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CAUSES QF AIRCRAFT ETECTRICAL FAILURES

Donald Galler, George Slenski

ABSTRACT

In 1889, the Materials Laboratory, Wrigh:z Research and Development
Center, Wright-Patterson Air Force Base awarded a Phase I SZIR
coentract to Fallure Analysis Associates, to investigate

the feasibility of develcping a handbock for the avaluacien of
electrical and electronic compenents during aircrzit azccident
investigation. The work was conducted under contract
F33615-89-C-5647 and completed in January, 19280. As part of the
work under that contract, a survey of data on failures of aircrafe
electronic and electrical components was conductsd to identify
problematic components. The motivaticn for the work was to
prioritize future work on the develooment of accident investigation

techniques for aircraft electrical components.

Three socurces coi data were used in the suzvey. The primary souzcse
Wwas the Rirforce Mishap Database, which is maintained by the

Directorate of Aerospace Safety at Norton Air Torce Rase. Published

=]

data from the Air Force Avicnics Intagrity Prograr: (AVID and

Hughes Aircraft were also reviewed. Statis<ical data frcm these
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three sources are presented in the paper. Photographs sﬁbwing

damaged components are also included in the paper.

Two majer ccnclusions of the work are: (1) problems wizh
interconnections are major contributors to aircraft electrical
equipment failures and; (2) environmental factaors, especially

corrosion are significant contributors to connector prchblems.

ATR FORCE MISHAP DATARASE

The Air Fcrce mishap database is a collection of aircraft mishap
reports for all aircraft in service in the U.S. Air Forces. Mishap

reports axe filed by pilots for any conditions which affec: the

’_.l
(0]
ct

safety of the aircraft. Specific conditions which reguire =2 pi
to file a report depend on the tyre of aircraft. In almost all

cases some repair activity is perZormed to zddress the mishap.

There are four classes of mishaps in the Norton datzbasa. Classes
A, B and C gernerally represent in-flight conditions that result in
scme damage to the aircraft. The fourth class includes potential
mishaps. These may be the result cf unusuzl cecnditions cbservad
during maintenance or pre-fIlight checks. The designations rafer to
the dellar value and extent of the damage. Class A is the most

T

th

severe. Individual reports indicate which system of the aircra
wzs involved and, in some cases, a compenent that was repaired or

replaced.
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Data was requested from Norton RAir Force Base on all mishaps
related to the electrical system and wiring of the aircraft. The
report was generated Nov. 9, 1389 and included all mishap classes,
for all aircraft from 13886 to the date of request. The rerpor:
included a description of 652 mishaps which were caused by
electrical failures related to instruments, wiring and electronic
components. Failure records included 18 diffarent compcnent types
on 30 different aircraft. A sample of the reports was selected and

a total cof 326 reports were evaluated in detail.

The results of the review are presented in Table 1 by aircraf: and
typre of component. The tetals for each component are combined and
listed in Table 2. Adjusted totals in Table 2 exclude any reports
that: (1) could be attributed to operator error; (2) <&id not
identify the component or; (3) listad the constant speed drive as
the scurce of the problem. Althouch the constant spesd drive is
generally viewed as part of the =electric power systen, 1zs
cperation is primarily mechanical. TPercentages based ¢n the

adjusted totals by component are listed in the right hand column of

=

Taple 2.

The data of Table 2 have been grouped accerding to basic system
functicns and combined percentages for each ¢f the basic functicns
have been computed as shown in Table 3. The resulcs are
represented in Fig. 1. The Norten data shows tha:z switches,

connectcers and cenductors are the three lezding causes cf failures,
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contributing 20, 18 and 17% of all electrical failures on aircrafit,

respectively. The interconnection function, consisting of wiring

and connectors, results in 35% of all electrical failures reviewed.

The absence of electronic components fzrom the data shown

may be due to the level of detail used in the repair or the

s

accident investigaticen. It 1s expected that more active and
passive slectronic components are actually failurs causes Than ars
indicated. One zreason for this 1is that the materials used in
printed wiring boards and electronic components ars net likely to
survive post-impact damage. This damage may rrevent the components
frem being identified as failure causes even 1f they did play a

causal role in the mishap.

AVIONICS INTEGRITY PROGRAM DATA

A paper describing the Avionics Integrity Program (AVIZ) [2]

includes a summary of electrical failure causes on aircraft. The

data 1s shown in Fig. 2. The paper suggests that ccnnectors
account for abpout 40% of maintenance zepairs on aircraft electrical

equipment. The formation of surface Zilms that cause connectors to
be nocn-cenductive is identified as a major rroblem.
Interconnections c¢n circult boards (zhe traces, vlatad through
nholes, sockets) and electreonic components on circult bcards are

also identified as major contributors to failure.
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HUGHES AIRCRAFT FACTQORY DATA

-

A study based on repair records for printed wiring bcards (PWBs) at
Bughes Aircraft [3] includes data on four types of PWBs af
different ages and complexity levels. The study was based on part
replacement data from factory test and guality control activities,
not field failures. Over 58,000 repair reccrds were used as the
initial source of data for the study. The goal of the study was to
rank components in terms cof their replacement frsquency rather than
their failure rate. The results of the study are shown in Fig. 3.
The reported composite replacemen= frequency ranking (from highest
to lowest) was: ICs; transistors: hybrid circuits, capacitors and

resistors; diocdes.
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LABORATORY ANALYSIS EXAMPLES

The inspection of electronic hardware at an accident
site and laboratory analysis of selected components can be
critical in ascertaining the cause of an aircraft accident.
The Wright Laboratory Materials Directorate has conducted
numerous accident investigations where electronic systems
are suspected to have contributed tc an aircraft mishap. A
typical case is where an electrical fault is suspected to
have initiated a fuel or hydraulic fluid fire. An example
of wiring involved in an aircraft fuel fire is shown in
Figure 4. The post impact conditions destroyed the organic
insulation and melted the aluminum conductor. Another
secﬁion of wiring from this mishap exhibited evidence of
arcing between copper wiring and the aluminum airframe as
shown 1n PFigures 5 and 6. Elemental x-ray analysis
confirmed that aluminum had been transferred to the copper
wire. There were also no hydrocarbons focund in the arc
site. The presence of hydrocarbons or socot woculd have
indicated the arcing occurred in the post-accident phase,
Inspection of other aircraft revealed chafing damage to the
wiring in the area suspected of arcing in the mishap
aircraft. The wiring failure shown in Figure 7 caused the
partial loss of an aircraft flight control system.
Electrical arcing of adjacent wiring shown in Figure s
disrupted the flight control computer and caused uncommanded

aircraft maneuvers. The aircraft landed safely, however,
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this failure may not have been identified if the aircraft
had impacted into the ground. Alrcraft impact and fires
typically associated with accidents can severely damage PWBs
and semiconductors. The PWRBs 1in Figures 9 and 10 are
typical of electronic hardware removed from an accident.
The majority of materials wused in PWBs and semiconductors
are damaged at temperatures above 300°C making any analysis
extremely difficult. Specialized techniques ars available
for extracting data from damaged semiconductors.
Fortunately, a component will rarely cause an aircraft
mishap since critical systems use redundancy to preclude the
possibility of a single peint failure. After a nishap,
electronic systems shculd always be analyzed to rule ocut the
possibility that a single point failure seriously degraded a

critical aircraft system.

SUMMARY OF ACCIDENT INVESTIGATION TECHNTIQUES

The various failure analysis technigques for electrenic
compcnents were reviewed and are ccmpiled in Table 4. The
table lists conditions most likely to be of interest and the
failure analysis techniques that would be used 1in an
analysis. In many cases additional research 1is needed to

differentiate pre- and post- accident conditions.
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CONCLUSTONS
1. The majority of aircraft mishaps involving electronics
are related to interconnection problems. Interconnection

problems are primarily due to wiring and connector fallures.
Chafing, which results in electrical arcing of wiring and
corrosion, which results in the electrical breakdown in

connectors appear to be the dominate failure mechanisms.

2. Connectors and semiconductors are the types of
components primarily responsible for PWB 1lesvel aircraft

equipment failures.

3. A  handbook  for —conducting aircraft accident
investigations involving electronic components is feasible.
A follow-on program would develop new failure analysis
techniques where raguired and develop guidelines for
conducting aircraft accident investigations. The most
important challenge will be to develop technigues that can

discriminate between pre- and post-accident conditions.
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Table 1. Mishap Data from Norton Air Force Base
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Table 2. Summary of Data From Norton AFB by Component

e ema————
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Table 3. Summary of Data from Norton Air Force Base
(by Function Category)

‘Fﬁ NCTION CATEGORY| NUMBER OF CATEGORY| CATEGORY i
INCIDENTS | TOTALS PERCENTAGES

INTERCONNECTIONS

CONNECTORS 31

CONDUCTORS 49 100 36
INSTRUMENTS

SWITCHES 56

INSTRUMENTS 7

LIGHTS 10 73 26
POWER SYSTEM

AC GENERATOR 27

DC GENERATOR 9

EMER. POWER UNIT 8

BATTERIES 12

CIRCUIT BREAKERS 13 &9 25
ELECTROMECHANICA

RELAYS 21

MOTORS 7 28 10
PASSIVE COMPONENT

RESISTORS 2

CAPACITORS 2

TRANSFORMERS 5 9 3
TOTAL 279 279 | 100
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014
Figure 1. Summary of Electrically Related Aircraft Incidents[1]
Electromechanical g%svs,ligees ?f&“é’f%
Interconnections (36.0%)

Power System (25.0%)

Instruments (26.0%)
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Figure 2. Causes of Aircraft Equipment Failures[2]

Comnectors (40.0%)
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Figure 3. Printed Wiring Board Part Replacement Data(3]

Others (10.0%)
Soldered Joints (3.0%)

Resistors (12.0%

Capacitors (12.0%

—Hybrid Circuits (12.0%)
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Figure 4. Example of electrical wiring involved in an
alrcraft accident. The organic insulation was degraded and
the aluminum conductors where melted as a result cof a post
accident fire.
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Figure 5. 1In this aircraft accident the cepper wWiring near
a fuel cell had chafed and shorted to the aluminum
structure.
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Reelmborl e Do s bt Qi L

Figure 6. This is a close-up of the wiring in 5 Figure.
The two melt areas on the copper wiring (middle and bottom)
contained aluminum and confirmed that electrical arcing had

taken place.

Figure 7. 1In this case a wire bundle was severed after
chafing initiated an electrical arc. The high temperatures
produced during sustained arcing damaged adjacent flight
control wiring.
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e ———————

Figure 8. Photograph showing the wiring adjacent To the
exhibit in Figure 7. pamage to the adjacent wiring
disrupted the flight control computer.

i

Figure 9. Printed wiring boards removed from an aircraft
accident. Note the oxtensive heat damage to the hardware.
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Figure 10. Close-up showing the physical and thermal damage
exhibited by electronic hardware involved in an accident.
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DEVELOPMENT AND ANALYSIS OF INSULATION CONSTRUCTIONS
FOR AEROSPACE WIRING APPLICATIONS

George A. Slenski
Wright Laboratory Materials Directorate
WL/MLSA
WPAFDB, OH 45433-6333
and
Lynn M. Woodford
McDonnell Douglas Aerospace Company
P.0. BOX 516
St. Louis MO. 63166-0516

ABSTRACT

The Wright Laboratory Materials Directorate at WPAFDB, Ohio recently completed
a research and development program under contract F33615-89-C-5605 with the
McDonnell Douglas Aerospace Company, St Louis, Missouri. Program objectives were 10
develop wire insulation performance requirements, evaluate candidate insulations, and
prepare preliminary specification sheets on the most promising candidates. Aircraft wiring
continues to be a high maintenance item and a major contributor to clectrically-related
aircraft mishaps. Mishap data on aircraft show that chafing of insulation is the most
common mode of wire failure. Improved wiring constructions are expected to increuse
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 MIL-W-81381 and
MIL-W-22759 wiring. These insulations are principally aromatic polyimide and cross-
linked ethylene tetrafluoroethylene (ETFE), respectively. Candidate insulations identified
in preliminary specification sheets were principally fluoropolymers with a polyimide inner
layer., Examples of insulation properties evaluated included flammability, high
temperature mechanical and electrical performance, fluid immersion, and susceptibility to
arc propagation under applied power chafing conditions. Potential next generation wirc
insulation materials will also be reviewed.

INTRODUCTION

The increased emphasis and reliance on electronic systems for modern atrcraft has
resulted in wiring becoming a critical safety of flight system. Aircraft now routinely 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 providing techmical 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 Slenski, 1991). Thc Materials
Directorate System Support Division conducts failure analysis investigations in support of
Air Force accident boards, aircraft program offices, and depot operations. In this capacity
wiring failures have been found to initiate hydraulic and fuel fires via electrical arcing or
cause malfunctions in flight control systems and in other critical areas. At high 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 1 and 2. In both cases, the
insulations were pure fluoropolymer constructions and had chafed against a metallic
structure. Loss of electrical connections can also lead to severe degradation of aircraft
performance. An cxample 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 MIL-W-81381
construction. In this case, polyimide was carbonized by high temperatures of an electrical
arc produced by a metallic structure intimately contacting an exposed conductor carrying
electrical power. Polyimide does not melt, but degrades into carbon at temperatures in
excess of 6500C, which is much lower than the temperature of an electrical arc. In Figure
4, wiring adjacent to the initial chafe site was degraded by the high arc temperatures. The
damaged insnlation sustained additional arcing which led to over 30% of the wiring being
severed. The arc propagation event can take place before the thermal circuit breakers
interrupt current flow. This scenario requires several independent conditions which
include an exposed conductor, sufficient current and voltage, and intimate contact between
a conductor and metallic structure. Fortunately, this is one reason why arc propagation
events are rare. The damage, however, can be scvere enough that even a rare failure
should be a concern in new and existing aircraft designs. Reported instances of arc
propagation and maintenance difficulties with currently available wiring led the Materials
Directorate to initiate an in-house program and then a contractual effort to develop new
wire insulation constructions. Program goals were to have similar weight, volume and
mechanical properties to MIL-W-81381 construction, have increased flexibility, vet not be
susceptible to arc propagation failures, The new insulation constructions would also need
1o 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 WIRE INSULATIONS

The AT’ Materials Directorate, McDonnell Douglas Aerospace Company and other
aerospace organizations actively evaluated arc propagation and other characteristics of
many insulation candidates as potential replacements for MIL-W-81381 during the mid
1980’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. Arc propagation is just one of many wire
characteristics that must be considered when selecting wiring for an aircraft. In 1988 a
program was conceived by the 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 SAE AE-8D Wire and Cable
Subcommittee, AS 4373, would also be used as a testing guideline. McDonnell Douglas
was awarded the two year wire development contract, F33615-89-C-5603, in late 1988.
Work began in early 1989, and a final report was published by the government in mid 1991.
The program was organized by tasks which included the following: establishment of wire
performance requirements, selection of ten insulation constructions for evaluation, a highly
focused screening evaluation of the most critical wire insulation characteristics, additional
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performance testing to provide comprehensive 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). All testing included
the two baseline aerospace wiring constructions MIL-W-81381/11,/7,/9 and MIL-W-
22759/43,/44,/33.

WIRE PERFORMANCE REQUIREMENTS

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 on a scale of one to five, with five being the most critical.
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 factor based on
the 1dentiflied performance requirements. Weighting factors were determined by a survey
of three aerospace companies and several government organizations. In all cases minimum
performance requircments had to be exceeded in order for a new insulation construction to
remain in the evaluation.

INSULATION CONSTRUCTIONS SELECTED

Insulation candidates were submitted by insulation manufacturers and material
suppliers. Ten candidates were initially selected from a field of twenty-two proposed
constructions. Nine of the ten candidates conmsisted 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.

SCREENING TESTING RESULTS

Screening tests shown in Table 2 were selected from the most important or heavily
weighted wiring characteristics identified in the wire performance requirements (Soloman,
1991). Testing was conducted on the ten insulation candidates and the two baseline
conslructions. The most important tests were part of the verification of properties
evaluation. Wire specimens were aged for 1000 hours at 200°C and then subjected to the
selected screening tcsts. Thermally aging the wire specimens provided an indication of
long term wiring field performance, since a 10,000 hour design life at 2000C will ultimately
be required of any new insulation. Statistical analysis was used to rank insulations in each
test and give an overall ranking. The best performing insulation copstruction was given a
score of 0.0. Scores for other insulation constructions were determined by dividing the
numerical difference between the best pcrformer and selected insulation by the unbiased
standard deviation. A weighted factor determined in the performance requirements
evaluation was multiplied by the candidates’ calculated score. For the screening
evaluation, weighting ranged from 3 to 5.5. Screening test ranking of the candidates is
given in Table 3 (Soloman, 1991). The ranking includes all construction types evaluated.
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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 Filotex, Thermatics, NEMA #3,
and Tensolite. The Gore candidate was not continued in the program due to it’s single
source availability. MIL-W-81381 and MIL~-W-22759 baseline constructions ranked fifth
and tenth, respectively. MIL-W-81381 failed to meet minimum performance requirements
in the dry arc propagation test.

FULL PERFORMANCE EVALUATION

A total of twenty-eight tests were conducted on the insulation candidates selected
from tbe screening evaluation. Performance tests and their weighting are given in Table 4.
Combined screening and performance evaluation results are given in Table S (Soloman,
1991). Data in Table S differs slightly 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 constructions. The Filotex comstruction 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 evaluation characteristics such as insulation stripping, wire potting,
splicing, handling, layout, damage susceptibility, and reparability were assessed. Overall
the Filotex construction was a slightly better performer compared to the Tensolite and
MIL-W-22759 constructions.

DISCUSSION

Hybrid wire constructions exhibited higher overall performance than the baseline
constructions evaluaied. Hybrids gave a more balanced range of insulation properties. As
an example, wet arc tracking results for the top three candidates and baseline constructions
are given in Figure 5 (Soloman, 1991). Hybrid candidates performed as well or better than
MIL-W-22759, which is usually considered to be a non-arc tracking insulation. MIL-W-
81381 readily arc tracks in this test. Abrasion test results, which give an indication of chafe
susceplibility are given in Figure 6 (Soloman, 1991). Several hybrids performed at a level
equal to or above MIL-W-81381. One of the most desirable characteristics of MIL-W-
81381 type wiring is its ability to retain its excellent mechanical properties over a wide
temperature range. As can be seen by the abrasion data pure fluoropolymer constructions
rapidly lose their mechanical properties at high temperatures. A common complaint from
maintenance personnel is the stiffness and springback of MIL-W-81381. Springback results
for hybrids and baseline constructions are given in Figure 7 (Soloman, 1991). Hybrids fall
between a very stiff insulation (MIL-W-81381) and a very flexible insulation (MIL-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
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copstructions (Soloman, 1991). 1llybrids 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 an aerospace wiring. Major aircraft companies have selected
constructions similar to the Tensolite and Filotex candidates. Several military programs
are in the process of selecting hybrid constructions 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 perlormance over currently available aerospacc
wire insulations. Hybrid insulations retain mechanical properties over a wide remperature
range, are arc propagalion resistant, provide reasonable flexibility for installation and
maintenance, and can be maoufactured at a cost comparable to existing aerospace wire
insulations.
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Figure 1. Arcing site that ignited
fucl and totally destroyed an aircraft.

8937 856 4600

Figure 3. Example of a dry arc
propagatioa failure in MIL-W-81381.
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Figure 4. Close-up of Figure 3
showing carbonized insulation.

TABLE 1. SELECTED INSULATION CAN DIDATES AND TWO BASELINE CONSTRUCTIONS.

CONSTRUCTION DESCRIPTION
BARCEL #1 2919 polyimide(50%0L)/ Unsintered PTFE
S8RAND REX #1 X1 -ETFE(50%0L) /616 polyimide/XL-EFTE(509%OL)
CHAMPLAIN #1 2919 polyimide(S0%OL) /Extruded XL-ETFE
DUPONT #1 2 layers new polyimide-fluoropolymer (50%0L) /Fluoropolymer
FILOTEX PIFE extrusion/616 polyimide/PTFE dispersion
GORE #3 PTFE(50%0L)/HSCR PTFE(50%0L)
THERMATICS #3 Modified PTFE (30%0L)/ PTFE/polyimide/PTFE Tape/ Modified PTFE
TENSQLITE #3 919 polyimide(509%0L) /PTFE(S0%O0L)
NEMA #2 PTFE(50%OL) /616 polyimide/ PTFE(50920L)
NEMA #3 616 polyimide/Extruded XL-ETFE
MIL-W-81381/7 616 polyimide(500L)/616 polyimide /polyimide topcoat
MIL-W-22759/43 Dual extrusion of ETFE
NEMA= National Electronic Manufacturcrs Association, FEP (flucronated ethylene propylene)
029= 2.0 mil polyimide,05 mil
2919 = 0.5 mil PTFE,1 mil polymide,0.5 mil polyimide,0.5 mil PTFE
616= 0.1 mil FEP,1 mil poltimide,0.1 mil FEP
919= 0.5 PTFE,1 mil polyimide,0.5 mil PTFE
PTFE = Polytetrafluoroethylene, ETFE = Ethylene tetrafluoroethylene
XL =Crosslinked, OL=Overlap. HSCR= High Strength Crush Resistant
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TABLE 2. SCREENING TESTS AND WEIGHTING FACTORS.
SAE SAE
AS 4373 TEST WEIGHT | AS 4373 TEST WEIGHT
METHOD FACTOR | METHOD FACTOR
901 Finished Verification of
Diameter 4.2 3) Retained properties 5.5
(1) Workmanship 3.0 701 Abrasion 5.5
301 Dry Arc 5.5 703 Dynamic Cut 4.5
Resistancc Through
73] Toxicity 5.0 €)) Flex Life 5.5
708 Stiffness and 4.2 707 Notch Propagation 5.0
Springback
801 Flammability 4.3 510 Voltage Withstand 5.5
601 Fluid 4.5 504 Insulation 4.5
Immersion resistance
902 Finished 4.2 &) Examine Product 3.0
Diameter
(1)- AS 4372, SAE Para. 3.1.4 (2)- Naval Engineering Standard 713, Issue 2
(3)- Specimens were aged for 1000 hrs at 200°C  (4)- MDC B0482
(5)- SAE AS 4372 Para. 3.14

TABLE 3. SCREENING TEST RESULTS

RANKING | SCORE INSULATION RANKING | SCORE INSULATION
1 6.52 FILOTEX 7 9.92 CHAMPLAIN #1
2 723 THERMATICS #3 8 9.94 BARCEL #1
3 8.59 NEMA #3 9 10.97 NEMA #2
4 9.05 GORE 10 11.18 M22759
5 9.22 M81381 11 13.96 BRAND REX #1
6 9.59 TENSOLITE #3 12 14.19 DUPONT #1
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TABLE 4. PERFORMANCE TESTS AND WEIGHTING FACTORS.
SAE SAE
AS 4373 TEST Weight | AS 4373 TEST Weight
Method Factor | Method Factor
(1) BST Dry Arc Test 55 701 Abrasion 52
501 Dielectric Constant 2.0 702 Cold Bend 33
502 Corona Inception 3.3 703 Dynamic Cut Through 4.3
506 Surface Resistance 2.2 704 Flex Life 4.7
507 Time/Current to 33 705 Insulation Impact 3.1
Smoke Resistance
509 Wet Arc Tracking 32 706 Insulation Tensile 32
Strength
511 Wire Fusing Time 3.2 707 Notch Propagation 5.0
602 Forced Hydrolysis 3.5 803 Smoke Quantity 4.3
603 Humidity 2.2 804 Thermal Index 4.0
Resistance
604 Weight 22 803 Thermal Shock 4.0
Loss/Outpassing
606 Weathering 35 712 Wire Surface Marking 38
Resistance
607 Wicking 3.5 3) Crush Resistance 3.0
)] Wire to wire Rub 5.2 807 Verification of )
Retained Properties

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

TABLE 5. COMBINED SCREENING AND PERFORMANCE TEST RESULTS

RANKING SCORE SCORE INSULATION
WEIGHTED | WEIGHTED | UNWEIGHTED

1 8.21 8.41 FILOTEX
2 8.22 7.79 TENSOLITE
3 9.20 9.10 M81381
4 9.38 9.88 THERMATICS
5 10.51 10.46 NEMA #3
6 11.36 11.23 M22759
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FIGURE 5. WET ARC TRACKING RESULTS
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FIGURE 6. ABRASION TEST RESULTS
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FIGURE 7. SPRINGBACK TEST RESULTS.

SPRINGBACK RESULTS IN DEGREES
{22 AWG 5.8 MIL AIRFRAME WIRING)
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FIGURE 8. SMOKE QUANTITY TEST RESULTS.
SMOKE QUANTITY RESULTS
(AFTER 20 MINUTES)
{22 AWG 5.8 MIL AIRFRAME WIRING)
10X
. 18 -
fad 16 ¢
£ 14 1
2e 279
S 109
== 8 4
=
P s +
54
5 2 ] em—
= 0. R TR
M81331 M22753 FILOTEX TENSOLITE  THERMATICS
INSULATION TYPES

00nNnN33



-

B 1997,09-28 09150 #4327 P.01/03

¢ P R i

R RS S B et SPL

(ATPZTINE St ==

SERVICE BULLETIN
SUMMARY

BOENG COMMERCIAL AMMPLANES - POST OFFICE BOX 3767 EEATTLE, WASHNGTON 981242207

SUBJECT: ELYCIRICAL POWER - MAIN 115 ATA: 2451 NUMBER: 747.24-2118

' VOLT AG POVER DISTRIBUTION - DATE: February 9,. 1983
WIRR INSPECTION AND ] REVISION 2:Ducembar 21, 1989
PROTECTIVE SLEEVING
INSTALLATION

BACRGROUKD ‘available, inzpect for chafed wires

: behind the flight engineer’s panel.
This wodification will prevent chafing If no chafing {5 found, enclase wire
of wire bundles locsted behind the bundle with Teflon sleeving and

. flight engipesr's panel. rexoute. If chafing is found, repair

wire bundle, enclose’ in Teflon
Two operators have raportad insctances sleeving and raroure. . :
vhere sevaral circuit breakers tripped

snd smoke appeared from the back of EFFEGTIVITY

the flight enginesr’s pmnel. Several .

vires were subsequantly found to be All 747 airplanes 1ine position 1
sovarely burned and fused together as through 540

3 cresult of chafing against the

connactor back shell. : HANPOWER

Rerouting vire bundle and enclosing Toral Man-houxs - 6§ per Alrplane
the wire bundles in Teflon sleeving -

will prevent chafing conditions which Elapsed Tine - 6 Hourz

ctould result In  several systems

becoming lnoperacive.

ACTION MATERIAL INFORMATION

At a convenlent maintenance interval Operator furmished parts

where msupower and facilitles are

\ ’1/ FLIGHT ENGINEER'S
P& PANEL
23 N
~ REMOVE APU CONTROL
s <, MOQULE AND APU POWER
& MODULE. INSPECT MIRE

BUNDLES wds2, WiBs,
Wiga, Wi1%0 AND W20138
o / AFT OF STA 340 FOR
(&) ~J/ CHAFING. WRAP WIRE
" BUNDLES WITH TEFLON
SLEEVYING, ANMD REROQUTE
WIRE BUNDLES.

