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C .  SUMMARY 

On July 17, 1996, at 2031 EDT, a Boeing 747-131, N93119, crashed into the Atlantic Ocean, 
about 8 miles south of East Moriches, New York, after taking off from John F. Kennedy International 
Airport (JFK). All 230 people aboard were killed. The airplane was being operated as a Code of 
Federal Regulations (CFR) Part 121 flight to Charles De Gaulle International Airport (CDG) at Paris. 
France, as Trans World Airlines (TWA) Flight 800. 

A Systems Group met on August 19, 1998, to examine fuel quantity indicators (indicators) from 
the reserve fuel tanks of the accident airplane (tanks 1R and 4R). The group again met on January 1 1,  
1999. to examine the gross weightitotal fuel weight indicator (totalizer) from the TWA flight 800 wreckage.' 
The electrical connector from the CWT indicator was also examined during the meeting of January 1 1.  

The Safety Board worked with the Boeing Engineering Quality Analysis Laboratory to examine 
two B-747 fuel quantity indicators on October 28, 1998. The inoperative indicators were not from the 
accident airplane and had been provided by an airline after maintenance personnel noted that the parts 
had an acrid burned smell. 

The Systems Group obtained documents pertaining to the FQIS and indicator failure history and 
failure modes and the records included the number of spare part (transformer) shipments made by 
Honeywell and a transformer manufacturer. The search for documents about fuel quantity indication 
system (FQIS) problems also found Boeing Document (D3-11796-l), dated July 31. 1980, and titled 
KC-135 FUEL QUANTITY INDICATING SYSTEM FAILURE ANALYSIS. The report stated that a 
KC-135 aircraft experienced a ground fire in the aft body [fuel] tank, that a possible ignition source was 

' The flight engineer station instrument is described in the Trans World Airlines 747 OPERATIONS MANUAL as the 
GROSS WEIGHT/TOTAL FUEL WEIGHT INDICATOR. An illustration in the manual shows the indicator with GROSS 
WT as an upper digital display and TOTAL FUEL WINDOW as the lower display. The group referred to the instrument by 
the reference "totalizer indicator" that Honeywell provided in the FUEL QUANTITY INDICATING SYSTEM 
MAINTENANCE DATA document (or as "totalizer"). 
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believed to be associated with the fuel quantity probe, and that the manufacturer of the KC-135 FQIS 
had been Honeywell. An Air Force engineering assignment tasked Boeing Military Airplane Company 
(BMAC) to perform the failure analysis. 

D. DETAILS OF THE INVESTIGATION 
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COMPONENT EXAMINATIONS 

RESERVE INDICATORS 

The group examined two reserve fuel quantity indicators at the Honeywell laboratory in  
Minneapolis, Minnesota. The data plates on the indicators had the following markings: 

#1 Left Reserve Fuel Quantity Indicator 

SPEC NO. 60B92010- 1 
MFR PART NO. JG603C4RG 1006AAO 1 
SERIAL NO. Q-150 

TWA PART NO. 34127 
SERIAL NO. Q-150 

#4 Right Reserve Fuel Quantity Indicator 

SPEC NO. 60B920 10- 1 
MFR PART NO. JG603C4 
SERIAL NO. A-19 

TWA PART NO. Not Readable 
SERIAL NO. A-19 

Both Reserve Fuel quantity indicators exhibited signs of corrosion and the indicator faces were 
missing. The electrical connector from indicator A-19 was pulled out of the case and the interior was 



exposed. The case of' indicator Q-150 was split at the mechanical section. The indicator cases were cut 
off and the circuit boards inside were found bent and cracked. Both indicator circuit boards were 
removed and cleaned. 

The circuit boards in indicator A-19 were put into an operable indicator and the indicator worked 
properly during the bench test. except the indicator could not be calibrated. Capacitors C6 and C7 were 
noted to be missing from the bridge card during the bench check and a review of the photographs 
sho\ced that C6 and C7 were niissing u.hen the indicator was disassembled. Evidence of impact damage 
\\as found in the area. The missing components were in the control circuit and the group agreed that the 
calibration problem \cas due to the missing components. 

The schematic (C 13386AA02) pro\.ided by Honeywell for the examination shows that connector 
pin I 1  pro\,ides an airframe ground through capacitors C6 and C7. The I-Ione!.well representative noted 
that \\ ithout this ground the capacitance circuit would create a low indication and that operation would 
be affected. 'The bench test indicated a zero value of 188 picofarads (pf') and full value of 362 pf. with a 
calibration error of 30 pf. The group agreed that indicator A-19 appeared to 1iaL.e been able to function 
prior to thc accident. The circuit boards \yere then removed from the sample indicator. 

'The amplifier circuit board from Indicator Q-150 had impact damage to the C5 capacitor and Q4 
transistor and both damaged components were found in the case. Both components were replaced and 
the circuit boards \\,ere soldered into the sample indicator used to test the components from indicator A- 
19. The unit  could not he calibrated during bench tests; with the zero fuel indication at 185 pf and full 
indication at 41 3 pf. The calibration errors \vue 32 pf at zero and 51 pf at full. The group agreed that 
indicator 0- 150 appeared to h a i ~  been able to function prior to the accident and then remo\.ed the circuit 
boards trom the sample indicator. 

~ [ . l ~ ~ \ l < - l ) O W N  O F  (;ROSS WEIGHT:/TOTAL FUEL WEIGHT INDICATOR (totalizer) 

The totalizer \vas recei\.ed tvithout extensive distortion of the case. the glass niissing from the 
cast'. and a puncture in the top surfax. At the face of the indicator. the GROSS WT display on the face 
0 1 .  the indicator \\.as hctnwn 587.0 and 588.0 .  The TOTAL FUEL display digits \vex between 169.0 
and 170.0. When touched \\ . i t l i  a finger. the digits would slightly rattle. but did not change \dues.  The 
set knob \vas bent downward and away from case center. The front bezel was loose and hanging from the 
k11ob. 

The group found hand-lkritten black ink spelling "TWA#34 134" and orange ink-stamps spelling 
"\IFD (illegible)9." and "MAY 196( illegible)." The accident instrument had an outline of ad1iesiL.e in 
the saiiie area and shape as the data plate found on a sample instrument. Markings were found imprinted 
i n t o  the case and \\ere in the same orientation as those on the sample. but the markings on the sample 
\\ cre not imprinted into the case metal. The markings were: 

.A iiicxtireti1ct1t of electrical capacitance 
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For the sample instrument fields: 

STOCK NO. SPEC NO. 
MFR PART NO. SERIES SERIAL NO. 

[NOMENCLATURE] 

For the accident instrument markings: 

60B92010-5 
JG613C1 5 A- 8 
INDICATOR, FUEL QUANTITY AND GROSS WEIGHT 

The upper two case screws located above the totalizer connector were found with space beneath 
the screw-heads and with visible thread. The forward (as installed) screw has a safety wire tab and gap of 
.06 inches. The aft screw has a .04 inch gap and is slightly tilted. Three of the case screws, including the 
two with visible thread, were loose. 

The electrical connector of the indicator was received mated with the airplane side of the 
connector and slightly less than a foot of airplane wiring. The airplane wires were found to have the 
following pin orientation: 

CONNECTOR 
PIN # 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

WIRE 
NUMBER 
W 186-Q608 
W 186-Q638 
W 186-Q623 
(Plugged) 
W 186-L914 
W 186-L9 I3 
W 186-Q753 
W 186-4743 
W186-Q613 
W186-Q618 
W 186-Q628 
W 186-Q633 

DIAM (in.) w/ COPPER DIAM. 
INSULATION w/ NO lNSULATION 

.053 

.052 

.052 

.052 

.053 

.042 

.052 

.050 

.052 

.052 

.052 

,030 

.038 
,038 

The aircraft wire insulation measured about ,007 inches thick and after stripping the wire ends, 
the wires were taped to a paper next to the associated pin numbers. All external wires were marked 
W42A/1/1/20. except for W 186-Q753, which was marked W42A/1/1/22. The resistance between pairs 
of wires was checked with a Fluke 77 Multimeter (measurements attached). 

The connector was opened without difficulty and two pins from the indicator remained with the 
red rubber grommet of the connector. The pins were from location numbers 9 and 12. that the electrical 
schematic provided by Honeywell shows for tanks one and four, respectively. Small bits of material fell 
from the opened connector area and under 1OX magnification the material contained both gray, black, 
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and red particles. The red particles were approximately the same shade as a o-ring found inside of the 
connector. 

A break-out connector was attached to the instrument and the continuity across most of the 
instrument pins were checked with the Fluke 77. Those values that were beyond the capability of the 
Fluke 77 multimeter were measured with a Multimeter of (maximum) 2.8 giga-ohm capability 
(Hewlett-Packard Model 3457A, found with the Fluke 77 to have an output of 1.45 volts at 11 
megohms). In each of the electrical measurements, the lowest resistance found to CWT pin 3 was .85 
mega-ohms, in separate measurements to both the transformer and to pin 4. The CMM circuit diagram 
shows resistors between pin 3 and the case ground of (maximum) 739.000 ohms, although the 
Honeywell Overhaul Manual (October 1, 1982) indicates that the resistance between pin 3 and ground 
should be approximately 439,000 ohms maximum. 

The case was cut open and the gear from the rebalance potentiometer (pot A1 R1) fell out of the 
case. The servo motor was loose, rusty, hanging by the wires, and tlie shaft \\oiild not rotate under light 
finger pressure. The case contained dried adhesive around tlie calibration resistor screw port. The 
rebalance pot (A1 Rl)  was found loose and hanging by the wires with the aft portion of the case 
separated and skewed. The transformer was found loose, with the mounting bracket broken at the 
forward edge of the core. The gray and brown wires were separated from the transformer body. A 
white/black wire was found loose behind the transformer, but a mating attachment point was not visible. 

Although found electrically open (not in contact), the soldered internal side of connector pins 3 
(CWT) and 11  (from tank 3) appeared to be touching and paper could not be slipped between the 
contacts. Slowly increasing voltage from a controllable source resulted in current flow (limited to .5 
milliamperes) at a reading that was between the 250 and 300 volt graduations. The test was repeated 
three times. Post-test inspection found that the crack between the solder connections had opened 
slightly, but the crack was still less than half the width of a wire of .011 inch diameter. 

The Honeywell Component Maintenance Manual (CMM) shows that the printed circuit card 
nearest to the external electrical connector was card A-2 and that it contains eight adjustable (variable) 
trim resistors. The circuit card was found slightly warped around tlie hole for the wire bundle, but 
generally intact. The A-2 card has 4 colors of trim resistors with 1968 and 1986 date codes. (Component 
manufacturer BOURNES provided the date codes.) The following observations 
components on the card: 

ere made for 

The R1 trim resistor was brown. 

The R5 trim resistor was green, marked: 
10025148-144 [IRC Company part number (p/n)] 
6837 [date code] 

The R9 BOURNES trim resistor was blue and marked with the following markings: 
RJ22C W 104 
MADE IN MEXICO 
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8626M [date code] 

The R12 trim resistor was black and marked: 
10025 148-147 

The R14 trim resistor was black and marked: 
M 175PCT204A 
200K 
CTS 2968. 

The R16 resistor was black and marked: 
M 175PCT204A 
200K 
CTS 2968. 

The R l 8  trim resistor was black and marked: 
M175PCT504A 
500K 
CTS6838. 

The CMM indicated that the R20 and R21 resistors were installed in series in with 
connector pin 3, attached by airplane wiring to the center wing fuel tank compensator LO-Z. 
The R20 resistor was green and marked "6837." 

