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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). The airplane was being operated on an instrument flight rules (IFR) flight plan under
the provisions of Title14, Code of Federal Regulations (CFR), Part 121, on a regularly scheduled
flight to Charles De Gaulle International Airport (CDG), Paris, France, as Trans World Airlines
(TWA) Flight 800. The airplane was destroyed by explosion, fire, and impact forces with the ocean.
All 230 people aboard were killed.

Evidence of fire was found in the center wing fuel tank (CWT) and in a fuel tank located
outboard of engine 4 on the right wing, known as 4 Reserve (4R). The evidence included blackened
structure, melted wiring and aluminum materials, burned composite materials from the areas of the
fuel tanks. Outward bulging or deformation of the CWT upper and lower surfaces was found.
Systems Group members participated in the recovery of debris from the ocean and components from
the interior of the CWT were in the first wreckage found along the path of flight. Material from tank
4R and the tip of the wing from beyond that fuel tank were found more than a mile down track from
the initial debris.

Indications regarding the configuration of the airplane were found in the wreckage.'
Components from the leading and trailing edge flaps were examined for extension or retraction. The
majority of flap orientation damage that was identifiable was found at the retracted positions, despite
finding the broken cockpit flap control between the 10 and 20 degree positions. The pitch trim
jackscrew mounted forward of the horizontal stabilizer was found at three-quarters (10 threads above

! Summarized information in this section does not have the depth of information that is described later in this report.
Refer to the individual subject documentation for details.
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the carriage and 35 threads below) of the range from the bottom of the jackscrew. Evidence was
found that the landing gear had been retracted and the landing gear handle in the cockpit was found in
the center position, marked “OFF.” [10/26/96 Group Activity]*

Although details of fire and soot documentation were performed by the Fire/Explosion Group,
general observations of fire damage (or lack of) to airplane systems were made by the Systems
Group. The main landing gear nearest the fire at the rear spar had heat damage, as did the tread of
the tires that had been mounted nearest the rear spar where evidence of fire existed. The APU fuel
line and the inside of its shroud from the wheel well were examined and found unburned to within
inches of the rear spar where the general area was burned. Soot was found in vent stringers routed
beyond the CWT to the right wing tip, but components in the wing tip surge tanks were not burned.
The Surge Tank Protection (STP)’ system extinguishing agent had not been discharged from the
intact bottles.

Evidence was found that numerous electrically powered devices stopped at about the same
time. The electrically driven altimeters of the Captain and First Officer were found to display 13.820
and 13,800 feet, respectively. Wiring schematics showed the two altimeters to be powered by
separate sources on different wings. Additionally, the Captain’s altimeter was found to have a two
second delay for the OFF flag and the flag was not visible. The Air Traffic Control Group® reported
that the final secondary radar return was from approximately the same time (0031.08 EDT) and
altitude. The recordings of the flight data recorder (FDR) and cockpit voice recorder (CVR) were
reported by those groups to have ceased within a quarter second of each other. Although the clocks
had run beyond the short interval in which the previous items had stopped, the.Captain’s clock was
found at a display of 0031.30 and the First Officer’s clock was found displaying 0031.20. Each clock
is set independently. The clocks are powered from the airplane battery located in the cockpit.

Cockpit panels from the flight engineer station were examined and fuel quantity indications
included (left to right) tank #1R (reserve) at 3,100 pounds, #1 at 22,200 pounds, #2 at 57,500
pounds, CWT at 640 pounds’, #3 at 60,100 pounds, #4 at 27,300 pounds, and #4R (reserve) at 3,300
pounds. The fuel used indicators showed 2680, 2710, 23570 [heavily damaged gage], and 2830
pounds. The fuel totalizer was found between 587 and 588 (X 1,000 pounds) as GROSS WEIGHT
and the TOTAL FUEL shown was between the indications of 169 and 170 (X 1,000 pounds). The

* Paragraphs followed by a dated “[Group Activity]” are copied (unless noted otherwise) from text that was agreed to by
members of the group performing the individual examinations, although some text may be deleted to remove group
member names, irrelevant information to the topic where the information was copied to, or if subsequent activities
make the deletions appropriate.

? STP is an electrically initiated system, in which each wing tip surge tank contained an optical sensor located in each
overboard vent, within inches of the outlets at the tips of the wings. TWA personnel reported that the system was
designed to prevent a fire from entering through the vent system exit. System schematics showed that the optical
sensors would trigger the discharge of extinguishing agent in the respective vent duct and surge tank.