-
Sunmary Page 1 of 1
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" COPIES: ““““““‘~€;%gmé%§ﬂfA2#1m%&
DEPT. M. 0. 'Igv%F E‘\)‘G&I 'm
PRD. CTL. 6 ' TW‘ M. 0. NUMBER 71T80
TOOLING o : g ' DATE </ X’O 7%
BOEING MODIF'CATION ORDER . ATA 24-5
LOCKYEED PAGE 1 OF 13 PAGE
CHARGE TO APPROVED MASTER MODIFICATION ORDER NO. ;__—THIS PAGE REPLACES PAGE DATED .
CHECK WIRE BUNDLES ABOVE P6 PANEL - 747 AIRCRAFT
arcRarT arrecTep 17104, 17105, 17107, 17108, 17109, 17110, 17116, EN&W W 3 T;REO C
ENGINEAFFECTED 17119, 17133, 17134, 17303, 17305 ycraft ( 2k
TOTAL QUANTITY [AIRCRAFT[ENGINES| UNITS [ 3 B ] 6 1 7 | & |MANAGERGNGINEENNG D —  DAITE REQT
WODIFED 12 : i e el 2%
CLASSIFICATION: _ MAJOR L] _MINOR X DIR. /PROJ COORD.-ENGRIEERING DATE REQT
X : ) .
g §§2§°$’vfnm" u] 3:3532’53L"&>Uksm :'ESQWE ves Mno O{COPYTOF.AA. ‘@ /ﬂD 7-9- 77
O PRE-SERVICE O OTHER FAA. ) FAA REPRESENTATIVE _ [S. V.P.-ENGINEERING /yg DATE REQD
X CHECK “C” [l LAYOVER .
TWA COST SUMMARY (SCE COST PAGES FOR DETAILS CONTROLLER . - DATE REQD
TOTAL DIRECT COSTS TOTAL RELATED COSTS TOTAL COST : \
s 2,886.00 + -0- =s -2,886.00 SR. V.P-MAINT. & ENGINEEyG DATE REQD
TOTAL OBSOLESCENCE
FINANCE USE ONLY . ’
OVERHEAD TOTAL COSTS 2, % OO | COST PERUNTT 240.50 /
] CODE REVIEWE%Z)’ COSTCTR | ACCOUNT W
7'
dex/susz O CAPITAL | D BILLABLE /2 W*p 7// 426 2 :
CONTRACT CUSTOMER None WEIGHT AND sAué/cs DATA . None FLIGHT OPERATIONS INFO ____ VO
A.  REFERENCE: |

1. FAA A.D. 94-05-07 (Amendment 39-8845)
2. Boe1ng Serv1ce Bulletin number 747 24A2186 Revision 1

DESCRIPTIOE '
This M.0. directs the accomplishment of the Boe1ng 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 bundles.

QUS!IEICATIQN (Priority l) Airworthiness Directive

A 747-300 operator experienced a failure of the wire bundles above the P6 panel that
resulted in smoke in the cockpit, sounds of electrical arcing and circuit breakers
popping. The FAA issued. AD 92-27-12 that requires a check of 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 of
April 4, 1994. Accomplishment of this M.0. will, W1th1n 4,000 hours, assure '
comp]iance with A.D. 94-05-07.

RELATED INFORMATION:
M47-AD-V6 currently accomp]ishes the required checks on the wire bund]es and must be

* continued until the accompIishment of this M.0.
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FOR REVISED PAGES ONLY: TYPED KEE DATE
AIRCRAFT FLEET NO. COPIES PRODUCTION CONTROL THIS PAGE REPLACES PAGE DATED
SUBJECT . M.O. NO.
CHECK WIRE BUNDLES ABOVE P6 PANEL - 747 AIRCRAFT 71780
K.S. Craycraft A.H. Lujin
ENGINEER MANAGER
AFFECTED AIRCRAFT:

NOTE: THIS FORM WILL ONLY BE INFREQUENTLY REVISED, SO REFER TO AS&P 7-10-07 WHICH

IS THE OFFICIAL LISTING OF AIRCRAFT TO BE COVERED BY MO'S AND INCLUDES
AIRCRAFT LEASED TO OTHERS AS WELL AS PARKED AIRCRAFT,

T

747

131

17104
17108
- el
mae
17108
17108
1Mo
17meé

17303

L-1011

2
11001
11002

DC?9
aly 32
8169 - 8220
8170 an
817 822 fsom
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'ACFT NBR STATION._ . DATE_

FOR REVISED PAGES ONLY: TYPED __KEF DATE ’9/'6P E;%QK PAGE__3.

*AIRCRAFT FLEET : THIS PAGE REPLACES PAGE DATED

NO. OF COPIES PRODUCTION CONTROL:
M.0. FAB.DWG. INSTL.DWG.

TTTLE | M.0. NO.

CHECK WIRE BUNDLES ABOVE P6 PANEL - 747 AIRCRAFT _ 7iTs0

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

E. MODIFICATION INSTRUCTIONS:
MECH

Refer to the attached Boeing Service Bulletin.
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BOEING SERVICE BULLETIN 747-24A2186 ’3;3,; 21780

Date_ <~ %
B. Reason ‘ :

An aborted take-off was reported by an dpermor because of smoke in the flight compartment. ' Circuit
breakers opened and electrical arcing was heard during the take-off roll. The operator reported that -

42 wires were damaged and 6 power feeder cables were burned and cut. These wires are in 5 .
different wire bundles. ' : - - o

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

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

Revision 1 is sent to clarify the location of the area above the P6 panel that needs inspection. It also
clarifies the materials that the operators can use. : _ 4

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 show 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-I-42852 are added in the
material information section. Installation instruction for sieeve 1151-FRB is given in the figure.

C. Description

INSPECTION AND REPAIR - Inspect the wires above thé P86 panel around STA 400, WL 385, and
RBL 25. This is the area where wire bundies W418, W1100, and W1362 cross over wire bundies
W998 and W718. Repair or replace damaged wires. ‘ L

NOTES:

- The inspection and repair described in the Boeing All Base Telegraphic Message
M-7240-92-1100, dated April 14, 1992, is in compliance with the inspection and repair
described in this service bulletin, :

- The Boeing All Base Telegraphic Message M-7240-92-2918, 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 bundie W718 and wire
bundles W418, W1100, and W1362 at the crossover point. Measure the clearance between wire
bundle WS98 and wire bundles W418, W1100, and W1362 at the crossover point. _No action is
- necessary if the clearance is 0.25 inch or greater. Do these changes if the clearance is iess than 0.25

inch-
- Wrap tape or sieeve around wire bundies W418, W1100, and W1362, _

. Tie wire bundlé W71 8 to wire bundles w418, Wi 1_00, and W1362 at the crossover point.
- Tie wire bundie WQQB to wire bundles W418, W1100, and w1 362 at the crossover point.

Révision 1 - no more work is necessary on airplanes chariged by the initial release of this service
bulletin. S ~ '
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BOEING SERVICE BULLETIN 747-24A2186 - MU0, 71780
Page 8
Date_ -~ f~ &

Il. MATERIAL INFORMATION
A. Parts Necessary For Each AI}plane

Quantity Part Number (Specification) = Name
8feet BMS 13-54 (a) Lacing Tape
1roll  Scotch 70 (one inch wide) (b) Tape

or

1roll  Tapes that meet or exceed the Tape
specification MIL-I-46858
2
or

1foot 1151-FRB, (determine Sleeve
diameter at installation) (c)

)] Refer to the material list at the end of the Boeing Material
Specification (BMS) for supplier data. There is no specific grade,
type, class, finish and color requirement.

(b) . Minnesota Mining and Manufacturing Company (V26066)
' Industrial Tape Division :
3M Center
, St Paul, Minnesota 55144-1000
(©) Bently Harris Manufacturing Company (V81851)

241 Welsh Pool Road .
Lionville, Pennsyivania 19353

B. Parts Necessary to Change Spares
None

C. Special Tools and Equipmém

No special tools or equipment are necessary to do the change in this service bulietin. Also,
maintenance and overhaul tools in manuals shown in Paragraph 1.J., References, can be necessary.
Examine operator tool supply to make sure all necessary tools are available.

D. Existing Parts Accountability

None
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BOEING SERVICE BULLETIN 747-24A2186 M.0. 71780 .
_ .Page 9

. Date 4 72"9
Iil. ACCOMPLISHMENT INSTRUCTIONS T
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 disturbéd. make sure that an operaﬁonal 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 P8 panel above the access panel for the firé detecﬁ'on :
module. If necessary, remove the ceiling panel forward of the p6 panel. : ‘

B. Remove electrical power from airplane circuits as specified in the 747 Maintenance Manual Subject
24-22-00. o _

HEC
C. Dothe %&n and changes as shown in Figure 1.

D. Supply etectricél.power to the airplane circuits as spéciﬁed in the 747 Maintenance Manual Subject ‘
24-22-00. _ - '

E. Install the ceivling paneis.

F. Putthe airplane back in serviceable condition,
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' BOEING SERVICE BULLETIN 747-24A2186 M.0. 71780

Page 10 i
_ Date 4'1—?
WIRE BUNDLES \ : s : DOME LIGHT
w418, w1100, st
AND W1362 > . A INTERIOR

SEE DETAL

000041
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BOEING SERVICE BULLETIN 747-24A2186 Page 11
" Date_ - f-¢
W998
WIRE BUNDLE
WITH SLEEVE
TAPE SHOWN INSTALLED
LACING
TAPE
¥998
WIRE BUNDLE
| WITH SLEEVE
SLEEVE SHOWN INSTALLED
DETAIL 1
100042

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

Jan 14/93
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BOEING SERVICE BUL_LE'I"lN 747-24A2186 M.0. 71780

Page 12 . -
Date__ </ «Z_—‘,
NOTES: _
A. The instruction numbers shown below agree with the numbers shown inside the circle symbols in
the figure. . , R

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

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

INSPECTION AND REPAIR N
CHECK s , '

1 |rapect the area where wire bundles W418, W1100, and W1362 cross over wire bundies
W98 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 (steps 2 through 5)

2 Measure the clearance between wire bundie W718 and wire bundles W418, W1100, and
W1362 at the crossover point. Measure the clearance between wire bundle WS98 and wire
bundles W418, W1100, and W1362 at the crossover point. No action is necessary if the
measured clearance is a 0.25 inch or more. ' '

NOTE: Do steps 3 through 5 if the clearance measured in step 2 is less ihan'o.és inch.

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

- Onewrap of tape with fifty percent overiap issutﬁqieni.

- Cut the sleave along its length before you wrap it around the wire bunﬁl_e's. The
sleeve must have a fifty percent oveﬂﬂp Use lacing tape BMS 13-54 to tie the
sleeve to the wire bundie. Do not put the lacing tape at the crossover point. ‘

- 4 Tie wire bundie W718 to wire bundles W418, W1100, and W1362 at the crossover point.
Use two ties of lacing tape BMS 13-54 to tie the wire bundies together.. Do not use plastic
ties. The ties must grip securely so as to hoid the bundles together without relative
movement between the bundies, but not so tightly as to deform the wires or cables. Tie the

~ wire bundies together as specified in the Boeing Standard Wiring Practices Manual, Chapter
20, Section 20-10-11. . : - .-

5 Tie wire bundle W998B to wire bundles W418, W1100, and W1362 at the croesq'ver point.
Use two ties of lacing tape BMS 13-54 to tie the wire bundies together. Do not yse plastic
ties. The ties must grip securely so as to hold the buridies together withoyt relative
movement between the bundles, but not so tightly as to deform the wires or cables. Tie the
wire bundles together as specified in the Boeing Standard Wiring Practices Manual, Chapter
20, Section 20-10-11. .- : ' : T

000043
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| ) Boeing Commercial Airplane Group C e e e
' P.O. Box 3707 LT TS
Seattle, WA 98124-2207 ATE 24 -0 <2

| October 16, 1997
' B-B600-16272-ASI

Mr. Robert Swaim, AS-40

National Transportation Safety Board
490 L’Enfant Plaza S.W.
Washington, D.C. 20594

BOEING Subiect 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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. 747-200 reported on January 10, 1996

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

. 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 1L burnt. The window was
changed.

. 747-100 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. : :

. 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.

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 forwarded 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 630-6397?

Response: WB824 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 yours,

ﬁ/ vy

Johnmn W. Purvis

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
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ANALYTICAL ENGINEERING REPORT i
d
TO: D.M. Hazelman . M.5. 9603 NO.: 9-5576-WP-97-394-R |
LS. Ghoreishi M.S, 02-AK
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ITEM NO.; Chem 6304
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MODEL: EQA

|
|
|
1i
|

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

SUBJECT: {dentificatjon of Depasits on Wire Bundle,

BACKGROUND

A wire bundle (No. W1 18, connector number D1947J) removed from a P14 panel of 747 airplane

RA 104 (S/N 19670) was submitted for analysis of deposits observed on the surface of the wire
insulation near the connector. ' ‘

CONCLUSIONS

9

e e e

The deposits wore identified as & complex mixture of organic and inorgenic environrmental debris,
Based on the peaks observed in the 1200-1000 wavenumbers range of the infrared transmittance
spectia and clements detected with the electron microprobe, the mixture likely contains silicates,
suifates and phosphates. Many sulfate and some phogphate compounds have an infrared peak or series
of peaka in this wavenumber range. Dark-colored Jcpoits on the wire insulation had 8 highor organic
fraction comprred 1o the light-colored deposits on the surface of the conneetor, The deposits contain .
water- soluble ¢lenients, suggesting that the material may have been deposited from water, The source

i
of the water it unkuown. No evidence of arcing or pverhesting on the wires or connector were _ '
observed. .

EXPERIMENTATION AND RESULTS

The connector submitted for analysis is shown in Figure 1. A region with dark deposits on the wires is
shown in Figure 2. Lighter colored deponits on the connector have the appoarance of being deposited
from a liquid, as shown in Figurc 3. The dark deposits on the wires and the Jight deposits on the
conneclor were anulyzed uding infrared microspectioscopy and elcctron Inicroprabe.

The dark deposit lifted from the sarface of one of the wires way found to be separable into an MEK-
solublc fraction and an MEK-insoluble fraction. Infrared transmittance spectra of thesc materials are
skown in Figure 4. The peaks in the 3000 to 2800-wavenumber range are associated witl -C-H i
strefching, suggesting the presence of an orgunic material, possibly lubricant of cortosion Inhibiting |
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compound. A representative infrared spectrum of the light deposit lited from the surface of the

counscinr is shown in Figure 5.

Representative electron microprobe slemental surveys of tho deposits are shown in Figure 6. The
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Tollowing clenents were detected in the dark deposit from the wires: carbon, silicon, sulfur, oxygen,

potassium. with smaller quantities of calcium, aluminum, sodium, magnesium, Hianium, magnesjom |
and iron. The light deposit on the sonnector was found to contain carbon, sodium, silicon, phosphorus,
sulfur, oxygett and smaller qoantities of atuminum, calcium, cadmium, potassium and iron.

t

The infrared spectre of the two deposits are similar, suggesting that the deposits contaly some of the
same compounds with the exception of the components glving rise t <olor, which are different. Based ;
on the peaks abserved in the 1200-1000 wavenumbers range of the infrared transmiltance Spectum and
clemnents detected with the electron microprobe, the mixture Jikely contains silicates, aulfates and
phosphates, Many sulfates and some phosphate compounds have an infraced peak or series of peaks in

this wavenumber range. The dark deposit contains more organic material compared to the Jight deposit
bascd on the relstive quantity of carbon detected and the size of the organic infrared peaks. Most of the |
clements detected are waler-soluble. The suggests that at least some portion of these contaminants

were deposited from 3 liquid phase. The source of water is unknown,

Prepered by L 22 0tate oD, CRnnsn~  Apwroved vy @-—“—\

C.A. Baron
M/S 73-09, 237-8073

Electron microprobe by J. Wessel.

!

W. L. Plagemann
M/3 73-09, 234-3025
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Electrical bumsg are the result of the slectric currant flowing through the tissues or
bones. Tissue damage Is caused by the heat gensrated by the current flow through the
body. Electrical bumns are one of the most serlous Injuries you can receive and should
be given immediate attention. Since the most severe buming is likely to be on the
ingide, what may appear at first to be a emall surface wound could, In fact, be an Indl-
cation of savere Intemal bums. Arc and contact bums will be dlscussed in the next
section.

ARC

Arc bums make up a substantial portion of the injuries from electrical malfunction.The
electric arc between metals can be up to 35,000 degrees F which s about four times
hotter than the surface of the sun. Workars saveral faet from the source of the arc can
receive sovere or fatal bums. Since most electrical safety guidelines recommend safe
working distances based on shock considerations, workers can be following these
guidelines and still ba at risk from arc.

Electric arcs can occcur due 1o poor slectrical contact or failed insulation. Electrical arc-

ing Is caused by the passage of substantial amounts of current through the vaporized |

terminal material - usually metal or carbon. Since the heat of the arc Is depandent on

the short circuit current avallable at the arcing point, arcs genematad on 480 V. systems
can ba lust 88 dangerous as those generated at 13,000 volts.

-~ BLASY

The third source of possible hazard is the blast associated with an electric arc. This

blast comes from the pressure developed by the near instantaneous heating of the air

surrounding the arc and from the expansion of the metal as i Is vaporized. (Copper
expands by a factor in excess of 856.000 times in boiling). These pressures can be
graat enough to hurl paople, switchgaear, and cabinets considerable distances. Another
hazard associated with the blast, Is the hurling of molten metal droplets which can
causa contact burning and assoclated damage.

A possible baneficlal side effect of the blast, is that R could hurl a nearby person away
from the arc, thereby, reducing the effect of arc bums.

25

000049



FROM :AIR SAFETY INU TO

616 928 8210 1997, 06-25 17:38 H741 P.02/08

Ghorelsh[‘ Issa S é";MLstar‘e; sl s Bein&w re Spec .‘Q.(IS%X )EZ.[
?gd\.«'m

To: Whitney, Marvin
Subject: FW: TW 800 Ships Wiring

!
Dennis, |

|
Following ara my response to Bob Swaim questicns dated June 2, 1897: i
Q1- s Wiring identified with & "42A" the BMS 1342 Revision A, insulated with the Paly-X Coaling?

Al-  Wirng identified as a 424 is BMS 13-42 Revision A, "Wire Electric, Alkine-Imide Insulated, Coppsr and
Copper Alloy, 800 V (RMS) 302F (150C)", is known as Paly-X type insulated wire.

Q2-  Please Identify how the wiring is coded. For example, We have wiring with W4zA/B/1-16-080807 ;

A2-  This is the wire manufacturers identification of the wire, This is the breakdown of this identification. W {
Wire), 42 (BMS 13-42), A (Ravision of the Specification), 8 (Type 8, wire or cable - 10 mil (NOM) Ingylation, Tinned
Coppser Conductor)), 1 {Class 1, A single insulatad conductor)), 16 (16 Guage), 06080 (Wire MFG Cage Cade, in
this case this number is for Raychem Company)

@3- Was Poly-X wire used cn RA164 (TWA 800).
A3 The Poly-X wire was used as a genaral purpose wirs on the RA164 (TWA 800) aircratt.

Q4  Was Poly-X wire used in the center wing fuel tank (CWT Fuel Quantity Indleation System (FQIS) wiring
between the flight engineer panel and the CWT? ‘

Ad- Wire known as Poly-X was not used betwaen 1he P4 panel (Pansl-Flight Engineer Instrument) and the .
center tank connecior DM127, The FQIS wire between the P4 pans( (Panel-Flight Engineer Instrument) and and the
center tank connector DM127 is 10-B0B76-2 type wire, The FQIS wire with in the center fusl tank 18 10-60875-4 type
wire. :

Qs-  Was Poly-X wire used in any of the wiring runs adjacent to CWT FQIS and was Puly-X vsad for any of the |
fuel pumps?

A5-  Wire known as Poly-X was usad in wire runs adjacent 10 CWT FQIS wirs, Please refer to the wires types list
adjacent to CWT FQIS which was provided on February 4, 1957. Poly-X wire was used for the fusl pump wiring.

Q8- What Problems the Paly-X wiring had in service? What is the effect of the fatigue, chemical attack,
cold/heat expasure on the Poly-X wire.

A6~  Wire knawn as Poly-X had three in-service problems:
-Abrasior of the insulation in bundles irstalied in high vibration areas.
(This problem was corrected by Boeing Service Bullatin No. 747-71-2105, Dated July 18, 1974)
-Random flaking of the topcoat.
-Insulation radial cracks in tight bend radii.

Radial cracking phenomena af the Poly-X wire was assatiated mainly with mechanical stress. Bend radius is the
largest contributer 1o mechanical stress in an installed wire or ¢able, Presance of moisture in conjunction with
mechanical stress is alsg a contributor.

Thunk;

Tssa S. g‘owéa‘l
PH, 266-4098, M/S 02-AK
Pg. 541-0055
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SCOPE -

This specification coversa croaslinked alkane-imide po

lymer insulated copper

a,
and copper alloy wire and cable. This specification requires qualification
of products. ’

b. PRATING
The wire of this specification 1s rated for the following conditions.

(1) when operating potentials do not exceed 600 volts (RMS).

(2) vhere any combinations of amblent temperature and conductor current, for
elther intermittent or continuous service, does not produce a stabilized
conductor temperature in excess of 302 F 1150 c).

REFERENCES

Except where a specific issue 1s indicated, the noted issue of the following refer-
ences shall be considered a part of this specification to the extent specified herein.

SPECIPICATIONS

FEDERAL

a.

TT-S-735, Type III

Standard Test Fluids; Hydrocarbon, March 1964

b. UU-T-450B Tissue, Facial, 24 Sept. 1963

¢c. CCC-T-191b Textile Test Methods, 15 May 1951

d, C-P-206¢C Felt Sheet, Cloth, Felt, Wool, Pressed, 30 July 1968

MILITARY

a. MIL-C-T0788 Cable Electric Aerospace Vehicle General Specification
for, 17 March, 1

b. MIL-T-5438 Tester; Abrasion, Electrical Cable, 19 Dec. 1549

c. MIL-H-56068B Hydraulie Fluid, Petroleum Base, Aircraft, Missile, and
Ordnance, 26 June 1963

d. MIL-A-6091C Alcohol, Ethyl, Speclally Denatured, 9 Feb. 1968 «

e. MIL-L-7808E Lubricating 01il, AircraftTurbine Engine, Synthetic Base,
13 March 1963

£f. MIL-L-23699 Lubricating Oil, Aircraft Turbine Engine, Synthetic Base,
1 March 19

g. MIL-D-26937A Detergent, Synthetic, Anionic (Alkyl Benzene Sulfonate),

15 April 1963

(P

- 000051

{EnG
ORIGINAL ISSUE

(.Poll/—x us:é cn “qgll?\ CSeminn
: WI

RE: ELECTRIC, ALXANE-IMIDE

7-30-69 (cAq)

CODE IDENT. NO, 81205

YaAdA na1R 13/RR

REVISED

INSULATED, COPPER AND COPFER ALLOY, B8MS
<, 600y lmsj__mzn{lsgc) l3~42A‘
BOEING MATERIAL SPECIFICATION| ,.cc 1 o 54
4-13-70




5.2.1.3 Conductor Elongation and Tensile Strength

5.2.1.3.1 Elongation

The individual strands of the conductor or the whole conductor removed from
finished wire shall have the following minimum elongation when measured in

accordance with 8.5,

Soft annealed copper 10 percent
High-strength copper alloy 6 percent
5.2.1.3.2 Tensile Strength (High-Strength Copper Alloy Only)

When high-strength copper alloy 1s specified, the individual strands of the
conductor or the whole conductor removed from finished wire shall have a
minimum tensile strength of 58,000 psli when measured in accordance with 8.5.

5.2.1.4 Conductor Diameter

The diameter of the conductor shall be as specified in Table II.

5.2.1.5 Insulation

The insulation shall be constructed so that 1t can be readily removed by mechanical
wire-stripping devices.

5.2.1.5.1 Primary Insulation

The primary insulation of one or more layers shall be crosslinked extruded
alkane-imide polymer. When more than one layer is employed a coating of modified
imide polymer may be used between the layers. The alkane-imide polymer shall be
an off-white color readily distinguishable from the basic brown color of the

imide coating.

5.2.1.5.2 Coating

A coating of modified imide polymer shall be applied over the insulation. This
coating shall be continuous and free from cracks, splits, blisters, and other
defects when examined without aid of magnification.

5.2.1.5.3 Insulation Elongation and Tensile Strength

The primary insulation and the coating shall have an elongation of 50 percent
minimum) when tested per 8.14 and shall have a tensile strength of 7500 PSI
minimum) for wire sizes 30 through 10 and 5000 PSI {minimum) for wire sizes

through 4/0 when tested per 8.14.

5.2.2 FINISHED CABLE CONSTRUCTION

The construction of finished cable shall be as specified in the individual Type
and Class construction details. In multi-conductor cables the. insulated wires
as determined by the class designation shall be spirally laid to provide as
concentric a cable as possible., The lay of the individual wires shall be not

4 less than eight or more than sixteen times the major diameter of the cable.
The direction of lay shall be left-hand. PFillers will not be-allowed.

5.2.2.1 Shield Construction and Coverage

The shield shall be a closely woven braid and shall comply with the following:
a. The individual shield strand size shall be as follows:

(1) sSize 38 strands shall be used over wire or cable having a maJjor dlameter
of 0.300 inch or less.

(2) Size 36 strands shall be used over wire or cable having a major diameter
greater than 0.300 inch and less than 0.400 inch.

(3) Size 34 strands shall be used over wire or cable having a major diameter
of 0.400 inch or over.

000052

Revisep __+-13-70 BMS 13-42A
PAGE _9__oF 54 _




ORIGINAL ISSUE 4-13-70

REV.

ﬁ”oﬁ

240000

Sipplacre

Type VIT ¢

Cupsiters
X

ali

VASRVRIALS

Suponliers

all classey.

D

"
oL
le., all classes,

ppraved for Type X wire are appruved o
classed, in the sizes Jisted for Type X.

pproved for Type XI wire are approved for Ty

in the sizes llsted for Type XI.

fur Type I wire are approved for Typ
classes, in the silzes listed {cr Typ

cved {3y Type V wire are approved for Type
in the slzes listed ror Ty

V] and
e V.

Teoa XY

e X1IT cab

le,

MATERIAL WIRE QUALIFICATION
CLASSIFICATION SUPPUER SZE REFERENCE
TYPE I PAYCHEM CORPOPATION ou
300 CONSTITUTION DRIVE thru
é1>1 Classes MENT.O PARK. CALIFORNIA 12
TY®L Vv 30 7147 Materiel
. chru Group letter
1' 411 Clasases o0 E-55.9-3-563
R, March 23, 1970
TYPE VITI 24
A1) Classes 835:
TYPE TX 30
All Classes tggu
TYPE X 24
A2l Clacses t?;u
TYPE Xo 30
All Classes=s tggu
% IIT and
g I.
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The Honoxaule Jim Grcenwood a;,;' . -
House of Representatives L '
Washington, DC 20z:s

Dear Mr, Gresnwood:

IT is my unders:a“dlua that Yyour constituent, Mr. 4 Block,
has expresseqd concers reganlng wiring ir the t'li aircraft an
has requested information from the Navy via your office. I trust
You have recognized from the detailed response of Rear Admiral
Jdeff Coo< the Program Executive Officer for Tactical Aircrafg
Programs, dated Jume 2, 1397, that the Navy has ag"rcss‘\elv
r=ctlglec this F-14 issye and remainsg cemmitred o enhancing th
sale operation of all our warf fighring Systems.