The A-3 printed circuit card was found tilted with the (as installed in the aircraft) forward 
side displaced about 1/2 inch toward the connector. The circuit card u-as more extensively 
damaged than the A-2 card. The following was found on this card: 

The CR4 was found lifted at one end and separated from the card at the C 1 end. 

The C1 capacitor was found marked: 
CKOGCW 103K 
2 0 0 v  
E8133 [date code] 

The C2, C3, and C7 capacitors were not flush with the circuit card. The C2 and C7 
capacitors were in a warped area of  the circuit card and the area of the C3 capacitor was flat. 

The C4 capacitor visually appeared cracked at the inboard lead. 
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The R2 resistor was found broken. 

The R5 resistor was found cracked. 

The R10 (FW55C1402F) resistor was loose at one end (area of  damaged circuit card) and 
separated from the card. 

The Q4 transistor was found rusty and rust was on the surrounding components. 

EXAMINATION OF CWT INDICATOR CONNECTOR 

After examination of the totalizer found the near-contact of solder at pins 3 and 11 (previous 
section), the connector from the CWT indicator was examined. The solder connections for the internal 
wires were found to have been had been previously removed by melting the solder for disassembly. 

On the green encapsulated surface of the connector, an iridescent sheen \\.as found between the 
center pin and pins 2, 3, and 4. The Maintenance Data Operations and Flight Data Manual (page 7 .  fig 2) 
shows the center connection to be from the shielded HI-Z. The iiigure shows pili 2 attach to the tank unit 
LO-Z wire (then to the refuel door switch and the aircraft press-to-test switch). pin 3 connect to the 
COMP LO-Z, and pin 4 connect to the 5V ground and aircraft frame. When electrically tested with a 
high resistance multimeter (HP Model 3457A), between all pin combinations. the readings were all 
greater than the measuring range of the meter (min. 2.8 giga-ohms). (Note: The Multimeter was checked 
with a Fluke 77 of 1 1.1 mega-ohm resistance and found to have an output of 1.13 Lults.) 

The CWT indicator wire harness (<12 inches of W186 wire bundle) was received with the 
airplane side of the connector. The assembly was electrically tested for continuity betiveen all pin 
combinations with the high resistance multimeter (HP Model 3457A) and all measurements Lvere greater 
than the measuring range (min. 2.8 giga-ohms). 

TRANSFORMER FAILURES 

The Safety Board worked with the Boeing Engineering Quality Anal>,sis Laboratorj, (ref. EQA 
Report 1858T) to examine two B-747 fuel quantity indicators on October 28, 1 W 8 .  The indicators had 
been provided by an airline after maintenance personnel noted an acrid burned smell. The examination 
found that the connector on each indicator had been improperly inserted into the worn connector of a 
ground test set during maintenance. Reference to an electrical schematic (C 13386AA02) provided by 
the Honeywell representative revealed that the improper assembly had applied 115 volt (AC) power to 
circuits designed for less than 28 volts. The examination found that one indicator had a short circuit 
between the 115 volt (AC) primary transformer winding and the winding leading to the pin that 
connected to a fuel tank wire. Portions of the yellow tape on the windings of the transformer were dark 
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brown to black in color. The Honeywell schematic shows a limiting resistor between the transformer 
and connector pin. 

Following tear-down of the indicators, the indicator tear-down records for transformers from the 
accident airplane were re-examined. For the indicators that were recovered and examined, the records 
did not reveal short circuits and none had the darkened areas on the yellow tape that had been found in  
the Boeing EQA examinations of the two failed transformers. 

DOCUMENT SEARCH RESULTS 

TRANSFORMERS 

Manufacturer and operator documents pertaining to the FQIS and the indicators were obtained 
for an examination of FQIS failure history and failure modes. A November 19. 1998, letter from Schott 
Corporation, one manufacturer of transformers, stated that “short circuits between windings are a known 
failure mode for transformers of any origin. Typically. drawing excessive current from one or more 
secondary windings causes field failures of this nature.” 

The records from Honeywell and Schott show that 237 new transformers had been sent to airlines 
during the 1992 to 1998 period. Honeywell Service Bulletin JG603-28-0 1 provides instructions for the 
modification of a JG603C4 indicator into a JG603C80 indicator and that the modification requires 
replacement of the transformer. Honeywell wrote that “the quantity of 69 dash 106 transformers in 1992 
is most likely associated with performing this modification.” 

CIRCUIT PROTECTION 

The schematic provided by Honeywell shows a limiting resistor between the transformer and 
connector pin. Boeing and Honeywell did not have design records that speciiied the values (ohms) to be 
used for resistors that prevent introduction of energy into fuel tanks through the FQIS. The TWA wire 
diagram 3 1-35-33 (SGT 2, PAGE 1) shows that between the airborne integrated data system (AIDS) and 
splice SM65, which attaches wires that lead to the CWT, also is a limiting resistor (R468). Boeing 
described the sizing of the resistor value for an AIDS resistor in  a letter of January 29, 1999. 

Boeing Specification 60B920 10 contains the following numbered paragraphs: 

3.1.1 1.2 The energy supplied to the tank and compensator units shall not exceed .02 
millijoules. 

3.1.11.3 The current in the tank and compensator unit leads shall not exceed .010 amperes 
under any one of the following conditions: 

a) Normal operation with any desired bridge circuit adjustment. 



b) Failure of any component in the current limiting circuit. 

3.1.1 1.4 

c) Shorting of any or any combination of tank and conipe~isator units and any 
capacitor in the bridge circuit. 

The current in the tank and compensator unit leads shall not exceed .I50 amperes 
under any combination of (b) and ( c) above. 

KC- 135 FUEL OUANTITY INDICATING SYSTEM FAILURE ANALYSIS 

A search for documents about fuel quantity indication system (FQI S )  problems revealed Boeing 
Document (D3-11794-1), dated July 31, 1980, and titled KC-135 FUEL QIJAN'TITY 1NDlCATING 
SYSTEM FAILURE ANALYSIS. The report stated that a KC- 135 aircraft experienced a ground fire in 
the aft body [fuel] tank, that a possible ignition source was believed to be associated with the fuel 
quantity probe, and that the manufacturer of the KC-135 FQIS had been Honey\~ell. The KC-I 35 report 
includes a complete circuit diagram and a diagram that shows the portion that Boeing studied. The 
studied portion includes (in order) a transformer, variable resistor, limiting resistor. (connector pin not 
shown), connected outside of the indicator to a fuel probe with a ground fault.' An Air Force 
engineering assignment tasked Boeing Military Airplane Company (BMAC) to perform the KC- 135 
failure analysis and the Boeing report is attached. 

Robert L. S\vaim 
TWA800 Srrstems GrouD Chairman 

The Component Maintenance Manual (CMM) for Boeing 747 fuel gages shows the same items in  the same order (without 
the ground fault). 



NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, DC 

Attached Documents pertaining to 

Transformers and Circuit Protection 
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I 
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3 

\ ’  ’ 
JG603D PRE-SELECT REPEATER INOICATOR A 

Fuel Quantity Indicating Subsystem 

Figure 2 
Page 7 
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Aircraft Circuit Breakers 

2TC 1 3TC I 6 E  I I 2Tc49 I 6752-12 I 6 7 5 2 - ~ X X  I 6 7 5 2 - ~ X X  
2&TC I7235 & 7236 [ 7270 & 7271 I7274 I 7277 1 IORC 13SB 

Ahcraft CircuitBreaker Overview Page 

2TC Series 
Single Phase, Ambient Compensated 

Features 

Miniature Size 
Light Weight 
TripFree 
MIL-C-5809 Qualified 
Current Ratings (1 to 25 Amps) 
Coordinated Ratings 
High Vibration Resistance 
High Interrupting Capacity 

Overview 
Klixon@ single-phase TC devices are the smallest, lightest, high performance aircraft 
circuit breakers available today. They represent the "state-of-the-art" for protection of 
today's aerospace power systems. Their lightweight and small size make them especially 
well suited for aircraft, avionics and electronic systems. 

The Klixon@ trademark has set the standard for aerospace circuit breakers. For a small, 
lightweight configuration, the TC series offers the endurance and reliability required by 
exacting military specifications, and are available in standard current ratings from 1 
through 35 amperes. 

Coordination 
The single phase 2TC and 3TC, and three phase 6TC and 9TC breaker ratings are 
coordinated so any rating will trip before another circuit breaker twice it's rating in the 

http://www. ti.com/mc/docs/precprod/docs/2tc.htm 1 1/23/98 
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event of a fault of up to 600 amps let through current. This results in improved overall 
equipment performance, since only the smallest faulted circuit is interrupted, while larger 
circuits remain operational. 

Ambient Temperature Compensation 
The 2TC serves as an ambient compensated circuit breaker permits system designers to 
specify smaller gauge wire where the circuit breaker and wiring are exposed to different 
ambient temperatures. They are especially suited for application where ambient 
temperature exceeds the 160°F (7 1 "C) maximum of non-ambient compensated thermal 
circuit breakers. The 2TC series may be applied where operating temperatures are as high 
as 250°F (1 21 "C), with no derating of the circuit breaker. This eliminates the need for 
cooling air and allows substantial weight, space and cost savings. 

Options 

Longer Pushbuttons 
Metric Mounting Thread 

0 Dust Boot' 
Auxiliary Switch 
Terminal Barriers 
Terminal Hardware 

' Part number 14500-1 fits 15/32 bushing 
Part number 14500-5 fits 7/16 bushing 

Qualifications 
MS3320 2TC2 
MS3320L 2TC27 
MS3320V 2TC63 
European Standards 
All US Aircraft OEM's 
Most European Aircraft OEMs 
SAE Industry Standards 

Calibration: 1-25 Amps (Typical*) 

cia1 device. TI offers 
specific variants with similar performance dependant on military or customer 
specifications. 

Performance 
Vibration* ................. 10 G minimum, 50-500 Hz 
Mechanical Shock. ... .50 G 
Acceleration .............. 10 G 
Weight ...................... 24 grams 
*Other vibration levels available 

http://www. ti .com/mc/docs/precprod/docs/2tc. htm 11/23/98 
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Interrupting Capacity Endurance 
1-20 amps 6000 amps at 28 VDC 2500 cycles 120 VAC. 400 Hz, Inductive 
25 amps 1625 amps at 28 VDC 5000 cycles 120 VAC. 400 Hz, Resistive 
3-15 amps 2500 amps at 120 VAC, 400 Hz 2500 cycles 30 VDC, Inductive 
20 amps 2000 amps at 120 VAC, 400 Hz 5000 cycles 30 VDC, Resistive 
25 amps 1800 amps at 120 VAC, 400 Hz 10,000 cycles Mechanical, No Load 

Voltage 
Amp Rating Drop (max)* 

1 1.10 
2 0.70 

2% 0.50 
3 0.40 
4 0.45 
5 0.35 

7% 0.30 
10 0.28 
15 0.25 
20 0.25 
25 0.20 

*Maximum voltage drop at nominal rated current. 

Top View 

5 AMP 
RATING 

031 -- SHOWN 
.ON 

f 
I 

MAX 

L __- 
T--- 

OF MOUNTING 
582 375 Q-i ,- 

KEY 

Side View 

Nominal dimensions provided for reference purposes. 

Appmximte Time-Current Curves - ZTC Circuit Breakers 

16% 
138’. 
115.. 

85.. 

OM 1 10 too 

to rmm m skpa 

I Pricing Information Kequest Form I 

http : //w. ti .com/mc/docs/precprod/docs/2tc. htm 1 1/23/98 



MAINTENANCE MANUAL 

TU 
TU 
TU 
TU 
TU 
TU 
TU 
TU 
TU 
TU 
TU 

TU 
TU 
TU 
TU 
TU 
TU 
TU 

7. 

