e c t e d ,  16 were reported 
t o  h a v e  some d e g r e e  of damage. The  r e p o r t e d  c h a f i n g  a n d  
a b r a s i o n  is  a t t r i b u t e d  t o  v i b r a t i o n  o f  t h e  wires a g a i n s t  
t h e  c o n d u i t  w a l l .  I n i t i a l  f i n d i n g s  from t h e  s u r v e y  
i n d i c a t e  t h a t  t h e  d e g r e e  o f  w i r e  i n s u l a t i o n  damage is 
related t o  a i r p l a n e  f l i g h t - h o u r s .  

000147 
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C. Description 

The N o s .  1 and 4 main fuel tank forward and aft fuel boost 
pump wire bundles between each pump and the wing rear spar 
should be inspected for chafing and abrasion or other 
damage: repaired or replaced as necessary: and, modified 
by providiq additional protection against damage. 

Inspection of each wire bundle requires removal of 
electrical connectors at the pump and pulling the wires 
out of the conduit at the wing rear spar. The wires 
should then be cleaned and closely inspected for damage. 
Damaged wires should be replaced or repaired as necessary. 
If electrical arcing or burning is evident, the conduit 
should be inspected, and replaced if necessary. 

Terminating action consists of tying the wire bundles at 
six inch j.ntervals and installing t w o  concentric teflon 
sleeves over the wires. The wire bundle is then , 

reinstalled in the conduit, the ele'ctrical conneetots * are-'. 
, .  Feinstalled,' and ,the boost pump should be operationally 

checked. 

Affected airplanes are divided into two groups. Group I 
airplanes (line position 001 through 054) were delivered 
with boost pump wires that exhibit better wear 
characteristics than the wires on later (Group 11) 
airplanes. 

It is recommended that the inspection, repair, and' 
terminating action be accomplished at the next, planned 
maintenance period on Group I airplanes with less than 
30,Oi)O flight-hours and on Group I1 airplanes with less 
than 6000 flight-hours. 

It is recommended that the inspection, repair, and 
terminating action be accomplished on Group I airplanes 
with 30,000 or more flight-hours, and on Group I1 
airplanes with 6000 or more flight-hours, at the earliest 
opportunity when manpower and facilities are available 
within the next 750 flight-hours or two months calendar 
time, whichever is earlier. 

Revision 1 changes the type of knot used to tie the 
wire bundles prior to sleeving. It also deletes an 
airplane, previously modified at Boeing, from the 
effectivity. 

Airworthiness Directive 79-06-02 has been issued on this 
subject. 
N O T E  : ?LEASE N O T I F Y  BOEING OF YOUR P L A N N E D  ACTION AND 

INS!'SCTXON R E S U L T S .  
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BOEING SERVICE BULLETIN NO. 747-28A2092 

. .  
The inspection and rework described herein has been 
approved by the FAA Designated Engineering Representative 
at the, Boeing Commercial Airplane Company ,,and..coordinated 

. .  . with FAA%Northwest Region Engineering and Manufacturing I Branch A?Zi-210 .' 

E. Manpower 

Approximately 20 man-hours and a crew of 4 men are 
required to accomplish this modification per airplane. 

F. Material - Price and Availability 
The kits identified in Paragraph 1I.A. may be obtained 
from Boeing within the terms and conditions defined below. 
After expiration of the quotation, price and delivery data 
w i l l  be provided upon request. 

The delivery quotation below indicates the date when 
initial kits will be available. When source capacity is 
limited and tooling or material availability is the pacing 
factor, customer purchase orders will receive an 
allocation, from the available quantities, based on 
receipt date of purchase order by the Spares Department 
and based on operator's planned modification schedules. 
It is therefore requested that customer purchase orders 
include planned dates of incorporation. 

Kit Number Description Delivery Unit Price 

61B74794-629 Kit, Standard Available No Charge 

61874794-630 Kit, SP Available No Charge 
Airplanes 

Airplanes 

Date February 12, 1979 

The prices quoted are subject to the terms and conditions 
of Boeing's standard purchase order acknowledgement. 
Quotations are subject to acceptance within 120 days from 
date hereon. 

Any items which are offered at."No Charge" are * a  su,bject,.to 
'charge 'after expiration of the 120-day perfo'B':" . .  I .  . .  

I .  

1 

Prices quoted in 'Jnited States Dollars. Terms: Net 30 
days. 
Address purchase orders and correspondence pertaining to 
this quatstion to Director of Spares, and refer to this 
service bLlletin number. 

000149 
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111. Accomplishment Instructions 

NOTE : T h e  following paragraphs outline the general 
accomplishment instructions and detailed test 
requirements. The suggested sequence of operations 

are and detailed accomplishment instructions 
indicated by circle notes on the figures. 

A .  CFen t h e  foilowing circuit breakers:  

Nomtlnc la ture 

KO. 1 AFT b NO. 4 FWD 
BOOST PUMP CONTROL 

NO. 1 M A I N  AFT BOOST PUMP 

NO. 4 X A I N  FND BOOST PUMP 

NO. 1 FWD & NO. 4 AFT 
BOOST PUMP CONTROL 

. -*NO. 4 AAIN' AFT BOOST PUMP ' 

NO. 1 MAIN FWD BOOST PUMP 

F/E I N D  L T S  4 

F/E I N D  LTS 5 

Location 
(Panel 1 

P 1 2  

Pl4 

P14 

P12 

. . .-- ..: . I C ' .  . '  ' 61 s 

P15 

P12 

P12 

B. Remove access panel from applicable boost pump dog house 
(two per wing). 

C.  Inspect and rework wire bundle per Figures 1 and 2. 



BOEING SERVICE BULLETIN NO. 747-28A2092 

D. C o n f i r m  proper p h a s e  s e q u e n c e ,  u s i n g  1 1 5 / 2 0 0 v  ac ,  3 - p h a s e ,  
ABC p h a s e  s e q u e n c e  meter, n o m i n a l  400  cps  a s  f o l l o w s :  

1. A t  e a c h  pump, before  a t t a c h i n g  t h e  p l u g  t o  t h e  
receptac le ,  i n s e r t  p h a s e  s e q u e n c i n g  meter. 

2 .  E n s u r e  t h a t  t h e  p h a s e  s e q u e n c e  o n  t h e  p l u g  is A ,  B, C 
f o r  p i n s  N O .  1, 2 ,  a n d  3 .  

, -- - . <  

3 .  C h e c k x  f o r  c o n t i n u i t y  t o  g r o u n d  o n  p i n  N O S  -4:- 

NOTE : For p h a s e  c h e c k ,  c lo se  o n l y  t h e  a p p l i c a b l e  
pump c i r c u i t  b r e a k e r  a n d  ac b u s  c i r c u i t  
breaker p r io r  t o  a c t u a t i n g  e a c h  s w i t c h  o n  
t h e  P4 p a n e l .  

E. Restore access p a n e l  a n d  c lose c i r c u i t  b r e a k e r s ;  p e r f o r m  
o p e r a t i o n a l  c h e c k  o f  pump ( R e f :  747  M a i n t e n a n c e  M a n u a l  
S u b j e c t  25 -22-00) .  
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BOEING SERVICE BULLETIN NO. 747-28A2092 f ” :  "rial 

@Remove bundle from ‘clamp on rear side o f  rear spar (inboards 
located at approximately WS692 and outboards at WS711). 

NOTES: 1. Outboard positions may require removal of second, 
lower clamp to allow easier handling of bundle. 

Riqht side outboard position requires extra effort 
and time due to proximity of cable pulley. 

2 .  

@Pull bundle out of conduit from rear side of rear spar. Tie 
off pull cord at doghouse en$ so it will not be inadvertently 
drawn through. 
facility and were inadvertently left installed on the wire bundle. 

Remove any wire ties that served as a manufacturing 

n 
I 

W N O T  SHOWN - Clean wires using approvec? solvents (Ref: 7 4 7  Wirinq 

Repair or replace damaged or chafed wire as applicable 
Diagram Manual Chapter 2 0 ) .  
chafing. 
(Ref: 747 Wiring Diagram Yanual Chapter 2 0 ) .  

NOTE: 

Inspect wires for burn damage or 

If wire replacement is required, ensure that wires are 
spliced at a location such that the splices will be 
outside of the conduit. 

@If electrical arcing o r  burning is evident the conduit should 

@Tie wire bundle and enchse in two concentric teflon sleeves; 

. -*. - 
be inspeated, and replaced if necessary. ,‘ .. L .. * ’ 

1 Size X 4  inner; Size $0 outer per Figure 2. 

@Reins tall tied double -sleeved wire bundle in conduit 
csing pull cord. Detach pull cord. 

NOTE: Sleeves should extend from under pump connector clamp 
thru clamp on rear face of rear spar. 
sleeves should be necessary: under no condition should 
sleeves be trimmed while on bundle. 

No cutting of 

0 Reinstall clamps, ensuring sleeving is under clamps. 
NOTES: 1. Replacement of clamps with larger size may be required 

due to additional thickness of cwo sleeves. 

2. Ensure, also, that wire bundles are not pulled taut 
inside the conduit. 

0 Reinstall connectors on wire bundle and make continuity check 
(Ref: 7 4 7  Wiring Diagram Manual Subjects 28-22-31 and 28-22-32. 

FIGURE 1 .  X I R E  BUNDLE INSPECTION AND REWORX 

Feb 12/79 
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R E A P  S P A R  

/ 

, .a. - .  . 

O U T E R  T E F L O N  I N N E F - :  T E F L B N  

PRESSGZF S':J TTCY SCEE'f E SLEEVE 
C O N N E C T C R  

aI3efore  i n s t a l l i n g  s l e e v e s  on i n s p e c t e d / r e p a i r e d  w i r e  bund le ,  
t i e  bund le  a t  6 . 0  i n c h  (maximum) i n t e r v a l s ,  u s i n g  k n o t s  p r e -  
scribed i n  747 Wiring Diayram Manual S u b j e c t  20-10-11 ( c l o v e  
h i t c h  and square k n o t  or c l o v e  h i t c h  and s u r g i c a l  k n o t ) ,  o r  
t h e  e q u i v a l e n t  o v e r  t h e  l e n g t h  t o  be encased  i n  s l e e v e .  See 
i n f o r m a t i o n  below f o r  correct s l e e v e  p a r t  number and l e n g t 5  
f o r  each bund le .  

@ (NOT SHOWN1 - Remove p u l l  c a r d  from end o f  bund le  
and a t t a c h  s e c o n d ,  s e p a r a t e  p u l l  cord. 

@ I n s t a l l  s l e e v e  ( s i z e  f4) o v e r  bund le  us ing  p u l l  c o r d  

@ (NOT SHOWN) - Remove p u l l  c o r d  and r e a t t a c h  c o r d  whit 

S l i d e  sleeve ( s i z e  #O) o v e r  f i r s t  s l e e v e .  

t h rough  c o n d u i t .  
h r u n s  

NOTES: 1. Where 4 w i r e  c o n t a c t s  ( s i z e  t 1 2 )  w i l l  n o t  fit 
i n t o  s l e e v e s ,  one w i r e  may be b e n t  and t a p e d  
back ( 3  c o n t a c t s  w i l l  f e e d  i n t o  s l e e v e  and 
f o u r t h  w i l l  f o l low) .  
s h a r p l y ;  m a i n t a i n  smcoth bend. 

Do n o t  bend w i r e  back 

2. "Mate - w i t h "  t ag  may be  removed from t h i r d  
bund le  a t  l e f t  i n b o a r d  location t o  f i t  bund le  
i n t o  s l e e v e s .  

P a r t  Nos ( S i z e  4 5 S i z e  0) P a r t  N o s .  ( S i z e  4 & S i z e  0) 

P o s i t i o n  (747-loo/-200) (747 SP) 
LS-Outboard 6 187479Q-62901 E -62902 (74") 61B74794-63093 E -63002 (78") 
LS-Inboard 6lB74794-63003 E; -63004 L23-") 
RS-Inboard, 61B7475 ?-52905  E -62906 (71 ' I )  61B74794-63QO5"E"-63bO6 (74") 
RS-Outboard 61B74794-+:1737 6 -62908 (72") 61B74794-63007 & -63008 (88") 

6 1B74792-62903 & -62904 (68") 

F I G U R E  2 .  i J I H I N G  BUNDLE TYING AND SLEEVING 

Feb 12/79 
REV. 1: Apr 27/79 

747-28A2092 
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Commercial 
Airplane 
Group 

747 
Service Bulletin 

ALERT 
Number: 747-28A2204 
Date: December 19, 1996 

ATA System: 2822 

Summary 

SUBJECT: FUEL - DISTRIBUTION - ENGINE FUEL FEED SYSTEM OUTBOARD MAIN TANK BOOST 
PUMP WIRING INSPECTION ' 

1 I 

BACKGROUND forward and aft boost pump cover plates. Remove 
the boost pump wire bundle from the conduit. 

This inspection will make sure the number 1 and Inspect the sleeving/wire bundle for damage. 
number 4 main fuel tank boost pump wiring is not Repair any damage that is found. Install the boost 
chafed and will not cause arcing inside the fuel tank. pump cover plates. Do a test of the boost pumps. 

The number 1 and number 4 main fuel tank boost 
pump wiring is installed with a double layer of teflon 
sleeving in the conduit. The sleeving is installed to 
prevent arcing between the boost p u r p  power 
wiring and the conduit caused by wire chafing. 

747 airplanes cumulative line numbers 329, 348 and 
356 and on had the two sleeves installed in 
production. All other airplanes were the subject of 
Alert Service Bulletin 747-28A2092 which inspected 
the boost pump wiring for damage and installed the 
two sleeves. 

747 airplanes cumulative line numbers 001 -432 
have aluminum conduits for the main tank boost 
pumps. All other 747 airplanes have stainless steel 
conduits. If the boost pump power wiring shorts to 
the conduit, it is mor8 likely that the aluminum 
conduit can melt and make a hole. This could result 
in a fuel leak, fire or an explosion. 

This inspection assumes that service bulletin 
747-28A2092 has been incorporated. 

COMPLIANCE 

Boeing recommends that this inspection be done at 
the earliest opportunity when the manpower and 
facilities are available. 

EFFECTIVITY 

All 747 airplanes line positions 001 -432. 

INDUSTRY SUPPORT INFORMATION 

Boeing warranty remedies are not available for the 
inspection given in this service bulletin. 

MANPOWER 

We have not been told that chafed wires have 
caused any conduits to be melted through since 
Service Bulletin 747-28A2092 was issued. 

ACTION 

Remove the number 1 and number 4 main tank 

Total Man-hours - 4.0 for eacn airplane 
Elapsed Time - 2.0 Hours 

MATERIAL INFORMATION 

Operator Supplied Parts 

008155 
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B. Reason 

This inspection will make sure the number 1 and number 4 main fuel tank boost pump wiring is not 
chafed and will not cause arcing inside the fuel tank. 