B

la the

€arly 1580°s the F-14 wWiring reliabilicy s 7 major

concern.  Kapton wiring, inltially identified as a for the
problems =¢ Pclv-X,in critical aircrac- areas, als c=d
similax reliabili:;_prcblems. Spec £3 wiring, fir rorated
IntoO new preductisn aircraft in 1525 ang completel ited
120 critigzal harnesses of existing F-14'g DV 19139 tven ne
P2 & reiiable solution. The Navy's techrical and
“rganizatisns are gatlisfiiad tha:s €arly F-134 wWlring T8 have
been fully resslved for nearly a de-azle

I appreciate ™mr Block'g cor.cern, but £irmly believe we nave
takern the liecessary steps to ensure that the F-14 fleet does not
have a wiring safety issue. a3 always, if 1 ran be ¢f further
ASsistance, please e- me Kncw
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1421 JEFFERSON DAVIS khwy . MRETY RorERTO
ARLINGTON VA 22243 2 June 1997

VR

The Henorable James C. Greenwood
e House of Representatives
A Washington, DC 20515-3805

Dear Mr. Creenwcod:

Thank you for the OPPOrtunity to respond to Mr. Ed Block’s
recclilection of the April 10, 1997 meeting. However, we _
understood that the groundrules established at tre beginning of
this meeting were that no official minutes were to be reccrded.
Therefore, we were disappointed to learn that portions of Mr.
Block’s nctes had become available to the media. Conseguently, I
believe it is important that you have the Navy’s position on this
issue as it relates tec the ©~14 airecraft,

Three types of wiring have been used in the F-14, MIL-u-
81044716-13 (Poly=-X), MIL-W-81331 (Kapton) and MIL-% 22759/22-/35
and /41-/4s5 (Spec S5). Poly-X wiring, based on a rclyinide type
material, was the original wiring used in F-14 production. 1In

) g

157¢, Raychem discontinved manufacturing Poly-X and the Navy
began ghasing in Kapticn wiring into aircraft production. Sgec 5%

wiring was developed by Raychem in 1977 but a 1978 study
comparing Kapton and Spec 55, indicated that these wires ware
Pproximately eguivalent bus that Kapton was lighter. Based on
this study, a decision was made << continue Frasing Xaooen wliring
nto production, while uUSing up Poly-X on hand,

1

significan~ maint inability prebiems and a reduction omta
readiness due to Poly-X wiring. Poly-X wiring was found to b
ceficiant in the cperating envircnmen: of the F-14,
Specifically, high humidity and high PH based aircract ~leaning
sclutions caused the wire insulation to crack which increased the
potential for electrical failures. Because 0f these prodblems,
Poly-X was prchibited €rem beirg used in certain critical
harnesses in Sesvere Wing and Moisture Problem (SWAMP) areas. By
the time Poly-X was ccrpletely phased out of producticn aircraf‘e,
337 F~14 aircrafr hac z2en produced.

During the mid to late 19705, the Nav experienced
Y

In 1978, the Navy propcsed an extensive retrcfit program to
completely replace Poly-X wiring with Kapton wiring in 323 (out
of the first 337) aircraft. Total cost estimate was $354M; but

.this was never appropriated by‘Congress.h.(Th§_$354M figure was
~referred to by Mr. Blcck during the April 10, 1837 meeting,) .
Instead, a wiring modification program costing $26M was "

-

implemented from ‘1982 threugh 1989, which involved replacing

-5 Poly=X and Kapton wiring with Spec 55 in critical SWAMP aress as

“r

~well as the incorporatica of“antitcwafe protectisa’ and water

_yj’f . B s . OOOOSS

Intrisidn“prevention. -




indicated that both wire
similar propert
naval aircraft because the wi

stress,

S -
PN

herent wit
the Naval a:

ies and were nct

chaffing and breakdown.
composition of Spec 55 wi
h Poly-X and Kapton wir
r Systems Command
stating that Spec

Thie
in 1981 that
based on polyimide materials, had
the optimum choice for use in
insulation was susceptible to

The different chemical
ring coating solved many of the problems
ing. Based on these studies,
issued policy guidance in 1981,
55 was the preferred wiring for use in naval

types,

re

aircraft for all rework and repair actions.

Curing the Aapril 10, 1397 meating, the Mavy statedq that
there ars no r-14 aircrafe Currently flying with Poly-X wiring.
Trat stazemen ( wWhich was based on limited data we were akle to
gather shortly before the meeting, was incorrecs. 1n fact, there
ere currently 45 active aircrafc with some Poly-X. Hewever,
these aircraft have received the Spec 55 update to critical

wiring harnesses

criginally procuc

at Davis-Mgcnthan

had expired or because
represent war resgerve.
due to problems with o

-3

jop
ool {11}

(€ 3~

1]

IE 3O
Uy b poe ry
L B
[ ot
joa
[V IS th @
[5]
e
[ ) @
O vy
t
k;. .l.
o]

D cr

<
W H 3

ot Qo

D

({7 T))

-

3

[O AN O 'S BN
£

t- ) O

e

PO
‘g oty oty ;
H 00 22t
OO0 O
0w 3 H
0 q) ¢

rg~

Hh ()

previously
program.

manu
The Navy
Perspective,

I hope thi
of further assi

~

currently 295 F-14 aji-
contain some amount of Po
ard Spez 5 ]

(3%
(g
Vo

o

'y

-~
~t

ot

recommends that £ms issue be closed from an F-

8 information will be usefu
stance, please let me know,

Of the remaining 337 aircraft that were
ed with Poly-X wiring, 91 were placed in stcrage
ir e Base because their useful fatigue
they were considered exc
These aircrafr wera not o
-7=X wiriag as

rAare
L ore

4
[= 3N

~
N -

o

e S -

LaadN o2 IR N

h

1
DITAG ey

oI ¢}

@ U

fv

T ey -

c

[\
O

3

8}
n

poa-

there is

unding bu ave ever rpeen igsues du
led a nre ainability pr
in certain critical harn
t2d by Switching to Spec 55
ting critical harnesses in

threu~h a wiring improvement

o

-chu

a

14

1 to you.

If I may be

Sincerely,

0000

A9

Rear Admiral, U. s. Navy’

S5

6




ev3b 3

" DEPARTMENT OF THE®NAVY Ehiis

) RN NAVAL AIR SYSTEMS COMMAND -3 75>
4 . NAVAL AIR SYSTEMS COMMAND HEADQUARTERS
¥ . : WASHINGTON. DC 20361
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IN REPLY -REFER .TO. 43
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AIR-411:DRE
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Ser: 085%" %
100y 1982
SysTevng
From: Commander, Naval Air Systems Command PR
To: National Electrical Manufacturers Association (NEMA) AP e
2101 L Street, NW, Suite 300 ' ) -
Washington, DC 20037

Subj: Summary of Findings of the Military Aircraft
Subcommittee Investigation on MIL-W-81381 l

Encl: (1) 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—S;}Sl. Enclosure (1) contains
comments addressed to your report. As you know, the problems
with poly-X wire ar& well known to headquarters and its use has
been curtailed. On the other hand, we truly expected the
committee to concentrate on MIL-W-81381 in conjunction with our ——
experience with it and not spend quite so much time on poly-X.

It is known at Headquarters which aircraft, by serial
number has MIL-W-81381 and which does not. Our 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
they did not go to NAS Whidbey where all of the EA-6B's are
based or to NAS Cecil Field where the East Coast S-3A's are °
bzsed.

While your committee made no recommendations concerning the
use of MIL-W-81381, I am sure you would agree that in order to
maximize the utility of MIL-W-81381 already in use, the Navy
should:

a. upgrade training

b. ensure proper tool distribution

c. enforce strict compliance with MIL-W-5088

d. Keep aircraft cleaning solvents at lowest PH level

€. Continue to replace MIL-W-81381 in S-3 wingfold
areas and other S-3 trouble areas

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

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

&,

"ﬂ,}ﬂ ]
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In summary your inspection deflnitely‘high 1ghted wire[;#ﬁ‘
problems endemic to the fleet.. You can see why; the Navy and the

clearly, as your report shows, MIL-W-81381 is not.V“?

> military require aircraft wire which is malntenance free and

Dernald R. Eaton H

- . .
Zv Direetion




US Department ' 800 indopendence Ave. SW
of Tansporiohon Washington, 0.C. 20591
Federal Aviation...
Administrotion

MAY 2 | log,

The Honnratle James C. Greenwood
H:se of Representatives
Washington, DC 20515

Dear Cengressman Greenwood:

Thank you for your letter of April 30 on behalf of Mr. £d Block regarding our recen.
meeting. | appreciate the opportunity to have met with vou and Mr. Block.

our April 10 meeling are not

. Mr. Bicck's views on civil aviation WINNgG, as prescenied at
e have excharged correspondence

new (o the Federal Aviation Administration (FAA: W
with Mr. Biock on these €ame issues.

| Co not agree with most itesns in the minutes orepared by Mr. Block and benheve tha! ne
cenclusions are solely his. Although there was ns.<isient time at the Aprii 13 meeting
1o discuss the issues of aging wiring and Mr. Block 3 recommericztons, | bel.eve my
comments clearly indiceted a disagreement with =23t of the i1gsur- Mo precented. Tha:
Cisagreement, and my expressed reasons, have seen omitted f-onir2 it Lles.

fre White House Commussion, headed by Vice Presidant Gore, ras made specific
recommendations regarding aging wiring In <ivil airzra®  in rzsponse to those
recommendations. the FAA is plannirg 10 study the issues assoc’niad with aging wiriag,
conduct any research necessan’. and tana appropriate iction base. on the study
recommencations. Our study w' :onsicer the issues ~-.od by Mr 3lock and others, as
well as all service experience to date with all types of winng. .

If you need further assistance, please contact A. Brad:,; "Aims, As.. vtan® Administrair
for Government and Industry Affairs. at {2C2) 267-227°.

Sincereiy,

- T = V7
L %‘A’ g%
"~ Thomas E. hicSweeny

Director, Aircratt Certification
_ Service ' o

<%

[
-
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commonly employ fuel pumps and other motors which are internally
grounded. The class of motor represented by Figure 2 is unique,
in tbhat inrush currents which often are in the 500 to 1000
ampereregion mist pass to ground (structure) through the case
ground circuit. The latter consists of the ground lead (Rg)

in parallel with the case-ground (Rb). Ground lead Rg is
normally an insulated wire.of the same size as the positive-side
line conductor. In the typical installation it may range from
one to several feet in length. Assuming size 8 or 10 wire, the
resistance of this circuit would commonly lie between 2 and 10
milliohms.

As an example, let us assume that in a given instance, Rg is

0.005 ohm, and Rb 18 the identical value, The effective resistance
of two equal resistors in parallel is 1/2 that of either, giving

a pet of 0.0025 chm. If the inrush current of the motor in this
instance is TOO amperes, then the 1R drop across the ground-path
is:

700 (0.0025) = 1.75 volt

It should be noted that should a ground-fault occur within the
motor at Pt. A, then Figure 2 would resemble Figure 1, except
that the current flowing between the housing and structure would
divide between Fb and Rg. In Figure 1, Rg does not pass apprec-
iadble current during a ground-fault.

With the configurations illustrated by Figure 1 or Figure 2, the
voltage, Eb, developed across the ground circuit may cause
ignition of combustible mixtures in either of two ways, &s

_follows

1. A localized hot-spot may occur in the ground-path represented

by Rb, 1f the resistance of this ground should be largely con-
centrated in a small point having low current-carrying ’
capacity. Such a point can be so severely heated that in-
candescence, or expulsion of molten and vaporized metal
results. Laboratory tests have shown this type of action can
be a potent ignition source.

2. A foreign, e_lc_t_raneous metallic object (debris) may have
lodged in such a manner as to form a parallel path (Rx),
across the joint. This path could also involve safety wire
installed on screws which bridge the Jjoint, thus forming a
built-in filament. The point-contacts associated with
metallic debris or the cut ends of safety wire may be heated
to incandescence by the flow of current, (Ix on Pigures 1 or 2).

VS 4002 1434 2V, 088

SHEET 1b
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APPROX USABLE FUEL - U S GALLONS
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VENT )
Eﬁﬁ"scggp OUTBOARD MAIN “20 8840
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VENT SURGE NOZZLE TOTAL CAPACITY T
TANK 123 GAL APPROX FUEL IN D5 (6.7) 316,307
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TANK /{d o . =
1 1 {-L L
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747-100 Center Wing Tank Temperature Test
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Group Service Bulletin

Number: 747-28-2205 NSC 01 i e}
Date: September 25, 1997 Notice of Status Change
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«)\{’;Tﬁt (& V4 S [T

ATA System: 2811
2 8- 20 ~O0

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 1o clarify the items that follow:

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

2. On page 13, NOTE: 3.b.1). The word "necessary” should be "recommended". Atthough the pistol
grip probes offer a significant advantage, other Avtron probes can be used.

3. Onpage 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.1) and on page 19, paragraph 8.f.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 lllustration

One of the three bonding meter measurements shown, points 1o 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 1.00 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 swilch also.

The next revision to the service bulletin will include the data in this Notice of Status Change.
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BOEING Commercial
Airplane 747
Group Service Bulletin
Number: 747-28-2205 Summary
Date: June 27, 1997

ATA System: 2811

SYSTEMS FRCTu s

TR 2 8-»0@* DD

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 satistactory 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.

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

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

000071

Summary Page 1 of 2



BOEING SERVICE BULLETIN 747-28-2205 CYSTEMS PACTUAL

BT 25 DD O

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 intedference, 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 builetin 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
tigure pages.

Any non-conforming installations are repaired.

Please make a copy of the tigure 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 hours/cycles.

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 bulietin 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.

000072
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lll. 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, Avitron 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 (Yellbw Zinc Chromate or anodize)
to assure reliable values. Refinish bared or scratched areas. Referto SRM 51-20-01.

f. Iif 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 instailations 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 afttempt to show the most common
configurations. Make sure each section of tubing is measured and the value recorded.

000073
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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 28-11-00/201 and 28-11-01/401.

1.

2.

4,

5

Examine for evidence of fuel ieaks from the wet bay.
If the Water Injection System is installed, examine all the components. See Figure 13.

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 2 maximum
length of four (4) inches on either side.

Examine the 1.5 in, diameter drain holes.

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 28-11-00/201 and 28-11-01/401.

1.
2.
3.

Jun 27/97

Examine the Fuel System Pressure Manifolds and Components. See Figure 2.
Examine the Refuel Distribution Manifolds. See Figure 3.

On airplanes with the Secondary Refuel Valve Shutoft System,
examine the tubing and components. See Figure 4.

Examine the Vent System tubing and components. See Figure 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.

. Examine the Qverride/Jettison Pump Priming tubing. See Figure 8.

. Examine the APU Fuel Supply Tube. See Figure 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-Z (unshielded) Wiring

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

2) Prepare conductor for installation of terminal. Refer to BSWPM 20-30-11.

000074 .
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3) Clean stripped conductor. Refer to BSWPM 20-60-01. Use solvent and a soft bristie brush.
Refer to BSWPM 20-00-11.

4) Install and crimp a BACT12M4, or equivalent, terminal to the conductor. Use crimp tools as
specified in BSWPM 20-30-11.

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.

¢. Retermination of Hi-Z (shielded) Wiring
NOTE: Some Hi-Z wires use a solder sleeve to attach the shield pigtail to the shield. itis 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.
Reter to BSWPM 20-00-11.

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
20-10-15, 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 BACT12M4, or equivalent, terminal to the conductor. Use crimp tools as
specified in BSWPM 20-30-11.

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-Z (unshielded) Wiring
1) Trim wire ends as necessary to remove any damage and/or corrosion.

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

3) Clean stripped conductors. Refer to BSWPM 20-60-01. Use soivent and a soft bristle
brush. Refer to BSWPM 20-00-11.

4) Install a 1.5 inch piece of 0.5 inch diameter RT876 sleeving or Teflon tubing over one wire
end. This tube will be used to contain sealant applied in step 7.

5) Install and crimp wires to an NAS1387-4 spiice. Refer to BSWPM 20-30-12.
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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 Hi-Z (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 20-00-11.

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 CN03841-16) onto
the remaining wire end.

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.

8) Brush coat all exposéd 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 nct 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),
examine the Horizontal Stabilizer Tank Isolation Valve Actuators. See Figure 2.

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

5. On airplanes with a Fueling Isolation Valve,
examine the Fueling Isolation Valve Actuator. See Figure 2.
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6. On airplanes with the Horizontal Stabilizer Tank,
examine the Secondary Refuel Valve Pressure Switches. See Figure 4.

7. On airplanes with the Electric Scavenge Pump System,
examine the Scavenge Pump and Pressure Switch. See Figure 6.

a. Remove the Scavenge Pump from the airplane. Referto AMM 28-15-01/401.
b. Examine the Scavenge Pump for:

- Fuel ieaks

- 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. If necessary, replace the Scavenge Pump.

NOTE: Although the pumps are removed trom 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.

0000/
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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 28-15-01/401.

8. Examine the APU Fuel Boost Pump. See Figure 10.
a. Remove the APU Pump from the airplane. Referto 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 |, General
Information - Corrosion Removal Technigues, 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.
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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
pump.

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 megochms, then the
pump should be replaced.

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.
8. Examine the FQIS wiring. See Figure 11,

a. Outside the center wing tank, examine all FQIS 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 28-11-00/201 and 28-11-01/401.

E. Return the airplane to serviceable conditicn.
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The step numbers shown below agree with the numbers shown in the circle symbols in the figure.

STEP TASK NAME PROCEDURE REFERENCES NOTES
1 Examine |Tubing ' AMM 28-22-07/401 | For installation
security and/or
condition.
Examine |Bonding Jumpers BSWPM 20-20-00
Measure |(see bonding meter BSWPM 20-20-00 Measure and
Electrical |symbol) record the
Bonding bonding
resistance of
the components
shown.
4 Examine |Override/Jettison
Pumps L and R
5 Examine |Override/Jettison See ground
Pumps (L and R) build-up detail.
Bonding Jumpers
6 Examine |Jettison Transfer
Valve L and R
7 Examine |Refuel Vaive
L and R
8 Examine |Flow Limiting
Valve
9 Examine |Forward HST On airplanes
Isolation Valve with HST
LandR
10 |{Examine Fueling Isolation On airplané_s
Valve with Fueling
Isotation Valve
only
000085
FIGURE 2. FUEL SYSTEM PRESSURE MANIFOLDS AND COMPONENTS
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The step numbers shown below agree with the numbers shown in the circle symbols in the tigure.

STEP TASK NAME PROCEDURE REFERENCES NOTES
1 Examine |Tubing AMM 28-22-07/401 | For installation
security and/or
condition.
Examine |Bonding Jumpers BSWPM 20-20-00
Measure |(see bonding meter BSWPM 20-20-00 Measure and
Electrical |symbol) record the
Bonding bonding
resistance of
the ccmponents
shown.
4 |Examine |Pump housing
5 |Examine |inlet Screen |
6 {Examine |Check Valve ( _ |
7 |Remove |Pump See Accomplishment| AMM 28-15-01/401 |
8 Examine | Pump Instructions 1
9 |Measure |Pressure Switch
Connector
10 |{Measure |Pump Connector
11 |{Measure |Shipside Connector
12 iinstall Pump AMM 28-15-01/401
13 |[Measure |Pressure Switch BSWPM 20-20-00 After installation,
measure and
record.
000033
FIGURE 6. SCAVENGE SYSTEM - ELECTRICAL PUMP
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The step numbers shown below agree with the numbers shown in the circle symbols in the figure.

STEP| TASK NAME PROCEDURE REFERENCES NOTES
1 Examine {Tubing AMM 28-22-07/401 | For installation
security and/or
condition.
2 |Examine |Bonding Jumpers BSWPM 20-20-00
3 |Measure |(see bonding meter BSWPM 20-20-00 Measure and
Electrical | symbol) record the
Bonding bonding
resistance of
the components
shown. |
4 |Examine [Check Valve I
000094
FIGURE 8. OVERRIDE/MJETTISON PUMP PRIMING TUBING
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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.

STEP TASK NAME PROCEDURE REFERENCES NOTES
1 Examine |Bonding Jumpers BSWPM 20-20-00
2 |Measure |(see bonding meter BSWPM 20-20-00 Measure and
Electrical | symbol) record the
Bonding bonding
resistance of
the pump.
Remove Pump See Accomplishment ! AMM 28-25-01/401
. Instructions
Examine |Pump
5 Measure |Pressure Switch
Connector
6 |Measure |Pump Connector
7 Measure |Shipside Connector
8 |linstall Pump AMM 28-25-01/401 |
8 Measure |Pressure Switch BSWPM 20-20-00 After installation, |
measure and
record.
000096
FIGURE 10. APU FUEL BOOST PUMP
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FQIS WIRE BUNDLE
INSTALLATION

TANK ACCESS SEE (:)
PANEL (TYPICAL) FRONT SPAR

// S

.

i
!

<:>TERMINAL !

/ BLOCK TO INBOARD
MAIN TANK

LEFT SIDE RIGHT SIDE
0F BODY RIB 0F BODY RIB

WIRE 1
PENETRATION
SEAL

(TYPICAL)

SEE (::)

FUEL
QUANTITY

TANK UNIT ; \

(7 LOCATIONS) Er COMPENSATOR

see (1) — \ SEE
WIRE BUNDLE REAR SPAR
CONNECTOR
(TYPICAL) EWD

see (©) il .

CENTER WING TANK (ALL EXCEPT -400)

$16662

00009/
FIGURE 11. FUEL QUANTITY INDICATING SYSTEM COMPONENTS '
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HI-Z W/B CLAMP  HI~1 W/B CLAMP
(EXAMPLE) ﬁ\\/(EXAMPLE)

P%
STRINGER p: )
LO-Z W/B CLAMP e I \ %gxin‘;ﬁ)cunp
(EXAMPLE) [N

n \ \\_///

(\,c

J)

STRINGER
CLIP

d=

3, DENSITOMETER
X W cuame
SINGLE STRINGER N (EXAHPLE)
CLIP WITH CLAMPS s

DOUBLE STRINGER
CLIP WITH CLAMPS

STRINGER CLIP
WITH SCREW
(EXAMPLE)

CWT STRINGER i:\“:n/
['r’“-‘

I

r

1

i

STRINGER CLIP
INSTALLED ON STRINGER

CLAMPS INSTALLATION (EXAMPLE)
FQIS WIRE BUNDLE CLAMPS

$16747

FIGURE 11. FUEL QUANTITY INDICATING SYSTEM COMPONENTS 000098
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The step numbers shown below agree with the numbers shown in the circle symbols in the figure.
STEP TASK NAME PROCEDURE REFERENCES NOTES
1 Examine |Wiring For.
satistactory
installation,
connector
corrosion
2 Examine |Grommets and Seals For:
(where the wires physical
penetrate the degradaticn or
structure) damage
3 |Measure |(see bonding meter BSWPM 20-20-00 Measure and
Electrical | symbol) record the
Bonding bonding
resistance of
the components
shown.
4 Examine | Tank units AMM 28-41-01/401 |For:
28-41-03/401 : correct
Clearance
minimums
between the
5 |Examine |Compensator units and tank
structure
3] Examine |Electrical connectors For:
On the rear spar. Fuel leakage
Examine |Densitometer
Examine |Single Point Sensors |
Examine |Terminal Block
FIGURE 11. FUEL QUANTITY INDICATING SYSTEM COMPONENTS 0000399
Jun 27/97 SHEET70OF 7 747-28-2205
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Boeing Commercial Airplane Group
=0 Box 3707
senltin, WA 210007
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T A 2 & -l

October 30, 1997
B-B600-16281-ASl

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

I ES LS 490 L'Enfant Plaza S.W.
Washington, D.C. 20594

Subject: Center Wing Tank Probe Inspection/Rework

Reference: a) Telecon Boeing/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/Wiring inspections and
items that the NTSB noted were important to include.

Summary of 747 Center Wing Tank Probe Inspection/Rework

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/replace/rework probes with Series 3 terminal
blocks and wiring attached to those probes

e For R0O001-R0058, R0501-R0506 recommend replacement of
center tank wire harness. These airpianes have been identified
as delivered with probes that had Series 3 terminal blocks.

e 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 and reterminate wires to affected probe or
replace Center Tank FQIS 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
BLIE YL drawing.

e 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.

e 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
FQIS wiring utilizing approved explosion proof equipment.

» |f 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 "only those repair procedures
relating to the repair of ATA 28 in-tank FQIS 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 procedures. 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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Swaim
B-B600-16281-ASl|
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 for Series 4 terminal blcck prebes.

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

John W. Purvis

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

CC  Mr. Al Dickinson, IIC
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Swaim Bob T
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, 1897 11:53 AM
>To: Rodrigues, JD

> 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 Huim

> Manager - Electrical Systems

> Phone: 425-294-4638 FAX: 425-342-4616

> Pager: 986-6031 Home Phone: 425-338-2456
> E-mail: jerome.r.huim@boeing.com MS: 04-JU

>

P ——

> From: esebc2.boecom@boeing.com[SMTP:esebc2.boecom@boeing.com]

> 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 STATUS: DUE 20 NOV 97
>

> DISTRIBUTION:

> J. HULM - EDV

>

> B. STAUFENBERG - EAD, B. VANNOY - EAD, D. HAWKINS - ELE,
> D. KALOTAY - FSA, . FERGUSON - COR, J. BURK - EDV,

> J. HULM - EDV, K. HENSHAW - RAD, M. MAHESH - PRO,

> R. BREUHAUS - , R. CANNON - EVS, R. LIDICKER - 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
Page 1 000103




/B/ BOEING SERVICE BULLETIN NUMBER 747-28-2205, RELEASED
27 JUNE 1997
/C/ M-7240-97-1242

VV VYV

>
> 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 AIRLINE
> RESIDENT REPRESENTATIVES IN EVERETT AND RENTON.

>
>
> SUMMARY

> THE INTENT OF THIS MESSAGE IS TO ADVISE OPERATORS CF 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 80 OPERATORS. REF /C/ REQUESTED

> OPERATORS PROVIDE THEIR SCHEDULES FOR PERFORMING REF /B/. WE

> HAVE RECEIVED SCHEDULES FOR 354 AIRPLANES FROM 29 OPERATORS TO

> DATE.

>

> BASED ON OUR ONGOING INVESTIGATION OF THE FUEL SYSTEM AND REF /B/

> INSPECTION RESULTS, BOEING IS PLANNING TO ISSUE ADDITIONAL

> SERVICE BULLETINS PERTAINING TO THE CENTER WING TANK. DAMAGE TO

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

> 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
> OF DESIGNATED FQIS PROBES AND WIRING AND MAY INCLUDE ADDITIONAL

> BONDING REQUIREMENTS FOR SOME COMPONENTS INSIDE THE TANK.

> BOEING'S PHILOSOPHY ON RELEASING SEPARATE SERVICE BULLETINS ISTO

> 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.

>

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

> P/N 60B92010-XX /SERIES 3 OR EARLIER/ FQIS PROBES WITH /SERIES 4

> 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 FQIS CENTER

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

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

> 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

Page 2
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> ASSEMBLY P/N 60B40037-308 AND JUMPER P/N 61B40498-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

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

> AFFECTED AS A DIFFERENT TANK PROBE DESIGN IS UTILIZED WHICH IS

> NOT INTERCHANGEABLE WITH THE 747 CLASSIC.