TU 
TU 

(13) Set f u n c t i o n  s w i t c h  t o  A I C  + PROBE S I R  and observe t h c t  i n d i c a t o r  
read ing  reads f u l i  u e : ~ h t  . t z ted  i n  f i g u r e  505 w i t h i n  f l X .  I f  
i n d i c a t o r  i s  n o t  with!n l i m i t s  check compensator t o . , d 4 t i o ~  and 
c i r c u i t  i n t e g r i t y .  Ref-Fuel Q u a n t i t y  Compensator - Adjustment /Test  
28-41 -02. 

(14) Open AC REFUEL GAGES and FUEL QUANTITY REFUEL c l r c l l ' t  b reake rs  orl 
P6 panel .  Disconnect  t e 3 t  emix, .ent .  Replncc cow p s  fm l n d i r n t o r s  
and i n s t a l l  i n d i c e t o r z .  CiGze c i r c u i t  b r - s k w ,  

(15) Repeat s teps  (1) ttlru ( I C )  f -  a i .  f u e l  tat.? i n d i c a t o r s  as r z q u i r e d  
on P4 and P42 panels .  

(16) Remove e l e c t r i c a l  power i f  no longer r c q u i r e d  (Ref 24-22-00). 
t i t v  

A. Equipment and M a t e r i a l s  
(1) 
(2) Test  Cables: 

F i e l d  C a l i b r a t i o n  U n i t  MD-2A, R&R 90069 o r  e q u i v a l e n t  

(a)  E4449-50 - Inboard  and Center Tanks 
(b)  E4449-3 - outboard  Main Tanks 
( c )  €4449-2 - Reserve Tanks 1 and 4 
(d) EQ449-70 - Reserve Tanks 2 and 3 

8. Test  Fue l  Q u a n t i t y  I n d i c a t i n g  System I n s u l a t i o n  Res is tance 
(I) 
(2) 

(3 )  

( 4 )  
( 5 )  Remove vo lumet r i c  s h u t o f f  c o n t r o l  un i t  a t  E3-1 rack.  
(6) Open r e f u e l i n g  c o n t r o l  pane l  access door. 
(7)  

(8)  Using f i e l d  c a l i b r a t i o n  unit, measure i n s u l a t i o n  r e s i s t a n c e  va lues  

Remove the  A I D S  F l i g h t  Deck A c q u i s i t i o n  U n i t  #2 ( A M  31-35-02/4011. 
De fue l  and purge a p p l i c a b l e  f u e l  tank (Ref 28-26-00 MP, 28-11-00 
MP).  
Remove a p p l i c a b l e  f u e l  q u a n t i t y  i n d i c a t o r ;  d isconnect  e l e c t r i c a l  

Remove t o t a l  f u e l  q u a n t i t y  i n d i c a t o r ;  d isconnect  e l e c t r i c a l  p lug .  

I 

Plug  - 

Remove a p p l i c a b l e  f u e l i n g  q u a n t i t y  i n d i c a t o r  and d isconnect  
e l e c t r i c a l  p lug .  

a t  f u e l  q u a n t i t y  i n d i c a t o r  e l e c t r i c a l  p l u g  a t  P4 panel .  
MD-2 w i t h  a p p r o p r i a t e  t e s t  cable.  

Connect t h e  

m: L e t  t h e  t e s t  unit s t a b i l i z e  f o r  10 seconds b e f o r e  you r e c o r d  
each read ing .  

(a )  I n s u l a t i o n  r e s i s t a n c e  va lue  o f  tank un i t  between H I  Z and 

(b) I n s u l a t i o n  r e s i s t a n c e  va lue  o f  f u e l  q u a n t i t y  compensator 

( c )  I n s u l a t i o n  r e s i s t a n c e  va lues  between H I  Z and LO 2 and SHIELD 

( 9 )  Connect e l e c t r i c a l  p l u g  t o  f u e l  q u a n t i t y  i n d i c a t o r  and i n s t a l l  
i n d i c a t o r .  

( I O )  Connect e l e c t r i c a l  plug t o  t o t a l  f u e l  q u a n t i t y  I n d i c a t o r  and 
i n s t a l l  i n d i c a t o r .  

(11) I n s t a l l  v o l u m e t r i c  s h u t o f f  c o n t r o l  unit a t  E3-1 rack.  
(12) Connect e l e c t r i c a l  p l u g  t o  f u e l i n g  q u a n t i t y  i n d i c a t o r  and i n s t a l l  

i n d i c a t o r .  

LO Z shou ld  n o t  be l ess  than 50 megohms. 

between HI 2 and LO Z shou ld  n o t  be l e s s  than  500 megohms. 

shou ld  n o t  be less  than 1 megohm. 

EFFECTIVITY-1 28 41 oo 
ALL - - fYA.1 Page 516 

Apr 25/98 
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November 19,1998 

National Transporntion Safety Board 
liabert swaim, As40 
490 L'Enfant Plaza, E. SW 
Washington, DC 20594 

SCHOTT 
CORPORATION 
2 18 N o d  J C ~ ~ C ~ S O I I  Minneok Minnesotl56264 
Telephone (507) 872-6103 Fax (507) 872-5238 
hrtp://aarw.sehoucorp.com 

This letter is subxnittcd in response to your letter of November 6 ,  199% requesting infomation CUI 

Ira.tdormer model HowyweU part number 10033398. We have conducted a diligm search of our iecords 
and based on those records and our experience. we a~ ablc to pmvide the following responses lo your 
qucstiom. 

Honeywell drawing 10033398 includes specifications for men similar tramformm, 10033398-101 
through 10033398-107. Schott Corp61.ation has previously manufactured all of thEsc except 
10033398-103. The quaxuith and invoice dates for all shipments sinrz 1/1/1990 arc shown 111 
A.tta&ment 1. We no longer possess rscords of our sales histov on shipments before that date. 

Shmt circuits betwetn windings are a known failure mode for transformers of any origin. mially, 
drawing excessive current 16om one or more secondary windings causes field failures of this nature. 

Regarding causes of shm circuits, the statement following is quoted limn Mametic Circuitq and 
T r a n s f o m  MLT. Press, copyright 1943, 15* edition (January, 1965), p a s  386: "ExccsExccssively 
high insulation E-, rcmIUng from serious overloads. cause dcterioratim ofthe insulating 
makriah and shorten the Me dthc w e r . "  Yon m y  find other x)m of information 
available in literalure that was not rradily available to us. 

. .  

As part of our @11y assurance program, all  of these parts axe tcsted for &tation nirrcnt (which 
would detcct any shorls within individual ddings) and dielectric strength (which would detect any 
pcrtcntial shorn between windings) during thc manufactuting process and rdter completion prior to 
shipping. Acoording to OUT record retention policy. we keep test records for fivc years. howcver, we 
wcrc able to locate data on 238 of the 286 par& shipped Based on thc availablc records. two of the 
238 parts (10033398-106) &led fbr unidentrficd causes. These two parts were no1 shippal as they 
Mled testing an. no records of known failures far shorts or dielectric failuns 

We hopc this inlimnation will be hdpfirt in your investigation 

An indumy Icadcr in the manufacture of CUStOm & st3nUard magnetic devices. 

. . . .  ................. rf,".''.,7 , . !. . , ..-. I. . . . . . . .  . . . . . . . . . .  .: - . .  .. . .... ...- - - _ .  __. -  ...... . . . . . . .  - - ..... ..... 
- . / . - - .  -,_,. 

I~ ' . ,  , . 



Attachment 1 
Honeywell 10033398 Transformers 
Shipments by Schott Corporation 

Qty 
Honeywell PIN: 1003339&101 4 
Schott old PM: 67098750 5 
Schott new PIN: 25299 1 
Schott PIN assigned 4/11/1985 9 
Shipments prior to 1/1/1996 unknown 4 

I O  
10 
10 
10 

Invoice 
Date 

11/12/93 
1212/93 
12/2/93 
6/3W95 
9/21/95 
1 111 5/95 
411 1/96 
6/27/96 
1/17/97 

Invoice # 
43857 
43968 
43967 
44064 
45551 
46554 
49843 
51503 
55234 

10 4/3/97 56750 
Total 73 

Invoke 
Qty Date Invoice # 

Honeywell PtN: 10033398-102 10 1 ?I1 1/92 42127 
Schott old PM: 67136570 16 1 /26/93 42462 
Schott new PM: 28557 3 1 nato3 42475 
Schatt PIN assigned 9/8/1992 6 3/17/93 42691 

Total 35 

Honeywell P/N; 10033398-104 

Invoice 
Qty Date Invoice ## 
3 4/a/94 44502 

Schoh old PIN: 67145210 11 811 8/94 401 37 
Schott new PIN: 24859 1 8/22/94 401 56 
Schatt PIN assigned 2/16/1994 6 9/8/95 45326 

Total 21 

Invoice 

Honevwell PIN: 10033398-105 
Qty Date Invoice # 
1 10/18/91 40691 - -, ~ 

Schott old PIN: 67131520 2 1/6/92 40939 
Schott new PM: 28497 Total 3 
Schott PM assigned 9/3/91 

Honeywell PIN: 'lOO33398-IO6 
Schott old PM: 67131460 
Schott new PIN: 28306 
Scholt PIN assigned 8/20/91 

Qty Date Invoice # 

62 5/7/92 41336 
49 6/19/92 41 503 

10 11ROJ91 40800 

29 7/9/93 43254 
Total 150 

Invoice 
Qty Date Invoice # 

Honeywell PM: 1003339&107 4 1/6/92 40940 
Schott old PIN: 67131930 Total 4 
$chott new PA: 28594 
Schott PM assigned 11/22191 

,. ~ , .  ..,..-, ,. , . . . -  . .. 



Swaim Bob 

From: 
Sent: 
To: 
Subject: 

Taylor, Lou (MN51) [ LTaylor@cfsmo. honeywell. corn] 
Thursday, December 17, 1998 10:53 AM 
Swaim Bob 
RE: Updated 8-747 Transformer usage 

Importance: High 

xlmr-2 doc 

Bob, 
I saved it as a Word 6.0 /Word 95 file this time. Let me know if you have 
any trouble with this one. 
< < xf m r-2. doc > > 
Merry Christmas 
Lou 

> _____-____ 
> From: Swaim Bob[SMTP:SWAIMBO@NTSB.gov] 
> Sent: Thursday, December 17, 1998 8:58 AM 
> To: Taylor, Lou (MN51) 
> Cc: 
> (MN17) 
> Subject: RE: Updated B-747 Transformer usage 

> Thank you for your message, but the attachment only opened to be 68 pages 
> of 
> illegible content. Maybe you could resave it as a lower WORD document or 
> as 
> a RTF. 

> Thanks 
> Bob 

> -----Original Message----- 
> From: Taylor, Lou (MN51) [mailto:LTaylor@cfsmo. honeywell.com] 
> Sent: Tuesday, December 15, 1998 3:51 PM 
> To: Swaim Bob 
> Cc: Speranzo, Neal (MN51); Gille, Robert (MN51); Gilbertson, Shelly 
> (MN17) 
> Subject: Updated 8-747 Transformer usage 
> Importance: High 

> Bob, 
> 
> sheet showed no usage for the -103 transformer, I have since discovered 
> there were 33 of these transformers sent out as spares. I have verified 
> that we did not order any -103's during this time so we must have been 
> shipping from stock on hand. The quantity of -101's is also increased by 
> one, we just received an order for one from British Airways. 

> You will notice a large quantity of -106 transformers. This 
> transformer is used when a JG603C4 is modified to a JG603C80. I believe 
> the 
> vast majority of these transformers were used for mod and not as 
> replacements for failed transformers. 