The number 1 and number 4 main fuel tank boost pump wiring is installed with a double layer of 
teflon sleevinc -e conduit. The sleeving is installed to prevent arcing between the boost pump 
power wiring F :e conduit caused by wire chafing. 

747 airplanes iulative line numbers 329, 348 and 356 and on had the two sleeves installed in 
production. .Aqi Aher airplanes were the subject of Alert Service Bulletin 747-28A2092 which 
inspected the boo i t  pump wiring for damage and installed the two sleeves. 

747 airplanes cumulative line numbers 001-432 have aluminum conduits for the main tank boost 
pumps. All other 747 airplanes have stainless steel conduits. If the boost pump power wiring shorts 
to the conduit, it is more likely that the aluminum conduit can melt and make a hole. This could result 
in a fuel leak, fire or an explosion. 

We have not been told that chafed wires have caused any conduits to be melted through since 
Service Bulletin 747-28A2092 was issued. 

C. Description 

The number 1 and number 4 main tank forward and aft boost pump cover plates are removed. The 
boost pump wire bundle is removed from the conduit. The sleeving/wire bundle is inspected for 
damage. Any damage that is found is repaired. The boost pump cover plates are installed. A test of 
the boost pumps is done. 

This inspection assumes that service bulletin 747-28A2092 has been incorporated. 

PLEASE SEND A REPORT OF YOUR INSPECTION PROGRAM. ALSO, SEND THE INSPECTION 
RESULTS WHEN EACH INSPECTION IS COMPLETE. 

SEND TO: BOEING COMMERCIAL AIRPLANE GROUP 
ATTENTION: MANAGER, AIRLINE SUPPORT 

D. Compliance 

Boeing recommends that this inspection be done at the earliest opportunity when the manpower and 
facilities are available. 

E. Approval 

This service bulletin was examined by the Federal Aviation Administration (FAA). The changes 
specified in this service bulletin comply with the applicable Federal Aviation Regulations (FAR) and 
are FAA approved. This service bulletin and the FAA approval were based on the airplane in its 
original Boeing delivery configuration or as modified by other FAA approved Boeing changes. 

If an airplane has a non-Boeing modification or repair that affects a component or system also 
affected by this service bulletin, the operator is responsible for obtaining appropriate regulatory 
agency approval before incorporating this service bulletin. 

Dec 19/96 747-28A2204 
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K. References 

1. Existing Data: 

a. 747 Maintenance Manual (AMM) Subject 12-09-08, 28-22-03 

b. Boeing Standard Wiring Practices Manual (BSWPM) 20-00-13, 20-10-1 1, 20-10-1-2, 20-10-1 3 
and 20-10-18 

' c. Boeing Service Bulletin 747-28-2092 "Main Fuel Tank Pump Wiring Inspection, Rework, And 
Modification" 

2. Data supplied with this service bulletin: 

None 

3. Installation Drawings: 

Drawinq Number Title 
65 89240 1 
65892482 

Fuel Boost Pump installation 
Plumbing instl. - Fuel Feed, Auxiliary Tanks 1A and 4A 

These drawings were used to prepare this service bulletin. These drawings are not necessary to 
make the specified changes, and are not supplied with this service bulletin. These drawings may 
not be applicable to all airplane configurations or operators. 

L. Publications Changed 

None 

M. Electrical Load Data 

Not Changed 

Dec 19/96 747-28A2204 
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BOEING SERVICE BULLETIN 747-28A2204 

It. MATERIAL INFORMATION 

A. Parts Necessary For Each Airplane 

NOTE: The parts shown below are listed for the operators convenience. No parts are necessary if 
the installed wiring is not damaged. 

Parts and Materials Supplied by the Operator: 

Quantity Part Number (Specification) Name 
BACC45FS14C4S Connector, Boost Pump 
BACC45FS14B4S Connector, Auxiliary Tank Pump 
BACC45FT1 OC5S Connect or, P ressu re Switch 
BACC45Ff1 OB5S Connector, Pressure Switch 
BACC47CPl S Contact, Pressure Switch (AWG 20 Wire) 

BACC47CP3T Contact, Boost Pump 
BMS 13-48, Type VIII, Class 3, Wire, Boost Pump 
AWG 18 (b) 
BMS 13-48, Type VIII, Class 1, Wire, Boost Pump and Pressure Switch 
AWG 18 (b) 
BMS 13-48, Type VIII, Class 1,  Wire, Boost Pump and Pressure Switch 
AWG 20 (b) 
BMS 13-54, Grade D, Type I l l ,  Lacing Tape 
Class 1, Finish C, Width 0.1 1 
inches, Color White 
D436-37 Splice, Raychem 
P209541 Contact, Pressure Switch (AWG 18 Wire), 

Pyle National 
Chemplast TFE-2X, Standard Sleeve, Inner 
Wall, Size #4 (0.37 dia.), Color 
Natural or an equivalent (c) 
Chemplast TFE-2X. Standard Sleeve, Outer 
Wall, Size #O (0.47 dia.), Color 
Natural or an equivalent (c) 

(a) 
(b) 
(c) 

100 inch lengths are adequate for repair at any of the conduit locations. 
Refer to the Standard Wiring Practices Manual 20-00-13 for optional wire. 
Port Plastics Incorporated, 11 13 Andover Parkway, Tukwila, Washington, 
USA 98188, Phone (206) 575-4994, Fax (206) 
Port Plastics has agreed to provide this material in 100 inch lengths as 
necessary to support this inspection. 

B. Parts Necessary to Change Spares 

None 

Dec 19/96 
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BOElNG SERVICE BULLETIN 747-28A2204 A, A 8 8 a> 

C. Special Tools and Equipment 

No special tools or equipment are necessary to do the change in this service bulletin. -But, 
maintenance and overhaul tools in the manuals given in Paragraph I.K., References, can be 
necessary. Examine operator tool supply to make sure all necessary tools are available. 

D. Existing Parts Accountability 

None 

Dec 19/96 
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111. ACCOMPLISHMENT INSTRUCTIONS 

NOTES: 

1. The paragraphs identified with a letter give the general work instructions and the necessary tests. 
The instructions identified with numbers on the figures give the recommended sequence of steps. 

2. Refer to the Boeing Standard Wiring Practices Manuals 20-10-1 1 and 20-10-12 for the wire 
installation procedures. 

3. Obey all of the warnings and cautions given in the specified manual sections. 

A. Open these circuit breakers: 

C/B Panel Nomenclature 

P12 NO. 1 AFT & NO. 4 FWD BOOST PUMP CONTROL 

P12 F/E IND LTS 4 

P12 FIE IND LTS 5 

P14 NO. 1 MAIN AFT BOOST PUMP 

P14 NO. 4 MAIN FWD BOOST PUMP 

P15 NO. 4 MAIN A F T  BOOST PUMP 

P15 NO. 1 MAIN FWD BOOST PUMP 

B. Remove the number 1 main tank forward boost pump access door 545CB. Refer to the 747 AMM 
12-09-08 for the access door location. 

C. Remove the access panel 572GB. Refer to the 747 AMM 12-09-08 for the access door location. 

D. Disconnect the pump and pressure switch connectors and remove and save the wire bundle clamps 
inside the boost pump housing. 

E. Remove and save the wire bundle clamp at the other end of the conduit on the rear spar. 

F. Attach a cord to the wire bundle at the boost pump end and pull the wires through the conduit. It is 
possible for the boost pump connector to go through the conduit. 

NOTE: The cord must be long enough to go fully through the conduit. it will be used to pull the wires 
back through the conduit. 

G. Do an inspection of the wire bundle. Repair any damage to the sleeves or wires as necessary. 
Replace the sleeves if they are damaged. Refer to the SWPM 20-10-18 to replace a sleeve. Repair 
or replace the wires if they are damaged. Refer to the SWPM 20-10-13 to repair the wires. If the 
wires appear to be burned, do an inspection of the conduit and replace if necessary. 

H. Use the cord that is in the conduit to pull the wire bundle back through the conduit. 

I. Install the saved clamps and fasteners at each end of the conduit. Both sleeves must go through the 
clamps. 

Dec 19/96 747-28A2204 
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J. Connect the pump and pressure switch connectors. 

K. Do steps A through I again for the number 1 main tank aft boost pump (access door 545D6, access 
' panel 572GB), the number 4 main tank forward boost pump (access door 645CB, access panel 
672GB), the number 4 main tank aft boost pump (access door 645DB, access panel 672GB). 

L. Do an operational test of the boost pumps as specified in the 747 AMM 28-22-03. 

M. Put back the removed access doors and panels. 

N. For airplanes RD121 and RJ151 only, this inspection must be done on the auxiliary jettison pump wire 
bundles if the pumps are installed. Refer to the 747 AMM for the access and test data for these 
pumps. The inspection procedure is the same as mentioned above for the main tank boost pumps. 

0. Put the airplane back into serviceable condition. 

Dec 19/96 
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BOEING SERVICE BULLETIN 747-28A2204 

LEFT SIDE SHOWN 
(RIGHT SIDE SIMILAR) 

-----A- 

-- --- NO. 1 OR NO. 4 + 
-I---- IAIN TANK 

-1------- NO 
MA 

. 2 OR NO. 3 
IN TANK 

DO AN INSPECTION O F  THE WIRE BUNDLE 
I N  THE CONDUIT. 
SEE @ 

REPAIR AS NECESSARY. 

000162 
FIGURE 1. BOOST PUMP REFERENCE LOCATOR 
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FIGURE 1. BOOST PUMP REFERENCE LOCATOR 
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DESCRIPTION OF FUEL QUANTITY MEASURING SYSTEM. 

Tbe Basic Svstw- 

The following description is that of the fuel quantity system as applied to the 
747-1XX aircraft. This system uses the following compcnents. 

Primary Indicator : JG603C- 
Repeater Indicator : JG603C- 
Totalizer : JG613C1 
Tank Units : FG420A- 

The full part numbers for indicators and repeaters depend on the full scale 
reading and therefore for which tank the indicator is used. For the tank units, 
the full part number defines a tank unit with a unique length and characterization 
for a specific location in the tanks. Figure 1 shows the elements of the fuel 
quantity system. 

To determine the energy available for propulsion, the fuel quantity indicating 
system must measure the number of pounds of fuel carried. Therefore it must be 
both volume and density sensitive. The method of measurement used applies the 
principle of the capacitance bridge together with the operation of a closed-loop 
system. The system in essence is shown in Figure 2 .  

EFIXED is a reference voltage of constant frequency. Tne variable capacitor 
represents the total variable capacitance developed by coaxial cylindrical 
capacitors placed in the fuel. See Figure 3. They are called Tank Units (T.U.). 
Because fuel has a different dielectric constant than air, about twice, changes in 
fuel quantity develop changes in the T.U. capacitance. For a single measurement 
system, such as a single fuel tank, there are usually several tank units connected 
in parallel. Because the capacitance value of capacitors connected in parallel is 
the sum of the individual values, the variable capacitor of Figure 2 represents 
all the variable capacitance values of the tank units of a single measurement 
system. 

The combined result of EFIXED and CVARIABLE is a varizble AC current IS, the 
amplitude of which is a function of fuel quantity. Is signifies sensing current, 
this circuit being the sensing leg of a capacitance bridge. 

The system of Figure 2 is also based on,the principles of operation of the closed 
loop. That is, it is an "error actuated" system, the error in this case being the 
difference between the input current Is and the oppositely phased feedback 
current, IB. If IB equals Is in amplitude exactly there will be no I E ~ O R .  When a 
difference, or error, between Is and IB does exist, an IERROR, signal is 
generated. This IERROR signal, when amplified, produces motor rotation. Motor 
rotation, through a gear train, moves the potentiometer's wiper, changing the 
amplitude of Ig. The motor will cease when IERROR becomes exceedingly small. Such 
small input signals occur only in what is called the "threshold" or 'dead spot' of 
the system; IERROR input signals outside the dead spot cause motor rotation. See 
Figure 4 .  Rotation continues until IB is essentially equal to Is. 
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In order that the system be nclosed-loop' the amplifier-motor combination is 
designed so that it can detect the phase of the error signal, either in-phase or 
out-of-phase, and drive the motor in the proper direction. Then the entire 
measurement loop is closed by properly phasing the mechanical connection to the 
wiper and the excitation of the potentiometer. 

The-operation of this "servoed" or "feedback. system is typical: the phasing of 
the system forces the input to the amplifier to become smaller. It does this by 
forcing the amplitude of IB to become, practically speaking, the same as Is. 

Because of the amplitude to IB is the direct result of EVARIABLE (EB) fuel 
quantity readout is obtained by mechanically showing the position of the pot 
wiper. 

. .  Factors Dete- Un it CaDac i tanc e; 

Capacitance exists when ever two conduction surfaces are separated by a non- 
conducting medium called the dielectric. capacitance value is an expression of the 
electron storage ability This value is a function of the area of the surfaces, the 
distance between them, and the electrical characteristics of the dielectric. 

The electrical characteristics of the medium are expressed in relation to the 
characteristics that exist when the medium is space only; a vacuum. The storage 
value using space is measured, and then the value using the particular dielectric. 
These values are then related as follows: 

K= Cagacitance Valuo with Mat ter as Dielectric 
Capacitance value with Space as Dielectric 

where K is specified as the dielectric constant of the matter. 

It is instructive to understand why a dielectric such as petroleum fuel increases 
the electron-storage capacity of that part of the tank unit which is immersed. 

First consider the results when only space separates the conductors. Current flows 
and the plates charge with electrons until the voltage across the capacitor equals 
the source voltage. There is a certain minimum capacitance of the tank unit when 
no fuel is present. 

with fuel present between the elements of the tank unit, the atoms of the fuel 
become polarized and tend to reduce the voltage across the capacitor. More current 
will flow into the capacitor until its voltage is again the same as the source. 
Therefore the presence of €uel between the plates increased the stored energy and 
therefore the capacitance of the capacitor. 

It should be realized that an increase in the density (D) of the fuel due to 
temperature changes, will in general be accompanied by an increase in its 
dielectric constant (K). Figure 4 illustrates the average changes of K and D due 
to temperature. 

QQ0173 
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It is beneficial to define basic capacitance factors and then develop the 
underlying relationships determining the total capacitance (C,) of the sensing leg 
of the system. The manufactured T.U., with its construction and dimensions fixed, 
has a fixed minimum capacitance, its capacitance in air (CAI. Therefore, let 

P 

CA = T.U. Capacitance in Air. 

When the T.U., is immersed, totally or partially, fuel replaces air, the composite 
dielectric constant is increased and therefore the total capacitance, CT is 
increased,. This increase in cT is due to the presence of fuel. Let 

CF = The increase in capacitance due to the presence 
of fuel. 