>

>IN ADDITION TO THE PROBE AND WIRING REWORK/REPLACEMENTS. AN

> INSULATION RESISTANCE CHECK WILL BE REQUIRED ON THE CENTER

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

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

> 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 BEFCRE 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 FQIS 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 CWT.
> BOEING IS STILL EVALUATING THE FULL SCOPE OF THIS CHANGE. WE ARE
> ANTICIPATING RELEASE OF THIS SERVICE BULLETIN DURING THE 1ST

> 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.

>

> [N ADDITION, A REVISION TO REF /B/ IS PLANNED FOR DEC 87. 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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M 1AIR SAFETY INV - TO 185163695547
 FROM :RENTON DIV. RERO ENGRG IU  EMIK SHFEI11 i 1998:12704 | 13:03  #220 P.03/03
DOEING 'ﬂ@‘ﬂ " CERTIFICATE

LIMITATIONS
AIRPLANE FLIGHT MANUAL

ENGINES P&W Model JTID-3A
ENGINE THRUST

Takeoff and maximum centinuops thrust EPR arc presented on the
appropriate engine thrust setting charts in Section 4.

ENGINE RPM
The maximum oﬁerational limivy are;

N1 - Low Pressure Compressor Rotor 101.4%
N2 - High Pressure Compressor Rotor 100.6%

ENGINE EGT

Opezating Condition  Temperatyre Limits Time Limit

Takeoff . (Wet) 846 deg C 2-1/2 Minutes (Plus Dry
to S Minutes Total)

Tzkecff (Dry). 846 deg C 5 Minutes

Maximum Continuous B16 deg C Cont inuous

Starting 650 deg C

Acceleration 846 deg C

ENGINE INSTRBUMENT MARKINGS

Maximum and minimum limits............. Ped radial/band

Cautionary limits........oioiinnunn.n, Yellow arc/band

Normal operating range....... ve..-1....Green arc/band

ENGINE FUEL SYSTEM

| The fuel designation is in Pratt & whitney Service Bulletin 2016, as
revised. Anti-icing fuel additive PFA 55MB at a concentration not to
exceed 0.15% by volume may be used. No fuel system anti-lcing credit
is allowed. :

B The maximum tank fuel temperature is 54.5 deg C (130 dag F), except
< VP-4 which is 43 deg C (110 deg F).

Inflight tank fuel temperature must be maintained at least 3 deg C
above the freezing point of the fuel being used.

ENGINE JGNITION

ON for all approaches and landings. ON while operating in heavy rain,
severe turbulence or volcanic dust; or upon entering icing conditions;
or when standing water or slush exists on the runway. ON* for all
operations vwhen the throttle bar is in the high altitude thrust lever
idle stop position. . ‘

* Ignitiéd,ON is not required if Boeing Service Bulletin 74-2003, or
equivalent, is incorporated.
” 000107
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The llowing resistance and capacitance readings were taken from three aircraft thet wrilize
wiggins fetings fiiel couplings per the NTSB sketch provided.

AC Resistance -Capackance =
> 1 Megaohm 525 pf
> 1 Megaohm 650 pf
> 1 Megaohm 270 pf
> 1 Megaohm 382 pf
*> 1 Megaohm 632 pf
S Ohm
6 Ohm
.70hm
4 Obm
B-767 <.01 Obm P
<.01 Obm Lt W
<.01 Obm o Wing
<.01 Chm Righ Wing
L-1011 3 Megaohms Lot Foct T
7 Left Fuel Tank
0 Obms o Fue Tark
2 Meapbans Center Fuel Tank
0 Ohms cwh‘d‘rank
2 Ohos e Ta
2 Megaohms rotinriiney
o One Right Fuel Tank
30 Megaohms Right Fuel Turk
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* Assume that the leading and trailing edge sections
of a wing are nonconductive or sufficiently isolated as
to be unavailable 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 cm? (21 in?). The tank also contains an aluminum
vent pipe electrically bonded to the structure at each
end of the tank. This tube has an outside diameter of
10 cm (4 in), a2 wall thickness of 0.5 mm (0.02 in?) ,
and a cross sectional area of 1.56 cm? (0.24 in?).

'

50cm 50cm
| vent

l/" plpe l
<T" ot
1

i T N

200cm ,! 0.2cm

J0cm

Fig. 7.26 Hypothetical wing box with integral
fuel tank.

Assume an intermediate strike with an average
amplitude of 2000 A for 3 ms. in accordance with Com-
ponent B of [7.28]. The current in the pipe can be
calculated as follows:

1.56 cm?

Ipipe = [m] x 2000 A =231A

(7.2)

Currents of this order of magnitude have pro-
duced arcs at movable, poorly 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. 7.27. 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
BONDING
JUMPER

SAFETY WIRE
COUPLING

27 Electrical bonding jumper across
~ insulated coupling. ’

198

SYSTEMS FACTuAL

AT Y &S

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 and flexing.

Some of the commercially available couplings and
bulkhead fittings have been designed to conduct im-
pulse currents up to 2500 amperes without sparking.
These couplings should be adequate for use in most
metal tanks where currents are of the order of a few
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. Determine, by analysis or test, the fraction of
lightning current expected in a particular pipe.

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

3. Perform this test in a darkened enclosure and ob-
---- serve whether any arcs or sparks occur. Repeat
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 interfaces 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 however, to

-
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{This reduced the peak current in pipes to the following values:- 2 8-~
; ? ¢y (O R : ¢
\} Mil-C-22263 Joint 2.3kA ASe e T -
Q\; Glued Joint 2.2kA. Coihae Lecsrotoe . fo R

p
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 sparking was taking

place elsewhere and what would be the level of current in the pipes. This was done with a

clamped current waveform, i.e., a unidirectional pulse. This produced a great burst of

as docu Mew[-eﬁ hero,

sparking at the Mil-C-22263 joint seriously over-exposing the film in the cameras, so that it

7

was not possible to identify any other sparking. Some signs of internal sparking was detected !

49«15 l”‘éudej Cul‘r‘e«.é /‘aé
cree,{‘ej sg>q,.r(<< a.‘é

Z\ ¢ 3‘1 'éa (g
J:-«.e( tuloes

f’é“".‘: 5
f

by fibre-optics on the glued pipe joint, and subsequent analysis revealed slight pitting. '

o

The test parameters from this final shot were as follows:

Total Peak Current 175kA Action Integral 2.3 x 10°A%s.
Peak Current in Mil-C-22263 Joint 12kA. Peak Current in Glued Joint 17kA.

L.)(gsiﬁf <=

7 CONCLUSIONS OF BOX TESTS

It is clear from these tests that the best surface protection that could be provided i.e., 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 amount of information is available on the ignition of gas mixtures by voltage

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
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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 case 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 to the surface of the

box a peak current of 6 to 8kA 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 3k A 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 spark/ignition propagation was tested. The foam did
not prevent ignition from occurring, but does reduce the volume in which it occurs, and hence
reduces its severity. The success of this approach would appear to 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 plies deep from

visual inspection.
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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 foil, 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 with thermal
sparks.
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Protection Against Ignitions Arising out of Static, Lightning, and Stray Currents

SECTION 1—GENERAL

1.1 Scope

This recommended practice presents the current echnol-
ogy in the fields of s1atic clectricity, Kghtaing, and stray cur-
rents applicable fo the preventioa of hydrocarboa ignition.
The recommendations for protection are based on research
and practical experience in the petrolcuin industry; however,
the principles discussed in this recommendcd practice are
applicable to other operations in which ignitable liquids and
gascs are handled. Their use should lead to improved safety
practiccs and evaluations of existing installations and proce-
dures. Furthermore, when the navow limits within which
static electricity can cause ignition are propetly understood,
fire investigators can be encouraged to search more dili-
geatly for the true igpition sources in instances where igni-
tion by static eleciricity is unlikcly or impossible.

Scveral effective basic steps Lhat may be taken to prevent
static ignition are discussed in the following pacagraphs. The
recommended practices and precautions given in this guide
are not required under the following conditions:

a. Static discharges may occur, but flammable vapors are
excluded by gas freeing or inerting the atmosphere in the
area of discharge.

b. Product handling occurs in a closed system, and oxygen
irt that system is below the minimum concentration requircd
to support combustion, such as in (he handling of liquefied
petrolenm gas (LPG).

¢. The flammable concentration is above the upper
flanmable Timit (UFL).

d. Flammable vapor may be present, but no mechanisra ex-
ists for static accumulation and discharge. Included in this
calegory arc most siluations in which some petroleum big-
wids, such as crude oils, residuat oils, asphalis (including cut-
backs), heavy fuel oils (No. 6, bunker, and so forth), and
water-solable liquids {such as alcohols) ure handled in
grounded conductive equipment. These liquids do not accu-
mulate electrostatic charges because of their relatively high
electrical conductivity (greater than 50 picosiemens per mo-
ter). Experience indicates that thcsc materials do not preseat
a significant electrostatic hazard unless they are beoken up
into fine dropleis so that a charged mist is formed. In the
presence of such mists, electrically insulated ennductive ob-
jects may become highly churged.

1.2 Fundamentals

This publication considers the practical procedures for
protecting specific operations. Fundamentals of static elec-

Copyright by the American Petroleun Institute. )
Reproduced with pernission by Information Handling Services.
DODSTD Issue 96-04.

tricity aud definitions are covered in Appendix A. Static
measurement and detection techniques are covered in Ap-
pendix B. Appendix C is a copy of the static ignition ques-
tlonnaire used o collect date for analysis of electrostatic
incidents. Readers who have expericaced an ignition of hy-
drocarbon from 1 static ignition scurce are encouraged fo fill
out a copy of the questionnaire and forward it to APL The
data collected will be used for future anulysis.

1.3 Referenced Publications

No single publication covers all the material needed to va-
derstand electrostatic ignition of hydrocarbons urto provide
appropriste protection against such ignition. The following
publicutions, to the extent specified in the text, form & part of
this recommended practice:

AGA'
Plastic Pipe Maral for Gas Service .

APL

Publ 1003 Precautions Against Electrostatic Ignition
During Loading of Tank Truck Motor Ve-
hicles )

Pybl 2015 Cleaning Petroleum Storage Tanks

Publ 2027 Ignition Hazards Involved in Abrasive Blast-
ing of Atmospheric Hydrocarbon Tanks in
Service

ASTM!?
D 4308 Test Method for Electrical Canductivity of
Liquid Hydrocarbons by Precision Meter

NFPA?
30 Flammable and Combustible Liquids Code
77 Suatic Blectricity
78 Lightning I'rotection Code

OCIMF!

International Safety Guide for Oil Junkers and Terminals

American Gas Associaliva, 1515 Wilkon Baulevand, Adisgton, Yirginia

22209.

A merican Soclety for Testing and Materials, 1916 Race Street, Phikadel-
phin, Pennsylvanis 19103-1187.

National Pire I'volection Association, Battecymarch Park, Quincy, Mas-
sachusetrs 02269, .

40it Companiey Intcrnationa) Marine Forum, 12th Floor, Portland Howse,
Stag Place, ).ondon SWIE 5BR, England, United Kingdom.
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SECTION 2—PRECAUTIONS FOR TANK VEHICLES

2.1 General

The study of static electricity is concerned with the accu-
mulation of elecirical charges on materials, the mechanisms
by which these charges are generated, and the proocsses of
dissipating the xccumuated charges. The flow of electricity
during generation and accumlation can produce potential
differences of thousands of volts, evcen though the uclual
flow of elcctricity is small—in the range of millionths of an
ampere. For this reason, bonding or grounding through a re-
sistance as large as 1 megohm (1 million ohms) will actas a
shaort circuit to dissipale a static charge.

A primary manifestation of static electricity is the dis-

charge of the accamulated charges by sparking. Because

static clectricity is different from power electricity, the mea-
sarement instruments and techoiques are quite different (see
Appendix B).

2.2 Ignition by Static Electricity

To prevent a tire, one or more of ihic three elements re-
quired for combustion —fuel (in vapor or mist form), air,
gad a source of ignition—must be controlled. Sparks {rom
static efectricity are a significant source of ignilion. Control
procedures should prevent the presence of either sparks or
Hlamimnable vapor—air mixtores.

Far an elcctrostatic charge to be a source of igaition, fous
conditions must he present.

a. A meaas of gencrating an electrostalic charge.

b. A means of accumulating an electrostatic charge capable
of producing an incendisry spark.

c. A spark gap.

d. An ignitable vepor—air mixture in the spark gap.

Ignition hazards from static sparks can be climinated by
controlling the generation or accumulation of static charges
ot by eliminating lammable mixturcs at poiuts where stutic
electricity may be discharged as sparks. The ignition risk can
be reduced if the presence of spark promaoters in arcas of po-
tentially high electric ficlds is avaided.

2.3 Spark Promoters

Care should be excreised to avaid spark promoters, sach
as unbonded conducting objects, within a tank compartment.
Tanks should be inspected and uny uabonded object re-
moved before loading.

A tank gauging rod or other device that projects into the
cargo space of a tank truck can provide a gap between itself
and ths rising liguid, allowing static spaking. In top loading,
a conductive downspout at ground potental extends ito the
liguid. If Ihe downspout is ncar the projection, the vallage

ﬁnpgr(iightdbg tl}:e American Potroleum Institute.
eproduced with permission Information Handl ices.
poprsduced vith pr by rmatfon Handling Services

gradicat on the liquid surfacc near the projection may be re-
duced enough to diminish the possibility of static discharge.,

QGauging rod projection is of greater cancern in bollom
Joading because there is no downspout. On trucks with pro-
jecting gauging rods, the rod should be canrected o the bot-
tom of the tank by a wire or chain.

Where flammable mixtures can be expected in the vapor
spacc, metal or conductive vbjects, such as gauge tupes,
sample containers, and Ihermotncters, should not be lowered
into or suspended in a compurtrent, either during filling or
immediately afterwurd. In addition, the downspoat should
not be removed until any ekctrostatic charge on the product
Thas had the opportunily to relax. A waiting period of about 1
minute aller fiiling has stopped will normally pesmit sub-
standial relaxation of the clectrostatic charge. However, when
vary low conductivity hydencarbons are loaded into tank ve-
hicles, a longer rclaxation period is recommended (sec 4.5).

Petrolenm liguid shauki not be frecly discharged from a
hose into a tank unless all metal tittings are bonded to the
1aok,

Two Lypes of spark promoters are shown in Figures 1A
and 1B.

2.4 Flammable Vapor-Air Mixtures
241 GENERAL

The probability of a vapor—air mixture being flammable
depends on the product’s vapor pressure and Hash point and
the temporature at which it is handled. These properties atc
used to classify refincd products whose electricul resistivitics
arc high enough (o enable them to accumulate significant
clectrostitic charges under some handling conditions. Thege
chassificalions are low-vapor-pressurc products, intermedi-
ate-vapor-pressure products, and high-vapor-pressurc prod-
ucts (se¢ A9 of Appendix A for details).

242 LOW-VAPOR-PRESSURE PRODUCTS

Low-vapor-pressurc products are products with closed-
cup flash poinis ahove 100°F (38°C). Examples of these
productz include furnace oil, kerosene, dicsel fuel, cominer-
cial aviation turbine fuel (Jel A), and safety solvents. Since
these products are normully tiandled at temperatures well be-
low their flash points, they do not develop flammable vapors
vader normal bundling conditions. However, a condition for

_ignition mauy exist if these products are handled at temperu-
" tures above their flash points, are contaminated with interme-

diate- or high-vapor-pressurc products, or are translerred into
containers where vapors at concentrations at or above those
necessary o produce a flammable mixtare are present from
previous use. This may occur during switch foading, as de-
sctibed in 2.4.5.
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APPENDIX A—FUNDAMENTALS OF STATIC ELECTRICITY

_A.1 General

The study of static electricily is concerned with the accu-
mulation of electrical charges on makerials, the mechanizms
by which these charges are geacrated, and the processes of
dissipating sccumulated charges. The flow of dlectricity dur-
ing generation and accumulation is small, in the range of
millionths of an ampere, but the potentis] differences in-
valved may amount to thousands of volks. [For this reasa, re-
sistances of less than 1 megohm act as shost circuits. A
primary manifestation of static electricity is the discharge or
sparking of the accusmmlated charges. Becanse static electrie-
iy is different from power electricily, the intruments and
techniques for measurement are unique (see Appendix B).

A.2 Generation of Static Electriclty

Static electricity is generated by the separation of liks or
unlike bodies. Both positive and negative electrostatic
charges always occar in pairs and are zeparated and became
evident when two bodies that have been in confact ure sepa-
rated. Fur significant charges 10 be developed, the bodies
nmust become and remain insulated with respect to each other
so that the electrons that have passed over the boundary sur-
face or interface are trapped when separation occurs. Insula-
tion may occur because the bodies are completely physically
separated or because at least one of the bodies is an insulator.
In the latter instance, charging may arise from friction or
rolling contact between bodies. Examples of static prodocers
are shown in Figuee A-1,

Of mare importance to the petroleum industry is the static
charge resulting from contact and separation that takes place
in a flowing liquid. Before flow, the liquid containg equal
quantities of positively and negatively charged jons and is
clectrically neutral, However, ions of one sign arc preferen-
tially adsorbed by the surface of the container or pipe, leav-
ing a surplus of ions of the opposite sign in the liquid at the
interface. When the liquid Bows, charging occurs because
the udsorbed ions are sepasated from the free ionx, which sre
carried into the body of the liquid by urbulerce, Figure A-
2 shows how the charges are mixed with the liquid and car-
ried downstream. The opposite charge is usually conducied
through the metallic pipe wall in the sanie direction because
of the natural attraction between opposite charges. Impwrities
(watcr, metal oxide, and chemicals) increase the static-gen-
eraling characteristics.

The flow of electricity caused by the entrainment of
charged particles in the flowing fiuid is known a3 the stream-
ing curtent. If thia charged stream enters a nietal container or
tank, charge sepsration will be induced on lhe tank wall. A
charge equal in magnitude to the fluid charge, but of opposits

sign, will be induced on the ingids snrfece of the tank, aod a
charge of the same sign as the incoming strcam will be left
on the outside sarface of the tuak. If the tank is grounded,
this charge on-the oatside surface will flow to groand. The
charge on the inside will remain, hekd by the attraction of the
charge in the fluld. Ultimately, the charge in the fluid and on
the wall will come together by movement of the charge
through the fluid (see Figare A-3).

Strong electroststic flelds may also be generated by
droplets or solid pacticles zettling in a medium of low con-
ductivily or by agitation of such particica within the mediun,
If a liquid in a tank containing junizable impurities is subject
to hwbulence, the sepamtion of ions can result in clectrostatic

A

5y

charging within the body of the liguid. Such chaging may -

cause significant variations in voltage within the liquid oron
the liquid surface. ‘

Agitation and
mixing

Figure A-1—Static Producsrs
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thal can accumulate on an insulated budy depends on the rate
at which the static charge ig being gencrated and the rosis-
tence of the paths through which the charge dissipates.

'A5  Conductivity

The ability of a liquid to retain an electrostetic charge is a
function of its conductivity. ‘This characteristic can he ex-
pressed in terms of conductivity [1 coaductivily unit = 1 pi-
cosiemen per meter (107% ohm~.cmx™)) or in the inverse

form as resistivity (1 resistivity unit = 10** chm-cm)]. An-
otber commonly used measure is the half-value time, whicl
is the time it takes for the charge in a liquid inside a metal
container to decreasc to one-half its original value. The half-
value time is invergely proportionul to the liquid’s specific
canductivity and is direclly proportional to its dielectric can-
stamt. Table A-1 lists the conductivity, resisiivity, and half-
valoe times of typical liquids.

Except for mists, elcctrostatic accumulalion is not
significant when the conductivity of the liquid exceeds 50 pi-
cosiemens per meter and the fluid is handled in conductive
containers. Above this value, the charges recombine as fast
as they are separated.

Liquids with conductivities less than about 1 picosiemen
per meter do not, in practice, relax charges a3 slowly as the
half-value time would suggest. As expluined in Reference 1
(see Appendix D), when such liquids are highly charged, the
ususl relationship described by Ohm’s law does not apply.

A.6 Static Discharge
AB.1 GENERAL

In practice, elecirostatic charges constantly leak from a
charged body because they are slways under the attvaction of
an cqual but opposite churge. This characteristic is called
charge relaxation, and becanse of this, most static sparks arc
produced only while the generating mechanism is active. It
is possible, however, for charges generaled during move-
ment of snm¢ refined petroleum products (o remain for a
short itme after the fluid has stopped moving, because of the
(luid’s insulating qualities,

A6.2 SPARKS ANO ARCS

Althouph popular usuge does not distinguish between
sparks and arcs, a technical difference is recognized. A spark
resukts from the sudden breakdown of the insulating strength
of a diclcctric (such as air) that separales two electrndcs of
different potentials. Thiz breakdown produces u transient
flow of eleciricity across the spark gap and is accompunied
by a flash of light, indicating a high temperature. In contrust
10 a spurk, un arc is 8 low-valtage, high-curent electrical dis-
charge that occurs at the instant two points, tbrough which a
large current is flowing, ace separated. Techuically, electro-
static discharges arc ulways sparks.

fAmerican Petrolaum Institute:

Reproduced with pernlnlon by Information Handling Services.

A6.3 SPARKING POTENTIAL

For static clectiicity to discharge as a spurk, the voltage
acrous the spark gap mus) be above a certain magnitude. In
air; at sea lovel, the minimum sparking voltage is approxi-
mately 350 volts for the shortest measurable gap. Lacger
2aps require proportionstely higher voltages; the actual volt-
age depends on the dicleotric strength of the materials (or
gases) that Gill the gap and on the geometry oflhegap Bor

* dry air and lacge gape, the dieleciric strength is approxi-
EosTentotr el Wit (oot = viftnwéto <) e firtne tvelwe

dFy it and Tatgc gaps, the dieleciric strength is approxi-
mately 30,000 volts per centimeter.

fn the petrolcum indusiry, spark gaps assume many forma
und appear at various locations. oz example, a spark gap
muy be formed between & tank vehicle aod the overhead
filling duwnspout i they are not borded together or in imetad-
lic contact. In this cass, a statlc potential difference is dovel-
oped between the: lank vehicle and the downspoul as a result
of the static charges generated during the flow of the product
into the compartment.

Tke potential developed is reluted to the amocut of charge
on a body and to the capacitance of the body with respect 0
its sswroundings. The relationship is expressed as follows:
Q

v ==
C

Where:

V = potential, in voits.
Q = charye, in coulombs.
C = capacilance, in farads.

Since the capacitance of a body with respect lo its sur-
roundings depends an jts size and position, the same charge
will not always result in the samc voltage, and hence spark-
ing may or may not occur. For instonce, a large steel plats
supporied paralicl bo the carth’s surface and insulated from it
hins alarger capacilance with respecl tv the earth than does a
smaller plate mounted in a similar manner at the same dis-
tance from the carth. If the same charge is placed on both
plates, the larger plakc will bave a lower vollage with respect
to ground than will the smallcr plate. Thus, the smaller plate
might spurk to the earth (discharge), but the larger plato
would not have sufficient voltage for sparking.

Table A-1—Conductivily, Resistivity, and Half-Value

Times for Typical Liquids
Coaductivity Reaistivity Half-Vetue
’ {picosiemcns {ohm- Time
Liquid por meter) cerdinveters) (3cconds)
Highly pecified :
hydmocarbons (101 10% 1500
Light distiiates 0.01-10 LT 1500-1.5
Black oily t000--)00,000 104 -10° 0.015-0.00015
Distffled watcr 100,000,000 10%

. 4% 104
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Under the continuous influence of a charge-generaling
mechanism, the voltage of an ingulated budy continues to
grow. Since no inswlation is perfect, as the voltage becomes
greater, the rate at which the charge lesks thwough the insu-
Jation increascs. At some vokage, the feakage of charge will
equal the rate at which the charge is being placed on the in-
sulated bady and a slable condition will be reached. If this
atabilized voltage is below the required sparking potential,
no sparking will occur. If the stabibized voltage is above the
sparking potential, sparicng will accur before stabilization is
reached. For this reason, individual and discrete spark dis-
charges are sometimes obsarved under conditions of contin-
uous electrostatic generation. As charges are deposited on a
body, the voltage begins to grow; then, il the charge leakage
through the insulation is not rapid enough, sparking potential
is reached. The spark then discharges from the body and the
vollage immediately drops. At this point, the entire process
is repeated,

A6.4 IGNITION ENERGY

The mere fact that a spark resalts from high vollage docs
not mean that ignition of a flanmable mixture will occur, For
combustion to be inltisted, sufficient energy musi be trans-
ferved from the spark to the surrcutiding famumable mixture.
The cnergy that is stored and available from a capacitive dis-
charge is related 10 vollage and capacitance by the following
formula:

E = 0.5C1?
Where:
E = energy, in joules.
C = capacitance, in farads.

V = potential, in volts.

Experitneats nader the most favorable conditions have ig-
nited petroleum vapor-air mixtures at approximately 0.25
millijoule, The energy requirement increases as the mixture's
composition approaches the leun or rich sides of the
flammable range; it is at u minitmum near the stoichiometric
mixture.

The energy requirentent is also increased by other factors
that tend to decrease the availability of the stored energy to
the flammable mixture. These factors include the following:

a. A portion of the energy will be dissipated in a resistive
portion of the discharge circuil and will not be avsilable ax
the spark gap.

b. The electrode ucross which the sparking occurs will be of
a shape and material such that a portion of the energy in the
spark will be wasted in heating the electrode and will notbe
available to heat the material in the gap. This is nrore pro-
nounced with short gaps and is known as the clectrode’s
quenching effect.

¢. The spark gap may be 30 long that the energy is dis-
tributcd over 100 Jong a patk 10 heat the mixture to ignition.

Gas tempesaturc and pressure may also increase or decrease
the requircmeant for ignition esergy.

Practicnl experience indicates that under narmal condi-
tions, il takes substantially moce energy than the cxperimen-
taily determined minimum to ignite flammable mixtures.
This accounis for many situations in which sparks have been
observed but ignition has not occurred, When the gap dis-
tance is smaller thaa that required for a 1500-volt apark-over,
stalic potentials of less than 1500 volts are not likely to cuuse
ignition because of the quenching effect of electrodes.

Sparks that releasc cnough energy 1o result in the ignition
of flammablc vapars ace known as incendive sparks. Sparks
that do not release enough energy are known as nonincen-
dive sparks. A form of dischurge known s corona is mani-
feated by a violet glow & locations of high ficld strength and
rcsults from jonization of the gas molecules under efectron
impact. Corona is usually uonincendive in the prescnce of
flammuble hydrocarbon vapor—air mixtures, However, the
presence of corona is indicative of elcetrostatic charging and
may be followed by an incendive spark discharge.

A.7 lIgnltion by Static Electricity

For an electrostatic charge to be 1 source of ignition, four
conditions must be fulfilled:

a. A means of generating an electrostatic charge must be
present.

b. A means of accumulating an electrostatic charge that is
capable of producing an incendive spark nust be present.

c. A means of discharging the accumulated electrostalic
charge in the form of an incendive spark (that is, & spark gap)
must be preseat.

4. An ignitable vapor-air mixture must be present in the

spark gap.