* See ATC Group Chairman’s Factual Report of Investigation for specifics.

> According to a Boeing telefax of April 1, 1997, in a ground attitude (parked), calculating for a CWT quantity of 350
pounds indicated that none of the fuel probes should have been in the fuel becanse of the low fuel level in the tank and
the CWT shape. At a 3.3 degree pitch attitude in flight, only the lowest .887 inches of the aft-most (FG420A-14) probe
should have been in the fuel. At 640 pounds in 3.5 degree pitch attitude, the bottom .37 inches of the FG420A-14
should have been in fuel and the bottom .20 inches of the next two forward probes (FG420A-12) should also have been
in foel.
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numbers 1, 2, and 3 crossfeed valve switches were found in the open positions and the number 4
crossfeed valve switch was found in the off position. The fuel flow indicators were all found at zero,
except for the #4 indicator which was found at a display of “900.”

The Safety Board and FAA asked Boeing to provide information to show possible ignition
sources of a B-747 CWT from faults in the airplane. In a letter of November 12, 1996, Boeing
provided information to “...demonstrate all conceivable faults and fault combinations whose
occurrence could provide an ignition source...” The document provided a reference for investigating
possible failure combinations that could lead to explosive conditions. Boeing wrote that no single
failures were found and that “All of the conceivable failure scenarios required between two to four
failures for the event to occur.” The electrical and mechanical events considered by Boeing included
sources in the electrical supply and distribution systems, FQIS, fuel transfer pumps, the refueling
panel, lightning, wheel well system defects, static electricity, and other topics. The Boeing response
contained two illustrated blocks that led to the “CONDITIONS FOR EXPLOSIVE EVENT...” and
the first was that an ignition source could be introduced into the CWT.® Many of the Systems Group
activities were spent investigating potential ignition sources. The results of those activities are
contained within this factual report. The second block illustrated by Boeing described an assumption
that a proper fuel/air mixture existed in the CWT to support an explosion.

Heat affects the flammability of the fuel/air mixture’ and the B-747 CWT is located
immediately over heat sources that include bleed air ducts and air conditioning packs. The
manufacturer of the air conditioning system, Hamilton Standard, provided data which showed that for
a hot day, the ducts delivered 353°F bleed air to the packs and the hottest part shown was a short
section of tubing that could reach 393°F. Hamilton Standard provided the air conditioning system
for Boeing to integrate into the airplane. Insulation was found on bleed air ducting from the wing
leading edges, routed from the engines to the pack bay beneath the CWT. No insulation was found
between the air conditioning packs or the bleed air ducts and the bottom surface of the CWT, which
was in some places less than a foot above the bleed air ducts. A July 1997 Flight Test Group
investigated heating of the CWT by components located beneath the tank.

Boeing listed three potential ignition sources in the letter of November 12, 1996. These were
CWT internal mechanical faults that could result in ignition, introduction of an external ignition
source, and “multiple electrically generated system faults.” No evidence of a mechanical fault that led
to ignition in the CWT of N93119 was identified by the Systems Group."

Most members of the Systems Group were shown numerous examples and photographs of
bomb and missile damage, although no formal training was given. The Systems Group Chairman had

® Due to the proprietary nature of the Boeing information, only the general nature of the information is reported and
details have been omitted, such as rates of probability, rates of occurrence, and exposure times.

’ The American Petroleum Institute (API), National Aeronautics and Space Administration (NASA), and other sources
have charted how the lower flammability limit of jet fuel vapor decreases with increasing altitude or heat. The charts
are publicly available. Systems group data was shared with the Fire/Explosion Group Chairman, who contracted to
have data developed for the fuel/air mixture and other aspects of this flight. Systems group members also developed a
portion of the plan for the July 1996 flight tests, results of which have been documented in a separate report by Dr. Dan
Bower.

¥ This does not address activities performed and documented by the Structures or Sequencing Groups.
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previously completed the post-blast investigation course taught by the Federal Bureau of
Investigation (FBI) at the FBl Academy. Several group members had military experience with
explosives. Law enforcement agents with experience in explosive devices were always available and
if any damage were found that differed from surrounding materials, the group members were told to
report it, immediately. No evidence of an explosive device was found in the systems of the accident
airplane.

The Systems Group inspected, removed and tested components from the accident airplane and
other B-747 airplanes. Tests were conducted in electrostatic charging of fuel and vapors, fuel
quantity indication system (FQIS) faults and electromagnetic interference (EMI) tolerance, wire
insulation characteristics, and other subjects.

