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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 11,
1999, to examine the gross weight/total 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 11.

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 (D3-11796-1), 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 dispiay. 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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KC-135 FUEL QUANTITY INDICATING SYSTEM FAILURE ANALYSIS

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 Quantfty Indicator

SPEC NO. : 60B92010-1

MFR PART NO. : JG603C4RG1006AA01
SERIAL NO. : Q-150

TWA PART NO. : 34127

SERIAL NO. : Q-150

#4 Right Reserve Fuel Quantity Indicator

SPEC NO. : 60B92010-1
MFR PART NO. : J1G603C4
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
showed that C6 and C7 were missing when the indicator was disassembled. Evidence of impact damage
was tound in the area. The missing components were in the control circuit and the group agreed that the
calibration problem was due to the missing components.

The schematic (C13386AA02) provided by Honeywell for the examination shows that connector
pin 11 provides an airframe ground through capacitors C6 and C7. The Honeywell representative noted
that without 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 (pt*) and full value of 362 pf. with a
calibration error ot 30 pf. The group agreed that indicator A-19 appeared to have been able to function
prior to the accident. The circuit boards were 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 were soldered into the sample indicator used to test the components from indicator A-
19. The unit could not be calibrated during bench tests; with the zero fuel indication at 185 pf and full
indication at 413 pt. The calibration errors were 32 pf at zero and 51 pt at full. The group agreed that
indicator Q-150 appeared to have been able to function prior to the accident and then removed the circuit
boards from the sample indicator.

TEAR-DOWN OF GROSS WEIGHT/TOTAL FUEL WEIGHT INDICATOR (totalizer)

The totalizer was received without extensive distortion of the case. the glass missing from the
case. and a puncture in the top surface. At the face of the indicator. the GROSS WT display on the face
ol the indicator was between 387.0 and 588.0. The TOTAL FUEL display digits were between 169.0
and 170.0. When touched with a finger. the digits would slightly rattle. but did not change values. The
set knob was bent downward and away from case center. The front bezel was loose and hanging from the
Knob.

The group tound hand-written black ink spelling “"TWA#34134™ and orange ink-stamps spelling
“MED (illegible)9.” and "MAY 196(illegible).” The accident instrument had an outline of adhesive in
the same area and shape as the data plate found on a sample instrument. Markings were found imprinted
into the case and were in the same orientation as those on the sample. but the markings on the sample
were not imprinted into the case metal. The markings were:

= A measurement of electrical capacitance.



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 satety 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 WIRE DIAM (in.) w/ COPPER DIAM.
PIN # NUMBER  INSULATION w/ NO INSULATION

1 W186-Q608 053

2 W186-Q638 .052

3 W186-Q623 052

4 (Plugged)

5 W186-L.914 .052

6 W186-L913 033

7 W186-Q753 042 030

8 W186-Q743 .052

9 W186-Q613 .050 .038

10 W186-Q618 052 038

11 W186-Q628 052

12 W186-Q633 052

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 W186-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 10X 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 Al R1) fell out of the
case. The servo motor was loose, rusty, hanging by the wires, and the shaft would not rotate under light
finger pressure. The case contained dried adhesive around the calibration resistor screw port. The
rebalance pot (Al R1) 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 the 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 were made for
components on the card:

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:
RJ22CW104
MADE IN MEXICO



8626M [date code]

The R12 trim resistor was black and marked:
10025148-147

The R14 trim resistor was black and marked:
M175PCT204A
200K
CTS 2968.

The R16 resistor was black and marked:
M175PCT204A
200K
CTS 2968.

The R18 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 tiited with the (as installed in the aircraft) forward
side displaced about 1/2 inch toward the connector. The circuit card was 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 C1 end.

The C1 capacitor was found marked:
CKO6CW 103K
200V
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.



The R2 resistor was found broken.
The RS resistor was found cracked.

The R10 (RN55C1402F) 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 was 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 figure shows pin 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 11.1 mega-ohm resistance and found to have an output of 1.13 volts.)

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 between all pin
combinations with the high resistance multimeter (HP Model 3457A) and all measurements were greater
than the measuring range (min. 2.8 giga-ohms).

TRANSFORMER FAILURES

The Safety Board worked with the Boeing Engineering Quality Analysis Laboratory (ref. EQA
Report 1858T) to examine two B-747 fuel quantity indicators on October 28, 1998. 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 (C13386AA02) 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 JG603-28-01 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 specified the values (ohms) to be
used for resistors that prevent introduction of energy into fuel tanks through the FQIS. The TWA wire
diagram 31-35-33 (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 60B92010 contains the following numbered paragraphs:

3.1.11.2 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.
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b) Failure of any component in the current limiting circuit.

¢) Shorting of any or any combination of tank and compensator units and any
capacitor in the bridge circuit.

3.1.114 The current in the tank and compensator unit leads shall not exceed .150 amperes
under any combination of (b) and ( ¢) above.

KC-135 FUEL QUANTITY INDICATING SYSTEM FAILURE ANALYSIS

A search for documents about fuel quantity indication system (FQIS) problems revealed Boeing
Document (D3-11796-1), 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 believed to be associated with the fuel
quantity probe, and that the manufacturer of the KC-135 FQIS had been Honeywell. The KC-135 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. Swaim
TWARBO0 Systems Group Chairman

(UM."V;“’()D

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

2TC | 3TC | 6TC | 9TC | 2TC49 | 6752-12 | 6752-1xx | 6752-3xx
20TC | 7235 & 7236 | 7270 & 7271 7274 | 7277 [ 10RC | 35B

Aircraft Circuit Breaker Overview Page

2TC Series

Single Phase, Ambient Compensated

Features

Miniature Size

Light Weight

Trip Free

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 11/23/98
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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 (71°C) maximum of non-ambient compensated thermal

circuit breakers. The 2TC series may be applied where operating temperatures are as high

as 250°F (121°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
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*)

Temp |Min. Ult. [ Max. Ult. Trip Time - Seconds
oC Trip Trip | 200% T 500% | 1000%

425 115% |138% |4-16 |4-4.6 "fo'

-54 115% |165% |7-35 |.6-30 '1750'

75 06 -

+121 85% 145%  |2-13 ) s

*The above calibration chart 1s representative of a standard commercial device. T1 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.............. 10G

Weight......ccocovvenenn 24 grams

*QOther vibration levels available

11/23/98
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Interrupting Capacity
1-20 amps 6000 amps at 28 VDC

25 amps

1625 amps at 28 VDC

3-15amps 2500 amps at 120 VAC, 400 Hz

20 amps
25 amps

Voltage

Amp Rating Drop (max)*
1 1.10

2
2%

0.70
0.50
0.40
0.45
0.35
0.30
0.28
0.25
0.25
0.20

2000 amps at 120 VAC, 400 Hz
1800 amps at 120 VAC, 400 Hz

Endurance
2500 cycles 120 VAC. 400 Hz, Inductive
5000 cycles 120 VAC. 400 Hz, Resistive
2500 cycles 30 VDC, Inductive
5000 cycles 30 VDC, Resistive
10,000 cycles Mechanical, No Load

*Maximum voltage drop at nominal rated current.

375 '
OF MOUNTING

*% Rated Current

Side View

Panel Mounting

1257006 Da_.

Nominal dimensions provided for reference purposes.

Approximate Time-Current Curves - 2TC Circuit Breakers
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Pricing Information Request Form
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MAINTENANCE MANUAL

™ (13) Set function switch to A/C + PROBE SIM and observe thet indicator
™ reading reads fuli weight .isted in figure 505 within 21X. 1f
™ indicator is not within Limits check compensator zo.dition and
™ circuit integrity. Ref-Fuel Quantity Compensator - Adjustment/Test
™ 28-41-02.
™ (14) Open AC REFUEL GAGES and FUEL QUANTITY REFUEL circu’t breakers on
™ P6 panel. Disconnect tezt cguioiant. Replace cowi rs on indirators
™ and install indicetors. ficse lirguit breaker.
™ (15) Repeat steps (1) %hru (14) f{~ al. fuel ta.'« indicators as rzyuired
™ on P4 and P42 panels.
™ (16) Remove electrical power if no longer required (Ref 24-22-00).
7. s I - Fuel § . Indi .
™ A. Equipment and Materials
W (1) Field Calibration Unit MD-2A, RER 90069 or equivalent
™ (2) Test Cables:
™ (a) EQ449-50 - Inboard and Center Tanks
™ (b) EQ449-3 - vutboard Main Tanks
™™ (c) EQ449-2 - Reserve Tanks 1 and &
T™ (d) EQ449-70 - Reserve Tanks 2 and 3

B. Test Fuel Quantity Indicating System Insulation Resistance
(1) Remove the AIDS Flight Deck Acquisition Unit #2 (AMM 31-35-02/401).
(2) Defuel and purge applicable fuel tank (Ref 28-26-00 MP, 28-11-00
MP).
(3) Remove applicable fuel quantity indicator; disconnect electrical
plug.
(4) Remove total fuel quantity indicator; disconnect electrical plug.
(5) Remove volumetric shutoff control unit at E3-1 rack.
(6) Open refueling control panel access door.
(7) Remove applicable fueling quantity indicator and disconnect
electrical plug.
™ (8) Using field calibration unit, measure insulation resistance values
™ at fuel quantity indicator electrical plug at P4 panel. Connect the
MD~2 with appropriate test cable.

NOTE: Let the test unit stabilize for 10 seconds before you record
each reading.

(a) Insulation resistance value of tank unit between HI Z and
LO Z should not be less than 50 megohms.
(b) Insulation resistance value of fuel quantity compensator
between HI Z and LO Z should not be less than 500 megohms.
(c) Insulation resistance values between HI Z and LO Z and SHIELD
should not be less than 1 megohm.
(9) Connect electrical plug to fuel quantity indicator and install
indicator.
(10) Connect electrical plug to total fuel quantity indicator and
install indicator.
(11) Install volumetric shutoff control unit at E3-1 rack.
(12) Connect electrical plug to fueling quantity indicator and install
indicator.

v | 284100 = o
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cification HIL-T-4687B (AS0) , deted 16 January 1957, is bereby
cs ed, There is no superaeding dooument,
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MIL-T-46878 (ASG)
AMENDMENT-3

. e 19%

Anendugnt -2
31 Jmwary 1958

NILTTARY SPECIFICATION

TESTER, CAPACITOR-TYPB, FUEL-QUANTITY~GAGE
TANK UNIT, TYPE ND-2A

This amendsent forms a part of Military Specification
MIL-?-LS8TB(ASG), 16 January 1957, and has been aporoved

Ly the Department of the Air Force and by the Navy
Pureau of Asronantics.

Page 2, parsgraph 2.1%
(a) Undar "STANDARDS® add tiw following:

"Nilitary
MS)101 * Connestors, Electric, Raceptacles, Cable Connecting
H53102 Connectors, Blectric, Recaptacles, Box Mounting
M53106 Connectors, Electirio, Plugs, Stnight
K53108 Connectors, Electric, Plugs, Angle 90°%

(b) Undar "DRAWINGS® delets tiw Sollowing:

"Aip Force-Navy Aeronautical Standard Drawinis
AN3102 " connsctors « Rlectrical, Receptacles, Box Mounting
AN3108 Conneotors - Blectrical, Plugs, Angle $0°%

Page ), punmph 3.k, lines 3, 7, and 8: Delste "ciroulty" and substitute "cirouttry”.
Page L, parsgraph 3.1.5.1 Case material, lins 1, delete "including the control panel®,
Page L, paragraph 3.4.5.2 Case finish, line 2,delste "including the panel” and “blaok",
Page 7, FIGURE 3s JPenslt Delets, and substitate new Figure ). ,

Paze 8, pars gaph 3.4.5.6 Lid, 1ine 2, irmediately after *1id support" insert "of
corrosion resistant stainleas steel®; line 5, delate "leads" amd substitute "cadble®.
Delete the entire fourth sentence. .

Pags &, parsragh J.L.5.7 Latches, 1inas 1 and 2, delste *with hooks on the case and.
latzhes on the 1id%; iine 3, ete "hooks and", e

Page 8 paumph'].h.s. t At the end of ths paragrsph add the following settencas
*The culpide surface of the snali b Fintehed 15 DiekN : .

Page 10, paregraph J.i.7.3 Cover sss At the end of the para add the foliow
pontences "Thds Wt’ﬁ»_pﬂs"i— e ‘e

0 both indicators shovm on figwe L.*

9376567700 P.04
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Page 11, Table I, delets snd substitute
‘s

TABLE 1
Disl waridngs
Helght or Widih of line
Markings length or graduation | Material or finish
- inch 20,010 | inch 20,005

"~ Tunerals .80 [ 0.031 | Durable dull black
Clpu:ity wafl O, ' 0.03) Durabls dull black
Major graduations 0,250 0,031 Durable dull blaok
| Bagckpround of disl ) o -— Durable dull white

ubdial)
Yunarals 0.100 0.015 Durgble dull black
Major graduations 0,094 0.010 Durable dull black
Minor graduations 0,063 0.010 Durable dull black
Circle dlameter 0.906 0.015 Durable 4ull black
Background of dial - — Durable dull white

) Page 1), paragraph }.L.8.1 Capscitence section, line 6, delets "thres" and substitute
n'!i substitute "Lhr

*tour”s line 7, delste "two? 88",

Page 12, paragreph 3.4,.8.5 Standard electronic parts: Ths change incorporated in the
preceding samsndment is delste ¢ amendment.

Poge 12, paragraph 3.1.8.6 Elactron tubes: At the end of the paragraph add the following

santance! °*Upon spproval by procuring sotivity, transistors may be employed in the
circuite in lieu of vasuum tubes whenever practicabls.®

Page 12, peragraph 3.k.8.7 Reference capacitorg, line 6, change "capeoitor™ to
“capecitors®.

Page 1, paragaph 3.4.8.8.4 control-uob, line 3, delete "to the mwitch" and sudstitute
“of the switch",

Page 1, paragraph 3.h.11 Input pover cable: Delete amd subatitutes

"3.4.01 Inpud r cable,- A rubber-jacketed, flexible cable incorporating two
fnsulated, .;..'!Fﬁ.'uzm: stranded copper conductors shall be provided along with,
the adapters described below for facilitating the connection of the tester to the 115V
L00-cps, sinzle-phase, powrer source. The over-all length of the power oable shall be

20 feat 25 inches. One end of the power cable shall be provided with an adapter conform-
ing to Part No. AN3OS7-LA ard an associated 90 degree angle connector plug conforming to
Part %o, M3)1082-10SL~3s, The other end of the power cable shall be mrovided with an
adapter conforming to-Part N¥o. ANI0S7-L4 and an agsociated straight eonnactor plug cone
forning to Part No, M53106-105L-3P. Two adapter cables having an over-all length of 12
x] inches shall aleo be provided., Flexible c¢able of the same type ppecified for ths
power oable shall be provided for the adspter cablss. One of tha adapter cables shall
be provided with an sdapter conforming to Part No, AN3057-LA and & cabla connecting
receptacle conforming Lo Part Mo, MS3101-]05L-3z on one end and on the other end the
Jacint shall be removed from the cahle for & length of 6 £1/2 inch, and emsh conduator
shall be provided with an electrical cable clip, Musller Fleotric Company, Part No. LS
or equal, Each olip ahall be provided with a flexidle insulator protective slesve. Al
the point wvhere ihe electrical conduotors mrotrude fiom the jackst, suitable means shall
be provided for sealing and reinforcing the cable. The other adspter oasble shall be
provided on_one snd with an adapter conforming to Part Ro. ANIOST7-4A and & cabls con-
necting receptacle aonforming to Part No, MS3101.108Le3s and the other end shall ter< -
minate with a Type MSFL185 connector plug conforning to Specification KIB-UB767,7 . "%

[ 4
2 1540




a6

9376567708

ENSID

MAR—- S-98 THU 16 :4

75

ML~ 6678(AS0)

Ansndment =3

B 999990L 188L435 290 M

OO

V0LI3138 INNYY ¥ILIAKOSIN

ootx—~ ad } 4

! s.bu.-tlou
oix gnkul

82 .\

(@

ol oL 1\ (3..«:3.!0
(w °
»

C3aTIHWERN WIXVOD

1somgd ¢ FUNOLI
(" saviimwal asna $¢2 00¥ ‘ASM 4
2MVLSISIS iXD @.-
rav rav rov rav
W TR ONM32

~ o O

¥0127738 I08VN FNWLIIWWI

O,

\ \
[

O 0

v Os9e P

1543




MAR- S-98 THU 16:45 ENSIN 9276567700

& "1M9990b 383k43b J27 I

WTL-7-4,687B(4S0)
\mdw\n -3

Pagv 17, sd4d the following nev paragrephi

*3.12.1 Cmution ghc%.- A placard shall be parwanently atteched to the inside
surface of tha transit case denoting. thet the tester shall bs connectad to a
115-volt, LOO-cyocle, single-phase powar source. The placard shall be eo designed and

located as to be resdily oonspionous.®

Page 20, paragraph L.5.2 Qperation st roow tegperaiurss - Delete the last sentance.

Page 21, paragraph L.5.2.1 Immediately after the last sentonce inpert: "IDe same
ncasurement shall be repaatod with the resistance stendard slectrically connected across
receptacle A snd ground, recaptacls B and ground, and across the sxtemsl resistance

binding poste.”
Page 21, parsgraph L.5.2.2, subparagraph *{c)*, line L, delete "un-*.

Custodianss
Navy - Bureau of Aeronautics

Adr Porce

- 15486

i formalion Haadling Services, DOLSTD Lavue D¥990)
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20 Barch 1955

MILITARY SFECIFICATION
TRER, cmcnoa,- * ruwmnnm

This specification has besn approved by the Departagat

of the ALy Poroe apd by the Nuvy Purvau of Asronautics,
1. o

This specification covers oas typo tank unit testar, designsted Typs MD-2A.
mmwmmumumzn or naw design.
2, APFLIOARLE DOCTRERNTS
2.1 mm“timu, standards, dyawing :} and publicatfons, of the

h-.bd’lout.wuuot tation fer bids, form & part of this specification to e
axtept speoified hereins .