The relationship between CT, CA and CF is 

The capacitance change due to the presence of fuel is 

CF = CT - CA 
From the definition for dielectric constant and letting the T.U. be totally 
immersed, K will be equal to 

Substituting and factoring equations gives the expression when the T.U. is fully 
immersed 

The term (K-1) is the increase in dielectric constant due to the presence of fuel. 

A generalized expression for the value of CF for a linear (not characterized) T . U .  
and an area characterized T.U. wetted to any height is 

CF = CA (K-1) a/A 

Where A = T o t a l  Area 
a = whetted area, directly proportional to 

actual fuel volume. 

For the 747 the T. U is diameter characterized. the inner element is built having 
various diameters as well as areas throughout its wetted lengths. This equation 
cannot be applied to the T.U. as a whole. Further modification of the equation is 
needed to take into account the change in diameter of the inner element. 

e Des-  Basic Rebt io -  

In figure 2 the basic measurement system was described. There is a desirable 
characteristic which that system will not produce. It is that the function of the 
E@ does not become zero when the useable-fuel quantity is zero. Is does not 
disappear with the disappearance of fuel as the T.U. still has it in-air 
capacitance. Therefore neither can balancing current, IB go to zero. So also in 
the system of Figure 2 with zero fuel EB cannot go to zero. 

000175 
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To allow EB to go to zero two circuits are added: (See Figure 5 ) .  

1) An adjustable voltage (EB') is applied to a fixed capacitor (C,') such that 
the current it generates will equal and nullify Is when the useable fuel is 
zero. An Is - balancing current does not have to come from the feedback 
potentiometer and under empty conditions EB can become zero. 

The feedback pot is shunted by two resistors with their junction grounded, 
and their values chosen in size so that their ratio establishes a virtual or 
electrical signal ground on the feedback. pot at the point where, 
mechanically, the pot wiper voltage and the dial readout are both zero. 
Therefore EB and IB will be zero when the indicator reads zero. 

2 )  

Consequently with these two circuits applied, and assuming closed loop operation, 
the adjustable voltage (EB') is set with empty fuel tsnk conditions so that the 
dial indication is zero. With zero fuel EB will be made zero also. 

By circuit design and by calibration at "empty", EB' is adjusted so that by servo 
action EB = 0 and therefore IB = 0. Egg is set by the "empty" 

1s is increased above its empty value as a function of the added capacity CF. 
Because IB' has been fixed, by "empty" calibration, the bridge will be unbalanced 
until, by servo action, IB nullifies the increase in is. Therefore with fuel 

adjustment. 

EB = ES X X E  
CR 

By circuit design and with ES and CR fixed, EB is a direct and linear function of 
the added capacity due to the presence of fuel CF. 

,\ 1" Adjustment: 

To make the pot wiper position, along with the indicator reading and its voltage 
correspond to the correct value of fuel a second adjustment must be made. By 
enabling the voltage across the feedback pot to be varied as shown in Figure 6, 
the voltage drop per unit distance of the wiper can be changed. The full 
adjustment is made when the precise added capacity applied corresponds to some 
top-scale exact dial readout. By applying across R6 and R7 (and the signal ground 
tap) the same adjustable voltage applied-to the feedback. pot, any previously made 
"empty" adjustments will not be altered when the "full" adjustment is made. 

Tank Unit Characterization; 

Characterization of the 7 4 7 ' s  T . U .  is accomplished by keeping the diameter of the 
outer tube constant while changing the diameter of the inner tube. See Figure 7. 
If it is desired to have at a certain height, small changes in capacitance per 
unit change in wetted length, the diameter of the inner element is made small, 
keeping the distance in that region large; if it is desired to have at another 
height large changes in capacitance per unit change in wetted length the diameter 
is made large. Thus the dimensions of the inner element are controlled in such a 
manner that the capacitance generated by the presence of fuel corresponds to that 
particular volume of that fuel. 

000176 
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ES = f i x e d  sens ing  v o l t a g e  
CA = T.U.  capacitance i n  a i r  
CF = T.U. added capacitance due t o  presence of f u e l  
CT = t o t a l  T.U. capacitance 
Is = sens ing  current 
EB = feedback balancing v o l t a g e  
IB = F.B. balancing current 
CR = f i x e d  reference capac i tor  
E31 = 
13' = 
CR' = f i x e d  re ference  c a p a c i t o r  
IERROR = d i f f e r e n c e  between Is and (IB f I B ' )  

ad j u s  tab l e  b i a s  ba lanc ing  vo  1 tage 
a d j u s t a b l e  b ias  balancing current 
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The characteriz'ing of the added capacitance, CF, is accomplished by the 
combination of the step-changes in capacitance of the several T.U.'s working 
together. See figure 7 for the 747 T.U. patterns. The profiles shown for both 
length and diameter are not to scale. 

. .  idae Compensation; 

Gage accuracy is a function of the accuracy at empty, reading only CAI and also a 
function of the response of the electrical capacitance of the fuel, i.e. the cF 
response. We have seen that CF is determined by the dielectric factor (K-1) and by 
the wetted length. But the apparent wetted length is indirectly affected by 
density, D. 

Define the term capacitive index 

Capacitive Index = (K-1) 
D 

Assume that our measuring system, gaging nominal fuel with nominal K and density 
D, is calibrated to read accurately the quantity in a partially filled tank. 
Assume that this fuel is replaced to the same height with a fuel having a higher 
density. The resultant increase in weight will be indicated accurately on the dial 
only if the percentage increase in (X-1) is the same as the percentage increase in 
D. Generally this is not the case. 

An analysis of fuel data shows that the (K-1) change is almost always greater than 
.the D change and that the variation in the capacitive index 

IK-ll 
D 

also tends to follow variations in the dielectric constant factor (K-1) with good 
correlation. These facts allow simple compensating circuitry that produces a 
cancellation or reduction of the gaging errors due to 

0 
D 

deviations. With bridge "compensation", nominal deviations of capacitance index 
will not cause gage error and the errors associated with non-nominal deviations 
will be reduced. 

ion Cirutrv: 

To the system of figure 5 a variable capacitor is added to the balancing leg of 
the bridge, a capacitor whose capacitance value will be only a function of the 
dielectric constant of the fuel, not the volume of the fuel. See Figure 8 .  This is 
accomplished by placing a tank unit type capacitor, called a compensator, in the 
tank in a position where it is essentially always immersed in fuel. 
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Now immersed, the compensator's total capacitance value will be 

COmpT = K COmpA 

or 

CompT = CompA + CompF 

and 

CompF = CompA (K-1) 

Note that the variations in compensator capacitance are not a function of the 
volume of the fuel as it always fully immersed, but only of the (K-1) factor. The 
compensated system then becomes that of Figure 8. 

The essence of compensation is simple: variations in T.U. current from nominal due 
to the 

LK3.J- 
D 

deviations are canceled by essentially the same current changes in the compensator 
due to its (k-1)  deviations. 

But for optimum "compensation" the relative magnitude of the compensator's current 
must be carefully established,. The level of authority of this canceling current 
is determined by the ratio of CompA (K-1) to the total capacitance in the variable 
feedback leg, CR + CompA + CompA (K-1). This level of authority is specified by 
the term "percentage of compensation" 

% of compensation = ComtQJkU x 100 
CR + CompA + CompA (K-1) 

For the fuel type to be used on the 7 4 7  (KN = 2 . 1 3 3 ,  = 6 . 7 6 3 )  and with its dry 
compensator value of 5 2 . 6 4  pF the percentage of compensation chosen as the optimum 
compromise is 24.6 % .  

Push To Test: 

Grounding the T.U. unshielded lead by switching provides a convenient means of 
exercising the system to test it. That is, grounding the lead reduces Is to zero 
and the system then tries to reduce IB + IB' to zero, therefore causing the 
indication to run downscale. Removing the ground allows the system to rebalance 
itself in its normal manner. The downscale response will result regardless of the 
initial conditions. 

Current Llmltlna: . . .  

The bridge is designed so that should a short circuit occur in the tank unit 
circuit or compensator circuit, either from the unshielded lead to ground or 
between the two leads, the resulting current would be less than 0.01 amps. This 
limiting is accomplished by a diode-resistor biasing network. See Figure 9. 

0001.82 
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In normal (no failure) operation the biasing voltage forward biases C R 2 ,  CR3 and 
CR4. Because the anode of C R 3  is physically grounded the anodes of CR2 and CR4 
will also be at electrical ground potential due to the identical drops across the 
diodes. 

The normal electrical grounds are supplied to: 

- 1) the transformer secondary developing E, and 

2)  the ground for the R6 -R7 voltage divider. 

CR2 and CR3 being oppositely connected produce an open circuit for instantaneous 
secondary voltages greater than 0 . 6  V I  the voltage drop on the forward biased 
diode. Then the load for the secondary consists of R3 and R 4  in series. 

Should failures occur in this normal current limiting circuit, the "back-up 
resistor in the T . U .  and feedback Compensator low impedance leads, R 1  and R8 
respectively, will limit current to less than 0.15 amps. 

The design and layout of the indicator's bridge circuitry is such that, by the 
proper connections at the connector, an indicator can be used either as the 
primary fuel quantity indicator or as a repeater of a primary indicator. Figure 10 
shows the configuration of the repeater. 

Repeater push-to-test is accomplished by grounding pin 2 of the indicator. With 
the push-to-test switch closed, the otherwise opened transformer secondary 
(connected to the push-to-test switch) now applies a voltage to the current 
limiting circuit adding a voltage to the otherwise signal ground on the wire 
between R6 and R 7 .  This causes the feedback voltage to be too high, causing the 
system to reduce that voltage to its original value driving the pot wiper down 
scale. 

Totalization of the individual indications developed by the various primary 
indication systems is usually accomplished by a signal summing servo indicating 
s ys t em. 

Each primary indicator feeds to the totalizing indicator, the voltage EB, 
developed as a function of the mechanical deflection of its individual feedback 
potentiometer. Because the various primary indicators and their feedback 
potentiometers and pot excitation values are essentially identical, identical 
mechanical positions produce identical EB voltages. But, identical EB values 
generally represent different quantities of fuel. 

It is necessary to modify individual EB values to develop signals proportional to 
the individual indicators fuel quantity value in the totalizing indicator, (see 
Figure 11) 

000184 
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The operation of each leg of the resistive network is to develop a current 
proportional to the quantity being monitored by that leg. This is accomplished 
either simply by the resistance value in series with the particular EB or by a 
voltage divider and current controlling series resistance network. In order to 
read this total current value, a servo indication system with a potentiometer 
feedback is used. The totalizing feedback voltage generates an out-of-phase 
current which, by servo action, becomes equal to the sum of the input currents. 
The mechanical deflection associated with the feedback voltage and current is 
measured and represents the total fuel of all the primary indicators. 
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BOElNG COM MERCIAL AIRPLANE GROUP 

Subicrc;t: Fuel Probe to Ground Impedance 

1 understand that you requested the subfecl Information horn Tom Peacock. In 
response, the impedance between the probe and ground under steady state DC 
mnditions is as fdlows: 

Between Hi-Z and ground the impedance is 39 Ohms 4- 5 % and between Lo-2 and 
ground it is 6.8K Ohms 4- 5 %. 

If you have any additional questions, feel free to call at any time. 

Regards; 

Dennis Rodrigucs 
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. -- . TWA Wiring InwstlgaZlon Summary 
Fuel Tank Wln, Routlng 

Center Tank FQlS Component Test 

- 

The FQIS wlrlng exits the In-board front spar at approxlmately FSSl261 and penetrates the wlng 
leading edge cavity at Ihe wlng root at approximately STA 986 on both the left and rlght wlng. 
There Is also a penelration near !ha refueling panel (FSSI 820) to provide fuel quantity data to 
tho PaWl. W i n g  Sa!&@ QUiMtln 74?4Mh3sI and the §UbsgqMnt AD 7920.1 1, added B 
'Upper Tube' overall lightning shleld to the Inboard front 8 p a r  wlrlng whkh provides addidiom! 
protectbn sgainet k?dentai contact and shotting to any other wire harness. The S e w  Bufietln 
aim adde an Isolation Relay Module to the Refuel Panel Wiring that dlscoclnects and grounds the 
wiring from the Refuel Panel to the tank when the Refuel Panel Dooc is closed. 

FQIS Wire Bundle W480 penetrates the Center Tank Rear Spar fn the Wheel Well at 
approximatety STA I 230 LEI~  i 00. W4ib Is rouied along {he spar up along {he upper piid of the 
wheel well and penetratee the floor into the pressurized area d the alrplane at epproxlmately 
STA 1270 LBL 60 (See Rgore 1). The length of thb run Is approximately 10 feet. W480 L 
routed with the power wires noted In Table 1, ThJs wire bundle does not have an overall llghtnlng 
shleki because of the inherent lightnlng protection pmvkfed by the wheel well, it k not In a 
lightning zone. 

. .  . -  

W480 cxlnslete of one shielded and jacketed wlre and two unshMed twMed and jacketed W'LW. 
The conductor and Insulation of these wiren are corwtructed per MIL-W-10878, Type EE. 200 C 
rated, 20 A M ,  with extruded Teflon insulalh. The bcket over the shielded Wire Is compoeed 
of TFE Tafbn. Tho overall jacket is a lacquered nylon braid (See Flgure 2). 

In order for an outslde power source to get Into the tank a wire-to-wire short would have to occur. 

InsuQtion would have to be penetrated In addttlon to lhe insulatbn on the outside source wire. 
Also, the shield on the FQlS shielded wire would provide a shortlng path to ground until It w e  
abraded significantly. For the M e d  wlres, the nylon brald and the InsuJation on at least one of 
the two wires would have to be penetrated In qddltbn to the insulation on the outskfe 9ourca 
wlre. 11 6VAC power appligd to thaw wlres would a b  rewN In immediate damage to, or 
erroneous indication on. the Flight Deck Indlcator. 

If pOwer from an outside source penetrated the FQIS wlrfng. a fault internal to the tank Is stlll 
requlred In order to inniate an lgnitlon of fuel or fuel vapor. The FQlS probes are capped on both 
ends whh plastic wvem to prevent contact with structure. The eyllndere d the capacitive probes 
are also coated wkh a nonumductive varnish. The fuel lank structure is treated with a m- 
conductive protective coating In addition to pints and penatralione being a t e d  with eealent. A 
surface on the probe and an ad-I surface In the tank would have to ba abraded to expose 
bare metal to provlde the neceesary apark gap or condudbe path that could ~ U L ) B  fuel vapar 
ignaion. Note that any wlrlng or probe short to structure in the tank would resutt in an emneous 
indkath on the Flight Deck Indkator. 

In th$ of the shielded FQ1S We; the nybn BwM: thgl svter jaM, It?!? mkW EM !he !!?E?! 