Specialized laboratory facilities were used for various functions in the investigation into the
airplane systems. The facilities of the National Aeronautics and Space Administration (NASA)
Marshall Space Flight Center, located at Huntsville, Alabama, were used to examine the
jettison/overide fuel pumps and to perform preliminary switch examinations. The switch and wire
laboratory unit at Wright Laboratory, located at Wright-Patterson Air Force Base, has specialized
experience in the examination of fuel probes, switches, and wiring taken from aircraft involved in
military mishap investigations and performed detailed examinations.

A separate facility at Wright Laboratory (WL) performs research into fuels and fuel additives
and conducted research into electrostatic charging of fuels. Further research into electrostatic
charging of fuels was conducted by Dr. Joseph Leonard at Naval Research Laboratory. The
investigation examined electrostatic charging as a potential ignition source’ within B-747 fuel tanks.
Isolated metal found in the fuel tanks of B-747 airplanes was capable of being charged by additized
fuel, but a mechanism of charging to more than minimum ignition energy cited by API 2003 was only
possible under laboratory conditions that utilized a fuel additive not commercially available.

The B-747 flight tests of July 1997, were used as an opportunity to perform basic EMI tests.
Measurements were made of voltage and current induced on FQIS wires that led from the cockpit to
the CWT. During the ground portion of the EMI testing, various personal electronic devices (PEDs)
were actuated and carried along the length of the FQIS wire routing between the cockpit and the
floor of the main deck (passenger cabin). The PEDs included an electric shaver, personal computer,
and amateur radio (2.5 watt output) broadcasts. Aircraft electrical systems were also actuated,
including lights, radios, and electric actuators. Following ground tests, voltage and current were also
measured during a flight test. Dr. Dan Bower of the NTSB Research and Engineering Division
documented the flight tests. Less energy was found induced into the CWT FQIS wiring by the PEDs
or by airplane systems on the ground than by aircraft systems operated during the flight.

XXXX

Laboratory tests induced energy into CWT FQIS wires without a direct short circuit.
Transient voltages were created by switching on and off the power in wires that had been laid parallel
to the CWT bundle, simulating large power relays or motor loads. The tests induced up to .6
millijoules of energy into the CWT harness, exceeding the Boeing specification of .02 millijoules and

? Criteria listed are from American Petroleum Institute (API) Recommended Practice 2003, Protection Against
Ignitions Arising out of Static, Lightning, and Stray Currents, fifth Edition, December 1991.
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API Practice 2003 reference for a minimum ignition energy requirement of 0.25 millijoules. The
resultant voltage transient was in excess of 1,000 volts. This amount of energy was only found
during a failure condition in which a spark-gap was created between the LO-Z (outer fuel probe
electrode or terminal) and ground and was not found during simulations of normal conditions.

An unidentified compensator'’ fragment from a N93119 fuel tank was cut open at the NTSB
laboratory and a black spot was found on a crimped wire connector. The black spot was visually
similar to soot seen near a point of electrical arcing. Use of a scanning electron microscope at Wright
Laboratory identified the N93119 compensator spot as a copper-sulfur'' residue, similar to copper
sulfide deposits found in previous examinations of fuel probes from military aircraft. Copper-sulfide
deposits were identified on plastic around the wiring connections of fuel probes and compensators
from fuel tanks of N93105" and similar dark deposits were seen on fuel probes from F-BPVE. No
evidence of arcing was found on wires or fuel probes from the B-747 fuel probes or compensators.

Wright Laboratory documented in military and B-747 FQIS components that the copper-
sulfide deposits gradually reduced insulation resistance between electrical connections. Following
removal from a military trainer airplane, tests had applied more voltage than would have been
available from the FQIS system and subsequent visual inspection found “discoloration and possible
arcing on the bottom” of the military fuel probe. The Air Force provided the Systems Group with a
copy of the laboratory report, which stated that:

It appears the internal probe wires were damaged by a fire. Evidence of an electrical arc
was evident on the nylon cap which would have provided the required energy needed to
ignite residual fuel.

In addition to copper-sulfur deposits found on FQIS components from N93105 and N93119,
damaged electrical insulation was found on wires that had been attached to the fuel probe terminal
blocks from each airplane. Most of the conditions were concealed until the wiring was removed from
probe terminal blocks and inspected under magnification. Numerous methods of routing and
securing, or not securing, wires at fuel probe terminal blocks were documented where wires attached
to CWT fuel probe terminal blocks in N93105.