ECLICATIONy
Poderad
-4~)18 n-u. 5235 Plate and Gheet
RS0 Balder) Soft {2in, Yis-lead, and lesd-3iver)
Rty

NL-C-27 Cadbles, Radio Frequancy; Comrial, Dual Comxial
Twin’Gonduator, and Tein Lead * '

MLU-76 Wire and Oadle, fook-lip, msrson, Inmulated

KIL-T-5$ hmun-uth {:r Ust’ with Rlaotronic Equipment;

ation

MIL-5-1456 Shock, Veriadbla Duration, Method and Apparetus for

WL-E-682 Rectron fubes, Cholos and Applicstion af

WL-L 5018 Comnactors, Ihctrh: "AN" Type :

MLD-5028 Dramings and Data Liste: ation af Mamafacturers?
(for Prodastion Asronsuts and Assooliated Eguipment)

ME-E-5272 Imkv-nulhﬂﬂu.hﬂumuuluﬂluwhhd
Equigmeat , General Specifissiion for

L8510 M.arn—:wMumumnlm

ML-P-5433 Peckaging and Packing of Alrcraft Sstarial in
Steel & Cantaloers

MJL-8-6872 Soldering Process, Gemersl Jpesificetion for

-1k Sorew Thpeads, Stendard, Aspanastiss)

m“’n Byiea, %

Fo s ._ /7/

| LA -
!u:m:1:::g:z:5g5:;1Egr------.----------------
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MLL1-46878(A%0)
Mal-0-1817 , Tusl Quantity, Capacitor Typs, Unsompenasted,
a1 irisation for
MiL-0-7818 » Toul ity, Capacitor Typs, Compenssted,
ral dpscificatioo far
KaL-a-8625 Anadic-Coatings, for Alusinun and Aluminum Alloys
K L.0-8 798 Oage Syatem, Pusl-Quantity, Capacitor-Type, Nonvacuum

’ Tudbe, Integrally lighted, Geperal Specificailion for
MIL-¥-1030k Meters, Rlsctrical Indicating, Panel Type, Ruggedized
W(L-0-26988 w& Quantity, ttar Typs, Transistorised,

Specifiostion for

STANARDG
Yodaral
FED. 81D, X0, %95 Colars

Eitery

KIL-§TD-129 Nerking for Shipment and Btormge

MIL-5TD-130 ldeatification Marking of U, B. Wlitery Property
Ns28al,2 Clasp, Mounting, Alrcraft Instrwmnts
n533515 Case = Standard

H)506 Netals, Definitica of Dissimilar

]
Porce-R wt o Dr .
a057 idapter, Rlactrinal Moesssary Lo Cable
aAB02 Commactars = Blactrical, Receptacles, Bax Nownting
23108 Cormactors - Klectrical, Plugs, Angls 90°
MEE00k0k Polaters » Btandard Design of lireratt Instrowst
¥, 8, davy
RRALSOE0 Cop snd Chain Assesbly OW-1234/0
paLIGTIoNn
Alr etine
Ne, 1D Spagifications and Standards; Use of
No. koS Storsge Life ~ Aarcosubiscal Artislss
U..8, Adr Force Bacifisation Pullstin
Do, F2y- Codes for Alxcreft Finishing Schemse

{Copins of wpeoificets sbandards, drovings, and pudlications vequired
mum-aa'mn&u—nﬁuw “\.n blrn
the prosuring sstivity ov as dirested Wy the contyscting officer.

3. KEQIRmENTS '

‘ ).L“%NWszm-cemmnun
prodect het passed She Qualification tests specifisd hawedn,
|

LN o .15“8

Dimensions far 3-1/4 Jach Sise Instrumanc
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3.2 8.~ The tester ahall cousist of & single integril unit incore
porating & tr » oass, capacitamce measuring circuity of the a-¢

redalancing bridge typs, d-0 electricel-resistence msaswring circuity, switches, wiring,
and sscessoriss,

) 8. Naterials shall eonform to applicable specifications, as
specifiad, miorials are used which are not specifically designated, they shall be
entirely suitable fer the o The wse of lightweight mterisls and weight-oaving

‘"Epu s mjor cooeidery and their wse asball be investigated to the greatest
pos axtent,

3.3,1 [JMetals,- Motals shall be of the corvosion-presivtant type, unless suitsbly
protected to resist carroaion during sboruge snd normml servics use.

3.3.1.1 Dissiwilar matals.- Unleage suitably protected agsinat eleotrolytio
oorrosion, diss{mITar metals shall mot be used in intimate contsct with each other,
Dissimilar metals are definad by Standard MS33586,

3.2 la‘lewu -ﬁnp.- Nomagnetie mataris)s shall ba used fop all parts,
exoept where 3 Are sssenbia),

3.9 5 mterials.s Natarisls wvhich wre not nutrients for fungl shall
be wsed to the greatas practicebls, VWhare msterisls that are mutrients for fungi
mat be used, swch matarials shill be treated with a fungloida) agent, as approved by the
proouriag astivity.

3.3.4h Protective treatwent.- When ssteriale sre used in the construction of ths
tagter that are subjec sterloration vhen axposed to olimatic and envirommantal econdi-
tions likely to ccour during service ussgs, they aball be protected against such deterio-
ration (n o msomer that will in no vay preveny ocmpliance with the performance requirsmsat.
of thls specification, The use of any protective coating that will orack, chip, ar seals
with ags or axiremay of alimatis aad enwvironmantal oonditions shall be avoidad,

3.3.5 Selection of materials.- Speoifieations and standards for all meterials,

parte, and Govarmmnt oertiTlcatlon and approval of processes aod equipment, which ars not
opecif designated harein and which are necesssry far the axscution of this spsoifi-

cation, shall be selected in aceordance with AMA Bullstin Mo, 1), sxcept as provided in
the teilwin; paragraph,

3.3.5.1  Standard perte.- Standard parts (MS, AN, or JAN) aball be used vherever
they are suitadls Iar parpose, and shall be identified on the dreving by their part
thu. Commereial ut{lity parts such as screva, bolte, nuta, cotter pins, stc,mmy be
used, provided they possess suitsble properties end are replacenble by the standard parts
(NS, AN, oy JM) without alteration, and the correspanding standards ousbers are
referenced in the parts 1ist and, if practicable, on the contractor's drawings, In the
event Lhare 18 o sultedls corresponding standard part in effect oa date of invitatica for
bida, e_remhl parts may be usad pr they géenform to a1l requiremduts of this
spesifisstion, -

J.LL Design and sonstyuctiot,-

3.l The taster shall be designed to provide two measurement sections, ane of
vhich shall be capable of measuring and indlcating electrastatic capacitance, snd the other
shall be cspable af Neasuring and indlcstiag electrical insulation resigtance, The circuity
design incowporated in the tester shall be suitable far accomplishing the above mentioned
neasurements on fuel-guantity gage-tank units of the capacitar Lype conforwing to Specifi-
cations MIL-0-7817, WIL.0-7818, MI1-0-8798, and MIL-0-26988, The capacitance measuring
eircuity shall fmcorporate an @-c rebalancing-type tridge, a high-gain axplifier, and an
sseocisted indicator. The insulation-resistance-ms g olrcaity shall incorparate an
tndicator and an associated Alantyrania wnit, Both measuremsnt sectiona shall ba designad

b

-
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to operste from a 115V, L0O-cpa, single-phase, 1.0 power swurce. The basio measuring
circult provided for the capacitance measuring section shall be fendasentelly in eceardence
with figers 1. The ¢lsotronie cireuit providsd for the resistance msasuring circuit shall
be entirely suitabls for the purposs iotended. It shall be designed in such mamner that mo
dasage 19 incurred vhan the tast lasds or adapter leads are shorted,

3...2 General ﬂm.- The geteral layout of the tester shall conform substan-
tially to figures . detailed mechanical ard electrieal dezign of the tester
shall be accomplished by the contrsctor audbjest only to ths requiremsnts of thle specifi.
cation, thess reguiremants being datafiled only to the extent considered necessary to obtain
the desired methanical and slectrical characteristics, performance, and permanence of the
swws. The design, layout, assembly of the tester, and its component parte shall be such
as to facilitete guantity production and save of maintepance and opsration. The design
shall be svbject tO approval by tha procuring activity,

3.4.3 NMeasurement ranges.- Ihe cepacitance section shall be capabls of messuring
the direet owm of Ei!!vl&nl tank units or growps of tank unita cormacted in
r\nud, the capacitance values of which may vary Irow spproxisataly 0 to 5,000 waf, The
nen1ation-recistance section shall be capable of measuring the d-c resistance existing
Letveon ths elestrodes of the tank wnits, as well as the condustors of the associatsd
interoaanecting cables with respect to each other and to ground, The insulation resist-
ance shall be meeswred and indicated in units of megohms over a range of from Approximtaly
0 to 10,000. A selector switch shall be incorporated to perwit measuremant of either
capacitancs or insalation resistance. The capacitance msasuring section shall incorporate
four meamying rangss apd a suitabls sslsctor sechanisn 8¢ shown oo figure 3, The resist-
ance measuring section shall incorpoarats four msasaring ranges and a calibvration check
povitiom sted & suitabls selector mechanism as shoan oa figure 3.

3.5y The oconstruction of the tester shall be mecharically and electrically scund,
suitable for the parposs intended, and shall be sush as to give assurance of peranence
in the umdmm:m‘ . ma-mwcmtmxanh tester shall take into
secount the extreme tions of tesperature, humidit retion, shock, and operatiomal
requiremsats specifisd bereia, ' ¥ ' ' '

3.4S Casen.= A transit case and an imstzument cage shall ba providad as shown
on figare 2, rument case shall be rigidly secwred vithin the transit case by
mln MWG'M suitadbls festening devicas which will parmit the instrument gase
to .

3.4.5.1 Case materisl.- The trangit and instrwmant cases, inoluding the control
panel, shall be mude of one-alf hard alusimum conforming to Specificetion GQ-A-318, Tha-
winisun thickness of She meterial shall Wwe 0.081 ineh for the transit oase, including the
11d, and 0.06L Inch for the instrwet Case,

3.04.5.,2 Case finish.. The ineide and outside surfeocas of the tranait and instru-
mnt cases, fne panel, shsll be black anodised in accordance with Specification
MIL-4-8625. The inside and eutside suxfaces of the tranmit mnd Lnstrumsmt cases simll de
finished in final form in accordsnoe with U. 8. Air Force Bulletin Ko, F29, code Mo, F29-8,
solor Xo, 13538 as spheified in Federal Standard No, $95.

3.4.9.3 Dimmsions,- The outside dipmesions for the tranxit cass shall be in
sccordance with Flgere ¥.

3480 %- The transit ease ahall be provided with i feet Sn the hingsd mide
of the oase ami t on the side oppusite the 1id, The Lot say be diipled or formed
projections of the ssse, '

3h5S s.- The transit case shall ineorporste & Mnged mtal handle as
showe- ta . handle shall provide & clegrance from the case suffiecimnt to
& dleek 1-7/8 by 4-3/8 inchos in wrces seotion sad baving the ..auu.unz"
redins, The grip portica of 4o handls shall ba of & witerisl and shaped
134 (e hamd oamfortably,

. .
[ 7
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3.4.5.6 1Llid.- Ths transit oase shall be providad with a nondetachabls 1id secured
of

%0 the casp by & hings of the contimuous type. A sturdy 1id support shall be fastoned to
the cese and for the purpose of nncv:l:: hinge strain when the )14 §» open. A -
angeuhly shal) be provided oo the orneath surface of the 1lid to permit the

bracket

windiag of the a-< r lsads therson for starsge purposes. The bracket assembly shall
be of cmm-nc;m stainless stesl. Suitabls means shall be ided for sescuring
the opereting 1nstruotions chart on the iaside surface of the 1lid, 1id suppart shall
be mownted 10 such Panney TO Inwure that no damage will result to the stowed cable and

3.A4.5.7 latches.e Sturdy trank-type, pulldown latches with hooks on tha case and
latohes e the 8 be provided for securing the transit case lid as shown on
figure £. The hooks and latches shall be of corrosion-resistant steinless steel,

3.4.5.0 Accessory st v A coNpartagnt for the storags of 8ll acveasories with
the excoption of the lﬁt power cable ahall de provided as shown on figwe 2. The width
of the elorage Covpertwint shall be not less than 2.50 inches, 7The sterags compartaeot
shall be fres of sharp edges and protrusions.

3ki5:9 Panel,» The instrusent case shall incorporsts s pansl for mounting the I
indieatorn, eleclronle unita, renge sdjustments, switches, and receptacles. The panel ]
shall be falricated of alusirua alloy confoarming to Specification QQ-A-318, 0,125-inch :
miaimes thiciness, or moulded phenolic 0.25«inch minimm thiciness. All otmponent parts
tester, sxospt atoessories and shock mounted compomsnia, almll be rigidly mounted
panal 10 Iarm an aseesbled unit. Ihe design sml be such that the amsembled unit
readily instelled snd removed from the inatrument case,

3.4.5.9.1 The slectronic unite shall be shook mounted. The shock mcunte employed
shal)l perform sstiafactarily regardless of the position of the tester. Ths deaign shall
alsc permit the dlsctronic anity to be easily and quickly diaconrected, removed, and .
Toplased. The oipecitance seoticn indjcator shall be segwrod to the pansl by an M320Q42-2
¢lamp. he pansl layvut shall be substantially in sccardance with figure } and shall de
sebject to epproval by the precuring activity.

g
2117

3.0.5.10 Moisture %s.— A1l pockets, wlls, and traps 1n vhich water or
sondensed molsture can ¢ the Lester is in the normal operating position, shall
be sliminated, -

3.4.5.12 o= The instrument case, pansl, control ‘dntu, switchas,

tindisators, and recs as shall be adequstely sealed to rwet the requiremmpts specified
bovein, Caskedt materials shall be fungus fnsrt. In general, the follewing types of
mterial shall be used:

a) Celluloss sowtate
¥im
e) Polyvinylohloride
4) Mubber (natural or ayathetic)

3.h.6 Controls.. 411 controls provided far tha tester shall be readily accessidbls,
ouitably arranged, and of swoh sise and eonstruciion as to pormit convenlence and emse of
oparation wnder all service conditions by operating parsannel. Centrols shall yotats
freely and smoothly vithout binding or axcessivs lost motion, Cantrols shell be adesquate-
1y lubricated, viwre necessary, and such ludricants shall be selected sad ol 1n g

mattar that the tester will meet the requirumants apecified harein. Control imabs shall
be firmly secured to their respective camtrol shafta by suitable reteiaing davices,

3.k.7  lndiceters.-

3.A.7.1 The indicator specified for the Oapacitance-msasuping saction shall be an
slsetrical received, esploying a mmall 2-phave,lov-inertis moter, a redustion gear train,
and & rebalanciag iomster sweambly, The iodicator shall be of tbe sensitive,
mbdia) gressotaiisn tpps shom o figave 4. L. -

> ,0;55“
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062

DISTLATION-ARSISTANCE INDICATOR

DDENSIONS 1IN INCRES, UNIESS OTMREWISE SPECIFIBD, TOIEZRANCES: IECIMALS 10.005.

FIGRS L, Indicetor
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3.4.8.2 Besistance ssction.- The elevtronic mit provided for the resistance-

measuring aironil ghall Incorporate a sensitive and siablas slectiron-tiubseresistance- :
ssasuring ciyouit. The d-o voltage applied by the circulit across the alactrodes and Qlb~-
ductars, o both, “gox!? test shall mot axreed 50 volts, Adjustacuis as shom on .
figere 3 shall ba provided Sor properly setting the resistance eircuit in wrder to prowide
the highast degree of msasuremnt svcwragy. Zasily detached protastive covers inocorporiting
sdequate smiing provisions shall be provided éo the pansl for enclosing rsapsctively the -
adSustmenys specified for the capasitance- and registance-messuring circuits, The design .
shall not permit removal of the sovers from the panel during ncrmal use. :

3483 osion hasard.- The cupacitance- and resistarce-meicuring circuits shall.
be so designad carrent in the adapter 1sads shomn on figure § shall not wicesd .
0.2 ampere when any comhination af eirsuits are operating wnder normml conditions and the
leads are sharted together, or wvhea the circuits are abnarmally opersied, e.g., by sstiing
the adjustmmmts to sy desired position or by sharting arny capacitor or contdnation of
capacitars in the msasuring circuits.

3A4.8.4  Input volt isclation.- Isclation transforwers ghall be incoarporated in
the NSevolt, LOD-cycle, l%m Inpat circuit of the tester, in ordar to climinsts -
the poseibility of opersting personnel becoming subjected to dangercus potential becanse of
failure to cbserve tbe correct polarity in connecting the irput cable of ths tester to the
powRr sOuUrce. .

3.5.8.&0'%%.- Electronic parts, and the application thareof,
aball be in KIL-T-$4S . .

3.4.8.6 [Klectron tubes.- Selection of electron tubes shall be in accordance with
Specificstion MIT-E-LS0Y, as applicable. :

3.b.8 7 DPefurence {tars,- Raference capacitars swmployed in the capacitance- -
meaguring circul «~tsrminpal typs, accurately calidrated, and mged ‘to
inmare u high degres of stadility ovar extendsd pariods of operation. The capacitors shall
be self-contained, i.s., the capacitors shall not be collectivaly cmstructad and sealed as
s single pnit, A trimmer capacitor may be used with each respective reference capacitar to
provide a high degres of calibretion soguraay, if required. The reference capacitor shall
be reted at a ainimum of SOF peak across the plates or from either plate to grownd. The
dissipetion factor of the reference espacitars shall not exceed 0.001 at a frequency of

: 100 ¢ps and at a temperatwre of 25°C. The refevence capacitore thall be adequately sealed
' and shall bs capabls oaf meeting the test requirements specified herein, -

3.L.8.8 Svitchey.- The rotaryetype sritches showmn on figue 3 sball be ruggedly
construeted and shall be entirely suitadble for the purpose intandsd, The switches shall
) inccrparate 3 poaitive mechanieal index locating each comtact position, The index mechanims
enployed shall be designed to prevent the movable slement from coming to rest between
cantact positiona, .

3.L.8.8.1 Contaotz.- The elsctrical contacts shall be self-cleaning. The material
m:wmmmmmatbmmmnuommu for the
purpose intended, .

3.4.8.8,2 JInsulstion,~ Thbe. .insulatios provided for the switches shall bs nonpercas,

3.1,6.8.3 Staps.- Stops shall be provided to limtt the travel of the swilches
beyond their desigh Tanges and shall be sufficiently rugged to prevent damage to tha
.asp0cisted nechanisas.

cmo—
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KINGS ELBCTRONICS CQ, TN |
PART MO. LC-32-O1, OR EQUAL

KINGS ELECTRONJCS 20, [NC KINOS ELECIROMICS C€O,INC »
PART WO, LC-53-02, OR BQUAL PART NC. LC-~33-01,0R BQUAL

UNSAIELDED LEAD

I -t IDENTIFICATIOR TAG l
FT 21 INCH

FIOURE 5. Connector cabling
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34.8.8., Control knob.~ & cne-piece molded phenalic knob, blaok in solor, with
s bored, brass insert and Dushing for 1/i-inch shaft shall be provided for comtrolling
owitch. The knob shall be fiymly seoured to the contyol shaft to the switch -
means of & flat or other positive method to prevent slippage, The knodb shall incor-
te a bar-type extsnsion to facilitate switehing operstions. The sidrt diameter of
the Mnod be approximately 0.937 inch. The pointer shall be provided with a white
reference marking. ’

3.AL.9 Interral wiring,- 411 electrical connectioné Vithin the instrument case

be suppo ,in ardar to alleviste breakage and minimize changss in the
measuring circuity caused by straina, jars, vibration, and cther conditions incident to
Sstipping, stormge, and sarvice, Hook-up wire shall econform to Specification MIL-W-76,
Soldering Jugs or terminals shall bha provided for all points of connostion. Bafore
‘soldeting, all vires shall be securely fastened by crimping the wirs upoa the tarxinals

ox lugs.