A.8 Static Control
AB8.1 GENERAL

Ignition hazards from static sparks can be ¢liminated by
coatrolling the generation or accmulation of static charges,
the discharge of static charges, or the vapor—ait mixtiure at
points where static charges can be discharged as sparks. Sev-
eral basic and effcctive steps that can be taken to prevent
static igeition arc discussed in A.8.2 tlraugh A.8.8.

AB2 BONDING

Sparking between two condacting bodies can be pre-
vented by means of an electrical hond attached (o both bod-
ics. This boad prevents a difference in potential scross the
gap becawse it provides a conductive path through svhich the
static charges can recombine. Therefore, no spark can occar.
This is shown in Figures A-4 through A-6, which also show
the relationship between voltages and asssmed values of
charge and capscitance,
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Bond wire

Both bocies bondsd
and grounded permit
the charge jo flow to
ground

Chacge {Q) on both bodies = 0 microcouionths
Capacitance (C) o ground = D.02 mictofarad

ing the sparking potential by reatricting or reducing the rate
of static generatian, Tn the case of liquid hydrocarbou prod-
ucts, the rate of generation can be reduced by decreasing or
climinating the conditions or activities thal produce siatic.
Thus, reducing agilation by avoiding air or vapor bubbling,
reducing flow velacity, reducing jet and propeller blending,
and avoiding free falling or dropping of liquid through the
surface of stored product will decrease or climinate the gen-
eration of static. Blectrostalic charging iz also reduced by
preventing droplets of water ot ather particulatc matter from
settling throngh the body of the liquid.

A8.5 INCREASING STATIC DISSIPATION

A charge on the liquid will dissipate at a rate that is a func-
tion of time and the hyuid’s conductivity. The charge on the
Yiquid can be reduced by increasing its conductivity through
the use of antistatic additives, which will permit thc charge
to dissipate more quickly, or by retaining thc fiquid in an en-
closed pipe or relaxation tank at Jow turbulence to provide
tnore time for the charge to dissipats.

‘Whep antistatic additives are used, they should be inlro-
duced at the beginniog of the diatribution train. It should be
noted that tho inidally adjusted conductivity can be reduced
stgnificantly by repeated shipments and passage through clay
filters. [t is essential that the additive manufacturer's instruc-
tions be followed.

A.8.6 CONTROLUING THE ENVIRONMENT

When slatic discharge cannot be avoided by bonding,
grounding, reducing static generation, or increasing static
dissipation, ignition can be provented by excluding ignitable
vapor—-air mixjures where the spark may eccur, This is par-
i ticularly difficolt in the case of a flamamable petroleum liquid
whose vapor pressuve producas ignitable mixtures at han-
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Figure A-6—Both Bodies Are Grounded and Have No Charge

dling iemperatures. Howover, a vapor—air mixture cannot be
ignited unicss the vupor-to-air ratio lics within cestain well
defined limits, called the lower and upper flammability lim-
its. The accepted values for various petrolcwn products are
given in U.S. Bureau of Mincs Bullctin 627 {2].

If the atmosphcre in & vapor space is in the flammable
Tange, the hazanrd can be reduced or climinuted either by low-
ering the oxygen cuntent by displacing the air with an inert
gas or by keeping the vapur space wel) above the upper
flammubility limit through ihe introduction of natural gas or
the vapors of a volatilc praduct, Care must be tuken in the
vse of these methods to avoid contamination of the product,

A.B87 ELECTROSTATICALLY ACTIVE FUELS
AND PROSTATIC AGENTS

In some cases accidents attributable to static electricity
have occucred cveu where operalions have been carried out
for ycars in substantially the sams mamner without incident.
n an attempt 10 account for these wnusual eccuerences it has
been postulatcd that in these instauces, the fuel was unosu-
ally electrostatically active because of the presence of un-
known trace compenents that increasced the chacging
tendency withoat significantly changing the fuel’s conduc-
tivity 13]. A¥I-sponsared rescurch has eliminated most sim-
ple polar compounds and common fuel additives as having
prostatic cffccts; however, it has been found that petroleum-
derived sodium sulfonates are electrostatically active in trace
concentralions. Waser was found ta be the most nearly idesl
prostatic agent. The magnitude of its effect varied between
tuels, leading to the conclusivn (hal interaction with sorve
undetermined constituent of the fuel pravides the observed
eflect.

Present knowledge is inndequate lo penuit prediction of
so-called “hot* fuels. Conventional fuel inspections give no
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indication of this potential hazard. However, hot fuels do oc-
cur occasionally, and the possibility must not be ovorlooked
when loading precautions arc considesed or accidents are in-
vestigated.,

A.8.8 ELECTROSTATIC CHARGING OF
CiL-OTHING AND PERSONNEL

In a dry atmosphere, such as in a heated building in the
winter, clectrogtatic churging of personnel can become no-
ticeable. Static discharges from tlothing are vetry unlikely to
ignite ordinary hydrocarbon gases im the air. However,
sparks from the body to ground may have sufficient energy
for igmition, since the body is a fairly good conductor and
may retain a charge. Physical scparation of dissimilar mele-
rius is always involved in the generation of a high body velt-
age. Some typical examples arc removal of an outer garment
(charge separation between the garmment and the remaining
clothing and body) and walking on a rug (charge separation
between the rug and the soles of the shoes, which rcsulfs in
charging of the body). Cloiliing is not likely to generie high
body voltage except by its removal. As a praclical matter,
static charging of personnel has not proven to be a sigaificunt
safety problem in normal peiroleum industry operations,
probably because of the rormal lack of actions such as those
Jjost mentioned, coupled with the normal abseace of persou-
nel being exposed to n flammable atmasphere.

The need for control of personnel charging usually arises
in situations in which workers ame exposed to very casily ig-
nitable materials indeors, such as in haspital operating snltes
(with mixtures of oxygen and anesthesic gas) and in the
manufacture of munitions. In these situations, prevention of
personnel charging is achieved by continuous budy gronnd-
ing through the nse of canductive footwear and conductive
flooring.

Note: As used hers, grouading of pervoanu] for clectroeratic Mzards docs
not mean & short clrcuit but a sesistance on the arder of 100 kilohms from
the body to ground. However, for tion from electeic shock, resistance
to ground skould not be less than 10,000 ohnk. Bady grownding i site most
basic and escential control moasure. In addition, outer clothing cas be chiem-
Ieally wealed to make it somewhnt condvctive, and fho use of aynthetic
fibezs can be restricted. However, such controls are apt te be Sncffective in
& rery dry atsosphiese, 3o humidity controf is usually aployed as well, A
possibc sltemative 10 canductive clothing thot dnes not dopand on burnidity
is the wse of 4 cloth containing & 3mall percentage of metal Abers tn the

thread. Tho purposc of the metal fbers is not to provide conduction but o
promuks zafe corona discharge ata selatively low valtage.

Copyright by the American Petroloum Institute.
Reproduced with pernission by Information Handling Services.
DODSID Issue 96-04.

‘Theas control measurcs are cited to illustrate that where a
substantial risk from personacl static ¢xists, the use of anti-
static ckthing alone is not sufficient. First, & is nccessary to
provide body yrounding. Furthermore, most antistatic cloth-
ing requires at least moderale humidity to be effcctive. Ay
stated above, cxperience indicates that personnel static is not

a significant safety problemn in nomual petralesm industey

opcrations, and special measures to ground persnanel and

provide antistatic clothing are not normally necessary, How-

aver, reamoval of clothing in a potentially flammable atmo-
sphere must not be allowed, since ignitions have been caused
by removal of hydrocarbon-saturated outer clothing, In suwch
cages, il is important to sdequately ground the body before
removing the hydeocarban-saturated garmests.

A.9 Definitions

The following definitions from NIPA 30 can be used as 4
refesence fur 2.4, 2.5, and 2.6

Combustibie liquid shall mean a liquid having & flash
paint at or abave 100°F (37.8°C). Combustible liquids shalt
be subdivided as follows:

Class IT liquids shall includs those having flash pninis at
or above 100°F (37.8°C) and befow 14(°F (60°C). .

Class NIA liquids shall include those having flash poinis at
or above 140°F (60°C) and below 200°F (93.4°C).

Class TR tiquids shall include those having flash points at
or ybuve 200°F (93.4°C).

Flammable ligrid shall mean a liquid having a flash point

below 100°F (37.8°C) and having a vapor pressure not éx-

ceeding 40 pounds per square inch absolute at 100°R

(37.8°C) and shall be kwown 18 Class 1 Jiquid. Class 1liquids -

shall be subdivided as follows:

Class IA liquids shall include those having flash points be-
Jow 73°F (22.8°C) and having a boiling point below 100°F
(37.8°C).

Class IB liguids shall include those having flash pom(s be-
low 73°F (22.8°C) and huving a boiling point at or above
100°T (37.8°C).

Class IC liquids shall include those having flash poinis at
or above 73°F (22.8°C) and below 100°F (37.8°C).

Nute: All fiashpoints aro determined by the closed- cup method
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o Some military aircraft use explosion suppressant foam in their fuel tanks
to reduce combat vulnerability. These foams are a sponge-like material
composed of skeletal networks of tiny lightweight strands of
polyester-polyurethane or polyether-polyurethane. Unless precautions are
taken, entering fuel can impinge on the foam and depending on the porosity
of the foam, the impingement velocity, and the surface area impinged upon,
can constitute a potent charge generator. In such a case, as with plastic
pipes, one charge is left on the foam, and charge of the opposite sign is
convected away by the fuel. The charge which resides on the foam (which
is a good insulator) cannot easily migrate to ground, and so can quickly
accumulate to levels where an incendiary discharge can occur. Incidents
traceable to the presence of explosion suppressant foam began to surface
in 1974 (Fig. 13) and continue to be a problem for the military services.

§ g P4
§~ 8+ {3 KEROSENE
z 771 [ZZ3 JP4 IN FOAM FiLLED TANK
- A
prd 6 NOTE :
T 571 (1) 12 INCIDENTS WITH AVGAS (1958—1963)
5 st ' {2) 23 KNOWN INCIDENTS SINCE 1980 (USAF AIRPLANES
L 3l WITH FOAM IN TANKS)
(@]
= %
o é
2 5 a E
35 4
z A
1 T 1 1] 11 Q [1 { 4 3 i
70 ‘75 ‘80

YEAR

Figure 13. Aircraft Accidents Attributed to Static Electricity (Ref 1)

When incendiary events induced by discharges occur in foam protected
tanks, the foam prevents ~xplosion, and prevents large scale fire
spreading; however, the charred foam must be replaced which is an
expensive, time consuming task. Subtle problems with explosion
suppressant foam found in the past have included the following:

000126



umwa<amz57%wkxeur
IR e

R

i 00012’



28-2

— FLOAT VALVE
—| FLOAT DRAIN VALVE NO. 2 MAIN TANK

................................................................

CENTER WING °

TANK
NO. 1 MAIN TANK
CHECK VALVE
'SURGE TANK
NO. 1 RESERVE TANK DRAIN LINE \
SURGE TANK (NAC /L) RESERVE TANK _OOOUS.GALLONS
NO.1 &4
DRY BAY MAIN TANk 4420 US. GALLONS
NO.2 & 3
— wan Tang 12005 GO
CENTER WING 45 g0 11.5. GALLONS
_TANK T
28-13-001TW FUEL TANK VENT SYSTEM TATALL

10/88

82100

28-2

RS -E



- TYSTEWM S SRCTUAL
ATAR
ANALYTICAL ENGINEERING REPORT 7 8- )5 c5es

" TO: R.D.Roy 04-03 NO.: 9-5576-WP-97-280
CC: ITEM NO.: Chem 6016
DATE: July 31,1997

MODEL:  Ev.EQA

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

SUBJECT: Identification of Five Contaminant Samples from a Fuel Scavenge Pump
CEROM T30S, Bismind)

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 Fuel Tank Sealant
(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 Service 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 1A, 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 fluorosilicone 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. Fluorosilicone, fluorocarbon and nitrile rubber are fuel-compatible elastomers.
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. Elastomer Fragment 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 5-26 Type II, containing calcium
carbonate and titanium dioxide fillers and manganese oxide catalyst. Reference spectra of a polysulﬁdc
polymer and of calcium carbonate are presented in Figure 5 for comparison (the titanium dioxide and
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 1C, is represented by the data in Figure 6. This fragment is also polysulfide sealant, butis a
different product than that found in the discharge relief valve cavity. This fragment contained no
calcium carbonate, but did contain strontium chromate. Other particulates, including what appear to be
aluminum silicate, were present.

Metal Fragment from Pump Discharge Chamber. The sample is shown in Figure 1D, 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
1000 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 1E, 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.

Prepared by ) %m%eﬁawa

D. B. Skoroplnskx

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

Approved by

Electron Microprobe: J. C. Wessel
Photography: J. M. Packard
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Reference paragraph 5.3.4 &5.3.5, A picce of non magnetic metal approximately 0.194” by
0.092”was found in the pump discharge chamber of the pump housing {P/N RR24675-1]. Red arrow
indicates a picce of rubber type material approximately 0.297” by 2.16” by 0.048” thick, was also
found jammed in the pressure relicf valve [P/N RD24684].

EQUIPMENT QUALITY ANALYSIS
EQA NUMBER: 1659T
PHOTO NUMBER: 9
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Reference paragraph 5.8, Examination of the AC motor stator assembly [P/N RG21865] revealed
scveral picces of red rubber through out the assembly.

EQUIPMENT QUALITY ANALYSIS
EQA NUMBER: 1659T
PIIOTO NUMBER: 24
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Reference paragraph 5.8.2, The protective sleeving and connector grommect had deteriorated due to
contamination and exposure to fucl. ’

EQUIPMENT QUALITY ANALYSIS
EQA NUMBER: 1659T
PIIOTO NUMBER: 26
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Boeing Commercial Airplane Group
P.O. Box 3707

‘ Seattle, WA 98124-2207

|

|
P

SYSTEMS P ACTUAL
VTR 252 1500

|
i May 12, 1997
' B-B600-16120-AS!

- Mr. R. Swaim, AS-40

National Transportation Safety Board

490 L'Enfant Plaza, S.W.

Washington D.C. 20594-2000
BOEING

Subject: Fuel Pump Materials, TWA 747-100 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.

' 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.

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

yruly yours,

Fon

" John W. Purvis

. 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

Enclosure: As noted (14 pages)

cc:  Mr. A. Dickinson, IIC
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What is the material used for the scavenge pump vanes?

SYSTEMS FNCTUWAG
ATA 28-15-DO

The Scavenge Pump part number from 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

Material/Finish

-5

Lear Siegler, Inc. RR24680
Romec Div.

(43 114

RS26179-114

RS26177-114

Steel

Steel

-12

“Intertechnique

-13

Intertechnique 218 386-2

218 668

218 496

Carbon Composite

Carbon Composite

-18

@

Intertechnique 218 386-3

218 941

218 942

Carbon Composite

Carbon Composite

Is there any point in the fuel pump where two steel parts would come in contact

(or nearly s0)?

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
RO103/RA164, 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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3y o

-~ f

e

AT A 2§-15-00

One TWAS800 O/J Pump assembly P/N is known to be the 60-703104 (Hydro-
aire). This pump was the Right Center Tank pump, recovered from the wreckage.
The Left Center Tank pump P/N 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 Material/Finish
Assy. P/N Priming Impeller

-3 Crane/Hydro-aire 60-70303 60-70321 2024-T351 Aluminum
60-75538 Type 316 CRES

-7 “ « 60-70306 60-70321 2024-T351 Aluminum
60-75538 Type 316 CRES

-9 “ ¢ 60-70307 60-70321 2024-T351 Aluminum
60-75538 Type 316 CRES

-10 “ “ 60-70308 60-70385 2024-T351 Aluminum
60-75538 Type 316 CRES

-11 “ « 60-70309 60-70385 2024-T351 Aluminum
60-75538 Type 316 CRES

-13 “ ¢ 60-703103  60-70385 2024-T351 Aluminum
60-75538 Type 316 CRES

-14 “ ¢ 60-703104  60-70385 2024-T351 Aluminum
60-75538 Type 316 CRES

-15 “ “ 60-703113  60-70385 2024-T351 Aluminum
60-75538 Type 316 CRES

-17 “ “ 60-72101 60-72118/60-72112  2024-T351/2024-T351
60-75538 Type 316 CRES

-18 « “ 60-72301

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 (overridefjettison)

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 RTV 1205 and 1200 primers) is used on new production 60B83004 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 Il 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 Siegler Fuel Pumps (CWT scavenge pump).

The feed through connector is an environmentally sealed connector with a standard part number
MS24264R10T5PNX (per MIL-C-26500) that has a silicone rubber grommet/insert.

No sealants or potting compounds are applied to this connector/interface.

The Supplier Component Maintenance Manual recommends the use of DC-200 Silicone onl or
equivalent be applied to ease the insertion of the contacts.
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SUBJECT: FUEL - STORAGE - CENTER WING TANK SCAVENGE PUMP INSPECTION

BACKGROUND

This inspection will make sure the center wing tank
scavenge pump conneclor Is not damaged and will
not leak fuel

The Lear Romec component maintenance manuai
(CMM) 28-20-01 for the RR24260 scavenge pump
had the wrong connector pad number specified.
Contact with fuel may causo deterioration of the
MS24264 connector that was specified in this CMM.

Wo have not reccived any repotts of leaking contar
tank scavenge pumps. Wo have not received any
reporls that scavenge puimps have been removed
because of damage {o the electrical conneclor.

The Lear Nomec scavenge pump which is the
subject of this inspection was delivered on 747
airplanes through line number 344. It is possible the
pump was installed on alplanes aftor line number
344 as an interchangeable spare part.

An inspeclion of tho scavenge pump electrical
connector part number will make sure that the
correct connector is installed.

ACTION

Disconnect the canter tank scavenge pump airplane
electrical conneclor. Do an inspection of the pump's
piectricel cennector part number. I the cotrect part
number connector is instailed, put back the airplane
electrical connactor.

if a diferent pump connector part number is
installed, replace the scavengo pump with one that
has the correc! pump connactor part nurnber or is a
diiferent pant number pump.

NOCING COMMERCIAL AIBPLANE QROLEP 11,0, HOX 3767 BCATTLE. WASTINGTON 08124-2707

Do an operational 1est of the scavenge pump.

If & spare pump is not available, the airplane can bo
operated with the scavenge purrp deactivated. For
the 747, rsfer 1o the 747-100/-200/-300/SP Dispaich
Deviations Procedures Quide page 2.28.22.0 for
more dala. For the 747400, iefer to the 747400
Dispatshi Deviations Guide page 2-28-26-1.0 for
inore dala.

COMPLIANCE

Boalng recommends that this inspection be done at
tho earliest opporunity where manpower and
faciltios are available.

EFFECTIVITY

All 747 airplanes line positions 001-971.

INDUSTRY SUPPORT INFORMATION

At the time of release of this service bulletin,
warranty remedies have not been delermined. A
subsequent revision or Notico of Status Change will
address the warranty remedies available, if any.
MANPOWER

These man-hours necessary to do the inspeclion:

Total Man-howrs - 1.0 for each airplane
Elapsed Time - 1.0 Hours

These mar-haurs nacessaty to repiace tho pump:

Totai Man-hours - 4.0 for each airjilans
Elapsed Time - 1.0 Hours

000139
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BOEING SERVICE BULLETIN 747-28A2206 N
THSTEMNS MACTUAL
B. Reason A CE-1E 0o

This inspaction will make sure the centar wing tank scavenge pump connector is not damaged and
will not leak fual.

The Lear Romec component maintenance manual (CMM) 28-20-01 for the RR24330 scavenge pump
had tho wrong connsctor part number spacitied.  Centact with fus! may cause deterioration of the
MS24284 connector that was specified in this CMM.

Wao have not received any reports of leaking center tank scavenge pumps. We have not received
any reports that scavenge pumps have seen removaed because of damage to the slectrical connector.

The Lear Romec scavange pump which is the sukjoct of this inspoction was delivered cn 747
airplanes through line number 344, it is possible the pump was installed on aimplanos alter ling
number 344 as an interchangsgable spare part.

An Inspection of the scavenge pump electrical connector part number will make sure that the correct
connector is installed.

C. Description

The center tank scavenge pump airplane alectricai connactor is disconnected. An inspection of the
pump's elgctrical connector part number is done. [f tho correct part number connector Is instailed the
airplane electrical connector is put back.

it & dilferant pump cornector part number is installed, the scavenga pump is replaced with one that
has tha correct pump connector part number or is a different part number.

An operational test of the scavonge pump is done.

'f a spare pump is not available, the airplane can be cperated with the scavenge pump deactivated.
For the 747, refer to the 747-100/-200/-300/SP Dispatch Deviations Procedures Guide page
2.28.22.0 for more data. For the 747-400, refsr lo the 747-400 Dispalch Deviations Guido page
2-28-25-1.0 for more data.

D. Complliance

Bosing recommends that this inspection be dcne at the earliest opportunity where manpower and
facilities are availabls.

£. Approval

This sorvice bulletin was examined by the Federal Aviation Administration (FAA). The changes
specitied In this service bulletin comply with \he applicable Federal Aviation Regulations (FAR) and
are FAA approved. This service bulletin and the FAA approval were based on the airplane in its
otiginal Boeing defivery configuration or as modified by other FAA approved Bosing changes

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

F. Industry Support Information

At the time of release of this service bulletin, warranty remedies have not been determined. A
subsequent rovision or Notice of Status Change will address the warranty remedies available, if any.

Sep 29/97 747-28A2206
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FROM 1747/757 SERVICE EMGRG

{il. ACCOMPLISHMENT INSTRUCTIONS
OTES;

1. The paragraphs idontitled with a letier give the general work inslructions and the necessary lests,
The instructions identified with numbers on the tigures givo the recommended sequence of steps.

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

A. Find the parl number of the instalied ¢enler 1ank scavengs pJmp molor. 1f the pan number Is not
RR24680 (Bosing Specification number 65B892403-5) , no more action Is necessary. If tho pard
number Is RR24680, do thaso sieps:

1. Forthe 747;

a. On the P12 panel, opsn the SCAVENGE PUMP CONTRQL circuit breaker and sftach a
DO-NOT-CLOSE tag.

b. On the P8 panal, open tho SCAVENGE PUMP circuit breaker and allach & DO-NOT-CLOSE
tag. '

Forthe 747-400:

a, On the P180 panel, position H2, open the SCAV PUMP CONT circult breakst and altach a
DO-NOT-CLOSE tag.

b. On the P414 panel, postion M2, open the SCAVENGE PUMP circuit breaker and atlach &
CO-NOT-CLOSE tag.

2. Do an ingpecilon of the scavenge pump molor as specitled in Figure 1.

WARNING: DO NOT REMOVE THE [ANDING GEAR DOOR LOCKS AS SPECIFIED IN THE
AMM PROCEDURES IN THE NEXT STEP. RAPID ACTION OF THE DOORS CAN
CAUSE INJURY TO PERSGNNEL OR DAMAGE TO EQUIPMENT.

3. If the part humber of the cenagctor is 2ZY-AC-1710-5P or ZZL-AC-1710-5P, continue 1o the next
step. If any other part number connector is installed, roplace the scavenge pump, Refer to the
747 AMM 28-15-01 cr 747-400 AMM 28-15-01 for the removal and installation procedures. Make
sure thg new pump has the correct connector part number or is a differant parl number pump.
Refer 1o the 747 or 747-400 IPC 28-15-01-01 to get the repiacement pump pant numbers. It is not
necessary 10 do a test oi a replaced scavenge pump at this time,

i a spare pump s not avallable, the aiplane ¢an be operaled with the scavenge pump

deactivated. For the 747, refer lo Lho 747-100/-200/-300/SP Dispatch Deviations Procedures
Guide page 2.28.22.Q for more data. For the 747-400, refer to the 747-400 Dispatch Deviations

Guide page 2-28-25-1.0 for more data.

NOTE: Reler io tho Lear Romec Service Bullelin RR2436C-28-001 fo repiace the oiectrical
connector of any removed pump.

000141
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4, Fortho 747:

a. On the {712 pancl. remova the DO-NOT.CLOSE tag and close thc SCAVENGE PliMP
CONTROL. circuit breaker.,

b. On the PG panel, termove the DO-NOT-CLOSE tag and close the SCAVENGE PUMP circuil
breaker,

For the 747-400;

a. On the P180 panel, positior; H2, remove the 2O-NOT-CLOSE tag and clese the SCAY PUMP
CONT circuit breaker.

). On the 1*414 panel, position M2, t¢move the UC-NOT-CLOSE lag and close the SCAVENGE
PUMP circuit breaker.

5. For the 747-400, do an operationai tesl of tha scavenys pume as specitizd in the 747 ANNM
28-15-01, Do the Cperalional Test for ilic Scavenge Fump.

For the 747, do theso sleps:
a. Onthe P4 pangl, set the SCAVENGE PLIMP switch 1o the ON position,
b. Make sure the ecavenge puinp operates {listen or feel for a vibraticn),
¢. Onthe P4 panel, set the SCAVENGC PUMP switchi to the CFF position.
WARNING: DO NOT TRY 1Q NEMOVE THE LANDING GEAR DOOR LOCKS WHEN THERE IS
PRESSURE TO THE HYDRRAULIC SYSTEM. RAPID ACTION OF TiHE DOORS CAMN
CAUSE INJURY TO PERSCNNEL OR DAMAGE TO EQUIPMENT.

B. Remove the wing and body gear door focks. Refer lo the 747 AMM 32-00-30 or the 747-400 AMM
32-00-30 for the necessary procedures. v

C. Remove the clectrical power if it is not necessary. Refer o the 747 AMM 24-22-00 or the 747400
AMM 24-22-00 for the necessary procedures.

D. For airplanes RA161-IRA163 only, anolher scavenge pump can be instailed. Refer to the 747 |PC
28-15-01-10, {tem 812, to got the location of the second scavenge pump. Jse the usuxl aiplane
maintenance practices 1o do the connector part number inspoction on this scavenge pump.

E. Put the airplane back inte serviceable condition.

000142
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FIGURE 1. DO AN INSPECTION OF THE SCAVENGE TANK CONNEGTOR PART NUMBER
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The step numbers shown below agree with the numbers shown in the circlo symbols in the figure,

STEP ) TASK NAME PART NUMBER [QTY NOTES

1 Disgonnect Connector - ‘ 1 j

2 |See Part Number - 1 |Look at the par number of
the electrical connsctor
inctalled on the scavenge
pumg. Wiite the part
numaer of {he connector,

3 |Connect Conneclor - 1

FIGURE 1. DO AN INSPECTION OF THE SCAVENGE TANK CONNECTOR PART numper, 000144
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BOCING COMMERCIAL AIRPLANE COMPANY P.O. 80X 3707 SEATTLE, WASHINGTON 98124

e e L e
PLEASE NOTIFY BOZING e

——— OF YOUR PLANNED ACTION —
=—=— AND INSPECTION RESULTS emem—

SERVIGE BULLETIN

——c——————

| ATA 2520 (LT—T_“ == NO: 7u47-28a2092
SYSTEM: 747 DATE: February 12, 1979
| REVISION 1: April 27, 1979

SUBJECT: MaIN FUEL TANK PUMP WIRING INSPECTION, REWORK,
AND MODIFICATION

NOTE. THIS SERVICE BULLETIN IS BEING SENT TO ALL AFFECTED
. OPERATORS WHO NORMALLY RECEIVE SERVICE.BUELETINS FRO#
‘ 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,

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.