" In a letter of October 24, 1997, Honeywell noted that the Honeywell part number FG6C is a Fuel Quantity
Compensator. The function is to compensate for variations in the dielectric constant of fuel. The dielectric constant
varies from one type of fuel to another, and even within the same type of fuel depending on the “batch” and the age of
the fuel.

"' The actual deposits were identified by scanning electron microscope and included copper. sulfur, and silver. Sulfur
is described in the referenced USAF report to be a common contaminant of jet fuel. Silver-plated copper wiring is used
in the FQIS. Due to the relatively small amounts of silver, references to the residue do not mention that component.

2 BRRATA NOTICE: Airplane N93105 (serial number 19671) was a B-747 airplanc that had been retired from
service by TWA on September 24, 1994, about two years before the TWA 800 accident. The TWA fleet identification
for N93105 was “airplane number 17105.” A mistake in the record of a Systems Group activity wrongly identified the
N93105 airplane as N17105. This mistaken identification was used by subsequent activities, such as at Wright
Laboratory, and is referenced in their reports. Although group records may have cited the incorrect number in the
original laboratory (and other) reports from which this report has been developed, the correction from N17105 to
N93105 has been made in this document.
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Repaired FQIS wires from within fuel tanks were identified in N93119 and a B-747 examined
by Boeing. One N93119 wing tip fuel tank FQIS wire shield had been previously broken from a
ground wire and repaired with a crimp connector that was covered with adhesive tape and tied with
string. The repair did not match any standard repairs in use by Boeing or TWA. A compensator
from N93119 was found to have a incorrect strain relief clamp installed that was almost three times
the diameter of the wire bundle. The wiring attached to the compensator was routed through the
large clamp and back through the clamp a second time before attaching to the terminal block studs.
Boeing inspected a non-TWA airplane and found that the CWT FQIS wires had chafed and been
repaired with fuel tank sealant.

The Cockpit Voice Recorder Group Chairman reported that a comment was made regarding
an abnormal number four engine fuel flow indication. Wiring diagrams for the accident airplane were
examined and common routings for FQIS and fuel flow wire bundles were found from the flight
engineer station to the electrical equipment compartment located between the nose landing gear and
the forward cargo compartment. The forward fuselage of N93119 sustained severe fragmentation
where it impacted the water on the right forward surfaces in the commonly routed area.

The CWT FQIS wires were found routed with numerous other power and signal wires.
Boeing reported that FQIS-related wires were routed in bundles with almost 400 other wires carrying
electrical power of 5 to 192 volts".

The general BMS13-42A (also known as Poly-X, manufactured by Raychem) wire from the
fuselage of N93119 (external to fuel tanks) was found with numerous cracks in the insulation and
examination found that the cracks penetrated to the core conductors. No evidence of arcing to FQIS
wires was found. It was found that air carriers have instituted maintenance to conduct detailed
inspections of wire bundles for cracked wire insulation and samples of cracked B-747 Poly-X wires
were obtained by the Safety Board from an airline conducting a detailed inspection. The Safety
Board examined older airplanes from other manufacturers and found that cracked and damaged
insulation was not unique to Poly-X.

Boeing issued a service bulletin (SB 747-28-2205) on June 27, 1997 and a Notice of Status
Change (NSC) for this SB on September 25, 1997. The SB contains 100 pages of instructions to
describe fuel tank inspection procedures for B-747 operators. All but one of nine tasks listed for
accomplishment are visual inspections and none call for removal of wiring from fuel probes or the
compensator. Removal of wiring to examine the back side was necessary to find damage during the
accident investigation.

On October 27, 1997, Boeing notified operators by telex (M-7220-97-1725) that a new SB is
in development that will provide operators with details regarding how to inspect B-747 fuel probes
and FQIS wires. Boeing also confirmed this to the Safety Board in a letter of October 30, 1997.
Boeing wrote that the SB will_ask for removal of wiring from terminal blocks for inspection,
replacement of Sertes 1-3 fuel prot@s, reporting of damage found at Series 4 and subsequent fuel
probes, replacement of certain CWT FQIS wire harnesses, inspection for proper wire routing and

"* The FQIS and #4 engine fuel flow wires pass fluorescent cabin light wires of up to 350 volts AC in
the shared routing.
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existing damage, establishment of an electrical resistance check of very low voltage, and will establish

stands for permissible FQIS repairs.