> 
> (1996 --> 1998). They were all sent in quantities of one or two to 
> airlines 
> who do repair work or to repair shops. 
> <<transformer spares, rev1 .doc>> 

> Lou 

Speranzo, Neal (MN51); Gille, Robert (MN51); Gilbertson, Shelly 

> 

> 

> 

> 
> 

Attached is an updated sheet on the transformer usage. The previous 

> 

> 
I checked where we shipped transformers for the past three years 

> 

> 
1 



Table 1: Transformers which have been sent out as spares during 1992 to 1998 

Dash 3 
Tank+ 

JG603 + 
-101 -102 -103 -104 -105 -106 -107 

CWT,2,3 1R,4R 1 , 4  2R, 3R Body Tank I R, 4R Body Tank 
C3, C44, C4, C42 C2, C43 C67, C70 C73, C81 cso C78 
C51. C52 

1998 
Total 

Table 2: Transformers are used on Boeing 747 Classic fuel mage 

11  2 7 0 0 0 0 20 
78 31 33 22 0 73 0 237 

I I I 

-107 I C78 I BodyTank I Kg I 0 + 6,000 Kgs 

Table 3: Transformers ordered by Honeywell (all but 25 of the -102’s are from Schott) 



i997 0 0 0 0 0 0 0 
i998 0 0 0 0 0 0 0 
Total 73 GO 0 21 3 152 4 

0 
0 

313 



Ronald J. Hinderberger 
Director 
Air Safety Investigation 

@ 
HnEINe 

Boeing Commercial Airplane G r w p  
P O  Box 3707 MC 6; PR 
Seattle WA 98124-2207 

Subject: Resistor Sizing, TWA 747-1 00, N93119 Accident off Long Island, 
NY - 17 July 1996 

12 January 1999 
B-B600-16589-ASI 

resistor. However, the resistor sizing would have been accomplished with the 
same safety requirements in mind as the basic FQlS in terms of voltage, 
current, and energy levels available under failure conditions. It is believed by 
both Boeing and Honeywell, that Honeywell at least reviewed and approved the 
resistor size prior to the release of the design. 

Although the design records were not found, the fuel system safety requirement 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L'Enfant Plaza East, SW 
Washington, DC 20594-0003 

1 Reference: Your email dated 1 December 1998 

Dear Mr. Swaim: 

kfl f i  
onald J. Hinderberger 

. Director, Air Safety Investigation 
~ Org. B-9600, M/S 67-PR 
' Telex 32-9430, STA DIR PURVIS 
I Phone (425) 237-8525 
1 Fax (425) 237-81 88 

I Enclosures: TWA Wiring diagram, 2 pages 

cc: Mr. A. Dickinson, IIC 



Ronald J. Hinderberger 

Air Safety Investigation 

Boeing Commercial Airplane Group 

Seattle WA 98124 2207 
Director P O  60x3707 MCG7-PR 

1 9  January 1999 

Mr. R. Swaim, AS-40 
National Transportation Safety Board 
490 L’Enfant Plaza East, SW 
Washington, DC 20594-0003 

B-B600-16589-ASl R1 

Subject: Resistor Sizing, TWA 747-100, N93119 Accident off Long Island, 
NY - 17 July 1996 

,Reference: Your email dated 1 December 1998 
AFU!/NB 

I 
!Dear Mr. Swaim: 

In your reference email message you questioned what the design requirements 
were for sizing the resistor in the AIDS Burndy block. 

Neither Boeing nor Honeywell could find any design records for sizing the 
resistor. However, the resistor sizing would have been accomplished with the 
same safety requirements in mind as the basic FQlS in terms of voltage, 
current, and energy levels available under failure conditions. It is believed by 
both Boeing and Honeywell, that Honeywell at least reviewed and approved the 
resistor size prior to the release of the design. Honeywell’s review of the 
resistor size was based on the interface with the Fuel Quantity Indication 
System and any effect it may have on system performance or accuracy, not as 
it pertained to a safety analysis of the overall aircraft system. 

Although the design records were not found, the fuel system safety requirement 
implementation can be seen when calculating the fault current resulting from a 
short of the FQIS/AIDS line to the AIDS power supply of 115Vac. This current 
is 2.2 milliamps which is well below the 10 milliamps maximum safe fault 
current allowed on probe wiring. 

If you have any questions, please do not hesitate to call. 

Director, Air Safety Investigation 
Org. B-B600, M/S 67-PR 
Telex 32-9430, STA DIR PURVIS 
Phone (425) 237-8525 
Fax (425) 237-81 88 

Enclosures: TWA Wiring diagram, 2 pages 

cc: Mr. A. Dickinson, IIC 



NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, DC 

Attached Documents from 
KC-135 FUEL QUANTITY INDICATING SYSTEM 

FAILURE ANALYSIS, 

Dated July 31,1980 



DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS OKLAHOMA CITY AIR LOGISTICS CENTER (AFMC) 

TINKER AIR FORCE BASE, OKLAHOMA 

4 December 1998 

OC-ALCD’A 
3001 Staff Dr Ste 1AG78A 
Tinker AFB OK 73 145-301 0 

National Transportation Safety Board 
Attn: R. Swaim, AS-40 
490 L’Enfant Plaza, E; SW 
Washington DC 20594 

Dear Mr. Swain 

The Office of Public Affairs has approved your request for release of Boeing Document 
Number D3-11796-1. The material provided has been reviewed by Mr. David Luke, OC- 
ALC/LCR, and has been proven to be technically accurate, unclassified, suitable for open 
publication and does not violate contractor’s proprietary rights. 

Questions pertaining to this matter can be directed to the undersigned at (405)739-2026. 

b c u r i t y  and Policy Review 
Office of Public Affairs 
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1 .o INTRODUCTION 
.*.I _ -  

This r e p o r t  describes a f a i l u r e  analysis on the KC-135 Fuel Quantity 
Indicating System and i s  divided into three parts:. 

o Recommendations 

1 . 1  BACKGROUND 

A KC-135 a i r c r a f t  experienced a g r o u n d  f i r e  i n  the a f t  body t a n k .  A 
possible  i g n i t i o n  source Mas believed t o  be associated with the  fuel 
quant i ty  p r o b e .  

STUDY REQUIREMENTS 

Oklahoma City Air Logistics Center ( O C X C )  es tabl ished engineering task  
No. 80-2A-43 t o  perform a KC-135 FuEl-Quzntity Indic2ting Systern Failure.:. 
Analysis. 

An engineering a s s i g h e n t  was issued by OCALC/MMSRG t o  task Boeing 
Mil i tary Airplane Company (BMAC) t o  perform the desired study. 
assigned tasks  were: 

The 

o Conduct a n  analyt ical  evaluation of  potent ia l  f a i l u r e  modes 
o r  f a u l t s  i n  the Fuel Quantity Compensator Probe and i t ' s  
c i r c u i t r y  t o  determine i f  the potential e x i s t s  f o r  a .25 
m i l l i j o u l e  energy leve l .  The study shal l  include b u t  not 
1 irni ted t o  the following: 

1 .Z.l 

(1  } 

( 2 )  

( 3 )  Evaluate potential  s t a t i c  e l e c t r i c i t y  i n t e r -  

( 4 )  

Fuel probe energy levels under various f a i l u r e  o r  
f a u l t  conditions.  
Fuel probe compensator energy l eve ls  u n d e r  various 
f a i l u r e  o r  f a u l t  conditions. 

re la t ionship w i t h  prob? i n s t a l l a t i o n s .  
Identify possible candidate f a u l t  conditions f o r  
subsequent tes t ing  and recommend type of t e s t s  
and t e s t  requirements t o  be conducted i f  appropriate 

'* . 

.25 MILLIJOULE ENERGY LEVEL 

Figure 1 shows t h a t  the spark i g n i t i o n  energy var ies  w i t h  the  f u e l - a i r  
r a t i o  of the mixture and tends t o  be m i n i m i i r n  near t t ~  s t o f r h i n m e t r i r  
mixture r a t i o  f o r  complete combustion. For paraf f in ic  hydrocarbons, 
t h e i r  minimum igni t ion energy ( M I E )  i s  approximately 0.25 MJ a t  
atmosgheric pressure and normal temperature. T h i s  information i s  from 
P i t t s b u r g h  Mning a n d  S a f e t y  Research Center Bureau of Mines, Report 
No. 4193, A u g u s t  1973.  

17 R w .  2% 



.* 
1.3  STUDY ACTIVITY DISCUSSION ... 

For purpose o f  e s t a b l i s h i n g  a baseline,  i t  was decided t o  use the a f t  
body tank i n d i c a t i n g  system f o r  analysis .  

1.3.1 DISCUSSION OF ANALYTICAL G R O U N D  FAULT EVALUATION 

;,-I ' T S S ~ G T ~ S C  t; ei-igjiieCj-jZ5 G S S ~ G T ~ E E L ?  d E ~ ~ i ~ ~ b ~ d  iii FEi- i i .  1 . 2 ,  
BMAC engineer ing found ear ly  j n  the study, t h a t  the or ig ina l  
Fuel Q u a n t i t y  Indicator/Power Supply, Honeywell P/N JG131A6 , was 

' modified by TCTO No. 5LG-3-20-501 t o  a new P / N  JGl31A33. T h i s  
modification included a transformer change i n  t h e  power supply section 
from a 24V (RMS) secondary w i n d i n g  t o  a transformer w i t h  a 38V, RMS, 
secondary. T h i s  change was i n i t i a t e d  t o  allow e a s i e r  f i e l d  c a l i b r a -  
t i o n  o f  the fue l  quant i ty  system f o r  the empty level adjustment. 

'Figure 2 shows t h e  schernetic and wiring diagram f o r  the a f t  body t a n k  
.-.fuel q u a n t i t y  system, including the indicator/power supply. For the 

purpose o f  t h i s  a n a l y s i s ,  we will  concern ourselves w i t h  the  portion 
o f  the  c i r c u i t  t h a t  has the highest voltage o u t p u t  t o  the fuel c e l l .  
This i s  t h e  secondary w i n d i n g  of the transformer t h a t  has tne 2K OHH "Empty."y 
adjustment po t ,  w i t h  a 1K OHlY current l imiting r e s i s t o r ,  out t h r u  pin 
"N"  o f  the  indicator/power supply connector and on t o  the inner electrode 
of the  probe i n  the fuel c e l l .  

Figure 3 represents  a s implif ied version o f  th i s  c i r c u i t  used f o r  
the  a n a l y s i s  and shows the 38V transformer t a p ,  1 K  OtIM curren t  
l i m i t i n g  r e s i s t o r  (R,) and the fuel probe w i t h  a potent ia l  ground 
f a u l t  (RF)  on t h e  electrode.  I t  should be remembered t h a t  t h i s  i s  
a f a u l t  t o  ground and in-so-much as we a r 2  only concerned w i t h  
hazards i n  the fuel c e l l  a rea ,  we are  assuming the ground f a u l t  
on t h e  a c t i v e  port ion of the electrode,  wire t o  the e lec t rode  o r  
i n  the  fuel  tank connector w i r i n g .  A l s o ,  we have i n  Figure 3 ,  
s e t  the ground f a u l t  a t  l K O H M  which -is the worst case condition due 
t o  the f a c t  t h a t  maximum power t ransfer  will occur when g r o u n d  f z u l t  
r e s i s t a n c e  ( R F )  i s  equal t o  the 1 K  OHM current l imi t ing  r e s i s t o r  ( R i ) .  
That i s  t o  say t h a t  maximum power will occur when R1 = R F .  Therefore., 
applying O H M ' S  law as  shown on Figure 3 ,  the t o t a l  cur ren t  i n  the  
c i r c u i t  ( I F )  can be determined. 