P w l o f 4  
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A set of Center Tank Fuel Quantity probes and the associated pmductlon In-tank wire herneeisem 

the Insulation reslstance and dlelectrk wlthstanding capablllty d the entire Center Tank FQlS 
assembly. See Figure 3 for a schematk of the teat setup. The folbwing aerlea d tests were 
conducted: 

WG aMIed 8rrd inmiled in an eMu& ehmtw. The purpclse of tho t a  wx to d$ttermicle 

Almtilw - 
Sea Level 1 1 WAC 

up to 50,000 1 1 WAC >25mA c3.0pA 

up to 50,OOO' 1500  VAC Dielectric Withstanding 40mA (3) 

Sea Level 7 5 0 0  VAC Dielectric Wlthstanding s40mA 4 . 3 -  
600 VDC Insulation Resistance 400 Mohm QD 

Sea Level Dielectric Wnhatanding Limit Test A O m A  \ .  ".tp"'330OVAC (4) 

Note (1): For the 115VAC tests, the test voitage was applied between Hi-2 to Lo-Z. Hi-2 shield 
to Lo-Z and Hi-2 shield to HI-2 wires. For the Dlelectrlc Withstanding tests and the 
Insuletkm Redstance tests the teet vottage waa applted between the Hi-2 and Lo-Z 
WlreS. 

Note (2): The evaluation criterion for the 115 VAC and Dielectric Wlthstanding test (~40mA)  Is 
an abltrary value choeen to allow measurement of currents up to that value and doea 
not reflect the current llmlt requlrement for the FQIS. 

25,000'. Between 25.000' and 30,000' the overcurrent detector, set at &A, on the 
HI-Pot tester would trip off as the test voltage approached 1 EiooVAC. From 26.000' to 
W,OOO' a linear reductJon in voltage was set from ISOOVAC down to 84UVAC while 
maintaining 40mA leakage current. 

Note (4): The voltage was increased until breakdown occurred. The breakdown occurred at the 
top end of the fuel probes between the edges of the HI-Z and Lo-Z concentric 

Note (3): The leakage current stayed constant at c1.3m~ from sea level to approximately 

t?yiindm. 
These results show that the insulation reslstance of the FQlS Center Tank assembly did not 
degrade during thls test demonstrating the assembly Is lmpervlaoa to the 28VOC routed wtth the 
Center Tank FQlS Wire Bundle. 

The dlelectrfc whhstanding capabillty did decrease wlth altitude but this is a nomrai resutt of the 
reduced dleledric of atmoophew at higher altitudes and the Increase in the corona effect. The 
rewb ehow that the Vobge required to generate enough current In an Intact Center Tank M I S  
mwmbly b well In em2eas of l lSVAC,  the hlgheel voltage routed with the Center Tank MIS 
Wra Ham'ess. even at 60,OOO'. The mu& a h  show that below 25.000' the Center Tank MIS 
sssembiy maintains full 1 W V A C  Melectrlc Wlthstandlng capablllty. 
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The inspection d the Center Tank Fuel Quantlty Qauge revealed no evidence of damage as a 
result of BVI e#nnsowr voltage belng applied to the wiring of the Center Tank. 

The Center Tank FQlS Wire Bundle W480 was fntacl on the RAl64 and showed m evidence of 
lnsulatlon breakdown or abrasion. The overall jacket wee tom but showed no evldence d 
abrasion or bum through. The insulation on the twlsted Ares and the outer jacket on the 
ahlelded wlro &wed no evidence of abraslon of bum through. 

The &enid&et Pump ewkches on the &jhi Engineers h e 1  bard were In thelr 6pp posbhn 
and the Scavenge Pump switch was in its OFF pi t ion indicating there wa8 no 11 SVAC power 
on these wires .  
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BOEING COMMERCIAL AlRPlANE GROUP 

>>>>> Bob Swaim mm: Dennis Rodrigues 

d FAX - (202) 314-6349 Eax: (206) 237-81 88 

PHONE: (202) 31 4-6394 Phone: (206) 237-8301 

P q a ;  2 Date: April 1, 1997 -* Time- 

Reference: Your e-mail io Kevin, dated 3/25/97 

Here are some additional answers to your queshons in reference, using the Same 
question numbers: . 

6. 
provide a forced flow of ventilation? 

Do the vents in the 747-6P wing tips both face fore or aft? Do they 

They lace forward. The 747 fleet has flush vents (a round hde in the lower surface) up 
to airplane line position 205, and NACA ram scoops (forward facing) from line 205 anc 
on. The fitst 747SP was line 265. The purpose of the ram vent scoop is to provide a 
slight positive pressure in the tanks for improved fuel feed (especially boost off) 
performance. This makes the airplane more tolerant to fuel mismanagement; 
inadvertently pul on sucfion feed. Although not the specific purpose, both types of 
vents will produce a crossflow of air through the mter tank as slight pressure 

7. 
airplane? 

- variations exist between wing tips. 

Has Boeing certified a nitrogen inerting system in any commercial 

No. 

8- What test results does Boeing havo to show accuracy of the center 
wing tank fuel quantity indication system at fuel levels, including 300# 
and 640#? 

Ground and flight calibrations of fuel gages are done on a first-of-a-model basis. 
Ground c a l m  ’ : The airplane that was calibrated demonstrated slight overreadins 
in the range of Merest; 4 .15  to -1-0.25 percent of full scale, that is 143 to 238 pounds 
gaga hlgh. . , 

Flight calibrw: At the unusable fuel level (end of scavenge) the gage read 260 
pounds in level flight 

000200 



9. At what fuel quantity is the center wing tank quantity system 
unreliable at the 3.5 degree body angle seen at the end of the FDR? 

The gage will read as long as there is fuel on any probe. At 3.5 degrees nose up, it 
fakes  180 pounds to touch the Tist probe. 

Ramp and flight candltlons have been estimated by computer model as follows: 

Fligh!: 

Groynd: Gate 27 JFK (1 degree nose up airpbne pit&) 

Probe. Subrneraed lenath a\ 

35Q.fi s4ofc 
0.37 inch 
0.20 inch 

0 -1 4 
-1 2 0 

Pitch 

-1 4 +2 0.41 1.17 in& 
4-35 0.887 1.65 inch 
+5 0.932 1.98 inch 

Note: The -14 probe is the aftmost probe at BL 0 rib. The -12 is the two aft sideof-bod! 
rib probes. 

We will provide answers to the other questions as soon as they are available. 

. .  
- Dennis Rodrigues 



G COMM ERClAL AIRPLANE GROU P 
, 

AIR SAFETY INVESTIGATION I '  

F m  6ov.RsHEm 

TO: x->>> Bob Swalm m: Dennis Rodrigues 

Fax: (206) 237-81 88 FAX: (202) 314-6349 c_ 

PHONE (202) 3146394 phone: (206) 237-8301 

Paaes; 2 m. April 10, 1997 Time; 2: 3 a f l  

Subiect: TWA 800 Fuel Systfm Questions 

Refer- Your fax to Dennis Rodrigus, dated 4p2197 

In your reference fax you raised same additional questions relative to our answers to 
your original questions 8 and 9. following are responses to reference: 

1- On the ground, what's the minimum fuel required to touch any probe? 

At the Gate 27 ramp angle. 390 Ibs wuuld be required to just to& the aft-most (-14) 
probe. 

2. In flight, with fuel touching the probes (for example, in the 64011 
care), k there muchlany change in reading that comes from attitude 
change? 

Haneywil expecls to have an answer next week, We have provided the submerged 
probe depths to Honeywell. 

3. 
gaga go to 2ero'l 

The gage will read it's zoro-adjubted readmg which win be at or very near zero. 
Adjustment is made by suktituthg the tank empty capacltance and turning the empty- 
adjust screw on the gage until it reads zem. Stiction in the gage gear tmin produces 
minw repeatability tolerance. 

If the fuel is less than what's required to touch the probes, will the 
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4. 
.3.76 inches? 

tt takes at least 148 gallons (1000#) to reach 3.75 i d e s  at any pitch attitude. Some 
examples of the relation are: 

At what pitch does 30W and 64OY submerBe the aft (-14) probe to 

pitch Gallons 

14 148 
a 160 
5 21 0 
3 290 
1 625 

11 you have any additional question, feel free to call at p y  time. \Ne will respond to the 
remaining questions as soon as possible. 

f l z  $7 
Dennis Rodrigue 
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OVERHAULMANUAL 
FG42RA 

FUEL QUA"?? TANg UNIT 

1. DESCRIPTION AND OPERATION. P m h 8  U to 1C. 

PARTNO. 
~ ~ ~~ 

FG420A8 
FG420AB 
FGUOAl0 
FG42OAl1 
FG420Al2 

FG4201r13 
FMOAl4 
FG42OAl5 
FG420Al6 
FW0A17 

FG420Al8 
FG420AlS 
FG42oA20 

FG42OA21 
FG420A22 

. 
"2684 

78.40 
43.46 

llbm 

1Md3 

119.68 
52.10 

138.70 
ma8 

81.17 
10231 

LENGTH. 

n a b  
30.43 
66m 
72 .6l 
24.89 

t u 7  
mm4a 
35.74 

3447 
44.30 

0674 
0.492 
O M 2  
0- 

. l J61  

l S 7  
1.046 
1280 
1.404 
0.013 

0.486 
0.882 
0801 

0.780 
0331 
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a OVERHAUL MANUAL 
? M O A  

p(JEL QWNTTTY TANg U" 

FG420A29 
FG420A24 
FG420A25 
FG420A26 
FG420A27 

FG420A28 
FG420A29 
FG420A30 
FG420A31 
FG420A32 

FG420A33 
FG420A34. 
FWOA35 
FG42OA36 
FG120,M7 

FG120AS8 
FGUOASO 
PG42OAIo 
PG42OA41 

FG42OA64 
FG120A65 
FG420A66 
~ ~ 4 2 0 ~ 7 a  

115.41 
92- 
75.67 

116.96 
23.93 

116.82 
98.11 
9?.16 
S 6.89 
88.19 

101.18 
5324 

*98.67 
l W a 8  . 
4928 

6035 
55808 
6892 
57.78 , 

140.75 
44.11 

\ 42.84 t 

'I40.48 

47.14 
44s 
52.68 
56.06 
14.81 

5837 
15.04 
1890 
17.63 
18 .1  

19 084 
2327 
22.1s 
22.96 
2 0 s  

22.37 
21.89 

. U? 
22.75 

66.67 
14.50 
13.50 
58.76 

0.972 
0.938 
1 .om 
1531 
0.462 , 

1.164 
0.466 
0.513 
0.504 
0 320 

0.532 
0.559 
0.572 
0.584 
0.552 

0,572 
0.565 
0.- 
0.581 

1100 
0.480 
0 A60 
1.170 

Capacitance tolannw is 4.08 or 4.50 wi, whichever ia greater. I 

FG420A8 thrrr I'GUOAll, 
FG420Al7thrp FG420A21, 
FG420A27,aadfo120AaQ 
thm pyil20A41 

1 

2 

3 

I I 

28-4012 
Page2 . 
June l/n 

000205 
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c 

H on eyvve II 

PART NO. FG420A8 THRU FG420A41, 
FG420A64 THRU FG420A66, 

FG420A72 
, 

Note : 

FUEL QUANTITY 
TANK UNIT 

COMPONENT OF 
HONEYWELL FUEL QUANTITY 

INDICATING SYSTEM 

95-4879C, 95-4879C-1, and 95-4879C-2 ham 
been incorporated to make this a complete , 

issue. 

28-4042 -~ 

1 MAY 1971 
REVISED 1 JUNE 1977 



OVERHAUL MNUAL 
U 

-04 

TANSC UNIT 

, 

FG420A8, FG420A10, 
FG420Al7, FG420A20, 
FG42OA21, FG420A29, 
FG42OA39, FG120A41 

FG120A9, FWOOAll, 
FG420Al2, FG120Al3 * 
FG42OAl4, FG420Al5, 
FG42OAl8, FG420Al9, 
py;120A22, FG420A2?, 
m2oAsothru FG420W8, 
FW-40 

FG120Al2 thnr F0120Al6, 
FG420A22 thru FG420426, 
and FG120A28 

FUEL Q U " Z T Y  TANX U"S 
- -  

' I  

; 

..  

* .  . .. 

. .  

I 

9 

28-40-12 
Plse 3 
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OVERHAUL .MANUAL 
M O A  

FUEL QTJAHTITY TANX UNIT 

-1 

1A 
1B 
1c 
2 
3. 
4 

5 
SA 

6' 
7. 
8. 
0. 
10 

10A 
11. 
12' 
13. 
14 

14A 
lS* 
lb. 
I? 
18' 
19. 

19A 

20 

20A 
21 
22 
23 
24 . 
25 
26 

2BA 
27 
28. 
29 
30' 
31 

3 1A 

31A 

' 5 2  
33- 

S3A** 
S S P *  
34 

" 
b 

c NOTES: 

- krdicabs item not ill- 

28-40-12 
101. 

June 1/77 
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Date: 12 m-v /4Q 7 .......................................................................................................... 
?me: 9:30 c s  7- .......................................................................................................... 
To: . FaxNursbtr 2 0 2 -  ? / y -  4347 .......................................................................................................... 

C '  
................ .......... ...................................................... .......,...,.,'.e B o b  a!?. ,;. - 

Name 

Company N T S 6  

atyiswr4Cnantn ~JQ s / , /qg  j$n D. c ......................................................................................................... 
Phon. Nurnbcn3lail Shtion far Pickup 5 14- / 3  74 .......................................................................................................... 
C C  .......................................................................................................... 

......................................................................................................... 

hlessage 

. .  . w:,. . . ............................. /A. 
e!J>. .d+$<. &.&g. ..A. .&&he- .& . .??P&. ............... 

. . . . . . .  

...... .. &. ................... 

? <  64.2. . ......................... 
... .w.. , . . 

.......... . . . . .  

).?OM: Name L o u  7a9 / o r  ......................................................................................................... 
Mail S u t i o n  PJfiFf-16t LI ....................................................................................................... 

- Phon* 6lJ-- 4 5 3 - 4 ~ 7  9 
Rpne-mIl Inc 
C o m e r d a i  Flight Sptcm 
84 u) Evergreen Boul~mrd 
hlinncapoiis, MN 55433 
~ i y  t~Jumhr 6 12-957-4080 
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H 3 E W L  M R G R E E N  CFSllO 612 957 4088 P.82 10.J-12-1937 Q9:4s 
2s - U ( -B I 

THE 

mm€INe 
COMPANY 

- 
SY U 

CODE SIZE 
WENT NO. 