D. DETAILS OF THE INVESTIGATION

TABLE OF CONTENTS

COCKPIT AND INSTRUMENTS
CAPTAIN’S INSTRUMENT PANEL
GLARESHIELD PANEL
CENTER INSTRUMENT PANEL
CENTER PEDESTAL
FIRST OFFICER INSTRUMENT PANEL

FLIGHT ENGINEER’S STATION, UPPER LEFT

AIR CONDITIONING & PNEUMATICS (ATA 21-00-00, 36-00-00)

P/N AND S/N’S FOR AIR CONDITIONING PACKS

ELECTRICAL (ATA 24-00-00)
ELECTRICAL LOAD DISTRIBUTION (ATA 24-50-00)
WIRE EXAMINATIONS

WIRING CONTAMINATION

EQUIPMENT/FURNISHINGS (ATA 25-00-00)

CARGO COMPARTMENT (ATA 25-50-00)
FIRE PROTECTION (ATA 26-00-00)

FLIGHT CONTROLS (ATA 27-00-00)

LATERAL CONTROL SYSTEM, INCLUDING AILERONS (ATA 27-10-00)

14
15
17
18
21
22

28

40

43

44
46
46

47

48

48

49

49

49



12
AILERONS (ATA 27-10-00)

RUPDER (ATA 27-20-00)

ELEVATOR (ATA 27-30-00)

HORIZONTAL STABILIZER (ATA 27-40-00)

WING LEADING EDGE SLATS AND TRAILING EDGE FLAPS (ATA 27-50-00)
FLAPS, LEADING EDGE
FLAPS, TRAILING EDGE

SPOILERS (ATA 27-60-00)

FUEL SYSTEM (ATA 28-00-00)

GENERAL

TANK 4 RESERVE

TANK DESCRIPTIONS AND MAINTENANCE (28-11-00)

STATIC INVESTIGATION (ATA 28-11-01)
FLEXIBLE FUEL TUBE (WIGGINS) COUPLINGS
ELECTROSTATIC SUB-GROUP ACTIVITY OF JANUARY 22, 1997
ELECTROSTATIC GROUP ACTIVITY OF MARCH 7, 1997
ELECTROSTATIC SUB-GROUP ACTIVITY OF APRIL 8-11, 1997

FUEL TEMPERATURE SENSING (ATA 28-11-21)

FUEL VENT SYSTEM (ATA 28-13-00)
MARK FOUND IN RIGHT SURGE TANKS
CENTER TANK VENTING AND FENWAL SURGE TANK PROTECTION (STP) SYSTEM
SURGE TANK FLOAT SWITCHES

CWT SCAVENGE SYSTEM (ATA 28-15-00)
SCAVENGE SYSTEM OF CWT, DESCRIPTION
N93105 SCAVENGE PUMP EXAMINATION
N93119 SCAVENGE PUMP PICK-UP STRAINER TUBE ASSEMBLY

SCAVENGE PUMP CIRCUIT BREAKERS

50
51
51
52
53
53
54

55

56
56

56

58
59
60
63
06
67
67
67
68
68
69
70
71
72

73



13
SCAVENGE PUMP SWITCH, CWT 74

SCAVENGE PUMP RELAY 74
VOLUMETRIC SHUTOFF UNIT (VSO) (28-21-06) 75
ENGINE FUEL FEED SYSTEM  (28-22-00) 76

FUEL PUMP EXAMINATIONS 76
FUEL PUMP CONDUIT 78
ENGINE FUEL FEED LINES, FITTINGS, AND O-RINGS (ATA 28-22-07) 78
APU FUEL PUMP  (28-25-01) 79
APU FUEL LINE AND SHROUD  (28-25-04) 79
JETTISON/OVERRIDE FUEL PUMPS  (28-31-01) 80
FUEL PUMP SWITCHES 84
FUEL QUANTITY INDICATION SYSTEM (FQIS), DESCRIPTION (ATA 28-41-00) 84
FQIS WING SPAR ELECTRICAL CONNECTORS 85
FQIS FUEL PROBE TERMINAL BLOCK DESIGN CHANGE 85
N93119 FUEL PROBES AND COMPENSATOR EXAMS  (28-41-01 & -02) 86
TANK UNITS FROM N93105 100
TANK UNITS FROM OTHER ATRPLANES 103
INDUCTED ENERGY TESTING 105
FUEL QUANTITY INDICATORS (28-41-03) 107
FQIS WIRE HARNESS (ATA 28-41-09) 109
FQIS WIRE HARNESS DESIGN AND ROUTING 109