- 

Knowing I F  we can then compute the amount of power ( i n  wat t s )  i n  the 
ground f a u l t  ( R F )  w i t h  the following formula. 

In-so-much-as, 1 watt second i s  equal t o  1 j o u l e  ( j o u l e  i s  a 
measurement of -energy  and i s  a function of power and t ime) ,  the amount 
O f  energy o r  j o u l e s  can be arr ived a t  by multiplying PRF (Power i n  



.-, - -  ground f a u l t  i n  wat t s )  times time i n  seconds. . -  

Assuming the worst case condition having the empty a d j u s t  pot turned 
- f u l l  CW allowing the maximum 38V on the c i r c u i t ,  and a 1K OHM ground 

f a u l t  R F ,  u s i n g  t h e  above formulas we have: 

= (.019)' x 1000 .= .36l w a t t s  'RF 
.361 watts x ,001 sec = .000361 j o u l e  = 

,361 rnil l i joule 

.001 second i s  used f o r  s implici ty .  
of this  transformer instead of RMS voltage, i t  has  been determined 

. .:.. t h a t  the m i n i m u m  time required t o  develop .25  MJ i s  a c t u a l l y  .000375 
second. 

T h r u  analysis  u s i n g  peak voltage 

This .367 n i l l i j o u l e  energy level i s  above the MIE o f  2 5  MJ allowed -.* 

in Para. 1 . 2 .  A f u l l  range o f  ground f a u l t  res is tances  was computed 
w i t h  the above formulas and plotted on a curve. 
Figure 4, r e s u l t s  o f  computations u s i n g  the original 24V transformer 
(Para. 1 . 3 . 1 )  a r e  p lo t ted  re f lec t ing  enemy levels  below the  .25MJ level.  

7 . 3 . 2  GROUND FAULT POSSIBILITIES 

See f i g u r e  4. A l s o  on 

Figure 5 shows the fuel  probe w i r i n g  in the fuel c e l l .  The potential  
f o r  a ground f a u l t  i n  the probe and  i t ' s  w i r i n g  i s  present a s  can be 
seen i n  Figure 5. 
e lectrode c i r c u i t  o r  between the  active and ground g r i d  o f  the electrode 
i t s e l f ,  can produce energy l e v e l s  above .25 MJ. 

A s h o r t  from the wire shielding t o  the inner 

1 - 3  .-3 DISCUSSION OF ELECT20 STATICS 

Explosions and f i r e s  have occured from time t o  time during the f i l l k g  
o f  a wide v a r i e t y  o f  shapes and s izes  o f  tanks w i t h  l i q u i d  hydro- 
carbons. 
ign i t ion  of such a f i r e  i s  the discharge of e l e c t r o s t a t i c  charges 
accumulated i n  the fuel tank. 

I t  has been reco'gnized for  many years tha t  one source o f  

E l e c t r o s t a t i c  charges a r e  generated i n  fuel flowing t h r u  pipes and 
hoses and t o  a much grea te r  extent  i n .  fuel flowing t h r u  f i l t e r s  acd 
a t  h i g h  f l o w  r a t e s .  
a r e  as follows: 

Factors affect ing electron build-up i n  fuel 

( A )  Flow r a t e  t h r u  p i p e  
(B) P i p e  material  
(.C) F i l t e r i n g  
(D) Agitation 
( E )  Splash  filling from t o p  
( F )  Bottom f i l l i n g  t h a t  creates turbulence 
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. .  

These e l e c t r o n  bui I d - u p  fac tors  can a1 so be grea t ly  aggravated by 
the  following condi t ions:  

( A )  
( 8 )  Insulated fuel  tanks r e s t r i c t  discharge - 
( C )  Gas bubbles 
(D) Sol ids  s e t t l i n g  

Water considerably enhances build-up r a t e  

The amount and  p o l a r i t y  o f  charge generated depends on the t r a c s  
polar m a t e r i a l s  i n  t h e  fuel and on the pipe o r  f i l t e r  t h r u  w h i c h  the 
fuel passes.  

Nhen fuel  car ry ing  s t a t i c  charge i s  f i l l e d  i n t o  a tank, an e l e c t r i c  
f i e l d  can be produced i n  the  vapor space of  the t a n k  a n d  
much higher e l e c t r i c  f i e l d s  a t  the ends o f  any metal protrusions i n  
the  vapor space.  I f  the  f i e l d  strenaths are s u f f i c i e n t ,  t h e n  

.. eJ3ectric discharges will  occur between the met21 protrusion and the f u e l  
sur face .  F u r t h e r ,  e l e c t r i c  discharges are more l i k e l y  t o  occur i f  the 
tank i s  nonconducting (such a s  rubber lined t a n k )  than i f  i t  i s  a 

T h e  f l o w  o f  hydrocarbon l i q u i d s  such 2 s  JP4 t h r o u a h  pipe a n d  h0s2 l ines  
nay develop cons iderable  volumetric e l e c t r i f i c a t i o n  by the contac t  
d i f f e r e n c e  of p o t e n t i a l .  Since the  resistance of  hydrocarbon l i q u i d s  
i s  very h i g h ,  t h e  e l e c t r i c  charges do n o t  d i ss ipa te  readi ly .  Discharse 
r a I e  i s  much longer ,  of course,  i n  the case o f  insulated tanks.  
Mezsurements have shown t h a t  the generation of e l e c t r i c i t y  i n  these  
l i q u i d s  increzses  about l i n e a r l y  w i t h  the r a t e  of  flow. On t h e  
average, the r a t e  of  flow o f  the  e l e c t r i c  charges has been found 
t o  be approximately 3 x 10 -10 amps per Gallon per minute. 

gocd conductor o r  t h e r e  a r e  grounded conductors in the tank,  *. . 

Therefore ,  t h e  control  of  s t a t i c  build-up d u r i n g  fuel t r a n s f e r  i s  a 
major cons idera t ion .  Some methods for the control of s t a t i c  b u i l d - u p  
d u r i n g  fuel  t r a n s f e r  a r e  as  follows: - 

( A )  Additives t h a t  make the fuel more conductive. 
( B )  Fuel a t  reduced flow rates .  'b. 

( C )  A n t i - s t a t i c  agents coating non-metals. 
( D )  Active n e u t r a l i z e r  system. 
( E )  Larger pipe diameters a f t e r  f i 1 t2ri ng.  
( F )  Bottom f i l l i n g .  
( G )  Ground any conductor i n  t a n k .  
(H)  Keep fuel  tanks clean (Water, e t c . )  

. .  

Measurements have a l s o  shown t h a t  the built-up charges i n  insu la ted  
tanks,  accumulate on the surface o f  the l i q u i d  and will  be g r e a t l y  
~ c n c e n t f r ~ f e d  i n  t h e  3 ~ ~ 3  nf any icnlatprf  (non-aroundedl m e t a l l i c  
ob jec t .  - - -  

A cause for-f i r .es  and explosions,  however, may have ar isen from 
a somezkst d i f i z r e n t  condition ziherein a insulated 
conductive member forming a p l a t e  o f  a capacitor,  such as a 

. . . . . . . 

I 



.. . .  

., .. 
clamp, o r  metal label isolated by a n  insulator  o r  d u e ,  becomes 
charged from e l e c t r o s t a t i c  induction over a period of time. 
of the imperfect h i g h  res is tance insulation between such m a t e r i a l s ,  
. e l e c t r i c  charges a r e  induced slowly i n t o  these par-tial.ly insu la ted  
par t s  such a s  by charged f u e l .  These charges will  remain impounded 
as  the r e s u l t  of the h i g h  res is tance.  
can e x i s t  hetween %he "Elec t r i f ied"  capacitor and  ground which i s  
a po ten t ia l  source of f i r e  hazard. A l l  t h a t  i s  needed t o  i n i t i a t e  
a f i r e  o r  explosion resul t ing from such a charged p a r t  i s  the 
synchronized occurrence of a flammable mixture a n d  a spark o f  
s u f f i c i e n t  energy t o  cause i g n i t i o n .  

Because 

Therefore, a h i g h  vol tage 

Therefore, i n  l o c a l i t i e s  where flammable f u e l - a i r  mixtures may calls2 
hazardous atmospheres, extra  precautions should be taken t o  insure 
thorough bonding and grounding o f  a17 isolated metal p a r t s .  

.. '. 2.0 SUMMARY 

A l t h o u g h  the  e n t i r e  fuel quantity systern was evaluated, only the  

hazardous condi t ion,  was analyzed i n  d e t a i l .  
supply of t h e  ind ica ta r  has shown that  a n  energy level o f  .25MJ i s  
a v a i l a b l e  i n  a g round  f a u l t  condition. BMAC has learned t h r u  
conversation w i t h  independent tes t ing  labs,  t h a t  i f  analysis  shows a 
probable hazardous c o n d i t i o n ,  the suspected c i r c u i t  should be  
t e s t e d  on special  s p a r k  gap equipment t o  determine i f  th i s  
candi t ion could c r e a t e  an  explosion. A l s o ,  i n  the area o f  
e l e c t r o s t a t i c s ,  BMAC has learned t h a t  hydrocarbon fue ls  do  take  
cn e l e c t r i c  charges i n  fuel t ransfer .  I n  f a c t ,  JP4  i s  one o f  
the most suscept ib le  l iqu ids  f o r  electron build-up and re ten t ion  
o f  t h a t  charge. 
w i t h  accordingly.  

sorst  c2s2,  o r  t h a t  par t  o f  the c i r c u i t  most probzble to  c r e a t e  a . .  

Analysis of t h e  power 

Elec t ros ta t ics  i s  a phenomenon and must be d e a l t  

3 . 0  - RECOMMENDATIONS 

o C o n t i n u e  computer f a u l t  analysis on the complete fuel quant i ty  
ind ica tor  system. 

.-_ 

o Conduct laboratory t e s t i n g  u s i n g  the f u e l  quant i ty  ind ica tor  
system on spark gap machinery w i t h  fuel vapor to'dkmonstrate 
conclusively,  whether o r  not the energy level ava i lab le  i n  the 
system could be hazardous w i t h  a ground f a u l t .  . 

o Conduct a visual inspection o f  fuel tanks i n  a n  a i r c r a f t  t o  deifne 
a1 1 i s o l a t e d  (non.-bonded) metal. 

o Task Boeing t o  def ine procedures/methods suitab' le for a TCTO t o  
implement r e s u l t i n g  necessary modifications from the above 
a c t i v i t i e s .  

. .  
! 
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10022381 Totalizer Amplifier and Power Supply A3 - Parts Identification View 
Figure 1102 
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January 1 1, 1999 

TEST PLAN 

747 Classic FQS Totalizer - JG6 13C 1 

Visual of as-is condition. 

Pictures as indicated 

Without removing A K  connector attached to device, strip wires for Ohm meter measurements. 
{Prepare a data sheet} 

Verify that measurements in step 3 are consistent with device schematic. Remove connector and 
repeat measurement using a breakout box. Compare results to verify that measurements are 
consitant. 

Remove case from instrument. This may be a destructive removal as there is distortion in the case. 

Visual the internals of the instrument. Pay particular attention to wire routing and condition of 
components. Visual the transformer. 

Pic tures as indicated. 

Make transformer winding continuity and interwinding continuity measurements 

Determine if there is value to trying to make device run. There are at least two paths that can be 
taken at this point. 

1 .  

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

There is a possibility that making some voltage measurements. to verify gain etc, may be 
sufficient without needing physical motion. If the device is powered, measure transformer 
secondary voltages. A low voltage may be sufficient to make these measurements.. 
Replace mechanical parts as required and apply power. Connections are through a break out 
box and stimulus is from the engineering VSO tester. These are the same signals as used in the 
aircraft, the compensator Lo-Z. 