3420 lhotr%c-.l connsctars.» Unless otherwise approved by the proouring .

. activity, ths elecir comumwclars provided for theé capacitance-section indioatar shall

: cnfam to Specification MIL-C-5015. Lug-type electrical comnections shall be provided
for ths resistance-pection indicstor, Connector plugs and receptacles required far the
adapter loads shall confarm to the applicable requiremsnts specifisd hersin, WNoaremovable
ocreu-top binding posts of heavy-duty camstrustion, Genersl Radic Campany, type 938, or

' equal, and inoorporating sultsble insulsting msterials shall be provided for facilitating
sxtearnal comection of test leada to the insulation-resistance saction. Unless otherwise
specified by the procuring acvivisy, an cleotrical eomnector receptacle canforming to
Part ¥o. AN31(RE-10SL-3P shall be suitably located on the comtrol panel to permit electri-
cal conneotion to the inmput slestrical power cahle,

3.2 t pover cable.- A wvubber-jscksted, flexible cable inecorporating two
insulsted, oise . , stranded copper conductors shall bs provided aid a means
for connecting the tester to the 115V, LOO-eps, single-phase, power source. Ihe insulation

; provided far ane of the conductars shall be black ia oolor and the other, white in esler.

. On one emd of the eable, an adapter conformdng to Part No. ANX057-UA and an associated

! . 90=degrec-angles comestor plug conforming to Part Mo. AN3108E.10SL-3S, shall be ‘provided, .

) On the other end of the cable, the insulated mbdber jacket shall be removed for a distance
of 6 11/2 inches, and each conductor shall be provided with an elsctrical cable clip,
Mosller Klectric Company, Part No. §5, o equal. Each clip shall be provided with a
flexible insnlatcs protective slesve., At the point where the electrical conductors pro-
trude from the rubber jacist, a jacket or other suitable means shall be provided for seal- .
irg and reinforeing the cabls, The over-all length of the power cable shall be 10 feet

*’ inchew.

;

3.k.12 Connector cabling.- Two detachable cables, including electrical connectors,
shall be provided Tor the ﬁﬁﬁ as shom on figure 5. The comasctoars provided for mme

i erd af the cadbles shall mate, respectively, with the receptacles provided on the instrumeat

: panel. Kings Electrouics Company, Ino, receptacles Part No. LC.72-03 and 1C-73-03, or

. equal, sm)l be provided respectively for tha receptacle positions "A" and "B"™ shown on

‘ figure 3. Each receptacle siull be provided with a cap and chain type No, CW-123A/V con-

; forming to Drawing REALS0SO. The cables shall be equipped with identification tags as

! shom on figurs 5. The material and type of marking employed for the tags shall be
capable of satisfastorily withstamding noraal eervice usage and the tests spacified in

' section L. A biniing post shall be provided as shown on figure 3 for grounding the tester.

3.4.12,)  Test leads,- A pair of heavy-duty flexible test leads, equi with
; - or banama-type Caraiinals on ane end and apring clips with protcctive sleeves on tha
. cther end, shall be furnished. The terminals shall satisfactorily mate with the binding
. posts provided far facilitating the measurement of resistance externally. The color of the
insulstion provided for the conductors of both test leade shall be black. 4n additional

lead of the ssm basic design shall be provided for grounding the tester,
1)
. 1860 ‘ .
I v~~~ —————————— . S T
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Adapter leads.- One esch of tha adapter leads as shown on f{igure 6
ou, one of the adapter lsads specified in table IT and .

having the same length as those shown cn figare 6, shall be providad.

TO 852023146345  P.024
Ly - bp—4~I

MIL-T-LS8TB(ASG)

TABLE 11
Adapter leads
Type of Cable _
Carnector required intercomnecting Comector required | identification
far ane end slectrical cable for other end letter» .
required
Kings Rlestronios Onshieldad Kings Electronice I
Compery, Inc : Company, Inc
Part ¥o, LC-£3.02, Part No. 10-52-03,
or equal or squal
Kings Rlectronics Unshielded Kings Electronies J
Compary, Inc, Caompeny, Inc,
Pavt Bo, LC-53-0R, Part No, LC-32-02,
ar equal . o aqual

3.4.12.3 The coaxial cabls specified for the commector ¢adling end adaptar lexdis
shall conform to Speeiffication MIL.C-17, type RO-S8C/U. Sise No. 20 AWG (0.0320), strinded
wvire shall be provided for the unshielded leads and shall be insulated with a material
whiah is entirely suitable for the prposs intended, The over-all diameter of the
wakislded wire shall be malntained within dimensions of from 0,110 to 0,120 imch,

3.i.13  8olderine.- Boldering shall be in accordance with Spseification NIL-8-6872.
Soldmr vaed for electrical comnections sha)l be in accordance with Specification
QQ-5-571, snd of s saitable composition,

3.4.13.1 Soldering flaux.. Only rosin, rosin and alcohol, or equivalant plastice
mi.nsdxems,mshu.mmmumﬁtb&dﬂwuﬂmmw :
carmectar cables. .

J.5 inmt §114ty.» All parts having the same manafacturer's part moaber
shell bs direct interchangesble with each other with respact to installa.
tion amd performance. Changes ln mamufacturer's manbers shall be governsd by the
drawing nunber requiresents of 8pscification MIL.D.5028. :

3.6 Screv tlyeads.- Unleas othervise specified, the threads of all machine screws,

0,060 iach or r , ohall conform to Specification MIL-5-77L2.

3.7 Meight.- The weight of the taster shall be beld to the minmimm consistent with
igh-quality deaign.

3.8 Pinishes and protective costings.- .

3.8 8.~ Alwdruoe-alloy parts shall be covered with an anodis
fils conlfarming to o0 » exoept a8 follows.

’08.1 .1

38.1.2 Alwdrem alloys which do pot anocdize satizfactorily shall be coated vith a
chemical film in accordance with Specification MXL-C.S5L1.

Dlals, small hales, and case inserts seed not be ancdised.

s 1561
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KDES KLECTROMICS CO,
PART WO, 1C-$2-01
O} 8QUAL

\coum. CABLE

T0

852023146349

TES? GLIP, 2 REQUIRED
ER ELNCTRIC CO
PART MO, 608,
BQUAL

6‘11'.—-.-1

.

TION TAG

%

RARERL
IDENTIFICATION
™ ™~

PART ¥0. LC~53-02,
OR EQUAL
g orr 2% -5'14

GATION TA0D

ONSHIELDID CAELE

OR BQOAL

XIS SLECTROMICS €O, AN

PART WO. 1G~53-02, %

o IUAL &x—a
IORNYIFICATTON TAC

KTGS KLECTROMICS G, 1)
PART 80, 1C-S2-0L
OR BQUAL

JIMMTIFICATION TAD

XIS ELECTRONTCS €4,
PAIS no. w'M.

r___;%ﬂ_..—

—h
\mcm
T

. —20 %E&Wwwm

or XUAL
TIENTIFICATION JAC

DOERSICES IN TNCHES.

PIGURB 6. Adapter leads

1542

.~

Rmisrmaber Bendkag Services. DOISTD lssne

- IMSHIELDED CAHLE

. CABLE -
aa ___mm
(?Q |
WGS ELECTROMICS GO Ii: CLIP, MILLER ELECTNIC CO
BOAL

PART WO0. 603, OR
COAYIAL CABLE

KINGS ELECTRONIOS CO,TNG
PART W0. LC-$2-0L.
OR BQUAL

KINGS ILECTRONICS CO,ING.
PARY NO. 1C-53-02,
OR DQUAL

S - HONGYWELL

URSHIALDED GABLE

MIMNEAPOLIS -~

RONEIWELL :
PART MD. 122698,
OR EQUAL
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).0.1.3 wre uas [rinsry parpote of the Geatmeet ie te alford » editahls puixt
:-,M“u anoordanos uitk Specifiswtion HIL-C-55)1 sy be used ia lism

3.6.1.% When altwusion resistance is 3 Iactar, chemical f1lms ia acossdmmos with
Spscification MIL-U-55L]1 sball ot be ased in lieu of smodising.

: A2 Anded wesisom e Aluadisn sxcfeces viion TOqUIPre bondicy dball be
provided with mmans to s electrionl peth.

.’““.};: h&_{ﬁp Tha tester shall te capmhle of eweting the tast requirsamts
"N

J.20 o The text and spproxiemte locstiuns of mmbimg far the ipstiusedt
panel shall L tially &as shown om Tigew 3. The markings whall be engraved in the
panel and whall be 0,155 20 010 imih 1n Saight mnd 0L 10,005 inch in width., The dopth
af the mrkings whail) be DLNS5 4005 inch, Angrared saviings ahall be Ffillsd with etemml
or other suitahle materal, wirits im cmiwr,

3.11  Idemtlfémmtive of t.~ Squipment, semwiilies, sxd parts shall be waricd
for Sdertif ETY MIL-JTD-230.

J.11.1 Upe of AR ar NIL des tiong.- XN or ML desxipmbtions gball axt be applind
¢to a prodmat, or szuples, nor referred to in

correspoodennre
il notice «Mmumwmmmde,m:wwmim

J.12 gzunbg anstructimj.— Tparating iastructicrs ztall be attachad vo the
insids surfece transit came an altovn on figwe 2. The body aof the chart shall
be white and the waridags hlack. The oparetimg instroctions provided simll be capeble of
sstisfactorily withstanding the effacts of the tewis speeified in seotion L and pamal

sarvice wzage. The oparating imstructions shall Saclude the followimg:

(n) Procadures to follow im wpereting bthe tawber.
Hote: Thess data shall imclude the waomar in which the tester
should be groanded, cormecbed to the lmput power sowce; wattings
ahtich should be made prior to turning Tt the tester, pettings
which sbould be made sfter turning on the tester, wern-up Lime

urmsesnreld section of cempetasted tank meits sheall be groundad
when swalaressatls are being mada.

{(0) Illustration shaving the values registared by the expscibance-
ssction inftcator when the pointer ir maintained at any ghren
£end positlion betwans L0 and SO oo the aosls mnd with tbe
selsctor seiteh In positiems of X, XJ, X10, and K50.

() TNiustration showing the valmme registarsd iy the ruslistance-
* ssctico indicator vhwo the pointer is smistatoed at amy fiwed
position betuwea 1.5 and 2.0 and with the selsctcr aritch in
positioms of 01, T, X100, axd X10OO,

-

852023146349
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3.13.1 ong.- Dimensions and talerences not speaified, shall be as ¢loee an
1is comsistent shop practices. Where dlawnsions and tolarwtces aftect i
the ixterchangeability, operstion, or pmfarmance of the testay, thxy shall be held o
limited accardingly,
Jed3.82 Screw liss.- Assaubly socrevs and bolts shall be tight., 7The word
Ptight”® means acTev ar bolt cammot be appreciably tightensd further, without .

damage or injury to the serew ar bolt or threads.

3.13.3 Clemping.- The tester shall be tharowghly cleaned Of loose spu.urod,
sxoess solder, ¢ , snd othey fareign material, Mnmlnuﬁiy
sharp edges, as well as vesin flash that sy crwsble, ohall be removed.

k.  QOALYTY ASSURANCE PROVISIONS

h.l g;gunmm of tests.. The inspection and testing of the tester sball bs
alaspified as followe: :

(a) Qualifiostiom testss Qualificstion tests are thoss tests performsd
oo ssaples submitted for wpproval as qualified products.

(d) Aceceptancs tests: Acceptance tests are those tests performed on
ipdividual lots which bave been submitted for scesptance,
h.? Quatification tepta.-

k.2l S inot. long.» The Qualification test smmples shall comsist of
two testers, tified with the smmfactrer’s oen part nusber and as
required snd tea-ud-d to the activity responeible for qualification, designated in the
letter of authurization from that activity. (See 6.3.)

4.2,2 %&%ﬁr&d.- Prior to sctusl procurement, ths produst which
this specifica covers pass the Qualification tewts -peo:l.fiod herein, I tids
prodect is later modified in any way, the modified form shal) be mibjected to and shall
pess the sams Quallification tests,

§.2.3 fasts.- The Qualification tests shall consist of all the tests of this
specification, as descridbed wader “Test methods.*®

L 15} Ae%m tesis,~ The scceptance tests shall caonsist of Individual vewts

and Sewpling
4.3.1 Individual tests.- Rach taster shall be subjected to the following tests,
23 dsscribed undar TTest metbods™:

(a} Rxamination of prodact
?: Operation st room temperature

Sealing
(d) Comector cable and adapter lsad
k.3.2  Bampling tejto.-

k.3.2.2 Esll_n‘ plan 4 s%;.- Tvo testers selected at random from each lob of

100 or less on the contract or ahall be swbjected to the following tests, as
desaribed snder *Pest methody®: '

g Ioaividuml vasts 2 .3.1)
l

(

{

{

5.1)
5.2)
5.3§
Sl

(L
(L
{l.
(L

; Detail examination
2 Volt.nge and frequency variation ?[-5.6)

nooooss

tenperat ure
High tempersture h.5.6)
‘ u 'Mm (h-s.’) M
1564
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&.3.2.1.2 -~ 4 lot amll consist of testers mmmfactured wnder essentially the

sane omnditiens and sebwmitted for acceptance st substantislly the sams time.

k.3.2.1.2 tion sod retest.- When ene or more items fram & 1ot fail to meet
mwmm,&ﬁﬁam!u-ushmuuuummnmuun
ond sanee of fellwre are determined. After carreotioas have besn made, all necessary

tests shsll ba repested.

h.3.2.1.2.1 vidual tests cantinue.- JFor produstion reasons, Individual
tests mxy be caon af a Sewpling test failme. DBut final
aceaptancs of the wotire lot shall not be made wtil it is dotermined that the lob swetas
a1l the vequiremsmts of the spesilisatiom.

b.3.2.2 %&?ﬁ"“ Onlass otherwise specified, (ssa 6,2), tne tester
selacted at rendon ftems of the soutrest or arder shall be mubjected to
\he fallowing tests, ss described wnder "Test methods”: ’

a) Inaividea) tests (k.3.1)
;b Saapling plss 4 tests &;inﬂ
’m‘m Lin‘ el
: Shoek i (h-sau
go Bowddity ?1.5.12
) Cycling test, capacitancs section (4.5.1))

.
-
~

2.1 hEu%mﬁnun.- Vhedn coe itom selected frem s production ywn
fails to mmet )w » BO  stlll on bend or later produced shall e acesptad
Wil the extest and canse of failwre are detezmined.

5.3.2.2.1.1 Individual tests eontimm.- PFor cperational ressons, lodividwal
tasts.nay b mﬂﬁﬁﬁ;@w s Sapling test failwre, But final
of items on hand or later produced shall mot de mads wntil it 13 dstermined
t items wost all the requiremsnids of ibs specification.

ko)) Defects ia iteme s ted.~- The inwstigatioe of a test failure
emld indiegts octs mxy alroady accepted, If no, the aomtractor
mmmmmmuu;nydmuoeumuurmm-m
of earrecting them,

Ld Test conditions.~

L) # i¢ oonditicns.~ Whessver the pressure and temperature existing at
mtu«mzaummmummuu, 4% is understood that the test is to
be made ot fc pressure {apprezimately 29.92 inches Hg) and st room temparatwre
(epproxtantely 25°C) with a relative hwddity oot exveeding 60 percent. Wheo tesis ave
sade with staospheric pressure, of yoom tesperature differing matarially from the above
pecitied values, proper allowames shall bte made for the differwnce from the specifiad

i

h.b.? M.- Onless etherwiss opecified, the tastar shall be tasted in normml
opsratiag position.

1565
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i ey e e e e restoarey &0 applicitin. The wwourmep of |
o prestisian - s » a8 wppliicadla. Titw sccuresy of
the towe standzrds aimll b 0.12 perveat for capmiteme of SO wmi or nove, and
[} for capactitasces lags time SO wif, The resistance atandards esployed may vary
fren s apecific valaee spaxifisd inrvinaftes by as mach a5 2 pervent, Nowever, the
acsaresy of the resistames simmiards ewployed shal) be cortified tv an acsusecy of
0.1 pwosat, The ume of correstism cherts is praitted,; Tha pelllwetion sccwrwcy af the
stasderds shall be bused ez Darwan of Standatde®certification. The scowraoy
reqaireamts livied sbove spply vhen the otamiards nye mistained ab a temparetuwre of 29°C.

kh.b Tester styptk.» Prisr to the scommplismmsat of the testy wpecifiea
heretnafter, eomected Lo a 12%¥ Mh,&m-muw
gm. ately sfter the
ware-up paried the capacitance and resimtance sections shall be properly adjested and e

the specified terts. Unless ocbderviss specified, tim resintance section wmxy bs yeadiusted
prisr to ‘aking resdisgs during the sccomplishmnt of the wpscified test. Prioe to the
final setting of the adjustimmts, it shall de determined that the "sao" adjustaemt shall
peredt the min polnder of the {tace section imdtcstor to be displaced & minimm of
10 dagress counterclociarise from ® and a sinisss of 10 degrees clockwisey from “esre,"
st that the “full® adjustmnt shall permds the painter of the capacitance-gection indlester
ainimm of 10 degress clockwise from the "100%-scals gracdustion on 4he
munu.uns—dma-r“.m1mn-&u-rx.

§
4
§
i
»

4S.1 Exsminstion of o~ ¥aoh tester sinll be inspected to detarmine compli.
snce with the » hurein with respect to materials, workwnship, asd

AS5.2 ation jure.~ The calibration accurasy of ths tester shall
o dobormined al room a wans of the precision ospasitamce and resiytsrce
stendarde specified in hok.3. With the capacitavos standard ommnected to receptacies A amd
B ca the testear by msans of suitable alactrical woasuremsints shall be condiucted

reforred to as "reference values® shall not differ respectively from the true capacitance
valwes introduced by the capacitence stendsrd by more than 40,5 perceat of the reading, o
paci tance » whichever is greater.