60B92010 
81205 

SCALE ISH 2@5 

Page 11 
Fag. 19 
Page 20 

Page Z l t  

Big. 28 
Page 32.1 

p a p  22.2 

i$i! !! 
c 

F!lR 72f;31r 
R U 3 3 N  : 

CHO. BFF: 

R E V I S I O N S  
DESCRlPTtOH 

PRil 9LOOO 
CHG. EFF: Rcxxll - R9995 
PIN: 17-762coO 
m+ 95000 
W N  : Drafting Error. (To complete accuracy requiP-emfb 
CHG. Z F T r  EbDool - R9995 
%OD. eTF0: Drawing clarification only, a irplane  parts not 

Incorporated ADCN 2, 3 ,  L, 5 & 6 

affecL,ed. Coordislsted- vlth Supplier. 
Pr ior i ty :  Nono 

Pam. 3.1.4.8 added reference to deviation 
REQUESIXII BY: N. S. Ruder E-8LI9 

BM, 3,2,8,$-9dded. refemncs to deviation.. 
hra. 3.2.11.2, accuracy degradatloa extended 

PII & power ~arls t ion ,  

tolerance degrada- 
rements uas -10 f o r  Lou temp. only. 

b t ? O n  "T" dele  tod. 
Para. 3:7:2*2 .A, added continuous rotation b o b  

and p o a i t i v e  !mob retention. 
Para, 3.7.2.2, added accond t e s t  capability. 
b. 3 .7 .2 .U ,  functional changed to qualifica- 

tion tes t jng .  

To incorporate committed change. (To improve 
integrity of tiire connections.) 
Ezoool - R9995 

€ROD. QfFO: Hework or ;place a d s t i n g  parts and/or 
a a a ~ b l i e s .  Outside pmduction i t e m .  

Deleted rrfersnco to -7. 
Bdded V i e w  L A  for  -7 and -50. 

Added -5 . zm2 Para. I. 8 ..added -50. 

Page 55 View &A dltared to add stud terminals. Detail 

hags 60 Added -9. 
I added. 

. .  

APPROVAL 
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CODE SIZE 
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IQEYLELL F.ERGEEN CFSIIO 612 957 4088 P.04 tUJ-12-1337 m:50 

CODE 
IOENT NO. THE 

HUEINS 81205 
&SCALE COMPANY 

3.6 

SIZE 
60B92010 0 0 0 2.1 4 

ISH 30 

3.6.1 

3.6.1.1 

3.6.1.2 

3.6.2.1 

3.6.2.2 

3 .6.2.3 

3.483 

38483.1 

3.6.3.2 

3.6.3.3 

The tank un i t  shall b an alectficrrl clevLce uhich aenaes fnel 
leva1 as a function of devlcs capacitance versm device 
Lmranion, 

&e' tmit a m  contain: 

a) A l l  metal s l e c t d e a ,  momt aupprta and w k %  strain re l ie f  

b) Electrical temd.td.8 

Unit m a r b g s  and c r i t i c a l  ontllna dimeasfona shall be h 
accordance vith F'igura VI. 

The tmit uhen meanted s s a l l  be c p b l e  of  Vithatanding without 
damage a Zolce a€ f l f ty  (SO) pound8 applied f r o m  any dfrectbn 
inclnding a dirtct p n l l  an the airplane wiring a n  the 
is clsmped in the -xire strain mud sapport. 

'Ibe unit  shall be of a t e  construction to preclude preunabke 
failurn as a resalt of ins ta lh t lon ,  maintenance and sloshkg 
04 fuel. 

ELectrical 

The unit a h d l  consist of a snitable -nt of d l  iniU 
conductom m c h  am electrlcally FnsalaCad a d  Uolated  f m m  
each other,  have positim~ (no pockatlr or traps wherein water 
of asdiment can accmulata) d r d n a g a  and ahioh KJll preclude 
-tar absorbtion and the formatfon of and brLdghg by wafer, 
deposits and 8edimente acmas OP batween the a h a k ! J d - l Y  
jnaulatad and ieolrr.ted componant prrta,  which &Sect accuracy 
or operation of the spstem. 

Zhe d t  a h a U  be d f e c t e d  by micro-organisma aad web 
by-ptodtPets 8 

'fho rmit $ h a l l  be deaiplsd for a flaid level ratn of c h a p  of 
tan (10) inchas per mimts and drrrlng this ate ai change ~ U J  
f l u i d  a h a l l  be st i t e  natural  'level freely, completeky and 
h o m O g c l a s O U a v  bakUO9Zl and OUtSidS tha C O n d U C b r S .  



I 

I 

! 
1 

f 
i ! 
I 

- i 
I 

: 

i 

I 
i 

i 
I 

: 

f 









* 
0 
w 

N 
P 

3 
a 

d 
0 

I 
0 
M 
0 
00 
d z 

I 1:: 

i 

1 p U = 

H 
9 
4 

t f 
9 
Y) 

h. 
0 

c 

W 

0 

0 c 

a 
a a 

a w 
0 
E a 
0: 0 
L 

* 
n u 

W 
0 0 

c 
0 
w 
-1 
Y 

a 

000219 





IB 
(0' 
\ 
W 

t > 
W 
& 

r.I 
0 
W 
L 

I 
I 

! 

~ 

I 
I 
! 
i 
~ 

! 

! 

! 

i 
j 

! 

i 
1 

f 
I 

! 
I 

1 

I 
I 

I 
I 

i 

i i  
i 
I 
1 
i 
! 

j 

! 
I 

I 

i 

1 

i 
I 
I 

i 

I 
I 

I 

I 
I 
! 

I 

I 

i 

I 

! 
I 
f 

j 

I 

! 

I 

I 

I 

I 

I 

i 
! 
! 

! 

i 

1 
i 

! 

I 

I 

i 
1 
i 
I 

I 

I 
I 

! 

I 
I 
I 

I 
I 

I 
I 

, 

! 

i 
I 
I 

I 
! 

I 

I 

1 ! 
I 

i 
i 

! 

1 

1 
! 

! 

r 

I 

I 

i 
! 

i 
I 

i 
I - 

i -- 

I 
! 

I 
I 
1 
I 
I 
I 

, 

I 

I 
I 

! 

t 
I 

! 

I i 
I 
I 
I 
I 
I 

i 

I 

1 

I 

I 

i 
I 

I 

I 

I 
I 

i 
I 

i 
1 
I 

I 

! 
! 

0 
I 

I 
I 
L 

! 
1 

i 

I 

i 

I 
I 

I 

I 

I 

! 

I 

I 
i 
! 
I 

I 
I 



DEVICE 80: FG450A51-53 NAN Fuel Tank Uni t-Compensator 
mERE USED LOCKHEED C - 1 3 0 E  - 

695799 

These units are the same as the FG430A tank units except that a compensator 
i s  mounted concentrically on one end.of the tank unit and some units 
use stainless steel inner electrodes. The compensator assembly consists 
of four concentric aluminum tubes separated and insulated from each 
other by teflon spacers. Electrical connections to the compesnator 
electrode are made by leadwires which are connected t o  the tank unit 
terminal block. 
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WHERE USED Sap- 767 757 

RELEASE. DATE:-t 1980 - CUSTOMER SPEC BAC S345T002 

E.S. 28144 - 91 SCHEMATIC 

SYSTEM # Y-1 and Y w A 0 1  

TECH MANUALS 0 

FUNCTION : 
The tank u n i t  assembly consists o f  two concentric aluminum tubes separated 
and insulated by t e f l o n  spacers. The u n i t  shal l  be mounted inside the 
tank such tha t  i t  may be imnersed by usable fue l .  E lec t r i ca l  connections 
t o  the tank u n i t  electrodes are made by lead wires which are connected 
t o  the tank u n i t  terminal block. Nominal spacing between electrodes i s  
0.40 inch. 
are t o  provide a means t o  determine the depth o f  the fue l  a t  each tank 
u n i t  locat ion.  
System from the measured capacitance o f  each tank u n i t  and the measured 
value o f  fue l  d i e l e c t r i c  constant provided by the compensator u n i t  i n  each 
tank. 

The basic funct ion o f  the tank un i t s  i n  the FQIS Systems 

Thfs fue l  depth i s  computed i n  the Processor Uni t  of the 

I n  order for  the system t o  compute fue l  depth, the wetted sensing length 
(WSL) of the tank u n i t  must be calculated. An accurate calcuation of WSL 
depends on two basic factors:  
1) The change i n  tank u n i t  capacftance must be l i nea r  wi th  WSL. 000223 
2) The fue l  d i e l e c t r i c  constant sensed by the compensator must be ident ica l  

t o  tha t  a t  the tank un i t .  



4 January 1990 

PURPOSE 

- . _  Determine the cause of the  submitted fuel ?rcbe fa:lure ar,c I: there is 
evidence of electrical arcing in the assembly. 

FACTUAL DATA 

The fuel probe received for analysis is shown in r’igK:res 1 azd 2. The 
entire length of the electrlcal cable was blackened. 31ack residues were a l s o  
noted at the entrance of the cable Izto the conriector a13 or: -,he 3Lze-I 
electrode of the assembly. 

NSN: 6680-00-525-7388 
MFRS: FG12052 
Series: 4 
Serial No. L-142 
TANK UNIT, FUEL QUANTITY, USA 

The fuel probe determines fuel quanticy by measuring the capac;zance of 
fuel between the outer and inner electrodes. The capacitance value is a 
function of the dielectric constant which varies with the -JolJme 0 5  fuel anc 
air between the electrodes. The tubular i,zn.er electrode has ?.GO elecrrically 
isolated conductive patterns. One pattern (smaller) is used as an inpct guzr6 
and the other is used as the sense side of the capacitor or active pattern. 
The wire connected to the sense side is also shielded. A 24 volt 400 FIertz 
excitation signal is applied to the outer electrode. A schematic 05 Lhe probe 
is given in Figure 3. 

The capacitance of the fuel probe was measured as 148pf G 4 0 0  Eerts. 
The specification value is 148.4pf in air. insulation resistance was measured 
be?.ween the input, output, and shield. All values were in the rar,ce of 1 X 
10’- ohms at 50 VDC. A continuity check of the 13-foot cajie did I ~ G Z  identify 
opens or shorts between conductors. The surface of the outer insl;latlon was, 
however, found to be slightly conductive. The value would flcctuaze with the 
bending of the cable. A minimum value of 250 k i l o h r n s / f o o t  was obtained using 
an ohmmeter. 

The cable connector was disassernbled for inspecZion. Apparezcly :he 
cable wires had been twisced and pulled out of the connector during :he 
removal of the fuel probe. A black residue was noted in the potting material 
adjacent to the wiring (Figures 4 and 5). The copper wiring did not exhibit 
melting or other evidence of electrical arcing. The ends of the cmductors 
were necked down to a small diameter. Infrared spectrometr-1 identified the 
potting material as a polysulfide rubber. Elemental X-ray analysis of the 
black residue identified the following elements: silica (Si), sulfur ( S ) ,  
aluminum (Al), magnesium (Mg), calcium (Ca), barium (Ba), lead (Phi, iron 
(Fe), nickel (Ni), and copper (Cu) (Figure 6). 
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The probe was disassembled for inspection and material analysis. The 
clamp retaining the wire cable was removed from the outer electrode. The 
outer cable insulation was blackened except for the material underneath the 
clamp (Figure 7 ) .  A chemical analysis was conducted on the cable materials 
(Figure 8 ) .  The results are given in Table I. The shield cable was heavily 
oxidized as shown in Figure 8. X-ray elemental analysis detected only copper. 
Analysis of several shield samples detected silver on some of the copper 
conductors. The primary insulation and conductors did not exh-bit axmmalies. 
X-ray elerr,ental analysis determined the conductors were silver plated, copper 
wiring. The black residue on the outer fuel probe electrode (Figure 9 )  ana on 
the outer cable insulation was analyzed with X-ray elemental ar,alys:s (Figcre 
10). Analyses found that sulfur, silver, and copper were associated with ::?e 
black residues. X-ray diffraction pattern analysis on the black residue from 
the outer electrode identifie", a copper sulfide (CuS) ccmpound. The black 
residue on -,he outer electrcde was found to 3e cor,duct:-ie whez ?roi=ecj, wiz , -  az 
insulation resistance meter. ?robing with an ohmmeter resulted i n  2 value 
between 1 and 5 kilohms. 

The srain relief cabie housing at the top of the probe exhibized black 
deposits at the cabie eztraxce (Figure 11). The cable hous:ng was remove", arr i  
inspected. The cable housing was chemically analyzed and identified. as nylon. 
During the removal process, debris was removed from beneath the plaszic 
clamps. X-ray elemental analysis identified the following elements: AI, S : ,  
Ca, Fe, chlorine (Cl), cadmlum (Cd), phosphorous (31, acd 419. A Slack 2eposi: 
was noted where the cable came in contact wiEh the housing (Figure 12). The 
black deposit was found to be conductive wher, probed with an ohmmeLer (1 to 5 
kilohms). X-ray elemental analysis of the black deposit is shown in Figure 
13. The analyses identified S, silver (Ag), Fe and Cc. The wirinG 
associated with the cable housing is shown in Figure 14. The blackened outer 
cable insulation was found to be slightly conductive. X-ray elemental 
analysis of the outer cable insulation is shown in Figure 15. The aralysis 
detecte6 S, Ag, and Cu. A black residue was also noted on the inner electrode 
of the probe (Figure 16). The area was found to be conductive and X-ray 
analysis identified S, Ag, and Cu. The area was found to be conductive and X- 
ray analysis identified S, Xg, and Cu (Figure 17). The terminals used to 
connect the outer and inner electrode to the cable wiring were also blackened 
and corroded (Figures 18 and 19). There was no evidence of electrical arcing 
in this area. A four point probe measurement was made on the outer eiectrode 
terminal. A value of 300 milliohms was obtained. The inner electrode was 
removed and examined for evidence of electrical arcing. The inner electrode 
appeared to be a Fiberglas material. The electrode was coated with a 
conductive film which, using X-ray elemental analysis, was identified as 
silver. The silver was protected with a phenolic coating. The edges of the 
electrode and other areas where the phenolic coating was damaged were 
blackened. The outer electrode was determined to be aluminum with an epoxy 
and iron oxide paint. The surface was ncnccrductive except where the black 
residue was previousJy noted. 

DISCUSSION: 

There was no direct evidence of electrical arcing in the fuel ?robe 
assembly. 

The submitted fuel probe did not exhibit an electrical short in air and 
met the specification for capacitance in air. 

The black residue reported by field personnel and documented in this 
report is most likely due to a chemical degradation or corrosion process. The 
silver plating and exposed copper from the shield conductor has been 
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silver plating and exposed copper from the shield conductor has been 
transferred to the outer cable insulation and adjacent structures. It is 
postulated that sulfur in the aircraft fuel has reacted with the silver 
plating and copper conductor. 
cable insulation and come in direct contact with the shield conductor. 
Chemical analysis identified copper sulfide and silver compounds in the 
residues examined. Copper and silver sulfides are black or grayish-black 
compounds that are insoluble in water. These compoucds *doulc? riot be e-xpected 
to be highly conductive. However, the black residues were found. LO be 
conductive in the range of 1 to 5 kilohms at 1.5 volts and a distance of 0.25 
inches between electrical probes. This is most likely due to tke pr2sence of 
carbon and possibly metallic copper and silver ir, the residue. 