10. If it was determined that the device was not able to be powered and transformer is sufficiently in 
tact, remove from totalizer. 

13. Pictures of transformer as indicated. 

14 Measure continuity of windings and inter winding resistance. Perform incoming inspection on the 
transformer. (This was done for the CWT indicator transformer.) 

15. Measure resistances on Summing Bridge card. 



CONNECTOWCABLE MEASUREMENTS 

747 Classic FQS Totalizer - JG613C1 

Test Inst.: FLUKC. '7 Notes: J I f l t  ' A 8 

Use of Table: 

8 1 9  12 

- Always put the negative lead of the ohm meter on the pin called in the vertical column. 
- Values in K ohms unless otherwise noted. 



Use of Table: 
- Always put the negative lead of the ohm meter on the pin called in the vertical column. 
- Values in K ohms unless otherwise noted. 
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CONNECTOWCABLE MEASUREMENTS 

718 

I -  y Q Pfc\ 

7 ' 9 1 7  

9 10 1 1  12 

Use of Table: 
' - Always put the negative lead of the ohm meter on the pin called in the vertical column. 

- Values in K ohms unless otherwise noted. 
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10022382 Summing Bridge A2 - Parb Identification View 
Figure 1103 



SUMMING BRIDGE A2 

Reference 
Designator 

R1 
End to End 

Honeywell Part Number: Serial Number: 

Normal Polarity Reverse Polarity Part Type Value 

0 0 
100 ohms 

Other Identification: 

3J4? ,'L 
-- R1 

Dot to Wiper 2243 JL 

R5 
End to End 

R5 
Dot to Wiper 

ISC IC I 4 S k  = 100 k Ohm 

9/k = 9d A -- 

R6 l M O h m  

R9 
End to End 

R9 
Dot to Wiper 

R10 

100 k Ohm 9 4  k q-l I Y L  

38 +\IC. 3 w  K 
1. M Ohm \ % a  L \ 8 9 L  

-- 



MISCELANEOUS PARTS 

747 Classic FQS Totalizer - JG6 13C 1 

Date: Notes: b m e  m o u  aec\ k& 
Device: 

Series: 

The following parts are installed on the frame: 



TRANSFORMER MEASUREMENTS 

747 Classic FQS Totalizer - JG6 13C 1 

4 

Series: 

Transformer Identification: 

Manufacturer: q9S80 ( " ~ ~ ~ ~ , I ) H o n e y w e l l  Part Number: !fl ,  0 2 3 0 9 2 - 1 0  

Other Marking: I 

Brn W h m m  WhVOm I Vi0 I Gy I Wht I Blu Grn I Ye1 Core 

Wht/Om * 13 5 -- I 

I 

I -- 



Mikelyn N. Bridges 
Sr. Application Engineer 
1200 Columbia Avenue 
Riverside, CA 92507 
Phone: (909) 781-5395 
Fax: (909) 781-5006 

TO: Ross Reagan, Honeywell Frorn: MikeBridges 

Fmc (612) 9574502 P a g m l o f 1  

P- D.b: January 12,1999 

Rb: C C  

The Bourns commercial models 32% ar!d 3252 as well as the rnllitary RT22 and RJ22 date 
codes am three digits and a letter. TP:! first digit represents the year, the second two digits 
the week, and the letter is the manufacturing plant code. 

An example woukl be 813M, would be q u a l  to the 13* manufacturing week of 1998, and M 
is plant code for Mexico. 

RTR22 and RIM2 military products nave the four digit date codes, where the mt two diaits 
are the year, the second two th me, the first letter, the manufacturing plant code, and the -- - - 
last letter, the lo I----- code. 



For technical asktance call the Trimmer 
Products number on the hack cover. 

I 

Multiturn / Wirewound I Sealed 
Listed on the QPL for style RT22 per 
MIL-R-27208 and RTR22 per 
High-Re1 MIL-R-39015 
Panel Mount option available 
(see page 66 for details) 

standard Resistance Range 
3250 ..................................... 10 to 5OK ohms 

Resistance Tolerance ........................ i 5 %  std. 

RT22 ..................................... 50 to 20K ohms 
m ~ 2 2  ................................. to 20K ohms 

(see ~tandard resistance table) 

(tighter tolerance available) 

....... 
Noise ............................... .. - ... 
Resolution ..................... See Resistance Table 

Level ....................................... .l.DOo vac 

...................... 25 turns nom. 

Insulation Resistance ......................... 500 vdc. 
1,000 megohms min. 

Dielectric Strength 

80,000 Feet ....................................... 4W VaC 

- 
Power Rating 8 85°C 
3250 .................................................. 1.0 wan 
RTWRTR~~ ................................... 0.75 watt 

Power Rating @ 150°C .......................... 0 Watt 
Temperature Range ...............- 65°C to +150°C 
Temperature Coefficient 

3250 ............................................ * ~ p p m / " c  
m 2 2 / ~ ~ ~ 2 2  .............................. ..* Nppm/'C 

seal Test ....... 85% Fluorinert' (pin styles Only) 
Humidity ................ MIL-STD-202 Method 106 
3250 .................. (2% A m ;  100 Megohms IR) 
RT22 .................... (1% ATR; 10 Megohms IR) 
RTR22 ............... (1% A m :  100 Megohms IR) 

Vibration .................................................... 30G 

Shock ..................................................... .l OOG 
(1 % Am; 0.5% + resolution AVR) 

(1 % ATR: 0.5% + resolution A m )  
Load Life 
3250 ................ 1.000 hours 1.0 wan 8 85°C 

RT22 ............. 1,000 hours 0.75 wan 0 85°C 
(2% ATR; 500 ohms ENR) 

12% ATR: 2% + resolution AVR) 
RFR22 ......... i0,ooO hdurs 0.75 watt 8 85'C 

Rbtatknal Life ................................. 200 cycles 
(3% A m ,  2% + resolution A m )  

' 3250 ..................... (2% A m ;  500 ohms ENR) 

-~ . . . .  

TOLERANCES: t 0.25 (.010) EXCEPT WHERE NOTED 

METRIC 
(INCHES) 

DIMENSIONS ARE: - 

CLOCKWISE - CCW 

Style 

Product lndlcator 
-1 = Standard Product 

Resistance Code 
Optional Suffix Letter 

M =  Pand Mount 
(Factory Installed) 

See page 72 for Ar2-22 ordmng 
InfOrmatlon. 

Consult factory for other available options. 

N o m i ~ l  
Redatame Resistance  red^ 

100 1.30 
1 .oo 200 

101 0.90 
0.70 201 
0.60 501 
0.40 101 

201 0.30 
0.25 
0.19 

502 
la3 

0.16 203 
0.14 253 

503 .- 0.13 

(Ohm3 C O a  P=snl) 
10 
20 

100 
200 
500 

1 .ooo 
2,- 
5.000 
1 O.Oo0 
20,ooo 

' 25,000 
50,OOo 

popular values listed in boldface Specla 
resistances available 

50 500 0.80 . 

SHADED AREAS TYPICALLY NOT STOCKED BY 
DISTRIBUTORS AN0 NOT RECOMMENDED FOR NEW 
DESIGNS. 

~ ~~ 

'RUORIHEAT" IS A REGISTERED TRADEMARK OF 3M CO. Specifications are sutqect to change without notm 

0 



i 

E. 

Standard Resistance Range 
3252 .............................. 10 to 2 megohms 
RJ22 ................................ 10 to 1 megohm 

(see standard resistance table) 
Resistance Tolerance ................. i10% std. 
....................... (t ightei tolerance available) 

Absolute Minimum Resistance 
3252 ........................... 1 % or 2 ohms max. 

(whichever is greater) 
RJ22 ....................................... 1 ohm max. 

3252 ........................... 1 % or 2 ohms max. 
(whichever is greater) 

W22 .......................... 2% or 2 ohms max. 
(whichever is greater) 

Adjustability 
Voltage .......................................... i O . 0 1  % 
Resistance .................................... iO .O5% 

Resolution ......................................... Infinite 
Insulation Resistance .................... 500 vdc. 

Contact Resistance Variation 

~-~ 
1,000 megohms min. 

Dlelectricstrength 
Sea Level ................................... 1 ,OOO vac 
80,OOO Feet ................................... 400 vac 

Mective Travel ...................... 25 turns nom. 
I;&' 

, I : Power Rating @ 85°C (400 volts rnax.1 . -  . 3252 ......... ................................. 0.75 wan 
.,&-.. W22 ........................................... 0.50watt 
..... Pawer Rating Bp 150°C ...................... 0 watt 
,.;. T'ture Range ..........- 65°C to +150°C . Temperature Coefficient ......... i 1  ~ p p r n / " C  

seal Test ............................ 85°C Fluorinert' 
(pin styles only) 

............ MIL-STD-202 Method 103; 
hours (1% AlR;  100 Megohms IR) 
............ MIL-STD-202 Method 106 

(1 % ATR; 10 Megohms IR) 

.................... 300 (1 % ATR; 1 % Am) .................... 20G (1 % ATR; 1 % AVR) 
............. 1006 (1% ATR; 1% AVR) 

....... 1,000 hours 0.75 wan 0 85°C 
(3% ATR; 3% or 3 ohms, 

whichever is greater, CRV) ........... 1,000 hours 0.5 watt 0 85°C 
(2% ATR; 1 %AM() 

al We ............................ 200 cycles 
.................. (2% Am; 3% or 3 ohms, 

whichever is greater, CRV) ............................................... 2% ATR 

........ Solderable printed circuit pins 

............. MIL-STD-202; Method 208 
leads .......... (7 strands of 30 AWG) 
...................................... 0.065 02. 
............................. Set at CW end 
ritY ............................... U.L. 94V-0 

M subject to change without notim. 

Features 
Multiurn / Cermet / Sealed 
Listed on the QPL for style RJ22 per 

Panel mount option available 
(see page 66 for details) 

MIL-R-22097 

Torque ................................... 12 oz-in. m a .  

*?!J%?g.. ........... .Manufacturer's trademark, 
resistance code, wiring diagram, 
date code, manufacturer's model 

number and style 
R122 ....................... Mil-spec part number 

X. PBW Stvles ................. 25 pcs. per tube 
Standard Packaging 

L style .............................. 25 pcs. p e r  bag 
Adjustment Tool .................................. H-90 

Optiina suffix ~etter 
b! = Panel Mount (Factocy Installed) 

%e p3;:e 73 for R122 ordering Information. 
 cons^:! hctory for other available o p t m .  

CLOCKWISE - 
TOLERANCES: t 0.25 ( . O W )  EXCEPT WHERE NOTED 

METRIC DIMENSIONS ARE: - 
(INCHES1 

Popular values listed in boldface. Special 
resistances available. 
SHADED AREAS TYPICALLY NOT STOCKED BY 
DISTRIBUTORS AND NOT RECOMMENDED FOR NEW 
DESIGNS. 

'"FLUORINERT IS A REGISTERED TRADEMARK OF 3M CO. 
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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, DC 

Attached Documents pertaining to 

Tear-down of C W  Indicator 

from December 11 through 13,1996 



Ser;$ T- I &e CUT :,Bc& Page 1 
Bridge Assembly Resistance Measurements: 

Assembly t :  10022294-103 S* 

Date: jA - -  / I  7 6  Test Ccndition: Q u ~ T  CLr-f ipipC> 
I 

Test Equipment: 51- Qdh %%SA1 



0 
0 

/ Lo 



Page 3 

Component 
Type 

Amplifier Assembly Resistance Measurements: 

Assembly # :  10022295 

Date : 

Test Equipment: ST 
b L \ \  .\ LjbTeS t Condi ti on : 

Normal Revers e Other  Measurements 
Polarity Pclari tv or Comments _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  

E j F p z G T  
Des ia . 