3.
f
i
;
:

valuss established wp scale and down soile shall not differ respectively by more than
#0.15 perosnrt. The same msaswwmat ahall be yopoated with the resistange ptandard olev-
{rieully conmected across recsptacls A uxl ground, receptacls B and ground, and adross the

10 wel 100 wmf

20 wat &00 wmf

M =t 800 uuf

60 wt 1,000 waf

80 waf 2,000 waf

100 wef 3,000 wl

180 waf ."m“f
] 1]
! :
! :
| |

1560

. R— m—— — |

-
Inormalioe Handbag Services. JOITD Tisoe D¥3B01




MAR-G5-1998 16:04 FROM S132555597 T0

852823146349 P.04

M 999990k 886427 T97 MR
NI L+T=04878(480)

8.5 ad. Baoh comnector cuble and adeptar leadt
1 be choe or oon 3 ’ additim, the dec reoistance of sash cable
odapber lwed shall L msasured vith A reliable Esgohmwtier. The Msasurements shall be
tveen the csnter comdector and each rempective estmncabor sbell, Tiwm rvadings

established simll bo wob loss than 5,000 megotms,

4.5.5 Detail tion.- The tssber shall be oritically examined to deteraime
a1l oompliance r dimensions, markings, nesattess aof wiring,
seldaring, and similar detall requirements,

hm W,. The tester mhall wo shetlmd ualdesr L3a
canbinal s nosinal 115V, [OO-cpe, aec sxtermal powsr

seiree specifiad in’table IIX,

1

TARSE I1I
Fregueasy cambingtiicne
Cundlitions Voltape 21,0V Frequanoy 15 ope
(x 115 koo
i) 105 360
. 125 Lho

Tbe change in indicstions of the cepacitance and resistance seotion of the tewter under
canditions (2) and (3) from that cbeerved wnder condition (1) shall not differ by wors
than 1.0 peroent ef $be reading, or 0.5 percent of the saxismgm value of esch cmpacitancs
TaNgD, Vhichever is grester far the capscitance ssction, and for the resistance sestion
ths veadings shall not differ by a reaistance value equal to 0,062 inoh of scsle length
at the respective test points. The test shall be conducted ab no lsms than tiuwe tast
points for sach masuring section of the tester,

UsS.T  Low ;gntm.- The testers shall be placed within a test shasber with
at -5%° 12°C fur & «l of 12 hours, AL the sxi

of the 12-bour pericd, the tenpsrature shall be raised to 40° £2°C for » peried of

2 bours. At the end of this peeriod, and vhile the testers are still at the low tempers-
twe, the testera shall be exwdoed and checked to datarmine that the oalibration scourasy
does not differ respectively from the "reference values” by more than 1.0 percent of the
remding, or 0.5 percent of ths maximun valus of each capacitance range, whiohever is .
greater. For thbe resistance secticn, the respeotive shell be noted and shall nos
differ fros the refetence valuss by s resistance valus equal to 20,062 inch of soale
leagth st the respective test points,

L5.7.1 Calfbwation messwrements st tost points corresponding to the *refecence
valaes® shall be condicted Afver the testars have returnad to room e for a

L.5.8 Figh tesporsture.~- The testers simil be placed within a test chamber
an 1 temparature of 71° 32°C far s period of 12 howrs. At
the emd of the 12-hour pericd, the tesgarsture shall be lowered $o 55° £2°C Tar & period
of 2 howre, A% the end of this pericd, and while the testars are ¢till at the
and chechnd to determine thal tim testers operute
1y and timt the calidraiion aocurecy does not differ respectively from tie
than £1.0 petcent.of the reading, cor 0.5 percest of ihe
mxismm vales of wech capscitance rengs, whichever is grester. For Lhe resistasise seotion,
the respective readings noted sull not differ from the referance veluss by a resistasce
scale lungth at the respective test pointe,
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4.5.0.1 Calivretios msasuremsnts st test poists correspanding to the "referense
values® shalll be condyoted after the testers have returned to room ture for &
siniies of 1f hours. The calibraticn acewrscy tolermnce specifisd in L.5.2 shall apply.
desmge #mll be noted wideh vould affect ssbesquent opsrationa,

L.5.9 .- The testers, with the 11d clased and secured, shall be moumted
the vibretioa + The testers shall be vidrated with Lim frequency varying
betaeen 10 and $5 cpe at & total excwrxion of 0.0) 10,006 inch. The frequancy shall be
warisd wiformly from 10 te 55 ops and retwrned to 10 cps in appraximately 1 mimute. T
1bretion shall be appliad in esch of the fellowing directions for a poried of 1 heur:

(a) Berirontally, parallal 46 the major horisontal axis
of the taster,

(b) Horlsontally, at right sagles to the major horiscatal
- azis of the tastar,

(s) Yertically.

mcw-orme,mum stmll be inspected to sacertsin that oo
fixed paris have becoms loose or damsged. The ealibrstion accuracy of the testar shall be
checimd snd shall be withis the applicable Loleranoes wpacifisd in L.5.2.

hS.10 2 ) = The tester shall be placed within s test ghasber
capable of ot of -55° 2°C and TU° £2°C, respectively,
far a pariod of 2 hours, toster shell b subjected to & minimum of 5 temporetwe

t of starting at rooe tempsratere, loweriag and main-

taining the tamparature st -55° $2°C for g paricd of 2 hours, retwaing to room
tesperstue for a period of 2 howrs, ralsing and meintaining the tesperature at 70° #2°C
for a period of 2 hours, and returning to rods tawpereture for & pericd of 2 hours.
Calitretion msasuressnts at points corresponding to the "reference valwes' shill be oon-
ducted after the tester bas retumed (o room tesperstwe for approximatiely 12 hours, The
calitrstion acewrscy tolerances specifiad $a §.5.2 amall apply. No damuge simll be noted

which would affect subsequent operation,

LSl ghaock.e The tester shall be subjected to impact shocks of 25g, each abhock
inpulse having 2 time daretion of 11 %] mllisecowds in sccardance with tha tsat procedge
octlined in Spesifisatiocn NIL~3-LiSé. The shosks shall be spplisd lu the following )
directioan

<4

(a) Borisomtally, ;:nn.x o the horiscutal axis
(three shotks in each direction for a total of
atx shooks.)

i1y, ot angles to the major horizontal
axis (thres abocks sach direction for a total of
six ehocks,)

{e) Yertically, (tiwes shocks in ssch direction far a total
of six shooks.)

(v)

Calibrution masuremsats at tast points oorresponding (0 the "reference vaiues” shall be
oendustad after the testar has besty subjected 10 the above shook aonditions. The oall-
wution ecowrecy tolerances specifisd ia L.5.2 shall spply. Neo dummge shell be noted
which vould affect subsequant cpasation,
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L.5.12 Bumidity.- The testelr shall be pubjeoted to the Eumidity test in scoord-
ance with Specifimtion MIL-E-5272. The tester sball be mounted in its
norual cpmrating position with the 1id open and cables snd adapters removed. Within
1 hour after the end of the 360-bowr period, ths calibration accuracy of the tester ahall
be checimd, and the Peadings established for tiw capacitance section shall not differ
vespeotively frem the "reference valmes® by wore than i) pmwcent of the reading, ar
1,5 psroent of the maximm value of each capacitmce rangs, whichever is grester. For Lthe
resistance section, the respective readings shall be noted and shall not differ from the
refarence valwmes by & resistsnce valme equal to 30,093 inch of socale length at the
respactive lest points. Ths axtesrusl moisture on the panel shall dbe wiped off with a
cloth beforw testing., Ihe tester shall be inspected to0 deterxine that' po oor-
rosion or otber detericraticn exists which vill affect msubsequant operation of the tester,

5.5.0 %m. tast, ﬁ'&“‘”" section.- The cgpacitance section of the testar
shall be electr conpec & vap eapacitanoe capable of cauring the indicator
pointer to transverss the complets soale, During the qycling procedure, the capacitame
shall be continmously varied, in order that the indicator poinmter moves from "sero” to
Sond® point and returns te “serc® within § £1 minutes, The total cycling period shall be
s minimm of $,000 cycles and shall be comducted in 1Z-cycls intervals. After eack
intarval, the tester shall be deshergised electrically & minjmom of 10 mimitss between
cycling intervals, Afves the ¢ tesis, the calibration asouracy of the capacitance
seotion ahall de ehetkad, and readings established simll not differ from the “reference
valwes,” 2 applicable, by more them £l pereent of the reading, or 30,5 percent of the
maximm valwe of eash capscitance rangs, whichever in greater.

S,  FGPARATION JOB IELIVERY

5.1 lication.~ The requiresents of ssction 5 apply ouly to direot purchases
by or direct t0 the Governmmst.

%.2 Wumwupumwawmw
in mocordmes 5633,

5.3 M% of m%m-.— “Interior pucimges mnd exterior shipping containers
shall ba mxr [ with Stendard NIL-STD-129. The identification shall be
oamposed of the follawing information listed in the order ahowns

* Stock Mo, or other fdentification omber as specified
in the purchase document’®
TESTER, CAPACITOR.TYPE, FUBL-QUANTITY-GAGE TAKE NI?, TIPE MD-2A
Specification MIL-T 8
Namfacturer's Part Ho,.

SIOTE: The contractor shall emter the Federal Stock Fo. spocified
i the pwehase dosummi or as fwrnished by the procuring sotivity.
Whan the Pedarsl Stock ¥o, 15 not provided or availsble from the
proowring activity, lsave spese therefor and emter the Stock WNo,
or other fdentificativa when provided by the procuring sstivity,

834 lai¥eunn date.. The reinspection date markings shall be in aeccrdence
with ANA Bul - [}

6. WOTRs .
6.1 Iptended use.- The Type MD-24 tester covered by this specification is to be

nsed Lo check the callbration acsurecy and slectricsl insulation qualities of fuel gage
tenk wnits of the capecitor type. The tewter is designed for field or shop wse,

Y

1570
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6.2 Ordering duta,- Procwesent dovwmsnts should specify the follawing:
(a) Titls, mmber, and dste of this specification,
(v) Shether Sampling plan B tests are to be conducted, (8es L.3.2.2.)
(¢) Level of pickaging and packing,

6.) Lons for ation.- With ru-:t to products requiring qualificae~
tion, avards be or suwch prodo s, rior to the bid opening date,

bosn tasted and spproved for imclusion in the amlmbh Qualified Products List vhetber

o oot such products have actually been so listed by that date,

6.3.1 The sttemtion of seppliars is called to this requirement, apd memufacturers
mmtomummmmtﬁqmmdtawmrmmcm
mast, tested for qual ification in order timt thay may be eligible to be awarded centracta
or orders for the prodects covwsred by this speoificstion. Requests for inforwation per-
mtoqummwgmsmwm-umummmhudn-ndu

the Commader, Wright Alr Development Centsr, Wright-Pattareon Air Farce Base, Ohio, the
uuvuympmibh!cq—nﬂuum uu.wwwmmormuu-,lm
Degurtasnt, Vashington 25, D, C.

6L  Defipitions.-

6.L.1 Trenalt came.- A tramsit case 15 8 case without & test instrument built im,
ht-u-dd mfwammm. The traneit ease is primprily a protective
eans to howse the equipment and acoessaries but is wot to be confused with o
packing cese, and is not intemded for initisl shipment withowt additionsl packing.

64s.2 Instzament case.~ An ingtrumst cawe is & oase protecting the inetr-amant

mhm. Thus, an .inetrument pansl wxy be part of o
cass.

64.) Herastis worl.- nwumumu.wunmem.umum
—n-am'm'i"'-um:m. 4 hermstic seal im mot intanded to inclwde
seals accanplished by gusiets.

BOPICRs Mw&-ﬂp. specifieations, ar other
dats are used for sny pwrpose obher than ia comnectioco with
& definitely rolated Govermmant procuvessrt operation, the
Vaited States Covarameot tiwreby inours wo responsibility
nor any obligaticu whatsosver; and the fact that the Govern-
-s-u-mrmm,mum or in any wvay supplied
the said drevings, specifioatiens, or othar data iz not to be
vwwmeQMumwmmm
or any other perecn coarporetion, or conveylng any
ﬁ‘ or pumiseion to moufactare, wee, or sell any patsated
iorention that may in any wey be tharsto.

Cunbodinoas
Navy - Bareens of Levesawiice
&4 Perce

TOTAL P.O7
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SCHOTT

CORPORATION
November 19, 1998
218 North Jefferson  Minneota, Minnesota 56264
National T rtation Safety Board Telephone (507) 872-6103 » Fax (507) 872-5238
Swaim,IAS 40 hetp://www.scholtcorp. com

490 L’Enfant Plaza, E, SW
Washington, DC 20594

Dear Mr. Swaim;

This letter is submitted in response to your letter of November 6, 998, requesting information on
transformer model Honcywell part number 10033398, We have conducted a diligent search of our records
amnd based on those records and our experience, we are ablc to provide the following r¢sponses lo your
quustions,

1. Honeywell drawing 10033398 includes specifications for seven similar transformers, 10033398-101
through 10033398-107. Schott Corparation has previously manufactured all of thesc except
10033398-103, The quantities and invaice dates for all shipments since 1/1/1990 ar¢ shown in
Attachment 1, We no longer possess records of our sales history on shipments before that date.

2. Short circaits 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,

3. Regarding causes of short circuits, the statement following is quoted from Magnetic Circuits and
Transformers, M.LT. Press, Copyright 1943, 15™ edition (January, 1965), page 386: “Exccssively
high insulation (emperatures, resulting from serious overloads, cause deterioration of the insulating
malcrials and shorten the life of the transformer.” You may find other sources of information
available in literuiure that was not readily available to us.

4. As part of our qualily assurance program, all of these parts are tcsted for excitation current (which
wonld detect any shorts within individual windings) and dielectric strength (which would detect any
potential shorts between windings) during the manufacturing process and after completion prior to
shipping. According to our record retention policy, we keep test records for five years; however, we
were able to locate data on 238 of the 286 parts shipped. Based on the available records, two of the
238 parts (10033398-106) failed for unidentificd causes. These two parts were not shipped as they
failed testing. There are no records of kmown failures for shorts or diclectric failures.

We haope this information will be helpful in your investigation.

o shidl

Tim Voeller

Quality Assurance Manager
Schott Corporation

An industry icader in the manufacture of custom & standard magnetic devices,
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Aftachment 1
Honeywell 10033398 Transformers
Shipments by Schott Corporation

Invoice
Qty Date Invoice #
Honeywell P/N: 10033398-101 4 11/12/93 43857
Schott old P/N: 67098750 3 12/2/93 43968
Schott new P/N: 25299 1 12/2/93 43967
Schott P/N assigned 4/11/1985 9 B/30/95 44084
Shipments prior to 1/1/1990 unknown 4 9/21/95 45551
10 11/15/95 46554
10 4/11/96 49843
10 6127196 51503
10 117197 55234
10 4/3/97 56760
Total 73
involce
Qty Date invoice #
Honeywell P/N: 10033398-102 10 1111492 42127
Schott old P/N; 67136570 18 1/26/93 42462
Schott new P/N: 28557 3 1/28/93 42475
Schott P/N assigned 9/8/1992 6 3/17/93 42691
Total 35
Invoice
Qty Date Invoice #
Honeywell P/N: 10033398-104 : 3 4/8/94 44502
Schott old P/N. 67145210 11 8/19/94 40137
Schott new P/N: 24859 1 8/22/94 40156
Schott P/N assigned 2/16/1994 6 9/8/95 45326
Total 21
Invoice
Qty Date Invoice #
Honeywell P/N: 10033398-105 1 10/18/91 40691
Schott old P/N: 67131520 2 1/6/92 40939
Schott new P/N: 28497 Total 3
Schott P/N assigned 9/3/91
Invoice
Qty Date Invoice #
Honeywel(l P/N: 10033398-106 10 11/20/91 40800
Schott old P/N: 67131460 62 57192 41336
Schott new P/N: 28306 49 619192 41503
Schott P/N assigned 8/20/91 29 7/9/93 43254
Total 150
Invoice
Qty Date invoice #
Honeywell P/N: 10033398-107 4 1/6/92 40940
Schott old P/N: 67131830 Total 4

Schott new P/N: 28594
Schott P/N assigned 11/22/91




Swaim Bob

From: Taylor, Lou (MN51) [LTaylor@cfsmo.honeywell.com]
Sent: Thursday, December 17, 1998 10:53 AM

To: Swaim Bob

Subject: RE: Updated B-747 Transformer usage
Importance: High

xfmr_2.doc

Bob,
| saved it as a Word 6.0 / Word 95 file this time. Let me know if you have
any trouble with this one.
<<xfmr_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: Speranzo, Neal (MN51); Gille, Robert (MN51); Gilbertson, Shelly
> (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

>

> s 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 B-747 Transformer usage

> Importance: High

>

>

> Bob,

> Attached is an updated sheet on the transformer usage. The previous
> sheet showed no usage for the -103 transformer, | have since discovered
> there were 33 of these transformers sent out as spares. | 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. | believe
> the

> vast maijority of these transformers were used for mod and not as

> replacements for failed transformers.

>

> | checked where we shipped transformers for the past three years
> (1996 --> 1998). They were all sent in quantities of one or two to

> airlines

> whao do repair work or to repair shops.

> <<transformer spares, rev1.doc>>

>
> Lou
>



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

Transformer 10033398

Dash > -101 -102 -103 -104 -105 -106 -107
Tank 2> CWT, 2,3 IR, 4R 1,4 2R, 3R Body Tank IR, 4R Body Tank
JG603 > C3, C44, C4, C42 C2,C45 C67,C70 C73, C81 C80 C78
C51,C52
Year Quantity of transformers sent out as spares Total
1992 10 14 4 1 0 69 0 98
1993 13 2 7 5 0 0 0 27
1994 7 1 6 12 0 3 0 29
1995 19 4 5 4 0 0 0 32
1996 14 5 0 0 0 0 0 19
1997 4 3 4 0 0 1 0 12
1998 11 2 7 0 0 0 0 20
Total 78 31 33 22 0 73 0 237
Note: Honeywell Service Bulletin JG603-28-01 provides instructions for modification of a JG603C4
indicator into a JG603C80 indicator. Part of the modification replaces the dash 102 transformer with a
dash 106 transformer to adjust the scale from 3,500 pounds to 4,000 pounds. The quantity of 69 dash 106
transformers in 1992 is most likely associated with performing this modification.
Table 2: Transformers are used on Boeing 747 Classic fuel guage
Dash # JG603 | Fuel Tank Lbs/Kg | Scale
-101 C3 CWT, 2,3 Lbs 0 = 95,000 Lbs
C44 Kg 0 > 50,000 Kgs
C51 Lbs 0 - 150,000 Lbs
C52 Kg 0 - 60,000 Kgs
-102 C4 IR, 4R Lbs 0 = 3,500 Lbs
C42 Kg 0 > 2,000 Kgs
-103 C2 1,4 Lbs 0 - 35,000 Lbs
C43 Kg 0 = 20,000 Kgs
-104 C67 2R, 3R Kg 0 > 3,000 Kgs
C70 Lbs 0 -=> 6,000 Lbs
-105 C73 Body Tank Lbs 0 = 40,000 Lbs
C81 Lbs 0 - 13,000 Lbs
-106 C80 IR, 4R Lbs 0 = 4,000 Lbs
-107 C78 Body Tank Kg 0 - 6,000 Kgs
Table 3: Transformers ordered by Honeywell (all but 25 of the —102’s are from Schott)
Transformer 10033398
Dash > -100 | -102 | -103 | -104 | -105 [ -106 | -107
Year Quantity of transformers ordered by Honeywell Total
1991 0 0 0 0 3 10 4 17
1992 0 60 0 0 0 112 0 172
1993 10 0 0 0 0 30 0 40
1994 0 0 0 15 0 0 0 15
1995 23 0 0 6 0 0 0 29
1996 40 0 0 0 0 0 0 40




1997 0 0 0 0 0 0 0
1998 0 0 0 0 0 0 0
Total 73 60 0 21 3 152 313
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Ronald J. Hinderberger Boeing Commercial Airplane Group
Director P.O. Box 3707 MC 67-PR
Air Safety Investigation Seattle. WA 98124-2207

12 January 1999
B-B600-16589-ASl|

Mr. R. Swaim, AS-40

National Transportation Safety Board
490 L’Enfant Plaza East, SW
Washington, DC 20594-0003

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

Reference: Your email dated 1 December 1998

‘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 FQIS 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
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.