The fuel was able to permeate through the outer 

The residues found on :he outer cable L-sulatior: and cab1c hocsing could 
produce a low resistance ~ z z ? ~  jetween the  eleczr:cally isols:s3 2rsLs w i r i r g .  
A low resistance path would xost likely develop be-cween -,he w i r i z g  31 c’ne 
outer electrode and shield wiring. The distance between the ccrnections has 
been reduced by the presence of a black residue. The residce, in combination 
with fuel and aircraft vibrarion could procluce a Trarlable cacaci’acce ont;,cr 
which would result in erroneolis fuel quantity readings. 

A reduction of the distance between electrically Isolated probe wiring 
could make the assembly more susceptible to electrical arcicg f r 3 m  l is .htning 
strikes or static discharges. Charge build-cc in the f.Jel coule be shunted 
through the conductive surface of the probe cable and result iz arcing between 
the probe wiring. Build-up of static charges on the cormeccor housir,g and 
cable wiring may also accelerate the corrosion reaction between tne shiela 
wiring and the fuel. A discharge could ignite fue l  weer cercax cocditions. 
The excitation voltage applied to the active eieccrode is nor. sur;; c :en t t 0 

arc between the probe electrodes or wiring. A conductive path would have to 
be formed to have an electrical short between the wiring or probe electrodes. 
In the event of an electrical short, a properly designed fuel probe system 
would not  provide sufficient energy to ignite fuel. This would have to be 
confirmed with a more detailed analysis of the fuel measurement systern. 

PREPARED BY: 
/7 

GEORGE‘SLENSKI, Team Lead 
Materials Integrity Branch 
Systems Support Division 
Materials Directorate 
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Analysis of Transport Fuel Probe Electrical Cables 

28 October 1993. 

Sample 
Number 

1 

2 

3A-3D 

PURPOSE 

Alrcra f: 3escription Location FLeld 
Number Problem 
453 Loose splice, hux. tank ic3 Low 

two Probe 2 resistance 
shielded wires ( 3 3 0 K )  

453 Loose splice, hux. Lank +3 None, 
one ?robe 3 good splice 

shielded wire 
454 Comp 1 et e Main tank 43 Low 

harness, focr splices resiscance 

t ermina 1 s 
four high-Z in cable 

Deterxine the cause of a l o w  insulaEior resistacce in t he  s~zixtted 
splices. 

FACTUAL DATA 

TJJO fuel cpaxtity rneasur2r.er.t system cable splices were scknitted for 
analysis. It was reported the resistance between the ground skele 3rd center 
conductsr was below 3 0 rr,eG.aohs (the minixm scecizicacioc r e q ~ ~ r e m e z z )  near .a 
splice conr,ection. Field gerscrxel have reported a large nuiiber of 5-ei 
quantity system failures are related to low resistances in the cable splice 
area. During the course of the MLSA analysis, a complete cable harzess was 
submitted which was remove2 ci,cri-g troubieshootkg a malfuncticrxq fxel 
quaritity system. All cables were received from XEus Air Force 3ase, Oklahoma 
and have been immersed in j e t  fuel (JP-4) for over 10 years. 

. _  

Cable splices received f o r  analysis are shown in Figures 1 ax”, 2. The 
terminal is connected to t h e  fcel probe capacitor element (higk-Z o r  
high impedance signal). several probes are parallel connected by placing two 
shielded signal wires in eac:? high-z termiaal. The shields of each high-Z 
wire are connected to ground (black wire) by a solder splice approxiaately 8 
to 8.5 mm from the terminal (Figures i and 2 ) .  h description of :he received 
cables is given below: 

Visual inspection of t he  splices identified a brown-black resieue on the 
exposed conductor strands and insulation near tke splice area (Figures 2, 3, 
and 4). Residues are associated with exposed copper (Figure 3 )  and in between 
the two signal wires (Figure 4). Sample one was examined with real-zime 
radiography to locate shorts in the wiring. No anomalies were found in the 
radiography inspec+’ ,ion. 

The splice insulation resistance between the terminal and ground was 
measured with a HP329A High Insulation Resistance Meter at 50 volts dc and 
evaluated with a Tektronics 576 Curve Tracer. Results are given below at 43 
percent relative humidity and a room temperature of 23OC: 
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Sample 
Number 

Insulation Curve 
Resistance (Q)  Tracer Results 
50 vdc after 1 

1 

2 

minute 
1. 5x107 70nA B lv=14Mn,unstable 1 0 0 x 1 ~  

@ 1v=ioOMn, unstable 
1OOA @ 50=7MW,unstable 

1x1012-2x1014 1rA a 50=50x1012~, stabie 

*measured w i t h  an o'nmmeter +de to the low resistance 

Sample 
Number 

3A 

33 

3 C  

3D 

Splices 1, 35, and 3C were below the minimum sgecificacim requirement 
Low resistance connections were unstable and would change value if of 30Mn. 

moved. 
an order of magnitude with a 10 vdc potential. 
wire (samples 2 and 3D) were well above the 3 O M R  rninimum and scabie 
measurements produced. 

Humid air applied to low resistance splices reduced the resistance by 
Terminals with  o ~ l y  one signal 

Insulation Xesistance of Cable 
(terminal to grour,d) 

50 vdc after 1 mirA.; ts  (R) 
Ir,:act Cable Splice 3C reno-Je& Splice 2s rar.c;-sc;, 

350K* 4M, stable 5x1G10, stable 
350K* 4 M ,  5M, unsrable 

uns t ab 1 e separazsd frcz 
the cabli 

275K* separated _ - _ _  3 5 OK* 

350K* lxlO1l, stable 1.5x101-, srable 
unstable from the cabls 

1 -  

The insulation tubing covering the solder splice of sample one was 
removed (Figure 5). 
Solder was partially dewetted and a blue-green rnaterial was fourxi or, che 
splice connection (Figure 5). Separation of the two signal wires irxreased 
the insulation resistance to 4 ~ 1 O ~ ~ i T  at 50 vdc. 
terminal connection and separation of the two signal wires showed a continuous 
residue path on the insulation between signal conductors and t:?e emosed 
shield conc?uctors (Figures 4 and 6 ) .  Note the brown-black reslciue streak 
along the inside of the two wires. 
isopropyl alcohol, ammonia hydroxide, or acetone. Removal was possible by 
using a dry cotton swab. 

Black residues were noted on exposed copper areas. 

Removal of the crimped 

The residue was not dissol-Jed by water, 

Materials associated with the splice were ar,alyzed using F o u r l e r  
transform infrared spectromet,y (FTIR) to identify composition. The results 
below agree with the submitted specification sheet material descriprion (MIS- 
C-27500/22MLlT08). 
were found using X-ray fluorescence and mass spectroscopy. 

No solder flux residues or sulfur containing mazerials 
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Splice shrink tubing 
Figure 2 

Blue-green material 
Figure 5 

Wire insulation over 
the shield 

Clear insulation on 
the primary wire 

insulation 
White wire insulation 

Figure 6 
Black wire insulatioc 

Figure 2 

Identified Compounds 
polyvinylidenefluoride, 

no sulfur 
polyvinylidenefluoride, 

no abietic acid (solder flux) 
polyvinylidenefluoride 

polyvinylidene~luoride 

polyethylene based material 

polyethylee based na~2ria- . -  

Splice sample one was examined using a scaxing electroc 7.icroscope 
(SEMI with elemental X-ray ar?aiysis. A SEM backscat:er xicros.ra;;h of the 
residue streak on the wire insulation is show. in Figure 7 .  In backscatter 
mode the higher the atomic weight, the lighter the Image. The resilr;e streak 
appears white in Figure 7 since the residue materials are a hither atomic 
weight than the insulation material. Two elemental X-ray naps of :he residue 
streak are shown in Figures 8 and 9. The X-ray maps identify tke residue as a 
copper and sulfur compound and show its distribution across che wire 
insulation surface. The highest concentration of copper and sulfur coincides 
with the residue streak (Figure 9). A close-xp of the residue is shorn in 
Figure 10. Note the residue is an irregularly deposited thin film. An 
elemental X-ray spectrum of the residue identified copper and sulfur and is 
shown in Figure 11. Elemental X-ray analysis identified the shield and 
primary conductor as tin coated copper. Tin coating on the terxinai crimp 
wiring has cracked and exposed the copper substrate as shown in 7igure 12. 
The exposed copper contained high levels of suifur. 

A 50x111 sample of JP-4 submitted by the customer was chemically analyzed 
and found to contain 277 ppm of sulfur. For JP-4 the inaximum sulfxr level is 
4000 ppm. 

DISCUSS ION 

Three of the six inspected splices exhibited insulatior, resistances 
below 30M between the high-Z connection (terminal) and ground (snield). Low 
insulation resistances are due to the formation of a copper-sulfur compound 
between the splice and terminal connections. Two-wire splices are more 
susceptible since the conductive residue can be trapped ir. 5er.v.een the signal 
wires. 

The copper-sulfur residues found on the wire insulation and exposed 
copper surfaces are the result of a time dependent materials degradation 
process. Chemical analysis of materials associated with the splice did not 
detect sulfur containing products. The sulfur is most likely being supplied 
by JP-4 or other type of commonly used jet fuel. Fuel is able to come into 
direct contact with the shield braid in the solder splice and in the crimp 
terminal. Both areas exhibited exposed copper. An electric field between the 
connections most likely accelerates the formation of the residue. MLSA has 
conducted several fuel probe failure analysis reports and concluded copper 
sulfide was responsible for a low resistance path between normally 
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electrically isolated connections (Reference - L / M L S  reports 90-1, 90-25, and 
9 2 - 4 7 ) .  

The possibility of replacing low resistance splices on existing cables 
The shield insulation was removed and solder was applied to the 

Due to oxidation and fuel contamination, proper wetting of 
was explored. 
conductor braid. 
the solder could only be obtained with an RMA solder flux. Residues on the 
insulation could only be removed with a mechanical process. 

The copper sulfide thin film residue is a senico~ductive marerial that 
can be made highly conductive if moisture is appiied to the film. Cables that 
appear to heal themselves, or are intermittent, may be due to -Jaryinc levels 
of moisture in the fuel tar ,ks .  

-GEORGg SLENSKI, Team Lead 
Materials Integrity Branch 
Systems Support Division 
Materials Directorate 
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F i g u r e  6. Sample or,e w ~ z h  high-2 wirss sssarztee. Noce ' s rwn-  
b l a c k  rzsidues on che i n s u l a t i o n .  
p a t h  between t h e  s h i e l d  and s i g n a l  wiring. 

The r e s i d u e  farns a cc~Suct ;ve  

Xag: 7.8X 
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che w i r i n g  showirg t h e  elsmer-tal distr:ScEior- of copper ( r e d )  and 
sulfur ( y e l l o w ) .  
s u l f u r  coincide w i t h  t h e  residue s t r e d < .  

Not3 t:--st t h e  highesc L ? T J E L S  of t h e  cspper and 
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Analysis Of Trainer Aircraft F’uel Probes I 

March 1990 

PURPOSE 

Dete-?nine the cause of the submitted fuel probe failures and if there is 
evidence of electrical arcirig in the asserrbly. 

BA C X G R 0 UND 

Testing and analysis were conducted on two aircraft fuel probe sensors. 
The ?robes, serial numbers N - 1 3  and N-230, were idextlfied as fie15 failures. 
A third sensor, serial r , ~ n b e r  9 2 4 4 8 ,  was a ZEW 1 x i t  used f o r  cornparison. 

Field personnel reported 
inaccurate fuel level readout. 
visual inspection showed signs 
housing w i 3  discoloration ar.c 
compensator. N-i3 was shipFeC 
failure mode. 

A new probe was ordered, 

the failure node of the N-230 ?robe xas ar? 
After removal from the aircraft, on-size 
of an electrical snort to the compensator 
possible arcing on zhe botzom of -:?e 
xitk ~ 2 3 0  and exllibitel t k e  save re-,crzsd 

. - .  serial number 2 0 4 4 3 ,  w’nicb- arr:-;es 1:- a vacsm - .  . sealed package. This probe was used as a refsrence to assess ::le concition of 
the field failures. 

The following information was obtained from the probes: 

Returned Unit 1 Returned Unit 2 New Vnit 

NSN: 6680-526-7180  Unmarked 
MFR: FG13192 FG13 1B2 
Series: X4 1 
Serial No.: W-13 N-230 
Nomenclature: Tank Unit, Fuel Quantity 

6680-526-7185 
FG13 132 
4 
E 0 4 4 3  

It must be noted there are design differences bemeen the N-13 and the 
N-230. The W-13 unit eliminaEed most of the wire in the active ?attern of the 
inner electrode. Outer insulation was also present on the braided shield of 
the brown compensator lead wire which was not present on the N-230 ?robe. The 
unit E0448  was identical i~ design to W-13 unit. 

Method Of Operation 

The fuel probe deternines the fuel quantity by measuring the capacitance 
between the outer and inner electrodes. CapacLtacce is 3 f7act:ox-i of the  
dielectric constant which varies with the volume of fuel and air between the 
electrodes. The tubular inner electrode has two elecLrically isolated 
conductive patterns. The small pattern is used as a protective circ-Llt and 
the large pattern is used to measure the capacitance of the mixcure and is 
often referred to as t he  active pattern. The design of the probes 1s depicted 
in the exploded view of Figures 1, 2, and 3. 

Analysis 

The fuel probes received for analysis are pictured in Figure 4. The new 
probe, E 0 4 4 8 ,  is pictured in Figure 5 .  A materials analysis of the parts is 
shown in Table 1. 
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W-13 Analysis 

W-13 had small dents and deformations in the compensator plates. Upon 
disassembly, debris was found under the compensator support cap (Figure 6). 
Chemical analysis of the debris identified the conductive elements: aluminum, 
copper, silver, and iron. Blackened areas were present on exposed copper wire 
at the compensator solder and shielded wire joints (Figures 7 and 8). A 
blackened area under the compensator cap (Figure 9) was analyzed ard found to 
be prirnarLly carbon deposits. ?A melted area (Figure 10) on the nylor,  
compensator represents an arz p a 3  to the inner electrode. The shi21Bed brown 
compensator wire was also tarnished under its clear insulatlor ('icurs 11). 
The outer electrode terminal was also tarnished. This tarnish was analyze2 
and found to be copper sulfide, CuS. ResistaEce measurements were mace 
between the cormector termirals and ground. Insulation resistzr-ce Tsasure6 
0 . 5 ~ 1 0 ~ ~  and 2.5~10'~ ohms at i0 and 50 volts, respectively. 
well wi tn in  t h e  limits of E?-C new xiit, ~ 4 4 2 .  Sori:nuit'-J Z E S Z S  re.;eales xo 
anomalies. 