CUSTCMER & MQODEL &
CUSTOMER NQO. SERIES MFG. SERIAL NC. REGISTRY NO.
GROULP I
AF (AIKR FRANCE)
RA251-RAc54 T47-128 19749 THRU 19752 F-BPVA THRU F-BPVD
000146
Feb 12/79 747-28A2092

REV. 1: Apr 27/79 Page 1 of 22
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BOEING SERVICE BULLETIN NO., 747-28A2092

B. Reason

This inspection, repair, and modification will preclude
electrical arcing into main fuel tanks No. 2 and 3 that

may result from damaged wires which provide power to the
No. 1 and 4 main fuel tank boost pumps.

Two main fuel boost pumps for each of the Nos. 1 and 4
main fuel. tanks are located in a dry bay area (dog house)
near the outboard end of the Neos. 2 and 3 main fuel tanks.
Electrical wiring to the pumps is installed in aluminum
conduit routed through the Nos. 2 and 3 tanks between the
wing rear spar and the dog house.

Recently, one operator, investigating the cause of a fuel
leak in an auxiliary fuel tank, found a small hole burned
through the conduit that houses the electrical wires to
the auxiliary fuel tank pump. Reportedly, a wire had
abraded against the inner conduit wall, exposing the
conductor, and arcing from the conductor to the conduit
produced the hole through which fuel escaped. Alert
Service Bulletin 747-28A2091 was released to four affected
overseas operators and recommended an inspection, repair,
and modification of auxiliary fuel tank pump wiring.

The conduit and wiring installations for the Nos. 1 and 4
fuel tank boost pumps are similar but not identical to the
auxiliary fuel tank installations. An inspection of the
main fuel tank boost pump wiring was initiated on selected
airplane groups in order to evaluate the possible extent
that wire ,chafing may exist in the fleet. Partial results....

%; - .0of the- survey to date indicate the existefice’ of chafing
s ‘ ' and/or abrasion ih varying deg*ees of the main boost pump
wire insulation. Damaged wires were reported on airplanes

that had accumulated approximately 40,500, 23,000, 22,000,
20,000, and 15,000 flight-hours. No wires were reported
that had worn through the insulation to the conductor.

In summary, of 25 wire bundles inspected, 16 were reported
to have some degree of damage. The reported chaflng and
abrasion is attributed to vibration of the wires against
the conduit wall. Initial findings from the survey
indicate that the degree of wire insulation damage is
related to airplane flight-hours.

000147/
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C. Description

The Nos. 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 providing 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.
L If electrical arcing or burning is evident, the conduit
4 should be inspected, and replaced if necessary.

Terminating action consists of tying the wire bundles at
six inch intervals and installing two concentric teflon
sleeves over the wires. The wire bundle 1is then
reinstalled in the conduit, the electrical connectors® are™™’

reinstalled, and ,the boost pump. should be operationally
checked.

Affected airplanes are divided into two groups. Group I
i B 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
30,000 flight-hours and on Group II airplanes with 1less
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 II
b airplanes with 6000 or more flight-hours, at the earliest
s opportunity when manpower and facilities are available
. within the next 750 flight-hours or two months calendar
~ time, whichever is earlier.

i B 3o B

Revision 1 changes the type of knot wused to tie the
wire bundles prior to sleeving. It also deletes an
i airplane, previously modified at Boeing, from the
x effectivity.

; Airworthiness Directive 79-06-02 has been issued on this
i subject.

NOTE: PLEASE NOTIFY BOEING OF YOUR PLANNED ACTION AND
INSPECTION RESULTS.

Feb 12/79
REV. 1: Apr 27/79
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D. Approval

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
Branch ANW-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 II.A. may be obtained
from Boeing within the terms and conditions defined below.
After expiration of the quotation, price and delivery data
will 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
Airplanes

61B74794-630 Kit, SP Available No Charge
Airplanes

Date February 12, 1979

The prices quoted are subject to the terms and conditions
of Bozing'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 subject to.
charge 'after expiration of the 120-day period.”

Prices quoted 1in United States Dollars. Terms: Net 30
days.

Address purchase orders and correspondence pertaining to
this quotation to Director of Spares, and refer to this

service bulletin number.
000149
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BOEING SERVICE BULLETIN NO. 747-28A2092

I1I. Accomplishment Instructions

NOTE: The following paragraphs outline the general
accomplishment instructions and detailed test
requirements. The suggested sequence of operations
and detailed accomplishment instructions are
indicated by circle notes on the figures.

A, Open the following circuit breaxkers:

Location

Nomenclature {Panel)

NO. 1 AFT & NO. 4 FWD Pl2

BOOST PUMP CONTROL

NO. 1 MAIN APT BOOST PUMP Pla

NO. 4 MAIN FWD BOOST PUMP Pl4

NO. 1 FWD & NO. 4 AFT P12

BOOST PUMP CONTROL

"NO. 4 MAIN AFT BOOST PUMP P15 e T

NO. 1 MAIN FWD BOOST PUMP P15

F/E IND LTS 4 Pl2

F/E IND LTS 5 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.

Feb 12/79
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D. Confirm proper phase sequence, using 115/200v ac, 3-phase,
ABC phase sequence meter, nominal 400 cps as follows:

fj 1. At each pump, before attaching the plug to the
‘ receptacle, insert phase sequencing meter.

2. Ensure that the phase sequence on the plug is A, B, C
for pins No. 1, 2, and 3.

3. ¢ Check® for continuity to ground on pin Naw 45+ °°
NOTE: For phase check, close only the applicable
pump circuit breaker and ac bus circuit
breaker prior to actuating each switch on
the P4 panel.

o)

Restore access panel and close circuit breakers; perform
operational check of pump (Ref: 747 Maintenance Manual
Subject 28-22-00).

Feb 12/79 747-28A2092
18
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(D unclamp wire bundle W1210, W1214, (and W602 at left side
inboard position), W1216 or W1212 inside purmp doghouse
(located approximately at WS708, WS680, WS680 and Ws708,
respectively).

(:)Disconnect pump connector DM22, DM28, DM27 or DM32 and
pressure switch connector DS62, DS63 (and DS106), DS72
or DS71, respectively. Remove connectors from bundle.

(:)Attach pull cord to pump end of bundle (in order to reinstall
in conduit after inspection and sleeving).

FIGURE 1. WIRE BUNDLE INSPECTION AND REWORK

747-2822092
19
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(:)Remove bundle from ‘clamp on rear side of rear spar (inboards
located at approximately WS692 and outboards at ws711).

NOTES: 1, Outboard positions may re

quire removal of second,
lower cla

mp to allow easier handling of bundle.

2. Right side outboard position requires extra effort
and time due to proximity of cable pulley.

Pull bundle out of conduit from rear si
cff pull cord at doghouse end so it will not be inadvertently

drayn through. Remove any wire ties that served as a manufacturing
facility and were inadvertently left installed on the wire bundle.

(E)NOT SHOWN - Clean wires using approved solvents (Ref: 747 Wiring
Diagram Manual Chapter 20). Inspect wires for burn damage or
chafing. Repair or replace damaged or chafed wire as applicable
(Ref: 747 Wiring Diagram Manual Chapter 20).

de of rear spar. Tie

NOTE: 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 or burning is evident the conduit should
be inspeeted, and replaced if necessary.

PO =R Coe

Tie wire bundle and encase in two concehtric teflon sleeves:
l Size #4 inner; Size #0 outer per Figure 2.

Reinstall tied double-sleeved wire bundle in conduit
tsing pull cord. Detach pull corad.

NOTE: Sleeves should extend from under pump connector clamp
thru clamp on rear face of rear spar. No cutting of
sleeves should be necessary; under no condition should
sleeves be trimmed while on bundle.

Reinstall clamps, ensuring sleeving is under clamps.

NOTES: 1. Replacement of clamps with larger size may be required
due to additional thickness of two sleeves,.

2. Ensure, also, that wire bundles are not pulled taut
inside the conduit.

Reinstall connectors on wire bundle and make continuity check
(Ref: 747 Wiring Diagram Manual Subjects 28-22-31 and 28-22-32.

FIGURE 1. WIRE BUNDLE INSPECTION AND REWORK
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REAR sPAR

INNER TEFL QO OUTER TEFLON

EEvye o =
PRESSURT SywiTcCw SLEEVE SLEEVE
CONNECTOR

; (z)Before installing sleeves on inspected/repaired wire bundle,
o tie bundle at 6.0 inch (maximum) intervals, using knots pre-
- scribed in 747 Wiring Diagram Manuail Subject 20-10-11 (clove
hitch and square knot or clove hitch ang surgical knot), or
- the equivalent over the length to be éncased in sleeve, See

for each bundle.

C) (NOT SHOWN) - Remove pull carg from end of bundle
i and attach secon + Separate pull cord.

'»} (i)lnstall sleeve (size #4) over bundle using pull cord.
b Slide sleeve (size #0) over first Sleeve.

i C) (NOT SHOWN) - Remove pull cord and reattach cord which runs
T8 through conduit

NOTES: 1. Where 4 wire contacts (size $#12) will not fit
" into sleeves, one wire may be bent and taped
back (3 contacts will feed into sleeve and
. fourth will follow). Do not bend wire back
§ sharply; maintain smcoth bend.

e 2. "Mate - with" tag may be removed from third

; bundle at lerft inboard location to fit bundle
E into sleeves.

Part Nos (Size 4 ¢ Size 0) Part Nos. (Size 4 ¢ Size 0)
Position (787-100/-200) (747 sp)

- LS-Outboard 61B74794-62901 ¢ =62902 (74") 61B74794-63001 & -63002 (78")
L LS-Inboard 61B74734-62903 § -62904 (68") 61B74794-63003 § -63004 (73")
B RS-Inboard 81B74757-52805 & =62906 (71") 61B74794-63005"¢ -63006 (74")
R RS-Outhoard 61B74794-52907 § -62908 (72") 61B74794-63007 ¢ -63008 (88")

. FIGURE 2. WIRING BUNDLE TYING AND SLEEVING

Feb 12/79 . 747-28A2092

REV. 1: Apr 27,79 000154 =22
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LOEING Commercial

Airplane 747

Group Service Bulletin

ALERT

Number:  747-28A2204 Summary
Date: December 19, 1996

ATA System: 2822

PUMP WIRING INSPECTION -

SUBJECT: FUEL - DISTRIBUTION - ENGINE FUEL FEED SYSTEM OUTBOARD MAIN TANK BOOST

BACKGROUND

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
sleeving in the conduit. The sleeving is installed to
prevent arcing between the boost pump 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 mor® 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.

ACTION

Remove the number 1 and number 4 main tank

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

forward and aft boost pump cover plates. Remove
the boost pump wire bundle from the conduit.
Inspect the sleeving/wire bundle for damage.
Repair any damage that is found. Install the boost
pump cover plates. Do a test of the boost pumps.

This inspection assumes that service builetin
747-2BA2092 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 builetin.

MANPOWER

Total Man-hours - 4.0 for each airpiane
Elapsed Time - 2.0 Hours

MATERIAL INFORMATION

Operator Supplied Parts

000155
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8. Reason

This inspection will make sure the number 1 and number 4 main fue! 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 sleeving ~e conduit. The sleeving is installed to prevent arcing between the boost pump
power wiring e conduit caused by wire chafing.

747 airplanes  nulative line numbers 329, 348 and 356 and on had the two sleeves installed in

production. 4. other airplanes were the subject of Alert Service Builletin 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 stainiess 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 sieeving/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

aftected by this service bulletin, the operator is responsible for obtaining appropriate regulatory
agency approval before incorporating this service bulletin.

000156
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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, 20-10-11, 20-10-12, 20-10-13
and 20-10-18

* ¢. Boeing Service Bulletin 747-28-2092 *Main Fuel Tank Pump Wiring inspection, Rework, And

2.

Modification”
Data supplied with this service bulletin:
None

Installation Drawings:

Drawing Number Title
65892401 Fuel Boost Pump Installation
65892482 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.

.. Publications Changed

None

M. Electrical Load Data

Not Changed

Dec 19/96

747-28A2204
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Il. 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

- BACC45FT10C5S Connector, Pressure Switch

- BACC45FT10B5S Connector, Pressure Switch

- BACC47CP1S Contact, Pressure Switch (AWG 20 Wire)

- BACC47CP3T Contact, Boost Pump

(@) BMS 13-48, Type VI, Class 3, Wire, Boost Pump
AWG 18 (b)

(@) BMS 13-48, Type VI, Class 1, Wire, Boost Pump and Pressure Switch
AWG 18 (b)

(a) BMS 13-48, Type VI, Class 1, Wire, Boost Pump and Pressure Switch
AWG 20 (b)

- BMS 13-54, Grade D, Type lll, Lacing Tape
Class 1, Finish C, Width 0.11
inches, Color White

- D436-37 Splice, Raychem
- P209541 Contact, Pressure Switch (AWG 18 Wire),
Pyle National

(a) Chemplast TFE-2X, Standard Sleeve, Inner
Wall, Size #4 (0.37 dia.), Color
Natural or an equivalent (¢)

(a) Chemplast TFE-2X, Standard Sleeve, Outer
Wall, Size #0 (0.47 dia.), Coior
Natural or an equivalent (c)

(a) 100 inch lengths are adequate for repair at any of the conduit locations.
(b) Refer to the Standard Wiring Practices Manual 20-00-13 for optional wire.

(¢) Port Plastics Incorporated, 1113 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

000158
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BOEING SERVICE BULLETIN 747-28A2204 AR 88 8400

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 |.K., References, can be
necessary. Examine operator tool supply to make sure all necessary tools are available.

D. Existing Parts Accountability

None

000159
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. 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 20-10-11 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/EINDLTS 4
P12 F/EIND LTS 5
P14 NO. 1 MAIN AFT BOOST PUMP
P14 NO. 4 MAIN FWD BOOST PUMP
P15 NO. 4 MAIN AFT 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 pul! 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 it 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.

nNnNon160
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J. Connect the pump and pressure switch connectors.

K. Do steps A through | again for the number 1 main tank aft boost pump (access door 545DB, 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.

000161
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LEFT SIDE SHOWN
(RIGHT SIDE SIMILAR)

e N7
N0. 1 R No. & — At —
MAIN TANK — i
NO. 2 OR NO.
MAIN TANK
DO AN INSPECTION OF THE WIRE BUNDLE
IN THE CONDUIT. REPAIR AS NECESSARY.
5 see (1)
000162
FIGURE 1. BOOST PUMP REFERENCE LOCATOR
Dec 19/96 SHEET 1 OF 2 747-28A2204
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£28) FUEL $YSVENS

1. Actr-APU fuel $/D viv
2. Actr-Eng Fuel S$/0 Viv
3. Actr-Fuel Croesfeed Viv
4. Actr-dettison Grav Rfer

S. Actr-Jettison 370 Viv
6. Actr-Jettn Vlv Ctr Tenk

7. Ctl-Press Fueling Vlv
8. Actr-feserve Xfer Viy

747-100

TUA

288-89%2
208-8909

40C)

4oc)

SCHED

1C8

1cs

oP 16
op 16

o 16
op 16
o 16
2/c
o 16
2/t
or 16
2/c
or 16

WORK PAPER

oze

DESCRIPVION

—JpnER
#47-00-01
WAT-00-A1/45
M7-00-03

W47-00-03
2140
29060

A/C FOO3
KET #0083
A/C EASY
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BAT-57-00
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20485
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Wov 10796

T 497
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fuel sump
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Check APU Fuel line shroud for sccumutated fuel
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DESCRIPTION OF FUEL QUANTITY MEASURING SYSTEM.

The Basic System:

The following description is that of the fuel quantity system aslapplied 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.

Fuel Quantity Measurement:

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.

Eprxgp is a reference voltage of constant frequency. The variable capacitor
represents the total variable capacitance developed by coaxial cyllndrlcal
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 develdp 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 Epryxgpp and CyarIaBLE 1S @ variable AC current Ig, the
amplitude of which is a function of fuel quantity. Ig 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 Ig and the oppositely phased feedback
current, Ig. If Ig equals Ig in amplitude exactly there will be no Igggor. When a
difference, or error, between Ig and lp does exist, an Iggror: signal is
generated. This Ipggror 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 Iggrror Pecomes exceedingly small. Such
small input signals occur only in what is called the "threshold"” or *dead spot" of
the system; Ipgror input signals outside the dead spot cause motor rotation. See
Figure 4. Rotation continues until Ig is essentially equal to Ig. o
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In order that the system be "closed-~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 Ig to become, practically speaking, the same as Ig.

Because of the amplitude to Ig is the direct result of Eyagrapre (Ep) fuel
quantity readout is obtained by mechanically showing the position of the pot
wiper.

acto ini it Capacitance:

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:

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 peclarized 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 fuel 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.
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It is beneficial to define basic capacitance factors and then develop the
underlying relationships determining the total capacitance (Cq) 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 (C,). Therefore, let

Cp = 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, Cp is
increased,. This increase in Cqp is due to the presence of fuel. Let

Cr = The increase in capacitance due to the presence
of fuel.

The relationship between Cq, Cp and Cp is
CT=CA+CF

The capacitance change due to the presence of fuel is
Cp = Cp - Cp

From the definition for dielectric constant and letting the T.U. be totally
immersed, K will be egqual to

Substituting and factoring equations gives the expression when the T.U. is fully
immersed

Cg = Cp .[K-1)
The term (K-1) is the increase in dielectric constant due to the presence of fuel.

A generalized expression for the value of Cp for a linear (not characterized) T.U.
and an area characterized T.U. wetted to any height is

CF = CA (K"l) a’/A

5
D
H
0]
feod
i

= Total Area
whetted area, directly proportional to
actual fuel volume.

n
i

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.

. * . . .
-

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

Ep does not become zero when the useable fuel quantity is zero. Ig does not

disappear with the disappearance of fuel as the T.U. still has it in-air

capacitance. Therefore neither can balancing current, Ig go to zero. So also in

the system of Figure 2 with zero fuel Ep cannot go to zero. ()()()1:?
S
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To allow Eg to go to zero two circuits are added: (See Figure 5).

1) An adjustable voltage (Eg') is applied to a fixed capacitor (Cgr') such that
the current it generates will equal and nullify Ig when the useable fuel is
zero. An Ig - balancing current does not have to come from the feedback
potentiometer and under empty conditions Ep can become zero.

2) 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 Ep and Ig will be zero when the indicator reads zero.

Consequently with these two circuits applied, and assuming closed loop operation,
the adjustable voltage (Eg') is set with empty fuel tank conditions so that the
dial indication is zero. With zero fuel Ep will be made zero also.

By circuit design and by calibration at *empty", Eg' is adjusted so that by servo
action Ep = 0 and therefore Ig = 0. Eg' 1s set by the "empty* adjustment.

Ig is increased above its empty value as a function of the added capacity Cg.
Because Ig' has been fixed, by "empty" calibration, the bridge will be unbalanced
until, by servo action, Ig nullifies the increase in Ig. Therefore with fuel

EB = Es XLE
Cr

By circuit design and with Eg and Cy fixed, Ep is a direct and linear function of
the added capacity due to the presence of fuel Cg. '

» " 3
(=]

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.

] . | : .

Characterization of the 747'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.
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Definitions:

fixed sensing voltage

CA = T.U. capacitance in air

CF = T.U. added capacitance due to presence of fuel
Ct = vctotal T.U, capacitance

Is = sensing current

ER = feedback balancing voltage

Ig = F.B. balancing current

CR = fixed reference capacitor

Eg' = adjustable bias balancing voltage

IB' = adjustable bias balancing current

CR' = fixed reference capacitor

IERROR = difference between Ig and (I + Ig')
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The characterizing of the added capacitance, Cp, 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.

{ N

Gage accuracy is a function of the accuracy at empty, reading only Cp. and also a
function of the response of the electrical capacitance of the fuel, i.e. the Cp
response. We have seen that Cp 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 = (XK-1)
D

Assume that our measuring system, gaging nominal fuel with nominal K and density
D, is calibrated to read accurately the guantity 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 (K-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

{K-1)
D

also tends to follow variations in the dielectric constant factor (K-1) with gocd
correlation. These facts allow simple compensating circuitry that produces a
cancellation or reduction of the gaging errors due to

{K-1)
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. '

. . . .

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 ke

Compp = K Compp
or

Compp = Compp + Compp
and

Compr = Compp (K-1)

Note that the variations in cocmpensator capacitance are not a function of the
volume of the fuel as it always fully immersed, but only cf the (K-1) factor. The
compensated system then beccmes that of Figure 8.

The essence of compensaticn is simple: variations in T.U. current from nominal due
to the
{XK-1)
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 ratic of Compp, (K-1) to the total capacitance in the variable
feedback leg, Cr + Compp + Compp (K-1). This level of authority is specified by
the term "percentage of compensation”

% of compensation = CombA (K-1) X 100
Cgr + Compp + Compp (K-1)

For the fuel type to be used on the 747 (Ky = 2.133, Dy = 6.763) and with its dry
compensator value of 52.64 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 Ig to zero
and the system then tries to reduce Ig + Ip' 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.

imiting:
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.
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In normal (no failure) operation the biasing voltage forward biases CR2, CR3 and
CR4. Because the anode of CR3 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 veoltages greater than 0.6 V, the voltage drop on the forward biased
dicde. Then the lcad for the secondary consists of R3 and R4 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, R1 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 R7. This causes the feedback voltage to be too high, causing the
system to reduce that voltage to its original value driving the pot wiper docwn
scale.

13 C

Totalization of the individual indications developed by the various primary
indication systems is usually accomplished by a signal summing servo indicating
system.

Each primary indicator feeds to the totalizing indicator, the voltage Eg,
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 Eg voltages. But, identical Eg values
generally represent different quantities of fuel.

It is necessary to modify individual Eg values to develop signals proportional to
the individual indicators fuel quantity value in the totalizing indicator, (see
Figure 11)
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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 Eg 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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Subject: Fuel Probe to Ground Impedance

1 understand that you requested the subject Infarmation from Tom Peacock. In
response, the impedance belween the probe and ground under steady state DG
conditions is as follows:

Between Hi-Z and ground the impedance is 39 Ohms +- 5 % and between Lo-Z and
ground it is 6.8K Ohms +/- 5 %.

if you have any additional questions, feel iree to call at any time.

Regards,

Dennis Rodrigues
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— - TWA Wiring Investigation Summary T
Fuel Tank Wire Routing
Center Tank FQIS Component Test

Front Spar - Main Tanks

The FQIS wiring exits the in-board front spar at approximately FSSi 261 and penetrates the wing
leading edge cavity at the wing root at approximately STA 986 on both the left and right wing.
Thera is also a penelration near the refusling panel (FSSi 820) to provide fuel quantity data to

the panel. Boging Service Bulistin 747:28:2068 and the subsaquent AD 73-20-11, added a
“Zipper Tube® overall lightning shield to the inboard front spar wiring which provides additional
protection against incidental contact and shorting to any other wire harness. The Service Bulletin
also adds an Isolation Relay Module to the Refuel Panel Wiring that disconnects and grounds the
wiring from the Refusl Panal to the tank when the Refuel Pansl Door is closed.

Wheel Wl - Rear Spar - Center Tank

FQIS Wire Bundie W480 penetrates the Center Tank Rear Spar in the Wheal Well at

approximataly STA 1230 LBL 100. W486 ls route& along the spar up along lhe upper parl of {he
whee! well and penatratas the floor into the pressurized area of the alrplanse at approximately
STA 1270 LBL €0 (See Figure 1). The langth of this run Is approximately 10 feet. W480 s
routed with the power wires noted in Table 1. This wire bundle does not have an overall lightning
shield because of the inherent lightning protection provided by the wheel well, it is not in a
lightning zone.

W480 conslsts of one shielded and Jacketed wire and two unshieided twisted and jacketed wires.
The conductor and insulation of these wirea are constructed per MIL-W-168878, Type EE, 200°C
rated, 20 AWG, with extruded Teflon insulation. The Jackst over the shieided wire is composed
of TFE Tefion. The overall jackst is a lacquerad nylon braid (See Figure 2).

in order for an outside power source to get Into the tank a wire-to-wire short would have to occur.

In the case of the shielded FQIS wire; the nylen brald, the sutsr jackst, he shield and the Inner
insulation would have to be penetrated in addition to the insulation on the outside source wire.
Also, the shield on the FQIS shislded wire would provide a shorting path to ground until it was
abraded significantly. For the twisted wires, the nyion braid and the insulation on at least one of
the two wires would have {o be penetrated in addition to the insulation on the outside source
wire. 116VAC power applied to these wires would also resutt in immadiate damage to, or
arroneous indication on, the Flight Deck Indicator.

if power from an outside source penetrated the FQIS wiring, a fault internal to the tank is stlll
required In order to initiate an ignition of fue! or fuel vapor. The FQIS probes are capped on both
ends with plastic covers to prevent contact with siructure. The cyilndera of the capacitive probes
are also coated with a non-conductive varnish. The fuel tank structure is treated with a non-
conductive protective coating in addition 1o joints and penstrations belng coated with sealant. A
surface on the probe and an adjacent surface In the tank would have to be abraded to axpose
bare metal to provide the necessary spark gap or conductive path that could cause fusl vapor
ignition. Note that any wiring or probe short to structure in the tank would result in an erroneous
Indication on the Flight Deck Indicator.

Fllad Under; TWA2.00C Page 10f4 06/0406 08:53 AM
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Canter Tank FQIS Gomponent Test

A set of Center Tank Fuel Quantity probes and the associated production In-tank wire harnessss

were assambiad AR inatalizy In 2R akituds ekambsar. Tha purpoes of tha teg! wae (o determine
the Insulation resistance and dielectric withstanding capablilty of the entire Center Tank FQIS
as:de&blzd See Figure 3 for a schematic of the test sstup. The following series of tests were
co :

Altitude Tast Voliage (1) Evaluation Criteria (2) Results
b‘-",s -(\Am“
Sea Leval 118VAC >25mA <3.0uA
up to 50,000 116VAC >25mA <3.0pA
Sea Level 500VDC Insulation Resistance <100 Mohm oo
1800 YAC Diglaatric Withetanding 340MA £].3mA
500 VDC Insulation Resistance <400 Mohm o
up to 50,000' 1500 VAC Dielectric Wi‘thstanding >40mA {(3)
Sea Leval 1500 VAC Dislectric Withstanding >40mA <1.3mA
800 VDC Insulation Resistance <100 Mohm oo
Sea Lovel Dislectric Whhslanding Limit Test >40mA - ;’»f"‘\SSOOVAC (4)

Note (1): Forthe 115VAC tests, the lest voltage was applied between Hi-Z to Lo-Z, Hi-Z shield
to Lo-Z and Hi-Z shield to HI-Z wires. For the Dielectric Withstanding tests and the
Insulation Reslstance tests the test voltage was applled between the Hi-Z and Lo-Z

wires,

Note (2): The evaluation criterion for the 115 VAC and Dielectric Withstanding test (>40mA) Is
an arbltrary vaiue chosen o allow measurement of currents up to that value and doas
not reflact the current iimit requirement for the FQIS.

Note (3): The leakage current stayed constant at <1.3mA from sea level to approximately
25,000, Between 25,000 and 30,000’ the overcurrent detector, set at 40mA, on the
Hi-Pot tester would trip off as the test voltage approached 1500VAC. From 25,000' to
50,000 a linear reduction in voltage was set from 1600VAC down to 840VAC while
maintaining <4CmA leakage current.