Very truly yours,

onald J. Hinderberger

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

\ Enclosures: TWA Wiring diagram, 2 pages

1 cc: Mr. A. Dickinson, |IC
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Ronald J. Hinderberger Boeing Commercial Airplane Group
Director P.O. Box 3707 MC 67-PR
Air Safety Investigation Seattle, WA 98124-2207

29 January 1999

B-B600-16589-ASI R1

Mr. R. Swaim, AS-40

National Transportation Safety Board
490 L'Enfant Plaza East, SW

'Washington, DC 20594-0003

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

Reference: Your email dated 1 December 1998

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 FQIS 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 saftety requirement
implementation can be seen when calculating the fault current resuiting 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.

onald J. Hmr

M 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

Enclosures: TWA Wiring diagram, 2 pages

CC: Mr. A. Dickinson, IIC
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DEPARTMENT OF THE AIR FORCE
HEADQUARTERS OKLAHOMA CITY AIR LOGISTICS CENTER (AFMC)
TINKER AIR FORCE BASE, OKLAHOMA

4 December 1998

OC-ALC/PA
3001 Staff Dr Ste 1AG78A
Tinker AFB OK 73145-3010

National Transportation Safety Board
Attn: R. Swaim, AS-40

490 1.’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.

/ ‘ 7 7
stk oo

Security and Policy Review
Office of Public Affairs
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1.0 INTRODUCTION

This report describes a failure analysis on the KC-135 Fuel Quantity
Indicating System and is divided into three parts:

o Analytical Ground Fault Evaluation

~ Nicrmitecsnn A+ Trnvac+instian intn alortyrn ctatirc
< SRS OT ANV LIS LTl WAt Sl eClrY st ls

X

o Recommendations

1.1 ' BACKGROUND

A KC-135 qircraft experienced a ground fire in the aft body tank. A
possible ignition source was believed to be associated with the fuel

quantity probe.
1.2 STUDY REQUIREMENTS

Oklahoma City Air Logistics Center (OCALC) established engineering task
No. 80-2A-43 to perform a KC-135 Fuel Quentity Indiczting System Failure.-
Analysis.

An engineering assignment was issued by OCALC/MMSRG to task Boeing
Military Airpiane Company (BMAC) to perform the desired study. The
assigned tasks were:

o Conduct an analytical evaluation of potential failure modes
or faults in the Fuel Quantity Compensator Probe and it's
circuitry to determine if the potential exists for a .25
millijoule energy level. The study shall include but not
limited to the following:

(1) Fuel probe energy levels under various failure or
- fault conditions.

(2) Fuel probe compensator energy levels under various
failure or fault conditions. -

(3) Evaluate potential static electricity inter- )
relationship with probs installations.

(4) Identify possible candidate fault conditions for
subsequent testing and recommend type of tests
and test requirements to be conducted if appropriate.

1.2.1 .25 MILLIJOULE ENERGY LEVEL

Figure 1 shows that the spark ignition energy varies with the fuel-air
ratio of the mixture and tends to be minimum near the stoichiometric
mixture ratio for complete combustion. For paraffinic hydrocarbons,
their minimum ignition energy (MIE) is approximately 0.25 MJ at
atmosoheric pressure and normal temperature. This information is from
Pittsburgh Mining and Safety Research Center Bureau of Mines, Report

No. 4193, August 1973.

!7 Rev. 2:20
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1.3 STUDY ACTIVITY DISCUSSION

For purpose of establishing a baseline, it was decided to use the aft
body tank indicating system for analysis.

1.3.1 DISCUSSION OF ANALYTICAL GROUND FAULT EVALUATION

In response to the engineésring assignment JdesCiibeéd n rarfa. 1.2
BMAC engineering found early in the study, that the original
Fuel Quantity Indicator/Power Supply, Honeywell P/N JG131A6, was
modified by TCTO No. 5LG-3-20-501 to a new P/N JG131A33. This
modification included a transformer change in the power supply section
from a 24V (RMS) secondary winding to a transformer with a 38Y, RMS,
secondary. This change was initiated to allow easier field calibra-
tion of the fuel quantity system for the empty level adjustment.

3

Figure 2 shows the schemetic and wiring diagram for the aft body tank
~fuel quantity system, including the indicator/power supply. For the

purpose of this analysis, we will concern ourselves with the portion

of the circuit that has the highest voltage output to the fuel cell.

This is the secondary winding of the transformer that has the 2K OHM "Empty"

adjustment pot, with a 1K OHM current limiting resistor, out thru pin
"N" of the indicator/power supply connector and on to the inner electirode
of the probe in the fuel cell.

Figure 3 represents a simplified version of this circuit used for

the analysis and shows the 38V transformer tap, 1K OHM current
limiting resistor (Ry) and the fuel probe with a potential ground
fault (RF) on the electrode. It should be remembered that this is

a fault to ground and in-so-much as we are only concerned with
hazards in the fuel cell area, we are assuming the ground fault

on the active portion of the electrode, wire to the electrode or

in the fuel tank connector wiring. Also, we have in Figure 3,

set the ground fault at 1KOHM which s the worst case condition due
to the fact that maximum power transfer will occur whnen ground fault
resistance (Rg) is equal to the 1K OHM current limiting resistor (Ry).
That is to say that maximum power will occur when Ry = Reg. Therefore,
applying OHM's law as shown on Figure 3, the total current in the
circuit (Ig) can be determined.

-

Knowing I. we can then compute the amount of power (in watts) in the
ground fault (Rg) with the following formula.

n = 12,0

In-so-much-as, 1 watt second is equal to 1 joule (joule is a
measurement of -energy and is a function of power and time), the amount
o7 energy or joules can be arrived at by muitiplying PRF (Power in

n
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ground fault in watts) times time in seconds.

Assuming the worst case condition having the empty adjust pot turned

© full CW allowing the maximum 38Y on the circuit, and @ 1K OHM ground

fault RF’ using the above formulas we have:

3gy
Io = T000 + T000 = .019 AP
P = (.019)% x 1000 = .361 watts

RF .
. 361 watts x .001 sec = .000361 Joule =

.3671 millijoule

.001 second is used for simplicity. Thru analysis using peak voltagé
of this transformer instead of RMS voltage, it has been determined
that the minimum time required to develop .25 MJ is actually .000375

second.

This .361 millijoule energy level is above the MIE of .25 MJ allowed

in Para. 1.2. A full range of ground fault resistances was computed
with the above formutas and plotted on a curve. See figure 4. Also on
Figure 4, results of computations using the original 24V transformer
(Para. 1.3.1) are plotted reflecting energy levels below the .25MJ level.

1.3.2 GROUND FAULT POSSIBILITIES

Figure 5 shows the fuel probe wiring in the fuel cell. The potential
tor a ground fault in the probe and it's wiring is present as can be
seen in Figure 5. A short from the wire shielding to the inner
electrode circuit or between the active and ground grid of the electrode
itself, can produce energy levels above .25 MJ.

1.3-3 DISCUSSION OF ELECTRO STATICS

Explosions and fires have occured from time to time during the filling
of a wide variety of shapes and sizes of tanks with liquid hydro-
carbons. It has been recognized for many years that one source of
ignition of such a fire is the discharge of electrostatic charges

accumulated in the fuel tank.

Electrostatic charges are generated in fuel flowing thru pipes and
hoses and to a much greater extent in. fuel flowing thru filters and
at high flow rates. Factors affecting electron build-up in fuel
are as follows:

(A) Flow rate thru pipe

(B) Pipe material

(C) Filtering

(D) Agitation

(E) Splash filling from top

(F) Bottom filling that creates turbulence

OE-117326-:
&
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These electron build-up factors can also be greatly aggFavated by
the following conditions: .

(A) Water considerably enhances build-up rate
" (B) Insulated fuel tanks restrict discharge
(C) Gas bubbles

(D) Solids settling

The amount and po]arity of charge generated depends on the trace
polar materials in the fuel and on the pipe or filter thru which the
fuel passes.

When fuel carrying static charge is filled into a tank, an electric
field can be produced in the vapor space of the tank and

much higher electric fields at the ends of any metal protrusions in
the vapor space. If the field strengths are sufficient, then

...electric discharges will occur between the metzl protrusion and the fuel

surtace. Further, electric discharges are more likely to occur if the
tank is nonconducting (such as rubber lined tank) than if it is a

gecd conductor or there are grounded conductors in the tank,

Tne flow of hydrocarbon liquids such as JP4 through pipe and hose lines
may develop considerable volumetric electrification by the contact
difference of potential. Since the resistance of hydrocarbon liquids
is very high, the electric charges do not dissipate readily. Discharge
rate is much longer, of course, in the case of insulated tanks.
Measurements have shown that the generation of e]ectr1c1ty in these
liquids increases about linearly with the rate of flow. On the
average, the rate of flow of_the electric charges has been found

to be approximately 3 x 10 -10 amps per gallon per minute.

Therefore, the control of static build-up during fuel transfer is a
major consideration. Some methods for the control of static build-up
during fuel transter are as follows:

(A) Additives that make the fuel more conductive.

(B) Fuel at reduced flow rates. -

(C) Anti-static agents coating non-metals.

(D) Active neutralizer system.

(E) Larger pipe diameters after filtering.

(F) Bottom filling. .
(G) Ground any conductor in tank. :
(H) Keep fuel tanks clean (Water, etc.) :

Measurements have also shown that the built-up charges in insulated
tanks, accumulate on the surface of the liquid and will be greatly \
concentrated in tha area af 3ny icalated (nnn grounded) metallic

object.

A cause for fires and explosions, however, may have arisen from ,
a somewhat difTerent condition vherein an insulated ' !
conductive member forming a plate of a capacitor, such as a
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clamp, or metal label isolated by an insulator or glue, becomes
charged from electrostatic induction over a period of time. Because
of the imperfect high resistance insulation between such materials,
electric charges are induced slowly into these partially insulated
parts such as by charged fuel. These charges will remain impounded
as the result of the high resistance. Therefore, a high voltage
can exist hetween the "Electrified" capacitor and ground which is

a potential source of fire hazard. All that is needed to initiate
a fire or explosion resulting from such a charged part is the
synchronized occurrence of a flammable mixture and a spark of
sufficient energy to cause ignition. -

Therefore, in localities where flammable fuel-air mixtures may cause
hazardous atmospheres, extra precautions should be taken to insure
thorough bonding and grounding of all isolated metal parts.

2.0 SUMMARY

Although the entire fuel quantity system was evaluated, only the
worst case, or that part of the circuit most probable to create a
hazardous condition, was analyzed in detail. Analysis of the power
supply of the indicator has shown that an energy level of .25MJ 1is
available in a ground fault condition. BMAC has learned thru
conversation with independent testing labs, that if analysis shows a
probable hazardous condition, the suspected circuit should be
tested on special spark gap equipment to determine if this
condition could create an explosion. Also, in the area of
electrostatics, BMAC has learned that hydrocarbon fuels do take

cn electric charges in fuel transfer. In fact, JP4 is one of

the most susceptible liquids for electron build-up and retention

of that charge. Electrostatics is a phenomenon and must be dealt

wWith accordingly.
3.0 - RECOMMENDATIONS

o Continue computer fault analysis on the complete fuel quantity .
indicator system. '

o Conduct Taboratory testing using the fuel quantity indicator
system on spark gap machinery with fuel vapor to 'démonstrate
conclusively, whether or not the energy level available in the
system could be hazardous with a ground fault. .

¢ Conduct a visual inspection of fuel tanks in an aircraft to define
all isolated (non-bonded) metal.

0 Task Boeing to define procedures/methods suitable for a TCTO to
implement resulting necessary modifications from the above

activities.

e
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WASHINGTON, DC
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10.

13.

14

15.

January 11, 1999
TEST PLAN
747 Classic FQS Totalizer - JG613C1
Visual of as-is condition.
Pictures as indicated

Without removing A/C 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.

Pictures 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.

a) 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..

b) 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.

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

Pictures of transformer as indicated.

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

Measure resistances on Summing Bridge card.



CONNECTOR/CABLE MEASUREMENTS

747 Classic FQS Totalizer - JG613C1

Date: /~//-99 TestInst.: FLuke 77 Notes: S/, A8
My mana ' )
Device: TG 613C Personnel: MN€ Fossum Ro GerRT GiLLE
Series: 5 :,i{\!,?{_ﬁ‘ §Cm54,<c s
1 2 3 4 5 6 7 8 9 10 11 12
1 — |2Am | 1,95k oren | open | open [ 112 13434120 0fm |2.00m | 0pen
2 A m - |t 0 pen| cpen | open |1.0Tm 1337, (186w [1.95m | 0 pen
3 1.9 m | 119 m -- dpin | spen | open | FSm [A8Tm ([ YSu | |43 M | 0pen
4 -
5 oPen | apen | 4PN - & 0pca | gptn | open | 0pen | 9PN | o pen
6 sven | open | open L\u -- Qpen spén | apen | o pen open | open
7 gpen ooy ofer :;f.q Ofen -- open Open OPen Opm. I pen
8 1,09M | 109 | .5Ya o on open | I¥eu -- 23 m | 8 | ¢t d pen
9 |33Um | 3.36m |2.56m opern | open | apen |A3nn - AR AUam |280m | 0pen
10 /.9 1970 | /.45 cpen | epen | opeq | ¥Im |A.90m = | 149w |Open
11 V796, |/ 96 |l4]~ oon | opes | 0renq | ¥ [R0m | ) 4B - o pen
12 |open open | 2rén IPeN | open |0P@A [cpen |ofen jeopen epen -
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.

Py S To Case 5
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CONNECTOR/CABLE MEASUREMENTS

747 Classic FQS Totalizer -AJG613C1
Notes: t\o;‘\,W rQLW A l

ATest Inst.: F Lol 97

Device: \§ & Ex ) Personnel: WM\ \o o Cof:,un Al var A 62 “é
‘ : )
Series: s Qb \h‘,A é. } ‘c '
1 2 3 4 5 6 7 8 9 10 11 12
1 - |2 |920,, 7»/0M Lo, 1.6 4. >low | 7199 | > 14q. Zlaq (7190
2 |geo, - |vyo,, cfl'/dmr 719 (8900 | 890, | 8500, | 940, |> tan | > 14,
3 |2 6900 | - G600 [> 1oy | 990, |Flon | 10719 [9700, | 940, |50,
4 ' -
5 9074 |[Zlay | >4 (Pl [Zlan [Pl [l [Py [Dlen |20
; oy~
6 >'q,.‘ >,9,7 >!",I7 ‘>'~L.’.,? >}Ql? - > ’?/7 7!7:1 7,717 >l,,’ >'Q11 >Iql1
7 97024 50 |7 91 QL/DM 7)9“1 - 00 ,, >'7.7 4 'q:, >'Qo;’ > ""1
8 >,q.7 S’ROM > ’9'7 >|9'q > a1g 790, - 860 >‘q.-, >|‘M > a
9 P aq 952 2 >lam 17100 |2V an] 850, 890 [0 |7 o
10 >la, ‘?MOM L%'.’JL ' > Vaig |[71ae |Zlay | >4, |870M - P g > Vary
1T [>lg.4 |Plquq | 10am Zlaa [Tl [Plag (T'ss [7)ss [Zles - =l
12 >,.?"j >‘J'J A0 Hu '-0119 >|7,9 >].7;’ >'171j 7'9:_, > l9n3 '.lgla -
Use of Table:

- =

’”78? o hm

+hAa n

! 99, 04ms

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

—>l9,<’ T greaveR




| |

22-141 50 SHEETS
22-142 100 SHEETS
22-144 200 SHEETS

J2,1998
W s MM%‘véwww [L

Z/ ((f‘Q,, NO& | —Vo VW .N"N\‘I\’vs
| ' : dva wAL (weu b -Am‘,:
[ W/8G @Co8 553
, 052
A R3S
3 QLI 3 L oS
7 Flegged —
5 L9/4 , oS
G f [L93% L 0G 3 -
| | bﬁ@\
7 &7S 3 5ma.((er ﬁi«uw, DY (. &%
8 47435 | , oG
| | ot
T & 6/r3 | , 05 D ('(g;%‘
23
& | ? e 85T [,%’3?8
L
/) | Q (28 oST \o\/‘o

/2 € §633 | 05—




CONNECTOR/CABLE MEASUREMENTS

747 Classic FQS Totalizer - JG613C1

/;Bmuﬂ-n, Iy 1997 Test Inst.: Hu\c:oﬂ *

Notes: M\A Mﬁzc& R\W‘a»‘,l

Date:
ML B bt Y
Device:wé 6IYI ) Personnel: Xj): Sga Egé SuUng - p&\' xerq ) o 4 -'—c AL N
, . ' ')Qv\l\
Series: £ S0 AS lebv &éﬂ\‘o EPWNE YO
1 2 3 4 5 6 7 8 9 10 | 1 12
Pl9q 7\7; Zlaig - 7'9'7
1 o a“lam {‘qu !“34.‘ of{ﬂ z’l €Aq /s /54‘ P 1-03,»‘ a‘agm\ o P(.’rl
1o 2 og 7'9:9 :
2 augy, | = |V |/ | 0peq |oren |oren | )04 | oren 1,970 | [ Fbn | @2k
>1 Pleq 71e,
3 |4adm 1 3m | |85, 57}4 open | 008n | 855, |open |1.95m |1tm | 9ren
) >leg 7 o 7'71
4 14 Ll0p | 8, - VPen | oren Pé v «51_52«/» 0fe |8, 8 | 0Py
{9 7 'og 7l Plew A0 |7l qug Plon Play
5 opPen oper | oPewt | open - I;é:a, ofen d;“\ oren | vren | oren | open
2 low >lsq T 1o [ Flerg D04 | P19 >l ang 7 Tere
6 " epPen APeny | oPen | 9Pen lo’_db - apen o Ptn orey e pen | 0 Pen e Py
|7 tare FPlag [2lasg P gy >lgio |7/ g Zlsn | Z e
7 o pev open oren | oren o pen LN 4.\ i - oren oren oren epetn | oPen
N e 2l >la 1> 5eq .
8 J/Hm 180a | ¥5a ASon o(jen a;;n o pPen - open ,B‘IM '35{”\ dPen
9 | opei | oren |open|open |open | oren|oren] dpen| == lapen | opeq|oren
>/9, 7'?'\ 7'9 N E
10 '/:‘WM -/,‘75’;' /:‘/fm VW open 6 pan ?f\ W, | oren - I.LHM oyen
7/9 . 7’9, >’9,
1972 1T 700 | Lo | 1§ m ofen | o'Pen den 89 | 9P | 149, = |oren
12 | 07¢n | cren | ofen|open |apen | open| open|open |open | open|open| =
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.