These -;al,es are . .  

N-230 Analysis 

The N-230 probe was disassenbled and revealed blac:u resid-e t:?rxghour, 
the unit. The inner electrode tube, Compensator wiring supporz, tke nylon 
supporting strip, two compensator electrodes, ana the brown wire solEer joint 
were covered with a thin coat of black residue (Figures 12, 13, 1 3 ,  15, ar6 
16). The nylon compensator cap also had a snall area that appeare6 ~3 ha~ie  
beer, melted (Figure 17). Clearly this unit experienced a fire of scne 
magnitude. Chemical analysis showed the black residue was carkor,. The N-230 
unit showed a 3.26k ohm low resistance path between the inner ?robe (te-Tina1 
C) and ground (exterior case). An intermittent readkg of 6.2k obm -&as 
present when the internal wires were disturbed. Continuity checks were not 
run on the N-230 unit because of the damaged wiring. It appears the internal 
probe wires were damaged by a fire. Evidence of an electrical arc was evident 
on the nylon cap which would have provided the required energy neeeed Eo 
ignite residual fuel. 

DISCUSSION 

The N-13 probe was submitted to MLSA because of improper ?del level 
indications and a reported short. Subsequent testing of this unic showed no 
signs of an electrical short. The probe exhibited black residues on wiring 
that were identified as copper sulfide and black deposits on insulated 
surfaces that were primarily carbon. An arc track site was found on the Tylon 
spacer separating the probe wiring. The black residue is due to a chemical 
degradation process between sulfur in the fuel and the silver plated copper 
wiring. A n  electrical arc between the probe wiring produced the arc track 
site on the nylon spacer. The probe most likely initially had a leakage 
current path in the internal wiring which caused inaccurate fuel readir.gs. 
Subsequent electrical testing most likely produced an arc in the internal 
probe wiring which removed the leakage currect path. ?D electrLcal arc, while 
in the fuel tank, would have caused considerably more damage. 

N-230 was submitted with clear physical and electrical damage. A n  
electrical short in the unit, when tested outside the aircraft, may 'nave 
caused residual fuel in the probe to ignite. Submitted information describes 
a short occurring during the use of the bench top tester while off the 
aircraft. It must be noted, this tester can supply enough energy to IgniEe 
fuel. If any fuel remained in the probe after removal and was presenc during 
test, an ignition and flash could occur. This would create the carbon 
residue which was found in the probe. Indications of an arc path does exisr 
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in this unit but it is not clear when this path developed. It may have 
occurred on the aircraft or during testing. 

Materials degradation of the fuel probes occurred due to normal aging 
and direct chemical reactions with the fuel. This deterioration can increase 
the potential for electrical shorts and arcing within the probe. 

PREPARED 3 Y :  
1 

Teax Lead 
Materials Integrity Branch 
Systems Support D i v l s  ion 
Materials Directorate 



r iGL' i iE  9. Fuel senscr cable blackening, K-329. Note t h a c  
the black area corresponds to the shielded w i r i r , g  cnl;,.. 
Mag: 0.8X 

FIGURE 10. Fuel sensor top clamp exhibiting blackened area, 
L-78.  Mag: 1.4X 
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Analysis Of Trainer Fuel Probes I1 

May 1992 

PURPOSE 

Identify submitted f-iel 2rrJbe failure mechanism. 

FACTUAL DATA 

Four fuel probe assen-biies were submitted for analysis bet-,veer. Zanuaq 
and March 1992. The probes xere removed as defectlve units dur-n.; xaintenacce 
on aircraft fuel quantity s.(s:erns. MLSA was requested to i2ect:f.i t k  fuel 
probe fallure mechar.ism. X cre*irous NLSA e v a l ~ a ~ i c n  recorz, >a, : C S  32-25, 
identified electrical arcing in a failed T-37 fuel probe. The ?arcs received 
for analysis and their histor-1 are given below: 

Probe Nr Serial Nr Date Code 3roblem ?.epcrzeC 

D-42 1966 " Short e d I' 
W-l1 3-fter 1973? N / A  
K-123 N / A  Failed 2enc:l. Tesz 
c-53 1967 Low Capacicazce 

A representative probe is shown in F'igUre 1 acd an illustratioc sh0wir.g 
the various probe components and electrical wiring are given in 'igure 2. 

In the majority of cases, each probe exhibited blackjgray resldues on 
the outer compensator electrode (plate), nylon compensator support cap, and 
outer electrode (Figures 2, 3 ,  4, and 5 ) .  

Insulation resistance between the terminals of each probe were measured. 
at 50 volts D . C .  The results are given in Table 1. Probe number oce 
exhibited a low resistance path of 15K between Te,-minal C (comrr.cn lead) and 
the airframe attachment poirit (ground). 

Probe capacitance was measured at lKHz between two te+rminals and with 
the case and the third terminal connected to the test instrument guard. 
Results are given in Table 2. A new probe used in the previous analysis was 
used as a reference. All probes were slightly lower than the sFeciflcatlon 
requirement between Terminals C and A .  Probe nuiier one exhibited a 
capacitance 23 percent higher than the specified value between ternLnals A and 
B. This unit was received partially disassembled and was reassembled for 
electrical testing. 

. _  Each probe was disasseF3led and examine2 for smface r2s:cues o r  ocher 
anomalies. All probes exhibited black/gray residues on internal corr,ponent 
surfaces in similar locations. The residues appeared to follow a aath from 
the inner compensator electrode wiring to the nylon Compensator support cap 
arid to the outer electrode (Figure 6). Residues typically formed near exposed 
wiring or terminals (Figures 7 and 8). The residue on the wiring inside the 
clear Teflon tubing is shown in Figure 9. The center compensator electrodes 
for each of the four probes are shown in Figure 10. Note the residues appear 
to have washed down the side of the compensator plate. Electrically probing 
residues on various surfaces with an ohmmeter gave readings between iK and 
100K, depending on probe distances and residue build-up. 
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Probe components exhibiting residues were analyzed using X-ray 
Fluorescence and a scanning electron microscope ( S E N )  with enerTy dispersive 
X-ray spectroscopy (EDXS). The Teflon tube protecting the inner and outer 
compensator plates (Figure 9) contained a residue (Figure 11). SEM 
examination and EDXS identified sulfur, silver, and copper (Figures 12 and 
13). X-ray Fluorescence of the residue on the Teflon tube (Figure 9 )  
identified the elements shown in Table 3. SEM examination and EDXS of the 
nylon support cap identified sulfur, silver, oxygen, and copper (C iTL res  14 
and 15). The bottom active pattern inner electr3Ee connection of probe n&er 
one was removed (Figure 16). A 20K resistance was measured between the green 
wire (terminal C) and rivets (ground) using an ohmeter. This represents t h e  
low resistance path initially measured on probe ncrnber one. EDXS iEentified 
sulfur and copper in the residue area (Figure 17). ?robe number two exhibit-ed 
black/gray residues at the top inner electrode conzection (Figure 19). Note 
that a coatins is partially covering the corzec-iozs. X X S  =f ::?e rssidne 
identified sulfur, silver, and copper. Residues were also zoced 3n :'ne inner 
electrode contact rivets (Figure 19) associaced wi:h the wires in F-gure 14. 
The residues formed at cracks in the coating covering the corinectiocs. Probe 
number three exhibited a black residue streak associated -t.rith t h e  top active 
inner electrode teminal (Figure 20). A s u m a q  of the elemenr=.l a%-ysis 
results for various probe components and reslciues is given in Figure 21. 

- .  

Electrical resistance of the residue streak noted on probe n c b e r  three 
(Figure 20) was measured usizg a four-poinE probe method. A 1.0 rnzi current 
was injected between two probes separated lOmm apart in the resiilue. A 13.2 
volt drop was measured giving a 1 3 . 2  K resistance. Small scintillating arcs 
were noted as the current was increased to 5mA. Several drops of J P - d  were 
placed on the residue, the cllrrent was reappliec and arckg without fuel 
ignition was noted. The heat generated by the current rapidly evaporated the 
fuel. Discolored areas in the residue film formed where arcing was noted. 
The residue measured open circuit (>20M) after a few seconds. The resistance 
of probe number one residue in Figure 16 was measured as 1 5 . X  using the four-  
point probe method (0.87mA at 1 3 . 2 V ) .  The current was raised until arcing was 
noted at 7mA and maintained at 1OmA. The resistance increased to l O O K  after 
injecting 1OmA. The lOmA exceeded the current density of the residue and 
formed damage sites (Figure 22). The residues on the submitted probes did not 
exhibit the current lnduced damage sites noted in testing. 

. .  

Tests were conducted in order to study electrical arcing in 5 2 - 4  fuel. 
Two silver plated copper wires were immersed in 10 ml of JP-4. The wires were 
con?ected to a 40 volt D.C. power supply and current limited to 400rr.A. Arcing 
was induced on the wires in and just above the fuel. The fuel was ncz 
ignited. However, a black residue was produced on the surface of the wires. 
Optical and SEM inspection revealed no damage to the wires. EDS identified 
carbon, copper, and silver. No sulfur was detected. 

DISCUSS I ON 

Only one of the four probes submitted (probe number one) was 
electrically failed. Failure was the result of a low resistance path (high 
leakage current) formed by a black residue between Terminal C and the case 
ground. All other probes exhibited a capacitance slightly below the T.O. 
specification value. This may be due to variations in the laboratory test 
setup and a factory built test fixture. High energy electrical archg most 
likely did not cause the residues noted on the submitted probes. This type of 
arcing produces metal transfer, physical damage, and large amounts of carbon 
residue. Laboratory testing demonstrated the thin film residue is damaged 
under low current and voltage conditions (13V at 1OmA). Small arcs were noted 
in the residue as the materials broke down under excessive current. The 
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rupture sites noted were not found on the as received fuel probes. 
indicates the residues were not subjected to high voltages or curreT;ts. 
possible the probe field tester used could supply enough power to cause 
arcing. 

This 
It is 

All probes exhibited conductive (1-100R) black\gray residues on the 
conpensator electrodes, inner electrodes, and exposed te-rminations and wiring. 
The resistances of the res2dues were well below the 4 0  41 requirod between the  
terminals and case ground. Tt 1s possible probe leakage currer-rs produced by 
the residue paths are sufficient to cause variances in capacitance readings 
and system malfunctions. 
rupture and open if significant current is passe6 through tne x a t e r i a l .  

The residues act as a thin film resistor that will 

Residue formation is most likely the result of a long-ze-n Eegrsdatlon 
o r  corrosion process .  Eqos . ed  silver plated. CopPer x . r i ~ 9  2nd r i i h e r  s:l.ier 
containing surfaces (electrodesj aze apparently reaccxg with -,he sclfur in 
the fuel. This deterioration process is most likely Lime dependent and, as 
the probes age, more probe failures can be expected. Probe resicues consisted 
of silver sulfide ar.d copper sulfide. Xnalysis consisrectly 5.ezzcted sil;-er, 
copper, and suifur in residce areas and only s u l f u r  outside the res:Cces. 

PREPARED BY: 

GEORGE SLENSKI, Team Lead 
Materials Integrity Sranch 
Systems Support Division 
Materials Directorate 
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F i g u r e  1 2 .  
i d e n t i f i e d  c'pper, s i l ~ ~ e r ,  arc! sulfur. 

SLY micrograph of r e s i d u e  a r e a  i n  F i g u r e  11. EDXS 
Mag: 51X 
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F i g u r ?  15. 
sulfur, s i l v e r ,  and c o p p e r .  
t h e s e  s l e m e n t s .  

EEXSspsctruz of r e s i d u e s  on t h e  n y l o n  c a ? .  Xote p r e s e n c e  of 
Areas o u t s i d e  o f  t h e  r e s i d u e s  d i d  c o t  c o n t a i n  

000243 



--__ _--- - _- 

-- 

I -- - 
*- 

L 

000244 



Figure 22. 
across material. This damage is typically seen when the current 
density of a film is exce22ed. 

Rupture area in residue film after applying l s L ~ L -  
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OVERHAUL MANUAL 
FGGC 

FUEL QUANTITY COMPENSATOR 
6. ASSEMBLY. Paragraphs 6A to 6B(5). 

k General. 

(1) 

(2) 

Item numbers refer to the exploded view, figure 101. 

Refer to the wiring diagram, figure 501, fo r  leadwire location. The .bagram shows 
.. the FG6C1 Compensator, but applies to all models and se r i e s  of the compensators. 

B. Assemble Electrodes. 

(1) Lnstall i t ems  23, 4 7  througfi 50, and 53 if they were removed during disassembly. 

(2) Carefully feed leadwires through the holes of support (46) as it is placed into tube 
(55). 

(3) Insert three spacers (43) and six spacers (45) into the holes provided for them ic 
Carefully slide the inner electrode' (44) over spacers (45) unul the s l o s  tube (55). 

a r e  alined with spacers (43). 

(4) Insert insulator (37) into the hole of tube (35) and d ine  with slot  of inner electrode 
(44). Insert two spacers (43) into holes at  t!!e two remaining s!ots. 

Carefully slide the center electrode (35) over spacers  (43). Aine  the hole provided 
for screw (36) wit!! insdator  (37). 

(5 )  

HI Z 
I GROUND (SHIELD) 

BLUE UNSHIELDED LEADWIRE A 
(70 INNER A N D  CUTER iLECT?,?2E. 

I 
OUTER ELECTRODE 

INNER ELECTRODE 

BLACK UNSHIELDED LEADWIRE 
no MOUNT TUBE) 

WHITE SHIELD 
(TO CENTER ELECTRCDE) 

NOTES: & USE MIL-W-l6878/5, NO. 22 AWG SHlElOED INSULATED LEADWIRE. 
USE MIL-W-16878/5, NO. 22 AWG UNSHJELDED LEADWIRE. 

3. FG6CI CONFlGURATlON SHOWN. 

FG6C Fuel Quantity Compensator - Wiring Diagram 
Figure 501 

28-40 -1 3 
Page 501 

Apr 1 5 / 7 2  
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Boeing Cammerciel Airpkm Group 
PO. Box 3707 
%(We, WA 96124-2207 

October 30,1997 
B-B600-16281-ASI 

Mr. Robert Swaim, AS40 
National Transportation Safety Board 
490 L'Enfant Plaza S.W- 
Washington, U.C. 20594 

Subject; Center Wing Tank Probe InspectioniRework 

Reference: a) Telecon Boaing/NTSB on Oct 28, 1997 
b) Telex M-7220-97-1725, dated Oct 27, 1997 

Dear Mr. Swaim: 

Here is a summary of the items noted during the reference a) telecon in 
regards to the upcoming Service Bulletin on Probe/Winng inspections and 
items that the NTSB noted were important to include. 