Note (4): The voltage was increased until breakdown occurred. The breakdown occurred at the
top end of the {uel probes between the edges of the HI-Z and Lo-Z concentric

cviindere. |

These results show that the insulation reslstance of the FQIS Center Tank assembly did not
degrade during this test demonstrating the assembly Is impervious to the 28VDC routed with the
Center Tank FQIS Wire Bundle.

The dlelectric withstanding capability did decrease with altitude but this is a normal regutt of the
reduced dislectric of atrnoaphere at higher altitudes and the increase in the corona effect. The
reeulis show that the voltage required 10 generate enough cuirent in an intact Center Tank FQIS
assembly is well in excesas of 11SVAC, the highest voitage routed with the Center Tank FQIS
Wire Hamaess, even at 50,000'. The results aiso show that below 25,000’ the Center Tank FQIS
assembly maintaine full 1500VAC Dislectric Withstanding capabliity.

Fied Under: TWA2.00C Page 201 4 08/04/90 08:53 AM
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The inspection of the Center Tank Fuel Quantity Gauge revealed no evidence of damage as a
rasult of an extraneous voltage being applied to the wiring of the Center Tank.

The Center Tank FQIS Wire Bundle W480 was intact on the RA164 and showsed no evidence of
insulation breakdown or abrasion. The overall jacket was torn but showed no evidence of
abrasion or burn through. The insulation on the twisted wires and the outer jacket on the
shielded wire showed no evidence of abrasion or burn through.

The Override/Boost Pump switches on the Fight Englneers Fuel Banel ware In thelr 8FF posttion
and the Scavenge Pump switch was in its OFF position indicating there was no 115VAC powsr
on these wiras.

Filed Under: TWA2.00C Page 3 of 4 09/04/6 08:58 AM
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Subject: TWA 800 Fuel System Questions

Reference: Your e-mail 1o Kevin, dated 3/25/97

Here are some additional answers to your questions in reference, using the same
question numbers:

6. Do the vents in the 747-SP wing tips both face fore or aft? Do they
provide a forced flow of ventilation?

They lace forward. The 747 fleet has flush vents (a round hole in the lower surface) up

to airplane line position 205, and NACA ram scoops (forward facing) from line 205 anc

on. The first 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 put on suction feed. Although not the specific purpose, both types of !
. vents will produce a crossflow of air through the center tank as slight pressure '

= "variations exist belween wing tips. '

7. Has Baeing certified a nitrogen inerting systom in any commercial
airplane?

No.

8. What test results does Boeing have to show accuracy of the center
wing tank fuel quantity indication system at tuel levels, including 300i#

and 640#? )

Ground and ﬂ'ighl calibrations of fuel gages are done on a first-of-a-model basis.
Ground calibralion: The airplane that was calibrated demonstrated slight overreading
in the range of inlerest; +0.15 to +0.25 percent of full scale, that is 143 to 238 pounds
gage high. .

Flight calibration: Al the unusable fuel level (end of scavenge) the gage read 260

pounds in level flight.
000200
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g. 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
takes 180 pounds to touch the first probe.

Ramp and flight conditions have been estimated by computer model as foliows:

Ground: Gate 27 JFK (1 degree nose up airplane pitch)
Probe me len
350# §404
-14 0 0.37 nch
-12 0 0.20 inch
Flight: Pitch
-14 +2 0.41 1.17 inch
+3.5 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 &ft side-of-body,
rib probes.

We will provide answers to the other questions as soon as they are available,

" Dennis Rodrigues -
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TQ: >>>>> Bob Swalm Erom: Dennis Rodrigues

FAX: (202) 314-6349 Fax: (206) 237-8188

PHONE: (202) 314-6394 Phone: (206) 237-8301
Pages: 2 Dale: April 10, 1997 Time: 2°33/27

Subject TWA 800 Fuel System Questions

Reference: Your fax to Dennis Rodrigues, dated 4/2/97

In your reference fax you raised some additional questions relative to our answers to
your original questions 8 and 8. 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 would be required to just touch the aft-most (-14)
probe.

2. In flight, with fuel touching the probes (for example, in the 640#
case), is there much/any change in reading that comes from attitude
change?

Honeywell expecis to have an answer next week. We have provided the submerged
probe depths to Honeywell.

3. If the fuel is less than what's required to touch the probes, will the
gage go to zero?

The gage will read il's zero-adjusted reading which will be at or very near zero.
Adjustment is made by substituting the tank empty capacitance and luming the empty-
adjust screw on the gago until it reads zero. Stiction in the gage gear train produces
minor repeatability tolerance,

000202
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4. At what pitch does 300# and 640# submerje the aft (-14) probe to
-3.76 inches?

It takes at least 148 galions (1000#) to reach 3.75 inchgs at any pitch altitude. Some
examples of the relation are:

Pitch Gallons

14 148
8 160
5 210
3 290
1 625

If you have any additional question, feel free to call at_;any time. We will respond to the
remaining questions as soon as possible. :

Do %

Dennis Rodrigue
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H| OVERHAUL MANUAL

FGA20A
FUEL QUANTITY TANK UNIT

DESCRIPTION AND OPERATION. Paragraphs 1A to 1C, -

A. Descriptien.

(1) The FG420A Fuel Quantity Tank Unit is a sensing element in a capacitance-type.fuel
quantity indicating system. The tank unit consists primarily of two concentric tubes
(electrodes) and a terminal block., The concentric tubes consist of an aluminum
outer electrode and a nickel inner electrode, which form the plates of a capacitor.
The tubes are spaced and insulated from each other at intervals throughout their
lengths by Tefion spacers. The terminal block contains three terminals for con-
necting the tank unit to the aircraft wiring. The tank units are mounted in the fuel
tanks by means of mounting brackets attached to the cuter electrode.

(2) lLeading pax"ttcular: and specifications are luted'i.n table 1,

B. ggeratlon in System. The height and dielectric constant of fuel between the electrodes
etermine the capacitance of the tank unit, The diameter of the inner electrode for each

tank unit varies along the length of the unit to conform to the shape of the fuel tank, re-
sulting in the tank unit capacitance changing linearly with the fuel quantity. Within a fuel
tank, several tank units are connected in parallel so that the total capacitance of the tank
units varies linearly with the fuel quantity in the tank. The tank units for the fuel tank
connect into the sensing leg of a rebalancing bridge circuit within a fuel quantity indicator.
Changes in quantity of fuel vary the capacitance of the tank units and cause an unbalance
in the bridge circuit. This unbalance initiates indicator operation and results in a dial
presentation of measured fuel gquantity expressed in either pounds or kilograms, depend-
ing upon the &ial calibrition of the indicator.

(o _mg_mg. Series numbers, stamped on the idanuﬂauon plate, identity forward-pro-
duction changes to the tank units. This mmnl covers all existing series of tank units
as listed in table 2.

Table 1. Leading Particulars and Specifications

: CAPACITANCE LENGTH. WEIGHT
PART NO. - (13109 51 (INCHES) (POUNDS)
FGA20A8 *20.84 1.8 04T4
FGA20A9 78.40. 16.80 0.492
FGA420A10 43.4¢ 1814 0.482
FGA20A11 54.86 17.64 0.504
FGA20A12 115.50 58.11 . 1361
FGA20A13 184.13 72.16 1397
FGA20A14 - 138.70 50.43 1.046
FG420A15 ' 178.86 66.00 1280
FGA20A168 119.68 T2.61 1.404
FGA20A17 52.10 24.89 0.613
FGA20A18 96.79 . 28,37 0.886
FGA20A19 3358 2048 0.882
FGA20A20 - 84.33 35.74 0.801
FGA20A21 81.17 M7 0.780
FGA20A22 102.91 44,30 0.931
Page 1
w June 15/70
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H| OVERHAUL MANUAL

FGA20A
FUEL QUANTITY TANK UNIT

Table 1. Leading Particulars and Specifications (Cont)

CAPACITAN LENGTH WEIGHT
PART NO. (UUF)* (INCHES) (POUNDS)
FG420A23 115.41 : 47.14 0.972
FGA20A24 92.00 44.88 0.938
FGA20A2S 75.87 52.68 1.080
FG420A2¢ 116.96 $6.08 1131
FG420A27 23.93 14.81 0.462
FG420A28 118.82 58.27 1.164
FG420A29 38.11 15.04 0.468
FG420A30 97.16 18.20 0.513
FG420A31 56.89 17.63 0.504
FG420A32 88.19 . 18.88 0.520
FG420A33 101.78 ) 19.84 0.532
FGA20A34 . 53.24 21217 0.559
FG420A35 -88.67 22.13 0.572
FG420A38 10488 . 2296 0.384
FGA420A37 - 49.38 20.82 0.552
FG420A38 60.55 22.37 0.572
FG420A39 55.08 21.69 0.585
FGA20A40 88.92 : 87 0.809
FG420A41 57.718 22.718 0.581
FG420A64 140.7% 86.87 - 1.300
FG420A88 - 44.11 14.50 0.460
FWOAGG s N ‘2.“ - 1’0” 0.460
FG420A72 ‘146.48 88.76 1.170
= Capacitance tolerance is :1.0% or +0.50 wuf, whichever is greater.

Table 2. Series Differences

TANK UNIT SERIES NO.. SERIES CHANGES

FGA20AS thru FG420A11, 1 Original production unit

FG420A17 thru FG420A21, .

FG420A217, and FG420A29 2 Same as series 1. Series number advanced upon

thru FG420A41 complstion of qualification testing

3 Brackst (27, figure 101) changed from part

oumber 10022195-106 to 1026353-101 to
provide stronger part

24012 |
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Honeywell OVERHAUL MANUAL

PART NO.FG420A8 THRU FG420A41,

FG420A64 THRU FG420A66,
FG420A72

FUEL QUANTITY
TANK UNIT

5"

COMPONENT OF

HONEYWELL FUEL QUANTITY
INDICATING SYSTEM

Note: 95-4879C, 95-4879C-1, and 95-4879C-2 have
been incorporated to make this a complete

issue.
LATF T REVIGSED PAGES SUPFRSEDE THT 2 8-40-12
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HEVISED PAGE S INTO HASIC PUBLICATION

NOTICE DESTHOY SUPE RSEDRLD PAGES
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OVERHAUL MANUAL

FGA20A

2 E-H (-0

FUEL QUANTITY TANK UNIT

Table 2. Series Differences (Cont)

TANK UNIT

SERIES NO.

SERIES CHANGES

FG420A8, FG420A10,

FG420A17, FG420A20,
FG420A21, FG420A29,
FG420A39, FG420A41

4

Same as series 3, except 2 new tarminal block
(204, figure 101) with new terminal assemblies
(SA, 10A, 14A, figure 101) added. Associated
with these improvements to the terminal block
are ditferences in other related parts

Same as series 4, except adds selectad tuning
washer (7, figure 101) to provide for empty fuel
tank capacitance adjustments. Associated with
this improvement are differences in other
reiated parts

Same as series 5, except incorporates style 2
spacer (33A, figure 101) and spacer pin (33B,
figure 101)

FG420A8, FG420A11,
FG420A12, FG420A1),
FG420A14, FG420A13,
FG420A18, FG420A19,
FG420A323, FG420A27,

. MCT755-01 {or coating inner electrode

Same as series 5, except that Boneywell specifi- 1
cation MC8223-01 Varnish replaces specitication

FG420A30 thru FG420A38,
FG420A40 e R
. — e RSN
7 Same as series 8, except for minor changeto |
terminals 5A, 10A, 14A, figure 101 (part mum- | °
bers unchanged) ..__j_
FG420A12 thru FG420A186, 1 Original production mit
FGA20A22 thru FG420A26, )
and FG420A28 3 Brackst (27, figure 101) changed from part num-
ber 10022195-106 to 10026353101 to provids
stronger part
3 Same as series 2. Series number advanced upon
completion of qualification testing
4 Same as series 3, except & new terminal block

(20A, figure 101) with new terminal assemblies
(SA, 10A, 144, figure 101) added. Associated
with these improvements to the terminal block
are differences in other related parts

284012
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OVERHAUL MANUAL

FG420A

28-~di.ef

FUEL QUANTITY TANK UNIT

2. DISASSEMBLY.

Index to Figure 101

()

Fuel quantity tank unit {items 1A
thru 34)

1A Protective cap [series 4 and up]
1B Protective cap (2) [series 4 and up]
1C  Protective cap {series 4 and up]
2  Identification plate
3* Strap assy
4  Strap assy [FG420A27, FG420A29,
FG420A68%5, and FG420A868
Fuel Quantity Tank Units only]
5 Terminal assy [series 1, 2, and 3 cnly]
5A  Terminal assy [series 4 and wp] _
6* Machine screw
7™ Tuning washer
8* Lock washer
8* Hexagon nut
10 Terminal assy [series 1, 2, and 3 ouly]
10A Terminal assy [series 4 and wp]
11* Machine screw
12* Lock washer
13* Hexagon nut
14 Terminal assy {series 1 2, and 3 only]
14A Terminal assy {series 4 and w]
15* Hexagon nut
16* lLock washer
17  Leadwire clamp [series 1, 2, ‘and 3
18* Machine screw [series 1, 2,and 3 ocaly
19* Hexagon nut [series 1, 2, and 3 oaly]
19A  Machine screw [urtu 4 and w)
NOTES: . . .

-

Indicates item not {llustrated.

20

20A
21
22
23
a4 -
25
28

28A
21
28+
29
30+
31

31A

31A

33ve
© 33A%e
33Be*

Terminal block [series i, 2, and
3 only]

Terminal block [series 4 and up]

Terminal insulator

Ingulator

Elgctrostatic shield

Gpacer :

Terminal sleeve

Insulator

Terminal sleeve [series 5 and up]

Mounting bracket

Rivet

Mounting bracket

Rivet

End cap

Closed end cap (used on tank units
manufactured after November
1972, and on wnits modified per
Service Bulletin FGA20A-28-1)

End cap (ldentical to item 31 - used
on tank wits manufactured prior
to November 1972 which have not
been modified per Sarvice Bulle-
tin- FG420A-28-1

Outer slectrode

Spacer style 1

Spacer style 2 . -

Spacer pin

Inner slectrode

Indicates attaching part for immediately preceding unastarisked item.

Indicates quantity other than one.

Mcmqum“mmuuwdmmowmm

list, paragraph 12.

Items specified as applicable on Series 4 and up are also used on models FG420A84,

and up.

284012
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FGA420A Fuel Quantity Tank Unit - Exploded View
Pigure 101

24012
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HOU-12-1997 @9:49 HOAMEYWELL EVERGREEN CFSHMO 612 957 4089 P,B2
28 ~Yl-0|
REVISIONS ' s}
SYN DESCRIPTION DATE APPROVAL
PRR 94000 Incorporated ADCN 2, 3, L, 5 & 6 ho) 5’/':27 YL
D | cas. err:  nooo1 - R995S SR % ,6/7;
PIN: 17-762000
PRR 95000 6~9-C9 ;'A;E“)"?c"
REASON: Drafting Error. (To complete accuracy requirem!'tsf) Rl
CHG. EFF: ROOOL - R$99S
PROD. INFO: Drawing clarification only, alrplaps parts not
affecsed. Coordinated with Supplier.
Priority: None ' 28 Oy -LRRE]
REQURSTFD BY: N. S. Ruder E-8LS0 5-38-% | Po= J
Page 11 Para. 3.1.4.8 added reference to daviation
Page 19 Para, 3,2,8.]_added.reference to deviation.,
Page 20 Para. 3.2.11.2, accuracy degradation extended
to irelpde High temp.., EML & power variatdion,
from .b% to .5%,
Page 2L Para. 3.3.11.2, envirormental tolerance degrada-
tion iroments was .10 for Low temp. only.
Page 28 Para. g.?. .2 deleted.
Page 32.1 Para. 3.7.2.3, added continuous rotation lqiob
and positive kmob retention.
Para. 3.7.2.2, added second test capability.
Fage 32.2 Para. 3.7.2.11, functional changed to qualifica-
tion tasting.
Page L),h Para, hchoZ, llohoB and hvhch added.
e feren to, deviat .
gg g§ ﬁgﬂa tast’: ‘fag.n n-?nﬁaiagmduations changed.
|~
. PRR 7253
REA3ON: To incorporate committed chsnge. (To improve
integrity of wire comnections.).
CHG. BFF: ROOO1l - R9995
FROD. INFO: Rework or replace existing parts and/or
agsemblies. Outside production item.
Page 5.2  Added -=50. ’
-Page g Para. l.g_.added -50. S'/l-?ﬁ 3 M‘#
Page(io Deleted veference to -7. O "
Page & Addad View A-A for -7 and -50. ﬂ / ‘: ;
Page 55 View A-A altared to add stud terminals. Detail /L‘i’ 9
I sdded. 6////-’-') C.lanK
Page 60 Added =50, ES/00
THE CODE | SIZE] -
BOEING IDENT NO- 60B92010 000212
 COMPANY 81205
SCALE SH 295
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SYM

3.5

3.5.1

3e5.L1

3.5.1.2

3.5.2
3.5.2.1
3.5.2.2

3e5.2.3

3.5.3
Je5.3.2

3e5.3.2

Specific Requirememts For Design Of Compensator Units

N.‘S-"E” -7 -~ e

The compensatar it shall be an electrical device which senges
fuel density sa a Nmetion of device cgpacditance versus fuel
delectylc constant. .

The wit shall contain:
a) Xl.xetad oinsireden, nount supports and wire stimin relliad
b) Electrical teminalg

Onit markings and eritical outline dimensions akall be in
gocordance with Figuve V.,

Formting
The unit shall be designed for internal tank mounting.

The unit when mounted shgll be capable of withstanding withoub
damage a force of fifty (50) pownds epplied from amy direction
including & direct pull on the sirplana wiring when the wiring .
18 clasped in the wire strain ralief support.

The unit shall bde of sturdy covstruction to preclnde premasiure
fallure a8 a result of installation, maintenance and sloahing
of fuel.

Electrical

The uwnit shall consist of a sultable arTauggazent of &1% meiial
condnctors vidch are electrically insulated and isqlated from
ench other, have positive (oo pockets or trupe whereln water

or sediment camn accumlate) drainage and vhich will preclude
wvater, dsposits snd sediments across or between the electrically
insulated and isalsted couponsut rarts, which affect acouracy
or operation of the systes.

The undt shall be wnaffeacted by micro~organisms and their
by-produets, A suitable coating shall be applied to the
plates to preclude water adhesion gsdirdh as Z-asilie

Lo provide -. : corrosicn protection and electrical
insulation. For -63 and subaequent compensator inits
the minimum spacing betveen all electrical parts ghall -
be .25 inches. .

THE

BOEING

COMPANY

CODE
IDENT NO.

81205

SIZE

A

BOAOLO 000213

SCALE ISH 27
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3-6

3.6.1

306-1c1

3.6.1.2

3.6.2
3.6.2.1

Jvévzoz

_——y

3.6.2.3

3.6.3
3.6.3.1

3.6.3.2

3.6.3.3

Spacific Raquirements for Design of Tank Units

- e

The tank unit shall be an alectrical device which sensas fual
level as a function of davice capacitance versuvs device
Imosrsion, .

The wnit shall contain:
a) All metal alectrodes, mount supports and wire strain relief
b) Rlectrical terminsls

Unit mariings and critical ontline dimensions shall be in
accordance with Figure VI,

Momnting
The wnit shall be dasignad for internal tank mounting,

The wnit when mounted shall ba capable of withatanding without
damaga & foree of fifty (50) pounds spplied from any direction
including a direct pull on the airplans wiring whean the wiring
is clamped in ths wire strain rellef support.

The wnit shall be of sturdy construction to preclude prematiure
failure as a result of installation, maintenance and sloshing
O’ fuﬂl-

Flectrical

The wnit shall consist of a suitable arrangement of xll matel
conductors which are electrically insulatad and isolated from
sach other, have positive (no pockats or traps wherein water
or dediment can accumulate) drainags and which will preclude
water absorbtion and the formation of and bridging by water,
deposits and sediments across or between the alectrically
insnlated and isolated component parts, whdch affect accuricy
or operation of the ayatam.

The mit shall be waffected by micro-organisms and their
by-products,

The mit shall bs designed for a fluld level rate of change of
tan (10) inches per minuts and during this rate of change the
fluid shall be at its natural level freely, completely and
homogensounsly between and outaides thes conductors.

THE

COMPANY

BOEINEG | 51205

CODE SIZE
[DENT NO. sonsece 000214

SCALE ISH 30
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DEVICE NO: FG450A51-53 NAME  Fye] Tank Unit-Compensator

WHERE USED LOCKHEED C-130f

RELEASE DATE; August 1976 CUSTOMER spgc GELAC 695799

E.s. 25473-01 SCHEMATIC NONE
SYSTEM # H4947-4]

TECH MANUALS
FUNCTION:

The FG4504A devices replace FG250A devices having the Same dash number.
Compensator electrode Spacing is 0.250 inch minimum and it has a nominal
dry capacitance of 30.3 + 0.5 pf.
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DEVICE NO:_ FG1006AA01-64 NAME_Fyue] Tank Unit
WHERE USED Boeing 767 and 757
RELEASE- DATE: _August 1980 _ CUSTOMER SPEC__BAC S345T0Q2
E.S. 28144-01 SCHEMATIC
SYSTEM # YG1767A01 and YG1757A01
TECH MANUALS 95-8000
FUNCTION:

The tank unit assembly consists of two concentric aluminum tubes separated
and insulated by teflon spacers. The unit shall be mounted inside the
tank such that it may be immersed by usable fuel. Electrical connections
to the tank unit electrodes are made by lead wires which are connected

to the tank unit terminal block. Nominal spacing between electrodes is
0.40 inch. The basic function of the tank units in the FQIS Systems

are to provide a means to determine the depth of the fuel at each tank
unit location. This fuel depth is computed in the Processor Unit of the
System from the measured capacitance of each tank unit and the measured

value of fuel dielectric constant provided by the compensator unit in each
tank.

In order for the system to compute fuel depth, the wetted sensiqg length
(WSL) of the tank unit must be calculated. An accurate calcuation of WSL
depends on two basic factors:

1) The change in tank unit capacitance must be linear with WSL. 000223

2) The fuel dielectric constant sensed by the compensator must be identical
to that at the tank unit.
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Analysis Of An Aircraft Fuel Probe

4 January 1990

PURPOSE

Determine the cause of the submitted fuel prcke failure and iI there is
evidence of electrical arcing in the assembly.

FACTUAL DATA

An aircraft fuel probe was submitted for analysis. The prcbe was
removed during the troubleshooting of a wvarying fuel gquantity problem. A
black residue was also reported on the wall of the Zuel zank in ccnmzact with

the fuel probe wiring.

The fuel probe received for analysis is shown in Figures 1
entire length of the electrical cable was blackened. Black residues were also
noted at the entrance of the cable into the connector and on the ou:z
electrode of the assembly.

NSN: 6680-00-526-7388

MFRS: FG120L2

Series: 4

Serial No. L-142

TANK UNIT, FUEL QUANTITY, USA

The fuel probe determines fuel quantity by measuring the capacitance of

fuel between the outer and inner electrodes. The capacitance value is a
function of the dielectric constant which varies with the volume of Zuel and
alr between the electrodes. The tubular inner electrode has two electrically

isolated conductive patterns. One pattern (smaller) is used as an input guard
and the other is used as the sense side of the capaciter or active pattern.
The wire connected to the sense side is also shielded. A 24 volt 400 Hertz
excitation signal is applied to the outer electrode. A schematic of the probe
is given in Figure 3.

The capacitance of the fuel probe was measured as 148pf @ 400 Hertz.
The specification value is 148.4pf in air. Insulation resistance was measured
between the input, output, and shield. All values were in the range of 1 X
10" ohms at 50 VDC. A continuity check of the 13-foot cable did neot identify
opens or shorts between conductors. The surface of the outer insulation was,
however, found to be slightly conductive. The value would fluctuate with the
bending of the cable. A minimum value of 250 kilohms/foct was obtained using
an ohmmeter.

The cable connector was disassembled for inspection. Apparently the
cable wires had been twisted and pulled out of the connector during :the
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 ccnductors
were necked down to a small diameter. Infrared spectrometry identified the
potting material as a polysulfide rubber. Elemental X-ray analysis of the
black residue identified the following elements: silica (3i), sulfur (S8),
aluminum (Al), magnesium (Mg}, calcium (Ca), barium (Ba), lead (Pk), 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 exhibit ancmalies.
X-ray elemental analysis determined the conductors were silver plated, copper
wiring. The black residue on the outer fuel probe electrode (Figure 9) a
the outer cable insulation was analyzed with X-ray elemental analysis (
10). Analyses found that sulfur, silver, and copper were associated wit
black residues. X-ray diffraction pattern analysis on the black residue from
the outer electrode identified a copper sulfide (CuS) ccmpound. The black
residue con the outer electrcde was found to pne conductive when prokbed wich an
insulation resistance meter. Probing with an ohmmeter resulted in a value
between 1 and 5 kilohms.

The strain relief cable housing at the top of the probe exhibited black
deposits at the cable entrancs (Figure 11). The cable housing was removed and
inspected. The cable housing was chemically analyzed and identified as nylomn.
During the removal process, debris was removed from beneath the plastic
clamps. X-ray elemental analysis identified the following elements: Al, S
Ca, Fe, chlorine (Cl), cadmium (Cd), phosphorous (P}, and Mg. A black depo
was noted where the cable came in contact with the housing (Figure 22). Th
black deposit was found to ke conductive when probed with an ohmmeter (1 to §
kilohms). X-ray elemental analysis of the black deposit is shown in Figure
13. The analyses identified S, silver (Ag), Fe and Cu. The wiring
associated with the cable housing is shown in Figure 14. The blackened outer
cable insulation was found to be slightly conductive. ZX-ray elemental
analysis of the outer cable insulation is shown in Figure 15. The analysis
detected S, Ag, and Cu. A black residue was also noted on the inner electrcde
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, Ag, and Cu (Figure 17). The terminals used to
connect the outer and inner electrode to the cable wiring were alsc 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 electrode
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 ncnconductive except where the black
residue was previously notad.

-y
-
Sl

DISCUSSION:

There was no direct evidence of electrical arcing in the fuel probe
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. The fuel was able to permeate through the outer
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 inscluble in water. These compounds would not be expected
to be highly conductive. However, the black residues were found to 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 o the prasence of
carbon and possibly metallic copper and silver in the residue.

The residues found on the outer cable insulation and cable housing could
produce a low resistance path between the electrically isolated pr:;e wiring.
A low resistance path would most likely develop between the wiring of the

ocuter electrode and shield wiring. The distance between the connections has
been reduced by the presence of a black residue. The residue, in combination
with fuel and aircraft vibration could produce a variable capacitancs output
which would result in erroneous fuel quantity readings.

A reduction of the distance between electrically isolated probe wiring
could make the assembly more susceptible to electrical arcing from lightning
strikes or static discharges. Charge build-up in the fuel could be shunted
through the conductive surface of the probe cable ané result in arcing between
the probe wiring. Build-up of static charges on the connector housing and
cable wiring may also accelerate the corrosion reaction tetween the shield
wiring and the fuel. A discharge could ignite fuel under certain conditions.
The excitation voltage applied to the active electrode is not sufficient to
arc between the probe electrodes or wiring. A conductive path would have to
be formed to have an electrical short between the wiring or prokte 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 system.