> K FZW‘JWWAEQ WA (&u w»\"\ WP 295h5A
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10022382 Summing Bridge A2 - Parts Identification View
Figure 1103



SUMMING BRIDGE A2

747 Classic FQS Totalizer - JG613C1
D)

Date: "3 2/ v } 249 Test Inst.: Elau ke e 72 Notes: B’biw's /N Ac—si\‘

N ameadhe e vy
Personnel:(\x\a\a/_\“c Gale

Device: T, L)3 < !
~N

Series: 5 <N A‘Q) qu A X km\r\
Circuit Card Assembly Identification:
Honeywell Part Number: Serial Number:
Other Identification:
g:sff;gf;r Part Type Value Normal Polarity Reverse Polarity
End to End 1 onms © o
DottgiNiper - (9‘98 SL 22‘8‘»’
" R2 R0 TO F2490F 249 Ohm 207 207 A
R Reo o\ s% | 1000mm 00.L 2 | 1606 2
R4 1 M Ohm \ ™ \ "
Fod 1o End 100kOm | s ke [4s & =
Dot t(I){ %Viper ~ Q/ K == ?() K-
R6 1 M Ohm VR6 ke 18\ w
R8 1 M Ohm a8 ko a98 k_
End to End 100 k Ohm Q7.4 K AT 4k
Dot tc[f?Niper - 3¢ Qi ¥4 K
R10 1. M Ohm "\gg\g \ 89 i<




woy

\!

S

5N

9

/

MISCELANEOUS PARTS

747 Classic FQS Totalizer - JG613C]

| (= | ' . _

Date: } l f?_/ Cf\q Test Inst.: Notes: F(QW\QL MOQ\(\S&C‘ PO‘AS
Mil"‘- 52(’\4»\‘ 2-

Device: Personnel: %bgv"\r (,vi \\e_

Series: %Qéggg i b&

The following parts are installed on the frame:

OPQWQA +o COSNR_ ol {‘-..Q,\-o(‘
F’v‘\ /‘i/c_-}ch' - co‘\\A\/\\/. \\

1

D\‘?(O’ch‘k W Q).MA C C WY J'NAQ- D(A\m)

<<’JJ k \)*3:)& Y&v

T3 No Ski 1oy (R bt}
Cw *'D U\)\Qv‘ e /“71’5 ol &
—e— » |
p3 Re/Le
For “"”"/ P/ 3K X /,bw».u v‘kvw?)b)\i S W—;WVM,\A'-—- )/ﬂ} fBex A
» v@o‘/ﬁf’sa ;2‘5’/<*()“ }"F—\)\’\\V\A Paih &\"/&‘jpw(l by\c L ,c)).,-— V—QCLNH/&\

d::\mxv (v XD My Fowed Baacl)

Ref.erence Part Type Value Normal Polarity Reverse Polarity
Designator
AL Rl | Duecan 1kis9 |
End to End Nb,?)zm-|3‘c-+ Ik Ohm 20?«(0 J 2(0
R1 _
End to Dot Il 3o
R2 ' 75 Ohm ne
| - LOA ﬁl\c}&g
R3 _ - Thermistor (0 O e
Bl . ,-‘:_vo Motcr - ‘
RedtoBlk o VLo {\Oo N~ i
B1 ' ;
Wht to Yel l{o & Lo A
- Bl _
Red to Wht SN O:gu\

e A Gt L R ~rte . "




TRANSFORMER MEASUREMENTS
747 Classic FQS Totalizer - JG613Cl1
Date: /»dan 29 (3 _>l'est Inst.: Notes:

VN\Q‘)?«V\AW i 3
Device: T €6/35<) MBS Personnel:  Bob 6417 /e

Series: Lav 74'4 /d)’

Transformer Identification:

Manufacturer: d49580 g HQﬂJ/yLu\‘)HODCYWC” Part Number: JAOD 2300210 )

Other Marking: :
Red Bm | WhvBm | WhvOm |  Vio Gy Wht Bu | Gm Yel | Core
“~ | Red ~  |[lds |Oren Gpen Ppon Opon
JAY Bm |/95 -
L—| whBm | a5, - 130 | Open Cpen Chen
Fag— | WhOm /13 -
o] Vie |Cpen Open - |24 | 500 | Gpen Cpen
Lok | Oy 240 LéFL
L-| Wwh , Sen |2500 -
| B | Gun Cpen Oper ) Open
L | Gm 10 | == | )
| Yel 1 Ja L2 -
Core |gpen |Opp | Cpen Upon Cpen -
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Mikelyn N. Bridges ‘
Sr. Application Engineer BOURNS, INC.
1200 Columbia Avenue

Riverside, CA 92507 .
Phone: (S09) 781-5395 | R

Fax: (909) 781-5006 Merice 8L LSM

Fax

Ta: Ross Reagan, Honeywell From: Mike Bridges
Fa:  (612) 9574502 Pages: 10f 1

Phone: Date; January 12, 1999
Re: cG:

Ourgent [ For Review [ Plesse Comment [ Please Reply [ Please Recycle

¢ Comments

The Boumns commercial models 3250 and 3252 as well as the military RT22 and RJ22 date
codes are three digits and a letter. T2 first digit represents the year, the second two digits
the week, and the letter is the manufacturing plant code.

An example would be 813M, would be equal to the 13" manufacturing week of 1998, and M
is plant code for Mexico.

RTR22 and RJR22 military products have the four digit date codes, where the first two digits
are the year, the second two the week, the first letter, the manufacturing plant code, and the
last letter, the lot code. -

6r0\\/{l,
Mn'ke‘»p\ Coorn Vourr>

‘ L\ L\ ¢ ‘ W 'rk}
l\’ < ﬂ’\‘] " b.k € (obﬂ a '3
/x \\ Ck( (ow 'IJ S'\_/ s

()"(5 wb o ke
Lo Hhe 4dt’1!*
dhot

b code
ro e B divgrtc _ , T
(3 B - ' LN (_5."»‘; i""‘fk'ﬁ‘j %u‘d‘.{ ls
*LQ O.EOV( 5 3 ‘,»(/-

JLJ\‘\' aleig vy o

te
'L " b)g 9-)0\.\\{) »r(,\,{_ﬁ- A |
e ’ /r(uﬁrk POAZA T Jle Javee o ’
o€ L dre dente wir, o'w)’hﬂ -«3
S | o

SUREURR PRI B ERES

i

repa’

po’ ~3



For technical assistance call the Trimmer
Products number on the back cover.

3250 10 to 50K ochms
RT22 50 to 20K ohms
ATR22 ..cocereeerorsrnsassnssesnsnas 500 to 20K ohms
(see standard resistance table)

Resistance Tolerance...........ccccoesveuas +5% std.

(tighter tolerance available)

Absolute Minimum Resistance
....... 0.1% or 1 ohm max. (whichever is greater)
NOISE....cccoumrreisncrrinncosnanseas 100 ohms ENR max.
..See Resistance Table

000 megohms min.

Dielectric Strength
Sea Level .1,000 vac
80,000 Feet . .400 vac
Adjustment Travel........c..c..cceere 25 turns nom.

RECIURI TN CIAargetonstcs. -~
Power Rating @ 85°C
: 3250
: RT22/RTR22 ......ccoovevnrnne
Power Rating @ 150°C ..
Temperature Range...............
Temperature Coefficient

....250ppm/°C
22, 1eereeenreeseertesesriesnenias +50ppm/°C
: Seal Test........ 85°C Fluorinert® (pin styles oniy}
: 11611 oY ZURO MIL-STD-202 Method 106

(2% ATR; 100 Megohms IR)
..... (1% ATR; 10 Megohms IR}
(1% ATR; 100 Megohms IR)

.................................. 30G
TR; 0.5% + resoiution AVR}
. 100G
(1% ATR; 0.5% + resolution AVR)

3250.....ccinnerene 1,000 hours 1.0 watt @ 85°C
) {2% ATR; 500 ohms ENR)
: RT22............. 1,000 hours 0.75 watt @ 85°C
(2% ATR; 2% + resolution AVR)
ATR22......... 10,000 hours 0.75 watt @ 85°C
. _ {3% ATR; 2% + resolution ATR)

| Life 200 cycles
- 3250 ... (2% ATR; 500 ohms ENR)
AT22/RTR22 2% ATR)

5.0 oz-in. max.
.......................... Wiper idles

is - R 4

A250. ... Solderable printed circult pins
5

Wit Flexible leads (7 strands of 30 AWG)

+MIL-STD-202; Method 208

. 0.06 oz.

2 0z-in. max.

rs trademark,
Ce code, terminal numbers,
manufacturer's model

wervenel

Features
= Multiturn / Wirewound / Sealed

m Listed on the QPL for style RT22 per
MIL-R-27208 and RTR22 per
High-Re! MiL-R-39015

m Panel Mount option available
(see page 66 for details)

|
(Pin Styles)
¢

,1“ DIA. THRU
{078} (2 PLACES)

* ADJ.SLOT
1}\ A z.m:i;a -
&%)"’10 R

8
) - X(.Tz;]WIDE
Al
Bty s e

3250/RT22/RTR22 - 1/2” Square Trimming Potentiometer

P\~ 236 DIA THRY
{.093} (2 PLACES)

METRIC
INCHES)

DIMENSIONS ARE:

““FLUORINERT" IS A REGISTERED TRADEMARK OF 3M CO.

)L'/Dne7tu4 ///O//U 90603¢F

RED WIPER

CLOCKWISE —=

3250 L - 1 -
Model ~——————
Style

Standard or Modified
Product Indicator
-1 = Standard Product

Resistance Code

Optional Suffix Letter
M = Panel Mount
(Factory Installed)

See page 72 for RT22/RTR22 ordering
information.

Consult factory for other available options.

ode
10 100 1.30
20 200 1.00
50 500 0.80
100 101 0.90
200 201 0.70
500 501 0.60
1,000 102 0.40
2,000 202 0.30
5,000 502 0.25
10,000 103 0.19
20,000 203 0.16
25,000 253 . 044
50,000 503 . 0.13

Popular values listed in boldface. Special
resistances available.

SHADED AREAS TYPICALLY NOT STOCKED 8Y

DISTRIBUTORS AND NOT RECOMMENDED FOR NEW
DESIGNS.

Specifications are subject to change without notice-




R e Honeywtll Ppo 1002514¢
Features

m Muititurn / Cermet / Sealed

m Listed on the QPL for style RJ22 per
MIL-R-22097

m Panel mount option available
(see page 66 for details)

: B iz T=#:i  3252/RJ22 - 1/2” Square Trimming Potentiometer

Standard Resistance Range

orq 12 oz-in. max.
3262 ... 10 to 2 megohms Marking
RU22....coieeerreereraaeccnenes 10 to 1 megohm 3252................ Manufacturer's trademark,
(see standard resistance table) resistance code, wiring diagram,
Resistance Tolerance ................. +10% std. date code, manufacturer's model
....................... {tighter tolerance available) number and style
Absolute Minimum Resistance RJ22......covevveernn. Mil-spec part number
32582..irsees 1% or 2 ohms max. Standard Packaging
(whichever is greater) X, P&W Styles................. 25 pcs. per tube
l RJ22 1 ohm max. L Style.........cco.e.... 25 pes. per bag
Contact Resistance Variation Adjustment TOO! ...........cocvvvrrircrennnnn H-90
3252..ccciiirininnin, 1% or 2 ohms max.
{whichever is greater)
RJ22 ...coirirercennene 2% or 2 ohms max.

{whichever is greater) 3252 L - 1 - 103 M
Model ~————— ]
Style

Standa: ~ ~r Modified
Prociict 'ndicator

s 1,000 megohms min. et
4%  Dielectric Strength 1= Standard Product
80aLavel........cceerrrreceeerraernaenns 1,000 vac Resistanre Code
80,000 Feet 400 vac Opticnai Suffix Letter
Effective Travel........ceceeuenrenees 25 turns nom. M = Panel Mount (Factory Instailed)

, " See page 73 for RJ22 ordering information,

: / Consu't tactory for other available options.

Liehe Power Rating 0 85°C (400 volts max. ) ReD (2) wiper
: 3252 )

- -7 0.75 watt
RJ22 ......... 0.50 watt . YELLOW GREEN
¥ Power Rating @ 150°C....vemmnvn..... 0 watt TR BRI cow

Temperature Range.......... -65°C to +150°C GLOCKWISE

Temperature Coefficient ......... +100ppm/°C
Seal Test ............ccovreveeninenns 85°C Fluorinert®
- {pin styles only)

i 3252 .............. MIL-STD-202 Method 103;
9€ hours (1% ATR; 100 Megohms IR)
................ MIL-STD-202 Method 106
(19 ATR; 10 Megohms IR)

.................... 30G (1% ATR; 1% AVR)
RI22.....oo 20G (1% ATR: 1% AVR)
— 100G (1% ATR; 1% AVR)

......... 1,000 hours 0.75 watt @ 85°C
{3% ATR; 3% or 3 ohms,

whichever is greater, CRV)

v - 1,000 hours 0.5 watt @ 85°C
’ (2% ATR; 1%AVR)
............................ 200 cycles
.................. 2% ATR; 3% or 3 ohms,
whichever is greater, CRV)
........ 2% ATR

TOLERANCES: = 0.25 (.010) EXCEPT WHERE NOTED

METRIC
NSION: | ——
DIMENSIONS ARE INGHES)

5.0 oz-in. max.
e T Wiper idles

.......... Solderable printed circuit pins POPUW values listed in boldface SDOC“!I
. MIL-STD-202; Method 208 resistances available.
8 leads ......... (7 strands of 30 AWG) : SHADED AREAS TYPICALLY NOT STOCKED BY
..... N 0.065 oz. - DISTRIBUTORS AND NOT RECOMMENDED FOR NEW
S0t at CW end DESIGNS.
' vt ereesssarnressens U.L. 94V-0
“w o *"FLUORINERT" IS A REGISTERED TRADEMARK OF 3M CO.

S are subject to change without notice. ) 17



NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, DC

Attached Documents pertaining to
Tear-down of CWT Indicator
from December 11 through 13, 1996
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Page 1
Bridge Assembly Resistance Measurements: , PWB
Assembly #:_10022294-103 sm—.’ 192 200~ ICN)
" Date: ’a’l‘”“ol(a Test Cendition: FUJT CLcArIMG ]
Test Equipment: S Flu e TN
Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
Bl . R1 RCO7GF300J
439 43.9
B2 R2 RCO7GF270J (;201 67 ;)C? ﬁ
B3 R3 RCO7GF682J 7 }'“/K "7‘ 33
B4 R4 RCOTGF6827 - —
oper CPer MUSS (G
BS RS RCO7TGF6824 v
7- 4Rl 7-RS5K
B6 R6 RN60C75ROF 2.6 22.6
B7 R7 RWRB0S2431FD =
478100-2431 [R3A [ 23%.3
B8 R8 RW79U1000F
- QO .R | (00. 2
e R9 RCO7GF332J
3.067K| 367K
B10 R10 RLO7S392G 57. | 57/
B11 R11 RW75U1000F ﬂﬁ q 100- 'I
B12 c1 941004-29 .
CKO06 .01ufr L/HL/ L/I’/L/
B13 C2 478020-498
CS13 6.8 uF A A4M &35"’]
B14 Cc3 NOT USED NOT USED
B15 cd CY10C131F
coper | cpep
B16 cs 10022409-108
CKO6 120 pF oPepr opern
B17 C6 10022409-108
CK06 120 oF opPep oPe S
B18 c7 1941004-23
CKO6 3.3 nF oPcps o
B19 c8 CYL10C131F
oper dPer/
B20 CR1 468169-1 _ )
1N645 Il  p1912.3M |- <o
B21 CR2 468169-1 '
1N645 2318 12am|2.95 M G
B22 CR3 468169-1
1N645 cper \olPeM (ol e/ aPe’/\/ MISS (G
B23 CR4 468169-1 f
1N645 2.2M) . pullR-3M

DATA SET QZM
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Page 3
Amplifier Assembly Resistance Measurements:
Assembly #:_10022295 S 0032306-1(3‘
Date: bo\\,\qqéTest Condition:
Test Equipment: S‘(W q‘\ V\\L-" S g—"j pY
Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Pclarity or Comments
Al R1 RCO7GF393J ; )
Ho.8K | Ho 8K
A2 R2 RCO7GF101J
109.9 | [09.¢
A3 R3 RCO7GF473J
Glak | R S
A4 R4 RCO7GF393J ;
5 HEK | YEK | [pesy/  pAmAGen
AS RS RCO7GF56337 g :
/8K | 982K
A6 RE RCO7GF563J ba SK éO S F"
A7 R7 RCOTGF393J - . .
H3.7K1 437K
A8 R8 RCO7TGFXXXJ q L/;{K 6/ ‘-/,) [( Select Resistor
AS Cl 941004-~-29 j
CK06 .01 ufF Lj7H "flK
AlOQ c2 478020-498
CS13 6.8 uF [ AR [63 K
All C3 478020-110s8 i
CS13 4.7 uF I8 G 1449 2
Al2 c4 478020-110s i
CS13 4.7 uF 58X | RS5E-|
Al3 CS 478020-198
CS13 .15 uF *3.5K 421K
Al4 cé 478020-67S .
CS13 56 uF 99 K |20 K
AlS c7 941004-XX . Select Capacitor '
CKO6 163K [ 451K rMeisy
Alb Cc8 478020-49s :
CS13 6.8 uF 431K C9.6K
Al7 CR1 | 468169-1
1N645 290.3| 17640 3] |24
AlS8 CR2 468169-1
1N645 Rea N 176 12%59.1| .1 76
AlS CR3 468169-1
1N645 69:3h] . 579|523 2K Per
A20 CR 468169-1
1N645 67.58 .58 153K of+

43 @9&9&1
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Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
A2l Q1 B-E 566862 T ———1— ;;;;;I-:;—é-;—: ——————————————
2N930
[43K ,beslaote}opm/
A22 Q1 C-B 956686-2 Normal -> C = +
2N930 .
133K\ epeml 135K] G5Y
A23 Q1 C-E 956686-2 ( Normal -> C = +
2N930 . . )
/3314 Il"! 520(’\{(9!75"/
A24 Q2 B-E 956686-2 Normal -> B = +
2N930
|87 K1. 58] Yag K oPer
A25 Q2 C-B 956686-2 Normal -> C = +
2N930
ARAIN2 vb|FYA Y9
A26 Q2 C-E 956686-2 Normal -> ¢ = +
2N930
51, 28312936] . 6%
A27 Q3 B-E 956686-2 Normal -> B = +
2N930
10518 1.657 103K [ 1S
A28 Q3 C-B 956686-2 Normal -> C = +
2N930
A28 Q3 C-E 956686-2 Normal -> C = +
2N930 P
396|449 H-1K].4 33
A30 Q4 B-E 948182-5 Normal -> B = +
2N1484
2 75K 1992976 .4)8
A3l Q4 C-B 948182-5 T Normal -> C = +
2N1484 .
3 AN Y5914.9yK]. 937
A32 Q4 C-E 948182-5 Normal -> C = +
2aLasa 13 |.024 43.91.028

SES S AeY




or nermal ohmeter polarity.