Tank Probe Insnection/RPwor& 

Boeing is in the process of issuing a Service Bulletin pertaining to the Fuel 
Quantity Probes and wiring in the 747 Center Wing Tank. Damage to the 
CWT wiring has been observed which degrades the insulating capabilities 
of the wiring. 

The Service Bulletin, discussed in the reference b) telex, will contain the 
following instructions: 

A procedure to remove/repiace/rework probes with Series 3 terminal 
blocks and wiring atlached to those probes 

For R0001-RO068, RO6Ol -R0606 recommend replaoernent of 
center tank wire harness. These airplanes have been identified 
as delivered with probes that had Series 3 terminal blocks, 
For all airplanes, if the fuel quantity probe has a Series 3 
terminal block, replace probe with a probe that has a Series 4 
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terminal block g& reterminate wires to affected probe or 
replace Center Tank FQIS Wire Harness 
Utilize maintenance manual and ATA 20 instructions for 
probdwiring repiacementhewark. 

Inspection of probe terminal blocks for correct wire routing/wire damage: 

Inspect probe terminal block wiring to ensure conformance to 
drawing. 
If wiring has been misrouted, inspect for damage (abrasion 
against terminal block edges or terminal studs), 

0 Reterminate wiring to terminal block if wire is damaged. 
Reroute wiring to terminal block if not per drawing. 

i Utilize maintenance manual and ATA 20 instructions for 
probdwiring replacementhawork. 

Includes a lest procedure to perform an  insulation resistance test of the 
Center Wing Tank wiring. This test can be performed without entering the 
tank: 

Conduct a low voltage insulation resistance test of the inntank 
FQIS wiring utilizing approved explosion proof equipment. . If this test fails, troubleshoot the failure per the approved M M  
procedures. 

Estlmated release date for this Service Bulletin is January 1998. 

NTSB Telecon Notes 

In a follow-on telecon with the NTSB, the following NTSB 
recommendations were noted and will be included in the Service Bulletin: 

1) In regards to the retermination of the wire - a strong statement 
needs to be made in the SB that "a those repair procedures 
relating to the repair of ATA 28 in-tank FQlS wire may be utilized 
and that wire repair procedures for other wire in the airplane are - not to be used.' The NTSB wants both the positive statement on 
ATA 28 wire repair and the negative statement regarding other wire 
repair prucedures. This is due to a repair that was found where 
tape was used to secure the shield on an FQIS in-tank wire bundle. 
The procedure used to repair this wire was not approved for use in 
fuel tanks. 
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2) Include reporting requirements on the findings of the probe 
replacement and repair. The NTSB specifically requested lhat we 
try to get removed harnesses arid probe wire terminations. They 
also requested that we add a request to report the results of the 
insulation resistance test - the pass/fail values and what wag done 
to fix the airplane. 

3) The NTSB also asked that we include data collection on any 
problems and rework required for Series 4 terminal block probes. 

I f  you have any further questions, please do not hesitate to contact me at 

6a.\ / 

John W. Purvis 
Director, Air Safety Investigation 
Org. 8-E3600, MIS 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phorie (425) 237-8525 
F ~ x  (425) 237-8188 

CC Mr. AI Dickinson, IiC 
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€ I Boeing Commercial Airplane Group 

Seattle, WA 98124-2207 
PO Box 3707 Q ~ A ~ i ~ ~ \ 3 ~ - ~ ~  ! ! 1 ’ @ i  -. 

u 9 i l  ft 
2 c3 - 41 -/JQ 

October 14, 1997 
B-B600- 1 6270-AS I 

Mr. Robert Swaim 
National Transportation Safety Board, AS-40 
490 L’Enfant Plaza S.W. 
Washington, D.C. 20594 

Subject: TWA 800 - Repair to Fuel Tank Probe Shield Pigtail 

Dear Mr. Swaim: 

The WPAFB lab found a questionable repair to a shield pigtail at a tank unit 
probe from TWA 800 tank 1 or 4. The solder had broken and the wire had 
been laid against the shield, wrapped with Teflon or Mylar tape, and tied with a 
string tie. As a result of this finding, you requested information regarding shield 
pigtail repairs. 

1. Since the probe shields are daisy-chained, how much of the system would 
be ungrounded with an open at such a connection? 

Response: The shield for the Hi-Z wire would be ungrounded from that point 
on. 

2. What would be the gage’s impedance to ground for each end of the broken 
connection? 

Response: The gage impedance to ground would be unchanged. The gage is 
grounded near the indicator and is unaffected by a break in the 
shield pigtail. The only affect would be on the grounding of the Hi-Z 
shield (see question 1 above). 

3. What standard (or other) repairs are known of that this could have been 
based? 

Response: Boeing document D6-54446 “Chapter 20 Wiring Practices Manual” 
was reviewed and no procedures were found which would support 
the type of pigtail repair described above. This document contains 
Boeing recommended wiring practices and is provided to the 
airlines as part of the wire diagram manual. 
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If you have any questions, please do not hesitate to contact me at any time. 

Director, Air Safety Investigation 
Org. B-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 
Fax (425) 237-8188 

A?n!!INE 
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w t j  2 9  -4bd . 
ALL I) @ AIRCRAFT 

€CECTRICAL & ELECTRONIC STANDARD PRACTICES 

3. Intstdlatlon - Single Conductor - Alternate Method No. 2 

A. An alternate method of splicin single conductor, eingle brafd shrCjdtd, 

mck that aLt item8 are in relative pdeition shown on ehielded lead 
a d  Inah 
lead. 

cables as shown In Figure 2 obf 

sptice connection of lead to aircraft harness shielded 

C. Posit ion 3/16 SCL S- tubing (grey) over joined splices and ahrink 
w i t h  themafit gun (apply 300 to 500 F. heat). 

Position 1/4 RNF shrink tubing (white) over previouely shrtlrlk 3/16 
SCL and shrink. 

0. 

E. Join shielded lead shielda at @ice. and POS~C~CRI 3/8" b e g  W- 
jobed area. (See Figure 207.) 

m8 Shown Shrunk 
a d  3/8" Bonding in place 

"'00 0257 

Shield Spliced 
Pigme 207 29-51-!I4 
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p / j  i ' r  t i n  4% I I A t  
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ELECTRICAL & ELECTRONIC STANDARD PRACTICES 
F. Position 3/8 SCL shrink tubing (red) over 3/8" bondbg joined 

area ahrink to a form fit. (See Figure .208*) 

- NOTE: Tube shrJ4kage is not complete until material hae pressed 
out of fflled a l l  voids and tubing enda close ia firmly and 
completely around the conductor outer jaclcet for a moisture 
tQht ] O W .  

. .  . . . ... . .  . .- -. f 
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H. 
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J. 

.. - ... . -.-- 3/S* BondLng and _ -  Joined &ea. 
-. . - _ _  

FiuaI Seating af Splice 
Figure 208 

Joln each aC tbe applicable unshtelded leads to correspondlug aircraft 
harness lead and ahrink the 1/4 RNF shrink (White), su@kd. 
mer the jokvd -8. 

Approvsd alternafee for shielded lead knife splices. 

(a ) 

(b) 

Uniesulated epllces may be used in place d M e  aplices 
wing tbe same hisutation procedure outlined in Figure 206. 

Re-insulated splice8 may be wed in place af knife splirCeS~. 
Wheu this type aplict is used, only the 3/16 SCL tbermofit 
is required mer the eplict. An un-insulated Spuce muw 
be wed for the shield. Ref. Pigwe 206 inadation ~ o c d u r e  

On the engines or other high temp areas we high temp splices. 
Ineulate shielded lead splice with two layers of TFE #8 thermdit. 
The 3/8 SCL thermdit used mer the bondfng must be covered 
w y h  Tdoa Tnpe m A  41 -2399). Tape mwt be ticd at bath clrde 

(hi CLtCutcS which may have ehart sectiona unshklded dm to, 
location, an alternate method d splicing euch as the following 

(a) 

IlMybueed. 

Splice wires and shielding with pre-insulated splices. 
aag;ger the aplices. No bending or thermdit is muired 
w tth thle Inadlation. 

- Way 26/81 
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Boeing Commercial Airplane Group 
PO Box 3707 
Seaitle. WA 98124-2207 

October 2, 1997 
B-B600-16259-ASl 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza, S.W. 
Washington D.C. 20594-2000 

Subject: FQlS Wire Shielding, TWA 747-1 00 Accident near Long Island, 
N.Y. 17 July 1996 

Dear Mr. Swaim: 

The following question was raised relative to shielding of FQlS wires: 

Was there a shield over the Hi Z and Lo Z FQlS wiring added to the wiring 
inside the fuselage? Was it added to the left, Center and Right wing 
systems or just to one side. If so, what was the reason and the change 
authorization? 

Following are our comments: 

The 747 FQlS wiring inside the fuselage was revised to add an overall shield 
around the cable which contains the Hi Z and Lo Z wires from the Flight 
Engineers Panel to the center tank connector, and from the Flight Engineers 
Panel to the wing body disconnects for the right wing and left wing tanks. This 
change was authorized by PRR 75799 and was implemented from line position 
244 and on. The reason was to improve the accuracy of the fuel quantity 
indication system. 

Note: An apparent tabulation error occurred on our computerized wire data 
showing that TWA RA164 had this shielding on the right side only. That bundle 
dash number was created after the airplane had been delivered. The TWA 
Wiring Diagram Manual showing the delivery configuration for that airplane 
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Swaim 
B-B600-16259-ASl 

confirms that it did not have this shielding. There was no retrofit action for 
airplanes delivered prior to line position 244. 

The 747 FQlS wiring within the Flight Engineer’s Panel (P4) was revised to add 
a second shield over the Hi 2 wires and a shield over the Lo Z wires. It also 
added a shield over the signal wire to the Total Fuel Indicator and the Aids 
Recorder. This change was authorized by PRR 79459 and was implemented 
from line position 428 and on. The reason was to eliminate erroneous fuel 
quantity gage readings caused by EM1 from the 5 volt lighting dimming system. 
There was no retrofit action for airplanes delivered prior to line position 428. 

We have no record of any in-service problems with the FQlS wire shielding. 
Copies of the front pages of PRR’s 75799 and 79459 are enclosed for your 
information. 

If you have any questions, please do not hesitate to contact me at any time. 

Very truly yours, 

John W. Purvis 

Org. B-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 
Fax (425) 237-81 88 

fl Director, Air Safety Investigation 

cc: Mr. AI Dickinson, IIC 

Encl: As noted 2 pages 
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THIS CHANGE REQUIRES REVISION TO: 

OPERATIONSMANUAL [7 a EWER FURNISHED EQUIPMENT 
FLIGHT MANUAL [7 a atLLtR FURNISHED EQUIPMENT 

[7 6a- MAINTENANCEMANUAL RETROFIT m o o  (CHECK APPLICABLE BLOCK ) 

YES NO YES NO 

%pNpl!iR a FLIGHT SIMULATOR 
OVERHAUL MANUAL BEING 

0 STRUCTURAL REPAIR MANUAl 0 SERVICE BULLETIN ONLY 

[7 FUNCllONAL TEST REQUIREMENT5 
c] a RlGGlNG INSTRUCTIONS 

SERVICE BULLLl IN & 

a' SERVICE BULl fT IN  & 
, REWORKlPROD PARTS OR KITS 

GROUND SUPPORT EQUIPMENT 0 

0 
/ RECYCLE PROGRAM -. 

COMMITMN I /L/ A!PUOVED DATE 

PROOUCT ION. p-f lJz,w/ Y - 3 0 - 7 9  
L' -- I 

I 

n n b  

\ 
L 

5 4-9 
0 

4&,A.#*,?&!? / 
RETROFIT: SERVICE BULLET'IN NO. &DATE 

I' L I = X  
# -",.a .I * 

FIRST PARTIKIT AVAILABLE: 
.?,--EL..... ---.-.. - 
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April 4, 1997 
B-B600-16087-ASl 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza, S.W. 
Washington D.C. 20594-2000 

HL7EfJ.V-G 

Subject: Wire Routing, TWA 747-1 00 N93119 Accident off Long Island, 
N.Y. 17 July 1996 

Dear Mr. Swaim: 

In response to your request for information regarding wire routing for the No. 4 
engine fuel flow wiring and fluorescent light wiring, we offer the following: 

The wire supplying 350 volts AC power to the ceiling fluorescent lights in Zone 
A and B routes in close proximity to the No. 4 engine fuel flow wiring for a short 
distance in the right hand sidewall at approximately station 360. The fuel flow 
wiring is the wiring between the fuel flow indicator and the fuel flow signal 
conditioning module. Refer to the enclosed drawing pages 2 through 6. 

Page 2: 
the STA 360 area. 

(A) Lighting transformer T63 supplies power to ceiling lights in 

Page 3: The power line from transformer T63 is fed through a series of 
wire bundles to the area of entry door 1 where it connects to bundle W1306. 
The specific wire, (W1306-L1892-22), that is adjacent to No. 4 engine fuel flow 
wiring is shown at (B). Ballast module M345 at STA 370R is a dual lamp 
arrangement as shown at (C). 

Page 4: The No. 4 engine fuel flow wire harness W1360 is shown at (D). 
This bundle runs from the P4 panel (Flight Engineers Station) where the fuel 
flow indicator is located, to the E3-1 (Main Equipment Center-Right Shelf 1) 
where the fuel flow module, M836 is located. 

Page 5: In this secpn  of the airplane, the No. 4 fuel flow bundle W1360 
runs down the sidewall at (E) ref. STA 360. At point (F), the lighting wire 
[W136O-L1892 page 3 (C)] is tapped off the main bundle running horizontally 
and is routed with the other bundles running vertically up the sidewall. At point 
(G) the wire is taken back out of the vertical run and is routed over to the 
lighting module M345. 

';zt x.&+*J'. 
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Page 2 
Mr. R. Swaim 
B-8600-16087-AS1 

Page 6: 
ballast located between the two lamps is shown in figure B. Wire W1360- 
L1892-22 supplies power to terminal A2 on the  ballast. The wires from t h e  
ballast to the lamps are routed locally within the  fixture. 

The dual lamp setup of the ceiling light fluorescent fixture with the 

I f  you have any questions, please do not hesitate to contact me at any time. 

Very truly yours,  
AV_L?&jtC-,'/!dG 

,w-- i' ~ 
John W. Puwis 

.-,, Director, Air Safety Investigation 
Org. B-6600, MIS 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (206) 237-8525 
Fax (206) 237-8188 

r' 

Enclosure: As noted, 5 pages 

cc: A/ Dickinson, IIC 
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