A 1  

A2 

A3 

A4 

A 5  

A 6  

A7 

A 8  

R1 

R2 

R3 

R4 

3.5 

R6 

R7 

R8 

A 1  1 

A12 

RC07GF393 J 

RC07GF101J 

RC07GF473J 

RC07GF393J 

RC 07GF5 6 3 LJ 

RC07GF563 J 

RC 07GF3 9 3 J 

RC07GFXXXJ 

L J 0 . 8 H  
1001.5- 

$718K 
605 K 
7 5 7 K  
4 - Y A k  

A2 0 CR4 

q o - % K  
/ u q . q  
2 9-A5 

5%-a I( 
6 ~ 7 ~ 5  
73-7 y 
Y- YCA I< 

Y6K i ) A M A & c r )  
\ 

Select Resistor 

, I 

941004-29 
CK06 .01 uF 76 Y7K 
CS13 6 . 8  UF 

CS13 4.7 uF I V g . 6  
CS13 4.7 uF 

CS13 .15 uF 

I4d6 163 K 
I49 2 

SK A as$-/  
d3SK Ya-l k 

CS13 56 uF I,-& K 
/ 6 3  K I4cjK Pi.* i, ? 

478020-49s 
CS13 6 . 8  uF 43.1 

478020-49s 

47a02o-iios 

47ao2o-iios 

478020-19s 

478020-67s 

Select Capacitcr 9 4 1004 -XX 
CKO 6 

SYGK 

K 



Page 4 

Test 
# 

---- 
A2 1 

A2 2 

A2 3 

A2 4 

A2 5 

A26 

Component Component Normal Revers e Other Measurements 
Po 1 ar 1 ty or Comments Desia. m e  Polarity 

----------- ---------- ----__-______________________ -----____ 
Normal -> E = + Q1 B-E 956686-2 

2N930 
pi3K ,665  / 6 d <  

N o m 1  --> C = + Q1 C-B 956686-2 
2N93 0 

IJSh O Q ~ W  I35fi 166r 

Normal --> C = + Q1 C-E 956686-2  
2N93 0 

I 335 1. I Li 32015, phi 

187k .(P% VISK&'JU 
I Normal -> B = + 4 2  B-E 956686-2  

2N930 

Normal -> C = + 4 2  C-E 956686-2  
2N9 3 0 

4 J J h  .2 ob 7% L 6Y4 

4%. 1783 248K: I bY6 
Normal -> c = + 4 2  C-E  956686-2  

2N93 0 

A2 7 43 B-E  956686-2 
2N93 0 

A2 8 4 3  C-B 956686-2 
2N93 0 

A2 9 43 C-E 956686-2  
2N93 0 

A3 0 4 4  B-E 948182-5  
2N1484 

A3 1 Q4 C-B 948182-5  
2N1484 

A3 2 Q4 C-E 948182-5  
2N1484 

I Normal -> B = + 

Normal -> C = + 
db5-7 lo3k -15 

3% 178Y151k ,697 

?-Y6.1'/w 4 - l h  - 4 3 3  
N o r m a l  -> C = + 

Normal -> E = + 

? 75k +&?.s7n ,973 

43.y . u > y 4 3 q  LoJg 

Normal -> C = + 

Pjormal -> C = + 
jJ'% tYY1 Y Y K  tYJ7 



colored Dot is positive for normal ohmeter polarity. 

7- 

. -  

I 

\ 

Page 5 



Other Indicator Electronic Components: 

c11 

c12 

C13 

C14 

Page 6 

c1 

- I l 5 3  W 7 . 4 -  

l ~ W 5  / Ls\ 

l ~ Y - 6  \av-  G? 

c2 

B1 Servo Motor 

B1 Servo Motor 
Primary 

Secondary S E E  re37- CI), 

Front Panel -> (Al) Pin # s  
Back Plate --> contains E- Terminals 

Assembly # :  S/N: 

Date:bc \ \  , , \q?b Test Condition: 

Test Equipment: c7 
I .  

Normal -> CW to ccw ) c L ~ * &  
. .. 

Normal -> Red to Ye1 
BP Pin E2 to EP Pin E3 

Normal -> Ye1 to Grn 
BP Pin E3 to BP Pin E4 

Normal -> Grn to Red 
B? Pin E4 to E? ?in E2 

Normal -> Red to Ye1 
E? Pin E5 to BP ?in E6 

B? Pin E6 to BP Pin E7 

BP Pin E7 to B? ?in E5 

Normal -> Brn lead Pos 

1 
Normal -> Blu to Red 
A1 Pin 1 to A1 Pin 4 

Normal -> Close to C1 
A1 Pin 2 to A1 Pin 7 I 
Normal -> Red to Blk I 
A1 Pin 4 to A1 Pin 3 
Normal -> Ye1 to Wht 
A1 Pin 2 to A1 Pin 7 I 



Page 7 

N o r m a  1 Reverse Other Measuremencs 
Test I Component 1 ComDonent I 

Polari t v  P o l a r  i tv 

- 
C24 

- 
C2 5 

- 
C2 6 

- 
C27 

- 
C 2 8  

- 

I 



n 
> 
0 z 

Lu 

UJ 
.QL 

c P 

Page 8 



c 

w 

Page 9 



rest 
# 

_--- 

Component 
Des ig . 

C 2  9 

Component Normal Reverse Other Measurements 
Type Polarity Polarity or Comments 

C3 0 

T1 

T1 

C3 1 

51-7 to upe/c, o p e  0 j 7 1 P  P/ 

G/p&+ o p t /  J1-7 to 
A A  P / p J j  

Pri to Sec 
4 
Pwr Xfmr. Normal -> Red to 
Pri to Sec 
5 
Pwr Xfmr. Normal -> Red to 

C3 2 

c 3  3 

c 3  4 

T 1  

T1 

T1 

T1 

T1 

TI. 

c 3  5 

J1-7 to 
AA p/ iuaq 

Pri to Sec 
6 
Pwr Xfmr. 
Sec 1 to 
Sec 2 
Fwr Xfmr. 
Sec 1 to A 1  Pin 1 to A2 Pin 2 0  
Sec 3 
Pwr Xfmr. Normal -> B l u  to Wht/Brn 
Sec 1 to A 1  Pin 1 to A2 Pin 14 
Sec 4 
Pwr Xfmr. Normal -> Blu to Grn 
Sec 1 to A 1  Pin 1 to A2 Pin 8 
Sec 5 
Pwr Xfmr. Normal -> Blu  to wht/Blu 
Sec 1 to A 1  Pin 1 to A2 Pin 29 
Sec 6 

Sec 2 to A3 Pin 4 to A2 Pin 1 4  

- 
F Normal ->Blu to Gjr 

A 1  Pin 1 t o  A3 Pin 4 

Normal -> Blu to Wht/Blk 

.r” 

Pwr Xfmr. Normal - >  Gy to Wht/Blk 
Y 

C3 6 

T1 

c 3  7 

C3 8 

Sec 3 
Pwr Xfmr. 
Sec 2 to 

c3 9 

T1 

C4 0 

Sec 4 
Pwr Xfmr. 
Sec 2 to 

C4 1 

C42 

T 1  

T1 

T 1  

c 4 3  

c 4  4 

c 4  5 

C4 6 

Sec 5 
Fwr Xfmr. 
Sec 2 to 
Sec 6 
Pwr Xfmr. J 
Sec 3 to 
Sec 4 
Pwr Xfmr. 
Sec 3 to 

c 4 7  

T1 

T1 

C48 

c 4  9 

Sec 5 
Pwr Xfmr. 
Sec 3 to 
Sec 6 
Pwr Xfmr. L 
Sec 4 to - 
See 5 

I I I I 

T 1  I 1 Normal -> Red to 
- A  . 51-7 to A 1  Pin 1 

Pri to Sec 

Pwr Xfmr. 
Pri to Sec 

Fwr Xfmr. 
op<w 

R 3  p w  r 2  

A A  f iw 3 0  

51-7 to 

Normal -> Red to 
51-7 to 

Normal -> Red to 

Sec 6 f 
Sec 5 to 

T 1  Pwr Xfmr. 

See 6 \ 

Normal -> Gy to Wht/Brn 
A3 Pin 4 to A2 Pin 1 4  

Normal -> Gy to Brn 
A3 Pin 4 to A2 Pin 8 

Normal -> Gy to Wht/Blu 
A3 Pin 4 t o  A2 Pin 29 

Normal -> Wht/Blk to Wht/Brn 
A2 Pin 20 to A2 Pin 1 4  

Normal -> Wht/Blk to Grn 
A2 Pin 2 0  to A2 Pin 8 

Normal -> Wht/Blk to Wht/Blu 
A2 Pin 20 to A2 Pin 29 

Normal -> Wht/Brn to Grn 
A2 Pin 1 4  to A2 Pin 8 

Normal -> Wht/Brn to Wht/Blu 
A2 Pin 1 4  to A2 Pin 29 

Normal ->Grn to Wht/Blu 
A2 Pin 8 t o  A2 Pin 29 



Page 1 

Test 
# 

---- 
B1 

B2 

B3 

B4 

Component Componenr: Normal Reverse Other Measurements 
Desiq. W e  Polar i ty Polarity or Comments 

--------- ---------- ---------- --__--_______________________ 

v 5  7 . R1 RC07GF300J 

R2 RC07GF270J 

R3 RC07GF682J 

R4 RC07GF682J 

J I  7 
30.0 30-  0 

7 , 3 Y k  

BS 

B6 

B7 

B8 

B9 

B10 

B11 

I I CK06 .OluF Y4.G 
B13 c2 1478020-49s - -  

opew o P e w  
R5 RC07GF682J 

R6 RN60C75ROF 

R7 RWR80S2431FP 

7,2Y& 7. d 5 k  
7 a s  7g16 

R8 RW79U1000F / 0 6 1 5  106 .s 478100-2431 

- 1 00* 1 100.1 ( P A T <  CCJOC 7603 
R9 RC 07GF3 3 2 J 

316Yk 3 , 6 9 k  
R10 RL07S3 92G 

R11 RW79U1000F 
s 7 4  0 

loo. I W A f C  CYJC 7 60 SJ 
5 

B17 

B18 

B19 
I I 

CK06 120 pF OPQM o P e N  
CK06 120 pF ope/\/ 0 ?ell/ 

OPeW 0 PeN 

C6 10022409-108 

C7 . 941004-23 
CK06 3.3 nF 

C8 CY1OC13 1F 
I 



Colored Dot is positive for normal ohmeter polarity. 

Page 2 

@ I IO 

1 I 

(\I 
LJ 

+ 0 
0 

.. 