Other Indicator Electronic Components:

Front Panel -> (Al)

Pin #s

Back Plate -> Contains E__ Terminals

Assembly #:

pate:Dee \\ Qqu Test Condition:

S/N:

Page 6

Test Equipment: 4‘1 A Q ".:\\/\b-( 1S g\& i

Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
Cc1 R1 Rebalance Normal -> S to CW
Pot Q72A 97X
c2 R1 Rebalance Normal -> S to CCW
Pot 1.1 34| _
C3 R1 Rebalance Normal -> CW to CCW yeit ¥
Pot [eoX oo ¥ wire E3 BN
c4 R2 Full Trim Normal -> Red to Yel
Pot BP Pin E2 to BP Pin E3
CS R2 Full Trim Normal -> Yel to Grn
Pot BP Pin E3 to BP Pin E4
cé R2 Full Trim Normal -> Grn to Red
Pot BP Pin E4 to BP Pin E2
c7 R3 Empty Trim Normal -> Red to Yel
Pot BP Pin ES to BP Pin E€
L77 | 2527
cs8 R3 Empty Trim Normal -> Yel tc Grn
Pot BP Pin E6 to BP Pin E7
c9 R3 Empty Trim Normal -> Grn tc Red
Pot BP Pin E7 to BP Pin ES
520 519
Cc1l0 R4, RS Normal -> Brn lead Pos
557 56.7 )
cl1i cl Normal -> Blu tc Red
Al Pin 1 to Al Pin 4
/53 | 115.6
c1l2 c2 Normal -> Close to Cl
Al Pin 2 to Al Pin 7
|0Y.5 | |04
Cc13 Bl Servo Motor Normal -> Red to Blk
Primary )C?Lf‘€7 IC?‘J- 67 Al Pin 4 to Al Pin 3
Ccl4 Bl Servo Motor - . Normal -> Yel to Wht
Secondary SEE Tesm ClX Al Pin 2 to Al Pin 7

v'ﬁ(')’\

SIS

1002947)-19|



Page 7

Reverse

Test | Component Component Normal Other Measurements
# Desig. Type Polarity Polarity or Comments

C15 T1 Pwr Xfmr. Normal -> Red tc Brn
Primary J1 Pin 7 to R4

Cle | T1 Pwr Xfmr Normal -> Blu to Vio
Secondary 1 Al Pin 1 to Al Pin 3
Servo M Ex

c17 T1 Pwr Xfmr Normal -> Gy to Wt
Secondary 2 A3 Pin 4 to A3 Pin 7
Amp PS

Ccl8 | T1 Pwr Xfmr Normal -> Wht to Blk
Secondary 2 A3 Pin 7 to A3 Pin 1
Amp PS

Cl9 T1 Pwr Xfmr Normal -> Gy to Blk
Secondary 2 A3 Pin 4 to A3 Pin 1
Amp PS

c20 T1 Pwr Xfmr Normal -> Wht/Blk to wht/Vio
Secondary 3 < A2 Pin 20 to A2 Pin 34
T.U. Ex. \—7

c21 T1 Pwr Xfmr Normal -> Wht/Brn to Wht/Red
Secondary 4 [ﬁ( A2 Pin 14 to A2 Pin 3%
I Limit

c22 T1 Pwr Xfmr Normal -> Grn to Yel
Secondary 5 )J A2 Pin 8 to BP Pin E3
Rebalance <~

c23 | T1 Pwr Xfmr ;2g Normal -> Yel to Orn
Secondary 5 S BP Pin E3 to BP Pin E4
Rebalance

Cc24 T1 Pwr Xfmr Normal -> Grn to Crn
Secondary S , N\ A2 Pin 8 to BP Pin E4
Rebalance o

c25 | T1 Pwr Xfmr ‘\\\: Normal -> Wht/Blu tc Wht/Grn
Secondary 6 A2 Pin 29 to A2 Pin 37
Comp. Ex.

c26 T1 Pwr Xfmr Normal -> Wht/Grn to Wht/Yel
Secondary 6 22 Pin 37 to A2 Pin 35
Comp. Ex.

c27 T1 Pwr Xfmr Normal -> Wht/Yel to Wht Orn
Secondary 6 (\\ :) A2 Pin 35 to BP Pin E7
Comp. Ex. - \

c28 | T1 Pwr Xfmr o~ Normal -> Wht Blu to Wht/Yel
Secondary 6 A2 Pin 29 to A2 Pin 35

Comp. Ex.

<AD
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Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
c29 Tl Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to Al Pin 1
1 gPen |  over
c30 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
2 opepr opPer AL v A
Cc31 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec ,1J1-7 to
3 o Pere CpP¢ , AX Pirv Do
C32 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
4 copens oper Ay PIvri1Y
€33 | T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
5 oPe~| oVt AXx Pi~r 8
C34 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec . J1-7 to
6 CPir | P AX pir 39
C35 [ T1 Pwr Xfmr. - Normal ->Blu to Gy
Sec 1 to /7ﬁ Al Pin 1 to A3 Pin 4
Sec 2
C36 T1 Pwr Xfmr. Normal -> Blu to Wht/Blk
Sec 1 to // Al Pin 1 to A2 Pin 20
Sec 3
c37 | T2 Pwr Xfmr. / Normal -> Blu to Wht/Brn
Sec 1 to Al Pin 1 to A2 Pin 14
Sec 4
Cc38 | T1 Pwr Xfmr. / Normal -> Blu to Grn
Sec 1 to Al Pin 1 to A2 Pin 8
Sec 5
C39 T1 Pwr Xfmr. Normal -> Blu to Wht/Blu
Sec 1 to Al Pin 1 to A2 Pin 29
Sec 6
Cc40 T1 Pwr Xfmr. J Normal -> Gy to Wht/Blk
Sec 2 to A3 Pin 4 to A2 Pin 14
Sec 3 X
c41 | T1 Pwr Xfmr. Normal -> Gy to Wht/Brn
Sec 2 to 4 A3 Pin 4 to A2 Pin 14
Sec 4
caz T1 Pwr Xfmr. Normal -> Gy to Brn
Sec 2 to Qf A3 Pin 4 to A2 Pin 8
Sec 5 /
c43 | Tl Pwr Xfmr. - Normal -> Gy to Wht/Blu
Sec 2 to A3 Pin 4 to A2 Pin 29
Sec 6
c44 T1 Pwr Xfmr. Normal -> Wht/Blk to Wht/Brn
Sec 3 to ?j A2 Pin 20 to A2 Pin 14
Sec 4 [ E—
c4s | T1 Pwr Xfmr. -~ Normal -> Wht/Blk toc Grn
Sec 3 to A2 Pin 20 to A2 Pin 8
Sec S \
c4a6 | T1 Pwr Xfmr. "\ Normal -> Wht/Blk to Wht/Blu
Sec 3 to A2 Pin 20 to A2 Pin 29
Sec 6 ////—\\\
c47 | T2 Pwr Xfmr. ( Y Normal -> Wht/Brn to Grn
Sec 4 to —— A2 Pin 14 to A2 Pin 8
Sec 5 . =
c48 | T1 Pwr Xfmr. / Normal -> Wht/Brn to Wht/Blu
Sec 4 to A2 Pin 14 to A2 Pin 29
Sec 6
c49 | T1 Pwr Xfmr. Normal ->Grn to Wht/Blu
Sec 5 to A2 Pin 8 to A2 Pin 29
Sec 6

Sa\THA Wa




Assembly #:

' Date:D/& |D)_ \456

Jé& 665 €3

wes 7
Bridge Assembly Resistance Measurements:

10022294-103

Test Equipment: E)Mk-& r)")

S/N:

Test Condition: EL& Was\'\

CFSs-lSes 00 S

S-/;\) ’Tl (QLA-)T W | (<¢L¥oa'>
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Page 1

Codr Yo 6)iy/93

Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
Bl R1 RCO7GF300J
“3.7 H3.7
B2 R2 RCO7GF270J .3
0.0o 30.0
B3 R3 RCO7TGF682J 77‘341/( 77 3
: 34K
B4 R4 RCO7GF682J
open oFper MISSIAHG
BS RS RCO7GF682J
7. R1IK| 7.25k
B6 R6 RN60C7SROF _
/3.5 7. 6
B7 R7 RWRB0S2431FP
478100-2431 [06. 5 106.5
B8 RS RW79U1000F N
[0o.] | Joo.| (on1e ccoe 7608
B9 R9 RCO7GF332J 5
91K 3. 69K
B10 R10 RLO7S5392G _ _
b 7l o S 7‘ Q pa
B11 R11 RW79U1000F WATc ceve 760D
]OO. | [o0 . | DAMAGE  Aror DoT ert
B12 c1 941004-29
CKO6 .01uF Y4 Hy, 3
B13 C2 478020-49S
Cs13 6.8 uF_ | <03 M R 9M
B14 c3 NOT USED NOT USED
B15 c4d CY10C131F
oPen opey
B16 C5 10022409-108
CK06 120 pF QPepN Qpepsr
B17 C6 10022409-108
CKO6 120 oF QFren o PeN
B18 c7 1941004-23
CKO6 3.3 nF OPepN opfPeN
B19 c8 CY10C131F o Pens L peps
e Q
B20 CR1 468169-1
1N645 -}Mj.él‘/ &.Jm}dﬂw
B21 CR2 468169-1 J
1N645 2-3M 2AM MI3SI MG
B22 CR3 468169-1
1N645 open oper MISSING
B23 CR4 468169-1 ,
1N645 Q-IM | edl2dM | 1.9

CFov €R, Suadnel B 15 - Scale ow Pl 99

<A 2N 0%



for normal ohmeter polarity.
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Amplifier Assembly Resistance Measurements:

Assembly #:_10022299 S/N:

Page 3

Dat(eDQL\b;\SCiL Test Condition:PA,\L Was

Test Equipment: F\‘\A\)ﬁd ,)/7 Y S-1S00-00S

Cal by 6/)‘-} /9%

Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
Al R1 RCO7GF393J
A2 R2 RCO7GF101J
109.5 [09.3
A3 R3 RCO7GF473J 51 2k Sl.ak
ad R4 RCO7GF393J
3:.85M oper DAMAGED
AS RS RCO7GF563J —
58K 57.7K
A6 R6 RCO7TGF563J .
CoYK | bo. YKk
A7 R7 RCO7GF393J .
H3.5K | 43.5K
A8 RS RCO7GFXXXJ q "/OK CL’-/oK Select Resistor
A9 c1 941004-29
CKO6 .01 uF 6322 63.2
A10 c2 478020-49S
CS13 6.8 uF 175K 1756 CAL WA> CHArGirMG
All c3 478020-1108
CS13 4.7 uF 1483 148.3
Al2 c4 478020-1108
cs13 4.7 ufF | RS8 K258
Al3 cS 478020-19S
cs13 .15 uwr | H Q.3 K 5. 8oM
Al4 6 478020-675
- cs13 s6 uF | J2OK (40K CWW’GIP(:(DH'IC whe CISI])
AlS c? 941004-XX Select Capacitor
CKO06 3.66mM Qper
Al6 c8 478020-498
CS13 6.8 uF /5K 70K CHAR GING
Al7 CR1 468169-1
1N645 sgqa.)l.ﬂé qa){ 176
Al8 CR2 468169-1 } [
1N645 289.51,1791289Y| 175
Al9 CR3 468169-1
1N645 joo s /.‘377 70K [opeM CHArGInG
220 CR4 468169-1
1N645 7557 578 755/0[’0\/ CHArGING

oy R0
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Test | Component Component Normal Reverse Other Measurements
# Desiqg. Tvpe Polarity Polarity or Comments
A2l Q1 B-E 956686-2 Normal -> B = «+
2N930
3 76| bl /|oP:r | 0P M
A22 Q1 C-B 956686-2 - Normal -> C = «+
2N930 j .
gPer lgper 13- 22 (S
A23 Q1 C-E 956686-2 Normal -> C = +
2N930
7515\ 0P+ 175K operd  CHAVGIpG
A24 Q2 B-E 9566862 pl)c)"‘"‘r' cHRr - Normal -> B = +
Z2N930
3608|660 200K | OPer PHIHAL Al
A25 Q2 C-B 956686-2 Normal -> C = +
2N930
422K OPLM A 0417
A26 Q2 C-E 956686-2 chnr: cHAR. Normal -> C = +
2N930 )
i2as) L 786 120Kk | 648
A27 Q3 B-E 956686-2 cHAT - chAY Normal -> B = +
2N930
jock). 0658 ligels |- 169
A28 Q3 C-B ;56326—2 CHAIr CHAY Normal -> C = +
N9
5SKk | .785(Gook| .CY
A29 Q3 C-E gggggs-z CHAR CHPI Normal -> C = +
22K . HOA | jok | .4
A30 Q4 B-E 948182-5 Normal -> B = +
2N1484 CHAR CHAY
3K 1 440] 3.2K] -H66
A3l Q4 C-B 948182-5 CHAY CHAY Normal -> C = +
2N1484
276|938 126K [.Y3
A32 Q4 C-E 948182-5 "|I'Normal -> ¢ = +
2N1484
Y3.6) 02814440l .0 28

<1 R AN




! or normal ohmeter polarit




J6 60> CD

E;);x,ﬂx\ 1

Other Indicator Electronic Components:

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

Assembly #:

Date:

Test Condition:

(cw

S/N:

Page 6

70 R CUT) @ W\

v

Test Equipment:(‘:ﬁv\\(—; 0 Cles - }Sba ~O0 S

Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
Ccl R1 Rebalance Normal -> S to CW
Pot 7R T7X
c2 R1 Rebalance Normal -> S to CCW
Pot 3.0 3 %.6
C3 R1 Rebalance Normal -> CW to CCW
Pot 1008 (go8
c4 R2 Full Trim Normal -> Red to Yel
Pot oA o GR-3 | B pin E2 to BP Pin E3
CS R2 Full Trim Normal -> Yel to Grn
Pot BP Pin E3 to BP Pin E4
@3 [03.]
cé R2 Full Trim Normal -> Grn to Red
Pot BP Pin E4 to BP Pin E2
L/I'S- l—//,§
c7 R3 Empty Trim Normal -> Red to Yel
Pot BP Pin ES to BP Pin E6
RS2 Al 477
c8 R3 Empty Trim Normal -> Yel to Grn
Pot BP Pin E6 to BP Pin E7
c9 R3 Empty Trim Normal -> Grn to Red
Pot BP Pin E7 to BP Pin ES
ASA.9 | 2529
Cl0 | R4, RS Normal -> Brn lead Pos
95’0 SS:O
Cill 1 cC1 Normal -> Blu to Red
Al Pin 1 to Al Pin 4
1o | | (17.]
Ccl2 c2 Normal -> Close to C1l
Al Pin 2 to Al Pin 7
C13 Bl Servo Motor Normal -> Red to Blk
Primary 05 01 |@5.] !l pin 4 to AL pin 3
Cl4 (Bl Servo Motor -~ Normal -> Yel to Wht
Secondary See TaT ClaA Al Pin 2 to Al Pin 7

S5 ANCHA W
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Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polaritv Polarity or Comments

c15s | T1 Pwr Xfmr. Normal -> Red to Brn
Primary 77 Z 7q 7 Jl Pin 7 to R4

Clé | T1 Pwr Xfmr Normal -> Blu to Vio
Secondary 1 - Al Pin 1 to Al Pin 3
Servo M Ex ,0-5 ,0"7

c1l7 T1 Pwr Xfmr Normal -> Gy to Wt
Secondary 2 A3 Pin 4 to A3 Pin 7
Amp PS 0.0 30.6

cig | T1 Pwr Xfmr Normal -> Wht to Blk
Secondary 2 A3 Pin 7 to A3 Pin 1
Amp_PS 3/. 8 31- &

cl9 | T1 Pwr Xfmr Normal -> Gy to Blk
Secondary 2 A3 Pin 4 to A3 Pin 1
Amp PS 6& . 6 é 3 : 7

c20 | T1 Pwr Xfmr Normal -> Wht/Blk to Wht/Vio
Secondary 3 A2 Pin 20 to A2 Pin 34
T.U. EX. 15.6 15.S

c21 | T1 Pwr Xfmr Normal -> Wht/Brn to Wht/Red
Secondary 4 ; A2 Pin 14 to A2 Pin 39
I Limit Hy. 3 Ly. 3

c22 | T1 Pwr Xfmr Normal -> Grn to Yel
Secondary S ; A2 Pin 8 to BP Pin E3
Rebalance l I 6-} I/ 5: L/

c23 | T1 Pwr Xfmr " | Normal -> Yel to Orn
Secondary 5 BP Pin E3 to BP Pin E4
Rebalance IOJ t ’ , 0.3 3 l

c24 | T1 Pwr Xfmr . Normal -> Grn to Orn
Secondary S / A2 Pin 8 to BP Pin E4
Rebalance 3 - 3 la~ }