PREPARED BY:

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.

PURPOSE

Determine the cause of a low insulation resistance in the surzmitzted
splices.

FACTUAL DATA

o}
-h

r
£

Two fuel guantity measursment system cable splices were su
analysis. It was reported the resistance between the g*ound sr
conductor was below 30 megazohms (the minimum specification raqu
splice connection. Field perscnnel have reported a large number ot
quantity system failures are related to low resistances in the cable splice
area. During the course of the MLSA analysis, a complete cable harness was
submitted which was removed during troubleshocting a malfuncticrning fuel
quantity system. All cables were received from Altus Air Force 3ase, Oklanhoma
and have been immersed in jetr fuel (JP-4) for over 10 vyears.
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terminal is connected to the Zuel probe capacitor element (high-Z oz

high impedance signal). Qeve* 1 probes are paraliel connected by placing Lwo
shielded signal wires in each high-Z terminal. The shields of each high-2Z
wire are connected to ground (black wire) by a solder splice approximately 8
to 8.5 mm from the terminal {(Figures 1 and 2). A description of tZhe received
cables is given below:

Cable splices received for analysis are shown in Figures 1 and

Sample Aircraftc Description Location rield
Number Number ) Problem
1 4523 Loose splice, Aux. tank #3 Low

two Probe 2 resistance
shielded wires (330K}
2 453 Loose splice, Aux. tank #3 None,
one Probe 3 goed splice
shielded wire
3A-3D 454 Complete Main tank #3 Low
' harness, four splices resistance
four high-Z in cable
terminals

Visual inspection oI the splices identified a brown-black residue on the
exposed conductor strands and insulation near the 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-time

radiography to locate shorts in the wiring. No anomalies were found in the
radiography inspectiocn.

The splice insulation resistance between the terminal and ground was
measured with a HP329A High Insulation Resistance Meter at 50 wvolts dc and
evaluated with a Tektronics 576 Curve Tracer. Results are given below at 43
percent relative humidity and a room temperature of 23°C:
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Sample Insulation Curve
Number Resistance (Q) Tracer Results
50 vdc after 1
minute
1 1.5x107 70nA @ 1v=14MQ,unstable 100na

@ 1v=100MQ,unstable
100A @ 50=7MW,unstable

2 1x1012-3x1014 1nA @ 50=50x1022Q,stable
Sample Insulation Resistance of Cable
Number {terminal to ground)
50 vdc after 1 minute (Q)
Intact Cable Splice 3C removed | Splice 2B remcved
:A 350K” 4M, stable 5x1010, stable
3B 350" aM, 5M, unstable
unstable separated Ircm
the cable
3¢ 350K” 275K" separated
unstable from the cable T
3D 350K" 1x1011, stable 1.5x10%%, stable

* . B - '
measured with an ohmmeter due to the low resistance.

Splices 1, 3B, and 3C were below the minimum specificacion reguirement
of 30M(2. Low resistance connections were unstable and would change value if
moved. Humid air applied to low resistance splices reduced the resistance by
an order of magnitude with a 10 vdc potential. Terminals with only one signal

wire (samples 2 and 3D) were well above the 230MQ minimum and stable
measurements produced.

The insulation tubing covering the solder splice of sample one was
removed (Figure 5). Black residues were noted on exposed copper areas.
Solder was partially dewetted and a blue-green material was fourd on the
splice connection (Figure 5). Separation of the two signal wires increased

the insulation resistance to 4x1033Q at 50 vdc. Removal of the crimped
terminal connection and separaticn of the two signal wires showed a continuous
residue path on the insulation between signal conductors and the exposed
shield conductors (Figures 4 and 6). Note the brown-black residue streak
along the inside of the two wires. The residue was not dissolved by water,
isopropyl alcohol, ammonia hydroxide, or acetone. Removal was possible by
using a dry cotton swab.

Materials associated with the splice were analyzed using Fourier
ransform infrared spectrometry {(FTIR) to identify composition. The results
below agree with the submitted specification sheet material description (MIL-
C-27500/22ML1T08). No solder flux residues or sulfur containing materials

were found using X-ray fluorescence and mass spectroscopy.
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Identified Compounds
Splice shrink tubing polyvinylidenefluoride,
Figure 2 no sulfur
Blue-green material polyvinylidenefluoride,
Figure 5 no abietic acid (solder flux)
Wire insulation over polyvinylidenefluorice
the shield
Clear insulation on polyvinylidenefluoride
the primary wire
insulation
White wire insulation polyethylene based material
Figure 6
Black wire insulation polyethylerne based matarial
Figure 2

Splice sample one was examined using a scanning electron microscope
(SEM) with elemental X-ray analysis. A SEM backscatter microgrash oI the
residue streak on the wire insulation is shown in Figure 7. In backscatter

mode the higher the atomic weight, the lighter the image. The residue streak
appears white in Figure 7 since the residue materials are a higher atomic
weight than the insulation material. Two elemental X-ray maps of the residue

streak are shown in Figures 8 and 9. The X-ray maps identify the residue as a
copper and sulfur compound and show its distribution across the wire
insulation surface. The highest concentration of copper and sulfur coincides
with the residue streak (Figure 9). A close-up of the residue is shown 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 terminal crimp
wiring has cracked and exposed the copper substrate as shown in Figure 12.

The exposed copper contained high levels of sulfur.

A 50ml sample of JP-4 submitted by the customer was chemically analyzed
and found to contain 277 ppm of sulfur. For JP-4 the maximum sulfur level is
4000 ppm.

DISCUSSION

Three of the six inspected splices exhibited insulation resistances
below 30M between the high-Z connection {(terminal) and ground (shield). 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 e trapped in between 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 mest 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 isclated connections (Reference WL/MLS reports 90-1, 90-25, and
92-47) .

The possibility of replacing low resistance splices on existing cables
was explored. The shield insulation was removed and solder was applied to the
conductor braid. Due to oxidation and fuel contamination, proper wetting of
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 1s a semiconductive material that
can be made highly conductive if moisture is applied to the film. Cables that
appear to heal themselves, or are intermittent, may be due to varying levels
of moisture in the fuel tanks.

7/

GEORGE SLENSKI, Team Lead
Materials Integrity Branch
Systems Support Division
Materials Directorate
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Figure 12. SEM micrograpn of the tin coacad copper wirs in the
crimp terminal. Note the cracked tin coacting {(lighter arsa,; an
the exposed copper which contained high lesvels of sulfur
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Analysis Of Trainer Airxrcraft Fuel Probes I

March 1990

PURPOSE

Determine the cause of the submitted fuel probe failures and if there is
evidence of electrical arcing in the assembly.

BACRGROUND

Testing and analvsis were conducted on two ailrcratft fuel prokbe sensors.
The probes, serial numbers W-132 and N-230, were identified as field Zailures.
A third sensor, serial number EC448, was a new unit used for comparison.

Field personnel reported the failure mode cf the N-220 proke was an
inaccurate fuel level readout. After removal from the aircraft, on-site
visual inspection showed signs of an electrical short to the compensator
housing with discoloration and possible arcing on the bottom oI the
compensator. W-13 was shipped with N220 and exhibited the same reporzed
failure mode.

A new probe was ordered, serial number 20448, which arrived in a vacuum
sealed package. This probe was used as a refsrence to assess the condition of

the field failures.

The following information was obtained from the probes:

Returned Unit 1 Returned Unit 2 New Unictc
NSN: 6680-526-7186 Unmarked 6680-526-7185
MFR: FG131B2 FG121B2 FG1l31i2Z2
Series: X4 1 4
Serial No.: W-13 N-230 EC448

Nomenclature: Tank Unit, Fuel Quantity

It must be noted there are design differences petween the W-13 and the
N-230. The W-13 unit eliminated most of the wire in the active pattern 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 probe. The
unit E0448 was identical in design to W-13 unit.

Method 0f Operation

The fuel probe determines the fuel quantity by measuring the capacitance
between the outer and inner slectrodes. Capacitance is a function of the
dielectric constant which varies with the volume of fuel and air between the
electrodes. The tubular inner electrode has two electrically isolated
conductive patterns. The small pattern i1s used as a protective circuit and
the large pattern is used to measure the capacitance of the mixture and is
often referred to as the active pattern. The design of the probes is 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, E0448, 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 fournd to
be primarily carbon deposits. A melted area (Figure 10) on the nylon
compensator represents an arc path to the inner electrode., The shielded krown
compensator wire was also tarnished under its clear insulation (Figurs 11).
The outer electrode terminal was also tarnished. This tarnish was analyzed
and found to be copper sulfide, CuS. Resistance measurements were made
between the connector termirnzls and ground. Insulation resistance measured
0.5x10™" and 2.5x10" ohms at 10 and 50 volts, respectively. 1
well within the limits of ths new unit, EC4423. Continuity zests revealad no

anomalies.

N-220 Analysis

The N-230 probe was disassembled and revealed black residue throughout
the unit. The inner electrode tube, compensater wiring supporz, the nylon
supporting strip, two compensator electrodes, and the brown wire solder joint
were covered with a thin coat of black residue (Figures 12, 13, 14, 13, and
16). The nylon compensator cap also had a small area that appear=sd to have
been melted (Figure 17). Clearly this unit experienced a fire of scme
magnitude. Chemical analysis showed the black residue was carbon. The N-23
unit showed a 3.26k ohm low resistance path between the inner probe (termina
C) and ground (exterior case). An intermittent reading of 6.2k ohm was
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 needed to
ignite residual fuel. ’

0

DISCUSSION

The W-13 probe was submitted to MLSA because of improper fuel level
indications and a reported short. Subsequent testing of this unit 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 nylon
sSpacer 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. An 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 readings.
Subsequent electrical testing most likely produced an arc in the internal
probe wiring which removed the leakage current path. An electrical arc, while
in the fuel tank, would have caused considerably more damage.

N-230 was submitted with clear physical and electrical damage. An
electrical short in the unit, when tested outside the aircraft, may have
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 ignite
fuel. If any fuel remained in the probe after removal and was present 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 exist

000236



in this unit but it is not clear when this path developed.
occurred on the aircraft or during testing.

It may have

Materials degradation of the fuel probes occurred due to normal aging

and direct chemical reactions with the fuel.
the potential for electrical shorts and arcing within the probe.

PREPARED BY:

GEORGE SLENSKTI,

Team Lead

Materials Integrity Branch
Systems Support Division
Materials Directorate

This deterioration can increase
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FIGURE 9. rFuel Senscr cable blackening, K-329,
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Analysis Of Trainer Fuel Probes II

May 1992

PURPOSE
Identify submitted fuel probe failure mechanism.
FACTUAL DATA

Four fuel probe assemblies were submitted for analysis between January

and March 19%2. The probes were removed as defective units during maintenancs
on aircraft fuel quantity systems. MLSA was requested to identify the fuel
probe failure mechanism. 2 cravious MLSA evaluatiocn regorz, WL,MLI 20-2%,
identified electrical arcing in a failed T-37 fuel probe. The parts received
for analysis and their history are given below:
Probe Nr Serial Nr Date Code Problem Repcrz-ed

1 D-42 19656 "Shorted"

2 W-11 After 19737 N/A

3 K-123 N/A Failed Bench Test

4 C-53 1967 Low Capacitarce

4

A representative probe is shown in Figuxr
the various probe compcnents and electrical wi

=
=
>
L

and an 1llustration showin
ing are given in Figure 2.

In the majority of cases, each probe exhibited black/gray residues 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 one
exhibited a low resistance path of 15K between Terminal C (commen lead) and
the airframe attachment point (ground).

Probe capacitance was measured at 1KHz between two terminals 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 specification
requirement between Terminals C and A. Probe number one exhibited a
capacitance 23 percent higher than the specified value between terminals A and
B. This unit was received partially disassembled and was reassembled for
electrical testing.

Each probe was disassembled and examined for surface residues or other
anomalies. All probes exhibited black/gray residues on internal component
surfaces in similar locations. The residues appeared to follow a path from
the inner compensator electrode wiring to the nylon compensator support cap
and 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 1K 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 (3SEM) with energy 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 (Figures 14
and 15). The bottom active pattern inner electrcde connection of probe number
one was removed (Figure 16). A 20K resistance was measured between the green
wire (terminal C) and rivets {(ground) using an ohmmeter. This represents the
low resistance path initially measured on probe number one. EDXS identified
sulfur and copper in the residue area (Figure 17). Probe number two exhibited
black/gray residues at the top inner electrode connection (Figure 18). Note
that a coating i1s partially covering the connections. ELDXS of the rssidue
identified sulfur, silver, and copper. Residues were also noted on the inner
electrode contact rivets (Figure 19) associated with the wires in Figure 14.
The residues formed at cracks in the coating covering the connections. Probe
number three exhibited a black residue streak associated with the top active
inner electrode terminal (Figure 20). A summary ©f the elementcz
results for various probe components and residues is given in F

al aralysis
igure 21.
Electrical resistance of the residue streak noted on probe number three
(Figure 20) was measured using a four-point proke method. A 1.0 mA current
was injected between two probes separated 10mm apart in the residue. A 13.2
volt drop was measured giving a 13.2 K resistance. Small scintillating arcs
were noted as the current was increased to 5mA. Several drops of JP-4 were
placed on the residue, the current was reapplied and arcing 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 15.1K using the four-
point probe method (0.87mA at 13.2V). The current was raised until arcing was
noted at 7mA and maintained at 10mA. The resistance increased to 100K after
injecting 10mA. The 10mA exceeded the current density of the residue and
formed damage sites (Figure 22). The residues on the submitted prores did not
exhibit the current induced damage sites noted in testing.

Tests were conducted in order to study electrical arcing in Jp-4 fuel.
Two silver plated copper wires were immersed in 10 ml of JP-4. The wires were
connected to a 40 volt D.C. power supply and current limited to 400maA. Arcin
was induced on the wires in and just above the fuel. The fuel was ncc
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.

DISCUSSION

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 arcing 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 10mA). 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. This
indicates the residues were not subjected to high voltages or currents. It is
possible the probe field tester used could supply enough power to cause
arcing.

All probes exhibited conductive (1-1008) black\gray residues on the
compensator electrodes, inner electrodes, and exposed terminations and wiring.
The resistances of the residues were well below the 40 M required between the
terminals and case ground. It is possible probe leakage currents produced by
the residue paths are sufficient to cause variances in capacitance readings
and system malfunctions. The residues act as a thin film resistor that will
rupture and open if significant current is passed through the material.

Residue formation is most likely the result of a long-term degradation

or corrosion process. Exposed silver plated copper wiring and other silver
containing surfaces (electrodes) are apparently reacting with the sulfur in
the fuel. This deterioration process is most likely time dependent and, as

the probes age, more probe failures can be expected. Probe residues consisted
of silver sulfide and copper sulfide. Analysis consistently decected silver,
copper, and sulfur in resicdue areas and only sulfur outside the residues.

PREPARED BY:

G

GEORGE SLENSKI, Team Lead
Materials Integrity Branch
Systems Support Division
Materials Directorate
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Figure 22. Rupture area in residue film after applying 10ma
across material. This damage is typically seen when the currsnt
density of a film is exceadad.
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Faerac
H| OVERHAUL MANUAL G- Uror

FGsC
FUEL QUANTITY COMPENSATOR

ASSEMBLY. Paragraphs 6A to 6B(5).

o

A. General.
(1) Item numbers refer to the exploded view, figure 101.

(2) Refer to the wiring diagram, figure 501, for leadwire location. The diagram shows
- the FG6C1 Compensator, but applies to all models and series of the compensators.

B. Assemble Electrodes.

(1) Install items 23, 47 through 50, and 53 if they were removed during disassembly.

(2) Carefully feed leadwires through the holes of support (48) as it is placed into tube
(53).

(3) Insert three spacers (43) and six spacers (45) into the holes provided for them in
tube (55). Carefully slide the inner electrode (44) over spacers (45) unul the slo*-
are alined with spacers (43). .

(4) Insert insulator (37) into the hole of tube (35) and aline with slot of inner electrode
(44). Insert two spacers (43) into holes at the two remaining slots. .

(5) Carefully slide the center electrode (35) over spacers (43). Aline the hole provided
for screw (36) with insulator (37).

BLUE UNSHIELDED LEADWIRE A2
W2 (TO INNER AND CUTER £LECTAOSE
GROUND (SHIELD)
oz ER ELECT
INNER ELECTRODE OUTER ELECTRODE
\\\ \ CENTER ELECTRCDE
\\ T ya _
_______ 't'l‘__._’_""___- A ! T

N B Hi
\ '
BLACK UNSHIELDED LEADWIRE /A LeADWIRE ! |
TO MOUNT TUBE) SUPPORT . - :
WHITE SHIELDED LEADWIRE
TO CENTER ELECTRCOE)
NOTES:
% USE MIL-W-18878/5, NO. 22 AWG SHIELDED INSULATED LEADWIRE. :
USE MIL-W-14878/5, NO. 22 AWG UNSHIELDED LEADWIRE,

J.  FG&CI CONFIGURATION SHOWN.

LITSTTTY T
A Beet

FG6C Fuel Quantity Compensator - Wiring Diagram
Figure 501 28 40 13
Page 501
Apr 15772
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OLEING

Boeing Commercial Airptane Group CHLTE oy O

b

PO. Box 3707
Soattie, WA 081242207 &

Oclober 30, 1997
B-B600-16281-ASlI

Mr. Robert Swaim, AS-40

National Transportation Safety Board
490 L'Enfant Plaza S.W.
Washington, D.C. 20594

Subject: Center Wing Tank Probe Inspection/Rework

Reference: a) Telecon Boeing/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/Wiring inspections and
items that the NTSB noted were important to include.

Summary of 747 Center Wing Tank Probe Inspection/Rework

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 wining 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/replace/rework probes with Series 3 terminai
blocks and wiring attached to those probes

e For R0O001-R0068, R0O501-R0506 recommend replacement of
center tank wire hamess. These airplanes have been identified
as delivered with probes that had Series 3 terminal blocks,

« For all airplanes, it the fuel quantity probe has a Series 3
terminal block, replace probe with a probe that has a Series 4

000250
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terminal block and reterminate wires to affected probe or
replace Center Tank FQIS Wire Hamess

» Utilize maintenance manual and ATA 20 instructions for
probe/wiring replacement/rewark,

Inspaction 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).

¢ Retemminate wiring to terminal block if wire is damaged.

« Reroute wiring lo 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 resistancs test of the
Center Wing Tank wiring. This test can be performed without entering the
tank:

e Conduct a low voltage insulation resistance test of the in~tank
FQIS wiring utilizing approved explosion proaf equipment.

= i this test fails, troubleshoot the failure per the approved MM
procedures.

Estimated release date far 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 ba included in the Service Bulletin:

1) In regards to the retemination of the wire - a strong statement
needs to be made in the SB that "only thase repair procedures
relating to the repair of ATA 28 in-tank FQIS wire may be utilized
and that wire repair procedures for other wira 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 procedures. 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.

000251



FPOIM (AR SEFETT IKr) TO 3 2023146343 1997, 10-30 15: 00 #9122 P.B34/04
Boeling Commercial Alrplang Group e A
PO. Box 3707 Cojs Ty TRC TR
Page 3 Sealtia, WA 08124-2207 N ‘
Swaim g 2 -0 T
B-B600-16281-ASI|

2) Include reporting requirements on the findings of the probe
replacement and repair. The NTSB specifically requesied lhat we
try to get removed hamesses and probe wire terminations. They
also requested that we add a request to report the results of the
insulation resistance lest - the pass/fail values and what was done
to fix the airplane.

3 3)  The NTSB also asked that we include data collection on any
BOEING problems and rework required for Serles 4 tenminal biock probes.

If you have any further questions, please do not hesitate to contact me at
any ti
P

Fon

' John W. Purvis

. 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

CC  Mr. Al Dickinson, lIG

| 000252
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‘October 14, 1997
B-B600-16270-AS|

Mr. Robert Swaim

National Transportation Safety Board, AS-40
490 L’Enfant Plaza S.W.

Washington, D.C. 20594

BOEING 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.

Very truly yours,
dohn W, Purvis

Director, Air Safety Investigation
Telex 32-9430, STA DIR FURVIS
Phone (425) 237-8525

Fax (425) 237-8188
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STANBARD PRACTICES Afpaval.

Al 74006t PARA 3. |S SHowA EaR AAMING A SHIELOED WIRE SPL€E,

THE PRIMCIPLE 2E USING AN UNINSUATED spuice ConNECTING yo YHE

SHrer) 1S ALPLICABLE PrACHING A PIETAIL _LEAD To A SHIECD

N7 A SHIED TERMINATr0 07,

PA@A 3.T. JMDICATES PRoTECTION USinG TEFLON TAPE_AS. A CPVEAINE

PAD  TYIne HE TAPE &x0S,

FROM: 7{8« (RAYCRAFT
FAX: &1 & - E9- /777
PHONE: £76 - §8/ - 46/ 2

=i
TRANS WORLD AIRLINES
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ELECTRICAL & ELECTRONIC STANDARD PRACTICES

3. Istallation - Single Conductor - Alternate Method No. 2

A. An alternate method of splic(‘)uég single conductor, single braid shielded
cables as shown In Figure 206.

B. Check that all items are in relative position shown on shielded lead
;nddmakn splice connection of lead to aircraft harness shielded
ead.

c. Position 3/16 SCL shrink tubing (grey) over joined splices and shrink
with thermofit gun (apply 300 to SO0 F. heat).

0. Position 1/4 RNF shrink tubing (white) over previously shrunk 3/16
SCL and shrink.

3/8 SCL Shrink Tubing (RED)

3/8" Bonding /

rm——a e . —— e —

3/16 SCH Shrink
Tubing (Grey) Shown
Heat Shrunk
Phantom View)

E. Join shielded lead shields at splice: and position 3/8" bonding over
joined area. (See Figure 207.)

z—4___-—3/8 scL
]

3/16SCL & RF#8 Shown Shrunk
and 3/8" Bonding in place

“00025'7

T e Shield Spliced
=~ Hay-20/81 : e
- aay-20/81 Figure 207 20-51-04
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ELECTRICAL & ELECTRONIC  STANDARD PRACTICES

F.  Position 3/8 SCL shrink tubing (red) over 3/8" bonding and joined
area and shrink to a form fit. (See Figure .208.)

NOTE: Tube shrinkage is not complete until material has pressed
out of filled all voids and tubing ends close in firmly and
completely around the conductor outer jacket for a moisture

tight joint. '

3/8 SCL Shown Shrunk over
3/8" Bonding and Joined Area.

Final Sealing of Splice
Flgure 208

6. Join each of the applicable unshieided leads to corresponding aircraft
harness lead and shrink the 1/4 RNF shrink tubing, (white), supplied,
aver the joined area,

H.  Approved alternates for shielded lead knife splices.

(a) Uninsulated splices may be used in place of kmife splices
using the same irisulation procedure outlined in Figure 206.

(b} Pre-insulated splices may be used in place of knife splices.
When this type aplice is used, only the 3/16 SCL thermofit
is required over the splice. An un-insulated splice must
be used for the shield. Ref. Figure 206 insulation procedure.

I. On the engines or other high temp areas use high temp splices.
Insulate shielded lead splice with two layers of TFE #8 thermofit.
The 3/8 SCL thermotit used over the bonding must be covered
with Teflon Tape (TWA 41-2399), Tape must be tied at both ends.

J. On circuits which may have short sections unshielded due to
location, an alternate method of splicing auch as the following
may be used.

a) Splice wires and shielding with pre-insulated splices,
stagger the splices. No bending or thermofit is required
with this installation.

' 000258
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October 2, 1997
B-B600-16259-ASI

Mr. R. Swaim, AS-40

National Transportation Safety Board
490 L’Enfant Plaza, S.W.
Washington D.C. 205384-2000

Subject: FQIS Wire Shielding, TWA 747-100 Accident near Long Island,
N.Y. 17 July 1996

Dear Mr. Swaim:
The following question was raised relative to shielding of FQIS wires:

Was there a shield over the Hi Z and Lo Z FQIS 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 FQIS 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

000259
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confirms that it did not have this shielding. There was no retrofit action for
airplanes delivered prior to line position 244.

The 747 FQIS wiring within the Flight Engineer’s Panel (P4) was revised to add
a second shield over the Hi Z 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
L EINL Auantity gage readings caused by EMI 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 FQIS 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

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

cc:  Mr. Al Dickinson, lIC

Encl: As noted 2 pages
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TWA 800
Description of Lighting Systems Wiring Adjacent to FQIS CWT Wiring

Refesence attached drawings pages 2 through 4.
Pag=2: (A) Lighting transformer T110 supplies potver to window ligits in the STA 950 area.

Page3: The porver line from transformes T110 (B1) is spliced to the wire bundle W1300 at (BY). The
spedific wire that is adjscent to FQIS wiring is indicated & (C). Ballast moduch9303(5TA950L:sa
dral lanp arrangement a< shown at (D).

Page 4: The ceater wing tmk FQIS wirc hamess *W480° is shown at (). This bundle is 3 continuous run
buadie from P4 panel ( {light engincers station) 10 the CWT rear spar where it is connecied 10 the intank
System ai connector DM127,

Page 5: In this section of the airplanc, the FQIS bundle *W480" runs down the sidewall at (H) ref. sta

920. At point (G), the lighting wire (W1300-L.2282 page 3 (C)) is tapped off the main bundle running
boriznatally and is routed with the other bundles funning venically down the side wall. At point (F) the
wire is taken back out of the vertical run and is routed over to the lighting module connccted to D229P.

The entire ron of the FQLS bundle has been examined from the P4 (flight engincess station 1o the CWT
rear spar to determine if any lighting wires are adjacent. This is the only case found were they do.

Pags 6: The instailation of 2 dual lsmp semp for window lights is shown at (). (K1) indcates the
shipside conpector, in this analysis casc D229P. ‘The modulc is located at (K2) with the wiring
connccling to the second lamp shown st (K3). Note that the connection for the second lamp is routed
directly to &t from the adjacent window where the module is mounted The wiring from the ballast to the
lamps i< not ronted with the FQIS bundle.

RB. P — }Z,e;,,% 6\3 wees
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Boeing Commercial Airplane Group < ‘{ S TEM < FA(‘F"L[ Al

N e, YT
PO o 2707
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Soatte, MA 381012207 AT/; 7 ’(: - L

April 4, 1997
B-B600-16087-ASI

Mr. R. Swaim, AS-40

National Transportation Safety Board
490 L'Enfant Plaza, S.W.
Washington D.C. 20594-2000

Subject: Wire Routing, TWA 747-100 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: (A) Lighting transformer T63 supplies power to ceiling lights in
the STA 360 area.

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.

gk Raeewerd
Page 5: In this section 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
[W1360-L.1892 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.

000269



Page 2
Mr. R. Swaim
B-B600-16087-AS|

Page 6: The dual lamp setup of the ceiling light fluorescent fixture with the
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 the
ballast to the lamps are routed locally within the fixture.

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

Very truly yours,
LT ES YL
- e John W. Purvis
,/ Director, Air Safety Investigation

Org. B-B600, M/S 67-PR

Telex 32-9430, STA DIR PURVIS
Phone (206) 237-8525

Fax (206) 237-8188

Enclosure:  As noted, 5 pages

cc: Al Dick»inson, IC
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