. 
Amplifier Assembly Resistance Measurements: Page 3 

Assembly # :  10022295 S/N: 

Dat&S)o@-jb! \S?b Test Condition: R--L W34k 

RC07GF393J 

RC07GF3 93 J 



Test 
# ---- 

A2 1 

A2 2 

A2 3 

A2 4 

A2 5 

A2 6 

A2 7 

A2 8 

A2 9 

A3 0 

A3 1 

A3 2 

Page 4 

Normal Reverse Other Measurements Component Component 
or Comments Desicl. Type Polarity Polarity 

----------- ---------- ------_______________________ --------- 
N o r m a l  -> B = + QI B-E 956686-2 

2N930 
3,76r., L&7 UP+ OPW 

Normal -> C = + Q 1  C-B 956686-2 
2N93 0 

O P t Y  0 P . r  3-72?? ,657 

1751% U P W  I7515 OPfW’ c Hnvcll/vG 

35015 660 2 0 6  OprP 7 

Normal -> C = + v- 
2N93 0 

p>c)r*’+ c mrr”C- N o r m a l  -> B = + 42 B-E 956686-2 
2N930 

Normal -> c = + 

chn Lr cttn R . Normal -> C = + 

42 C-B 956686-2 
2N93 0 

42.~15 cfPtrc,ofa-~ .by/ 

i d d c ? ,  786 p i t  .&% 
Q2 C-E 956686-2 

2N93 0 

Ctln r .  c M Y  Normal -> B = + 43 B-E 956686-2 
2N930 

.65g coot5 1-167 
43 C-B 956686-2 C t t A f  CHAY Normal --> C = + 

2N93 0 
451s g785b0ui.K ,677 

Normal ->  C = + cnAA cttw 43 C-E 956686-2 
2N93 0 

e%?-k 146A /6k * Y S a  
44 B-E 948182-5 ckna Normal --> B = + 

Q4 C-B 948182-5 CUP r c H P r l  Normal -> C = + 

2N1484 
36 

2N1484 2% . Y H 2 . 4 h / t Y 3 q  
44 C-E 948182-5 N o m 1  -> C = + 

2 N 1 4 8 4  
4396 , # A 8  440 , O J ~  



Colored Dot is positive for normal ohmeter polarity. 

7- 

Page 5 

+ I  

-7 



other Indicator Electronic Components: 

Front Panel --> (Al) Pin # s  
Back Plate -> Contains E- Terminals 

Page 6 

AI Pin 2 to AI 
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Test 
it 

C15 
---- 

C 1 6  

C17 

C18 

C 1 9  

C 2 0  

C21 

C 2 2  

C 2 3  

C24 

C25 

C 2 6  

C27 

C28 

Other Measurements Revers e Component Component Normal 
Des ig . Type Polar i tv Polarity or Comments 

-- ----___ -__------_- ---------- -----------_--_______________ 
T1 Pwr Xfmr. Normal --> Red to Brn 

T1 Pwr Xfmr 

J1 Pin 7 to R4 

Normal --> Blu to Vi0 
A 1  Pin 1 to A 1  Pin 3 

Normal --> Gy to Wt 
A3 Pin 4 to A3 Pin 7 

Normal -> Wht to Blk 
A3 Pin 7 to A3 Pin 1 

Normal --> Gy to Blk 
A 3  Pin 4 to A3 Pin 1 

Normal ->  Wht/Blk to wht/Vio 
A 2  Pin 2 0  to A2 Pin 34 

Normal --> Wht/Brn to Wht/Red 
A 2  Pin 14 to A2 Pin 39 

Normal --> Grn to Ye1 

79-7 Primary 

l o 5  la6 

30.6 

Secondary 1 
Servo M EX 

T1 Pwr Xfmr 

3 0 . 6  Secondary 2 
Amp PS 

Secondary 2 
Amp PS 

Secondary 2 
Amp PS 

T1 Pwr Xfmr 
Secondary 3 
T.U. Ex. 

TI. Pwr Xfmr 
Secondary 4 
I Limit 

Secondary 5 A 2  Pin 8 to BP Pin E3 

BP Pin E 3  to BP Pin E4 

Normal --> Grn to Orn 

Secondary 5 
Rebalance 

A 2  Pin 8 to BP Pin E 4  

Normal -> Wht/Blu to Wht/Grn 

Secondary 5 
Reba 1 an c e 

A 2  Pin 2 9  to A2 Pin 3 7  

Normal -> Wht/Grn to Wht/Yel 

Secondary 6 
Comp. Ex. 

A 2  Pin 37 to A2 Pin 35 

Normal ->  Wht/Yel to Wht Orn 

Secondary 6 
Comp. Ex. 

A 2  Pin 35 to BP Pin E7 

Normal -> wht Blu to Wht/Yel 

Secondary 6 
Comp. E x .  

Secondary 6 63-3 63-3 A 2  Pin 29 to A2 Pin 35 
Comp. Ex. 

T1 Pwr Xfmr 

I -  8 3 / -  3 
h a - 7  

T1 Fwr Xfmr 

15.6 I5rS 
3 q4.3 

115*3 i i  5, Y 
lo31 I 103, I 
12.3 12-3 
5 7 c 0  57. I 
6 Q  o 6 . /  
6. I 6 I 

T1 Pwr Xfmr 

Reba 1 ance 
T1 Pwr Xfmr Normal -> Ye1 to Orn 

T1 Pwr Xfmr 

T1 Pwr Xfmr 

T1 Pwr Xfmr 

T1 Pwr Xfmr 

T1 Pwr Xfmr 



c 

I 

Page 8 









Page 3 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

Amplifier Assembly Resistance Measurements: 

Assembly # :  10022295 SIN: 

Date:bPa lo,\qqL Test Condition: A 4  \ v *  3 \ y l u , - L -  
Test Equipment: 57~4 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

R 8  

Desia . 

A9 

A1 0 

A1 1 

A12 

A13 

A14 

A15 

A1 6 

A17 

c1 

c2 

c3 

C4 

c5 

C6 

c7 

C8 

CR1 

I M  

~~ 

Component 
Type 

RC07GF393J 

RC07GF101J 

RC07GF473J 

RC07GF3 93 J 

2 5 0  r; 

RC07GF563J 

RC 07GF5 6 3 J 

RC07GF393J 

RC07GFXXXJ 

94 1004-2 9 
CK06 .01 UP 

CS13 6.8 uF 
47 8020-49s 

478020-1105 
CS13 4.7 uF 

CS13 4.7 UC 

CS13 .15 uF 

478020-110s 

478020-19s 

478020-67s 
CS13 56 uF 

CKO 6 

CS13 6.8 UF 

9 4 10 04 -XX 

478020-49s 

468169-1 
1N645 
468169-1 
1N645 

1N645 

1N645 

468169-1 

468169-1 

X - 6 i  K 
Select Resistor 

% 6 / K  





Page 5 
colored Dot is positive for normal ohmeter polarity. 

00 
0 



Other Indicator Electronic Components: 

Front Panel -> (All Pin # s  
Back Plate -> Contains E- Terminals 

Assembly X :  A\ S/N: 

Component 
Desig. 

--------- 
R1 

R1 

R1 

R2 

Page 6 

~~ 

Component 
Type 

Reba 1 anc e 
Pot 
Reba lance 
Pot 
Reba 1 anc e 
Pot 
Full Trim 

Date: a I t \  b ,,\Q,%b Test Condition: 

Test Equipment: F\,\,-c 3% %+I 
i 

3 Y . 7  
I O 0 0  

rest 
# 

c 1  

c2 

c3 

---- 

Normal -> S to CCN 3 g . 7  
I o 0 0  

Normal -> CW KO CCW 

Normal -> Red to Ye1 c4 

c5 

C6 

c7 
AsPo 

C 8  

c9 

c10 

2 y - q  
Normal -> Red to Ye1 

c11 

c12 

J S Q . 9  

C13 

C14 
- 

J S C  6 
Normal -> Ye1 to Grn 

Io 6 4  
S/'f T(77" - 

I Pot 

Normal -> Red to Blk 
AI Pin 4 to A1 Pin 3 
Normal -> Ye1 to Wht 

I 0 G . J  
- . -  

I 

R2 I Full Trim 

I Pot 
I 

R2 I Full Trim 

1 Pot 
R3 1 Empty Trim 

I Pot ; Empty Trim 

I 

c2 I I 
Servo Motor 
Pr imar 

Normal -> S to CW WCY I 4&t I 

I I BP Pin E2 to BP Pin E3 

I I Normal -> Ye1 to Grn 
BP Pin E3 to BP Pin E4 

1.6 I 1.7 I 
Normal -> Grn to Red 
BP Pin E4 to BP Pin E2 

I I BP Pin E5 to BP Fin E6 

I I BP Pin E6 to BP Pin E7 

I Normal -> Grn to Red 1 BP Pin ~7 to BP Pin ES I 

Normal -> Blu to Red 
A1 Pin 1 to A 1  Pin 4 

Normal -> C l o s e  to C1 
I 1  7 .  \/ 

I I AI Pin 2 to AI Pin 7 
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T1 

T1 

T1 

T1 

T1 

T1 

T1 

T1 

T1 

T1 

C16 

Secondary 2 
AmD PS 
Pwr xfmr 
Secondary 2 

Pwr Xfmr 
Secondary 3 
T.U. Ex. 
Pwr Xfmr 
Secondary 4 
I Limit 
Pwr Xfmr 
Secondary 5 
Rebalance 
Fwr Xfmr 
Secondary 5 
Rebalance 
Pwr Xfmr 
Secondary 5 
Rebalance 
Pwr Xfmr 
Secondary 6 
ComD. Ex. 
Pwr Xfmr 
Secondary 6 
Comp. Ex. 
Fwr Xfmr 
Secondary 6 
Comp. Ex. 
Pwr Xfmr 
Secondary 6 

h l D  PS 

C17 ~ 

C 1 8  

c19 

c20 

c2 1 

c22 

C2 3 

C2 4 

C2 5 

C26 

C27 

c2 a 

Component Component 
Desig. Type --__----_ 

Pwr Xfmr. 
Primary 

Fwr Xfmr 
Secondary 1 

I Servo M EX 
T1 I Pwr xfmr 

1 Secondary 2 
Imp PS 

T1 I Pwr xfmr 
32. I 
33.1 
6 5 4  

16- b 

67 

Reverse 
Polari tv 

-------_-- 

6-  7 
67- I 

Normal -> Blu to Vi0 
A1 Pin 1 to A1 Pin 3 

Normal -> Gy to Wt 
A3 Pin 4 to A3 Pin I 

Normal -> Wht to Blk 
A3 Pin 7 to A3 Pin 1 

Normal -> Gy to Blk 
A3 Pin 4 to A3 Pin 1 

Normal -> Wht/Blk to Wht/Vio 
A2 Pin 20 to A2 Pin 34 

Normal -> Wht/Brr! to Wht/Rea 
A2 Pin 14 to A2 Pin 39 

Normal -> Grn to Ye1 
A2 Pin 8 to B? Pin E3 

Normai -> Ye1 to Orn 
B? Pin E3 to BP Pin E4 

Normal -> Grn to Orn 
A2 Pin 8 to BP Pin E4 

Normal -> Wht/Slu to Wht/Grn 
A2 Pin 29 to A2 Pin 37 

Normal -> Wht/Grn to Wht/Yel 
F.2 Pin 37 to A2 Pin 35 

Normal - >  Wht/Yel to Wht Orn 
A2 Pin 35 to BP Pin E7 

Normal -> Wht Blu tc Wht/Yel 
A2 Pin 29 to A2 Pin 35 
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n 
> 
0 z 

u 

Lu 
.pL 

c3 
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w 

J 
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Test 
# 

C 2  9 
--_- 

C3 0 

C3 1 

C3 2 

c 3  3 

c 3  4 

c 3  5 

C3 6 

c 3 7  

C3 8 

c 3  9 

C4 0 

C4 1 

C 4 2  

c 4 3  

c 4 4  

c 4 5  

C4 6 

c 4 7  





PSf- 



NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, DC 

Attached Systems Group Photographs of 

Fuel Quant+ity Indicators 

Notes: 

1 .  No negatives available. 

2. 

3. 

4. 

Large photos taken at NASA in August 1996. 

Small photos taken at Honeywell on January 1 1, 1999. 

EQA 1858T photos taken by Boeing on October 28, 1998. 