Cc25 T1 Pwr Xfmr Normal -> Wht/Blu to Wht/Grn
Secondary 6 A2 Pin 29 to A2 Pin 37
Comp. EX. S 7: O 9 7~ I

c26 | T1 Pwr Xfmr i Normal -> Wht/Grn to Wht/Yel
Secondary 6 é o é / A2 Pin 37 to A2 Pin 35
Comp. Ex. ' >

c27 | T1 Pwr Xfmr Normal -> Wht/Yel to Wht Orn
Secondary 6 6 6 A2 Pin 35 to BP Pin E7
Comp. EX. - l ' l

c28 | T1 Pwr Xfmr i Normal -> Wht Blu to Wht/Yel

Secondary 6 és 3 és 3 A2 Pin 29 to A2 Pin 35
Comp. Ex. - -

<$1 AL
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Test | Component Component Normal Reverse Other Measurements
# Desiqg. Type Polarity Polarity or Comments
Cc29 Tl Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to Al Pin 1
1 Gper QpPem
Cc30 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec . J1-7 to
2 Oper/ | CPA A3 Pir 2
Cc31 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
3 Oper | oprrr A Pir 20
c32 T1 Pwr Xfnr. Normal -> Red to
Pri to Sec J1-7 to
4 agper agper~ A> Pir ¢
c33 | T1 Pwr Xfmr. Normal -> Red to 4
Pri to Sec Ji-7 to
: aper il a4 flr PIMVE
C34 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
6 gpers | oper AX pirv 29
c35 | Tl Pwr Xfmr. Normal ->Blu to Gy
Sec 1 to Al Pin 1 to A3 Pin 4
Sec 2 OPW ape/\/
C36 | T1 Pwr Xfmr. Normal -> Blu to Wht/Blk
Sec 1 to Al Pin 1 to A2 Pin 20
Sec 3 Op'eﬁ/ OP"'/‘/
c37 T1 Pwr Xfmr. Normal -> Blu to Wht/Brn
Sec 1 to Al Pin 1 to A2 Pin 14
Sec 4 g Per open”
c38 [ T1 Pwr Xfmr. Normal -> Blu to Grn
Sec 1 to Al Pin 1 to A2 Pin 8
Sec § C7£2€/\// C7’2f/b/’
C39 T1 Pwr Xfmr. Normal -> Blu to Wht/Blu
Sec 1 to Al Pin 1 to A2 Pin 29
Sec 6 oPer~ | operr
C40 [ T1 Pwr Xfmr. Normal -> Gy to Wht/Blk
Sec 2 to A3 Pin 4 to A2 Pin .4
Sec 3 obepr | OPepn 20
C41 | T1 Pwr Xfmr. Normal -> Gy to Wht/Brn
Sec 2 to A3 Pin 4 to A2 Pin 14
Sec 4 0,09/\/ 0p€/\/
c42 T1 Pwr Xfmr. Normal -> Gy to Brn
Sec 2 to A3 Pin 4 to A2 Pin 8
Sec 5 OpPep Opep/
C43 T1 Pwr Xfmr. Normal -> Gy to Wht/Blu
Sec 2 to A3 Pin 4 to A2 Pin 29
Sec 6 C?FQC/\/' (j’Ve/b/
C44 (T2 Pwr Xfmr. CHATGE, {.%co [Normal -> Wnt/Blk to wnt,Brn
Sec 3 to A2 Pin 20 to A2 Pin 14
Sec 4 ;2' ’ ‘1 ;2 -3/”1
C45 | T1 Pwr Xfmr. / Normal -> Wht/Blk to Grn
Sec 3 to / A2 Pin 20 to A2 Pin 8
Sec 5 [ 4. 68Kk[1.93]14. 65K [-9]
c46 | T1 Pwr Xfmr. ! "I Normal -> Wht/Blk to Wht/Blu
Sec 3 to A2 Pin 20 to A2 Pin 29
Sec 6 OpPep C pea/
C47 | T1 Pwr Xfmr. COArGE Normal -> Wht/Brn to Grn
Sec 4 to A2 Pin 14 to A2 Pin 8
Sec & 23m/ . §0 Q.M/.Gﬂ
c48 | T1 Pwr Xfmr. ! ) Normal -> Wht/Brn to Wht/Blu
Sec 4 to A2 Pin 14 to A2 Pin 29
Sec 6 OVZ/\/ Ope/‘/
c49 | T1 Pwr Xfmr. Normal ->Grn to Wht/Blu
Sec 5 to A2 Pin 8 to A2 Pin 29
Sec 6 ﬂ€N 0,9‘6/\/
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Bridge Assembly Resistance Measurements: . <er al Btk was J"L\e ‘?efﬂ;ﬁw“&(

- Hhiat Hee Cchomeow\em
Assembly #:_ 10022294-103 S/N: s were tested 'a,

' Date:D;L\U%\GLqG Test Ccndition:@ ?}VB*‘“ omv3L Weovvew
Test Equipment: S =va V_\V\\(x S QDS“

Test | Component Componentc Normal Reverse Other Measurements
4 Desig. Type Polarity Polarity or Comments
B1 R1 RCO7GF300g
‘ 370 371
B2 R2 RCO7GF270J 39 ‘ 3.2 |
B3 R3 RCO7GF682J 6 C}SK 67 agK
B4 R4 RCO7GF682J 7 o K 7otk
BS RS RCOTGF6823 — )
7 28K 728K
B6 R6 RN60C75ROF 73.6 ~3.7
B7 R7 RWRB0S2431FP ' '
478100-2431 105.5 | [0S 6
B8 R8 RW79U1000F
1O].. [O1. 2
B9 RS9 RCO7GF332J 3 SQ){< } SéK
B10 R10 RLO7S392G 59.6 c9. ¢ ~
. R -y
= =
B11 R11 RW79UL000F _ 0T ALy Chole T0 Senxs3
B12 c1l 941004-25 .
CKO6 .01uF 945 | Hs5.3%
B13 c2 478020-495 ,
CS13 6.8 uF [.Elm X-03M
Bl4 c3 NOT USED NOT USED
B15 ca CYL0C131F ..
- — 533K | 533K
B16 C 0022409-108
CK06 120 oF oper oFPer~
B17 C6 10022409-108
CKO06 120 oF Opepr aper
B18 c7 1941004-23
CKO6 3.3 nF oper OpPerr
B19 c8 CYLO0C131F ,
oPepr oper~
B20 CR1 468169-1
1N645 2&//‘]-957 Lo (29
B21 CR2 468169-1
1N645 031\ |- 76Rsa14] S8
B22 CR3 468169-1 .
1N645 Vol 1.5502 0an |- 76
B23 Cr4 468169-1
1N645 253K 1.S36Reaml 1.77
1

RO
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Amplifier Assembly Resistance Measurements:

Assembly #: 10022295
VOA\S9L

S/N:

Date:

Test Condition: (Q/h.;w&\;\uu gg\ Dﬂ\}\k~

]
Test Equipment: SKN@\V\\( - R iﬂ“”L

Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Pclarity or Comments
Al R1 RCO7GF393J
39K | 359K
a2 R2 RCO7GF101J .
1111 ni-|
A3 R3 RCO7GF473J
Y7 95K | 4756
A4 R4 RCO7GF393J ]
38714 | 3%.7K
aS RS RCO7GF563J
95.3K 952K
A6 R6 RCO7GF563J _
9991k 259K
A7 R7 RCO7GF393J
383K 383K : ,
A8 R8 RCO7GFXXXJ . Select Resistor
4. 6IK %-61K
A9 Ci 941004-29 N -~
CK06 .01 uF 5. 2 C9.2
A10 c2 478020-49S CHRFGI MG
CS13 6.8 uF 9IM [.37M
All C3 478020-1108 CrATG A
CS13 4.7 uF 3.0m o0 K
Al2 c4 478020-110S
CS13 4.7 uF 7.aM A GOK
Al3 CsS 478020-19S
CS13 .15 uF 587Kk 28 7k
Al4 cé 478020-675S CAAGIAG 015<Preing
CS13 56 uF . 3M - oM
AlS C7 941004-XX CRATGIWG Select Capacitor
CKO06 M 1.1M
Alé6 cs8 478020-49s CHArét M Cr ATIAG
CS13 6.8 uF M KS50K
Al7 CR1 T 468165-1 CHAT
reis [2g 1.523 |s.1m] 159
AlS8 CR2 468169-1 .
1N645 lotom 9271 7.5/ 1.59
Al9 CR3 468169-1 ]
1N645 . 7M | .9490| H-3M| 0Per
A20 CR4 468169-1
1N645 60,538 |H.-3M| 0P v

sz 2
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Test | Component Component Normal Reverse Other Measurements
# Desig. Tvoe Polaritv Polarity or Comments
A21 Q1 B-E 956686-2 Normal -> B = :
2N930
349 X 2.0mM 7] dd ol
A22 Q1 C-B 956686-2 Normal -> ¢ = +
2N930 ) .
/. OM|cPer X-0m 707
A23 Q1 C-E 956686-2 Normal -> ¢ = +
2N930 )
28511 1-98)1-5M | opa
A24 Q2 B-E 956686-2 Normal -> B = +
2N930
HIM.71) | |.1m| opesd
A25 Q2 C-B 956686-2 i ” Normal -> ¢ = +
2N330 L ¢
5@ ‘;A 0P| ¥4 | 707
A26 Q2 C-E 956686-2 Normal -> ¢ = +
2N930 .
H.oM .51 A [ deml . 7¢7
A27 Q3 B-E 956686-2 Normal -> B = +
2N930
Q45K| . 710193K | ].2
A28 Q3 Cc-B 956686-2 Normal -> C = =
2N930 ,
q-o5m| . 813 .32 . 707
A29 Q3 C-E 3333656—2 "/J}M Normal -> ¢ = +
194|116 |222K) . 446
A30 Q4 B-E 948182-5 , Normal -> B = +
2N1484
150\ 497 “/-,zm( 193
A3l Q4 C-3B 948182-~5 Normal -> ¢ = &+
2N1484 2
S@an| 127 [ztok] yge
A32 Q¢ C-E 948182-5 / ﬁl Normal -> C = %
2N1484 ~ —~
2 9M11- 5611594 , Gas

< 2 AR




or normal ohmeter polarity.

Colored Dot is pos
/—‘\4

s O
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Other Indicator Electronic Components:

Front Panel -> (Al)

Pin #s

Back Plate -> Contains E__ Terminals

Assembly #:_ﬁ&;

Date:?

\!

Test Condi

tion:

S/N:

Page 6

Test Equip'ment: ‘;'}Q\NL Y‘\\\\)* oY ic\‘\

Test | Component Component Normal Reverse Other Measurements
# Desig. Tvpe Polarity Polarity or Comments
Cl R1 Rebalance ; Normal -> S to CW
Pot 67‘2{1 ‘5745L/
c2 R1 Rebalance - 0 Normal -> S to CCW
Pot AS 2§’:7 5 g;'fi,
c3 R1 Rebalance Normal -> CW to CCW
Pot ,000 1000
c4 R2 Full Trim Normal -> Red to Yel
Pot BP Pin E2 to BP Pin E3
259 | 257
C5 R2 Full Trim Normal -> Yel to Grn
Pot BP Pin E3 to BP Pin E4
Ccé6 R2 Full Trim Normal -> Grn to Red
Pot BP Pin E4 to BP Pin E2
c7 R3 Empty Trim ] Normal -> Red to Yel
Pot BP Pin E5 to BP Fin E6
K506 QSe ¢
Cc8 R3 Empty Trim Normal -> Yel to Grn
Pot BP Pin E6 to BP Pin E7
I3 of
134 13
Cc9 R3 Empty Trim Normal -> Grn to Red
Pot BP Pin E7 to BP Pin ES
A5¢Y | 29¢.5
€10 | R4, RS MeT O AVAIL e i~ [Sericd 3 Normal -> Brn lead Pos
Cl1 Cl Normal -> Blu to Red
Al Pin 1 to Al Pin 4
1726 | |17.Y
Cl2 | c2 o Normal -> Close to C1
Al Pin 2 to Al Pin 7
io@. | 100 2
Cc13 Bl Servo Motor Normal -> Red to RBlk
Primary IO@} 1(7@} Al Pin 4 to Al Pin 3
Cl4 | B1 Servo Motor o - = . Normal -> Yel to Wht
Secondary ﬁ/’[:_ Tesy CIA Al Pin 2 to Al Pin 7

Sz R0
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Test | Component Component Normail Reverse Other Measurements
# Desig. Type Polaritv Polarity or Comments
c1ls T1 Pwr Xfmr. Normal -> Red to Brn
Primary gzg J1 Pin 7 to R4
0.5 0.9
Cl6 | T1 Pwr Xfmr Normal -> Blu to Vio
Secondary 1 Al Pin 1 to Al Pin 3
Servo M EX II'<7 ‘(-C7
c17 T1 Pwr Xfmr Normal -> Gy to Wt
Secondary 2 A; - A3 Pin 4 to A3 Pin 7
Amp PS éQ' ‘ ‘3alrél\
ci8 |1 Pwr Xfmr Normal -> Wht to Blk
Secondary 2 - i A3 Pin 7 to A3 Pin 1
Amp PS B}J 35-’
Cl9 J T1 Pwr Xfmr Norm@l -> Gy to Blk
iﬁgogcsiary 2 6-41 (79 S- A3 Pin 4 to A3 Pin 1
c20 (T1 Pwr Xfmr Normal -> Wht/Blk.to wht/Vio
Secondary 3 Ié’ A2 Pin 20 to A2 Pin 34
T.U. Ex. - é’ ’é - Q’
cz21 T1 Pwr Xfmr Normal -> Wht/Brn.to Wht/Red
Secondary 4 P A2 Pin 14 to A2 Pin 39
I Limit Hg9.2 4s. &
c22 | T1 Pwr Xfmr Normal -> Grn to Yel
Secondary S A2 Pin 8 to BP Pin E3
Rebalance Lﬂf-;7 IC7—5§
c23 | T Pwr Xfmr 7 - Normal -> Yel to Orn
Secondary 5 sr I Q? BP Pin E3 to BP Pin E4
Rebalance I- -
c24 T1 Pwr Xfmr Normal -> Grn tec Orn
Secondary 5 ’ A2 Pin 8 to BP Pin E4
Rebalance ;}_Lf ,;) 'E;
c25 | T1 Pwr Xfmr ’ - Normal -> Wht/Blu to Wht/Grn
Secondary 6 é, é A2 Pin 29 to A2 Pin 37
Comp. Ex. C?' } 67‘%/
c26 | T1 Pwr Xfmr f Normal -> Wht/Grn to Wht/Yel
Secondary 6 é 7 5‘ A2 Pin 37 to A2 Pin 35
Comp. Ex. - Cb‘
c27 T1 Pwr Xfmr Normal -> Wht/Yel to Wht Orn
Secondary 6 G/ 7 é 7 A2 Pin 35 to BP Pin E7
Comp. EX. - .
c28 [ T1 Pwr Xfmr i Normal -> Wht Blu to Wht/Yel
Secondary 6 c; é; ;7 A2 Pin 29 to A2 Pin 35
Comp. Ex. - i -
7

AN RIVY
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Test | Component Component Normal Reverse Other Measurements
# Desig. Type Polarity Polarity or Comments
c29 Tl Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to Al Pin 1
1 oper | pper
C30 | T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to ,
2 OPcrr | O Pear A3 pirx
c31 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
3 oPen| Qper A PINM 20
C32 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
4 oper~ oper AX Pir iy
Cc33 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to )
5 OPet | oper AR PivY
C34 T1 Pwr Xfmr. Normal -> Red to
Pri to Sec J1-7 to
6 oper oper AX Pir 29
C35 | T1 Pwr Xfmr. Normal ->Blu to Gy
Sec 1 to Al Pin 1 to A3 Pin 4
Sec 2 C9pkfj C7Fkhk/
C36 T1 Pwr Xfmr. Normal -> Blu to Wht/Blk
Sec 1 to Al Pin 1 to A2 Pin 20
Sec 3 oper OpPepr/
Cc37 T1 Pwr Xfmr. Normal -> Blu to Wht/Brn
Sec 1 to Al Pin 1 to A2 Pin 14
Sec 4 67}9€7¥/ C7F98/L/
c38 T1 Pwr Xfmr. Normal -> Blu to Grn
Sec 1 to \ Al Pin 1 to A2 Pin 8
Sec 5 opepr eper”
C38 T1 Pwr Xfmr. Normal -> Blu to Wht/Blu
Sec 1 to ; ) .| Al Pin 1 to A2 Pin 29
Sec 6 C7fQ?f4 le?f’}/
C40 | T1 Pwr Xfmr. Normal -> Gy to Wht/Blk
Sec 2 to ; A3 Pin 4 to AZ Pin 32
Sec 3 /Ll(7<5ﬁ§ ltf'C79'F§ R
C41 | T1 Pwr Xfmr. Normal -> Gy to Wht/Brn
Sec 2 to A3 Pin 4 to A2 Pin 14
Sec 4 442 ei} ,:7 k; ;;16743alﬁﬂ
c42 | T1 Pwr Xfmr. 7 Normal -> Gy to Brn
Sec 2 to . A3 Pin 4 to A2 Pin 8
Sec S lLilfL"c\ ,L/'S/l k;
C43 T1 Pwr Xfmr. Normal -> Gy to Wht/Blu
Sec 2 to A3 Pin 4 to A2 Pin 29
Sec 6 C7’nym,/ C7;?€/L/’
c44 T1 Pwr Xfmr. Normal -> Wht/Blk to Wht/Brn
Sec 3 to A2 Pin 20 to A2 Pin 14
Sec 4 ’-ébfj é?.c9élf4
C45 T1 Pwr Xfmr. Normal -> Wht/Blk to Grn
Sec 3 to . - A2 Pin 20 to A2 Pin 8
Sec 5 IL/~5§K /L/}>S
C46 Tl Pwr Xfmr. Normal -> Wht/Blk to Wht/Blu
Sec 3 to A2 Pin 20 to A2 Pin 29
sec & OPer | oper
c47 T1 Pwr Xfmr. Normal -> Wht/Brn to Grn
Sec 4 to - ; A2 Pin 14 to A2 Pin 8
Sec 5 ¢;2-CZ5zf4 é?f;QSFR
C48 | T1 Pwr Xfmr. Normal -> Wht/Brn to Wht/Blu
Sec 4 to A2 Pin 14 to A2 Pin 2%
Sec 6 OPQ/\/ O pef‘/
c49 | T1 Pwr Xfmr. Normal ->Grn to Wht/Blu
Sec 5 to A2 Pin 8 to A2 Pin 2%
Sec & OPeN | OPen

<ove EX ALK
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, DC

Attached Systems Group Photographs of

Fuel Quantity Indicators

Notes:

l. No negatives available.
Large photos taken at NASA in August 1996.

Small photos taken at Honeywell on January 11, 1999.

B

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