FQIS WIRE HARNESS ROUTINGS SHARED WITH FUEL FLOW WIRING 112

CWT WIRE HARNESS INSPECTION, N93119 113
LABORATORY EXAM OF N93119 WIRE BUNDLE, COCKPIT TO WHEEL WELL 115
HYDRAULIC SYSTEM (ATA 29-00-00) 121

INDICATING / RECORDING SYSTEMS (ATA 31-00-00) 122



14
LANDING GEAR (ATA 32-00-00)

WING LANDING GEAR (ATA 32-12-00)
WING LANDING GEAR DOORS (ATA 32-12-00)
BODY LANDING GEAR (ATA 32-13-00)
NOSE LANDING GEAR (ATA 32-21-00)
MAIN LANDING GEAR EXTENSION & RETRACTION (ATA 32-30-00)
NOSE LANDING GEAR EXTEND & RETRACT (ATA 32-34-00)
NOSE LANDING GEAR DOOR ACTUATOR TEAR-DOWN
BRAKES (ATA 32-40-00)

TIRE EXAMINATIONS (ATA 32-45-00)
NAVIGATION (& AVIONICS) (ATA 34-00-00)
OXYGEN (ATA 35-00-00)
LAVATORY, INCLUDING WATER/WASTE (ATA 38-00-00)
AIRBORNE AUXILIARY POWER (ATA 49-00-00)
DOORS (ATA 52-00-00)

FUEL FLOW INDICATOR (ATA 73-30-00)

COCKPIT AND INSTRUMENTS

[10/25/96 Group Activity, denoting that the wording was agreed to by the group that performed the examination. |

123
123
123
123
124
124
124
127
127

128

129

130

130

130

130

131

Debris from the cockpit was received at the hangar a pile of wire and entangled broken parts that
measured about five feet tall and 12-15 feet in diameter. The debris was totally separated from the
exterior skin and windshield structure. When the wire was brought into the hangar, it was hung by a
crane hook and photographs were taken of the individual cockpit controls and displays. Photographs
were also made after removal of the individual control, indicator, and light panels that were removed
from the pile and examined individually. The following set of notes were made from the component

examinations and from the photographs.
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The cockpit panels have combinations of navigation displays, autopilot controls, powerplant
indicators, and other separable subjects. However, for ease of understanding, the instruments and
other components have been grouped together by panel, from left to right and from top to bottom.
Panels that contain multiple rows of instruments are generally also listed by row, from left to right,
followed by the next lower row.

Although individual switch positions have been documented for the positions they were found at, few
switches were of the locking type and many were found with strands of wire around the switch
toggles. Many individual caution and warning lightbulb indicators were found missing or broken.
Those lightbulb filaments that were examined were magnified with 10 or 15 power magnifying glasses
or were taken to a variable (75X max.) binocular microscope.

The Captain’s control column was found attached to the floor, but missing the yoke and top
assembly. The yoke and upper portion of the column had separated at the internal bevel gear,
although wiring still attached the separated assembly. The right handle of the yoke was missing and
the left handle was broken from the center. The First Officer’s control column was found separated
at the base (floor level). The yoke was found attached to the control column and the right handle was
broken.

CAPTAIN’S INSTRUMENT PANEL
(Designated by Boeing as P1)

AUTOMATIC FLIGHT ANNUNCIATOR PANEL

P/N TWA P/N 52103, S/N 11
Lightbulbs were removed from the Flight Progress Annunciator (Flight Director & Autopilot)
Panel. Within each of the AUTOPILOT and AUTOTHROTTLE MASTER CAUTION
assemblies were four bulbs with filaments that were visually intact, without gross distortion or
distortion of the individual coils.

Within the left indicator light block were four rows of indicators that contained four bulbs each.
The filaments in the bulbs were found intact, without gross distortion or distortion of the
individual coils. The only exceptions were a single bulb under the GS caption with a single
separation in the filament and two NAV bulbs that had green lenses which were found broken nto
small sections with no distortion of the coils.

Within the right indicator light block were five rows of indicators that contained four bulbs each.
The filaments in the bulbs were found intact, without gross distortion or distortion of the
individual coils, except for an orange-lensed ALT SEL bulb and two NAV bulbs that had green
lenses. Those three bulbs had filaments that were broken into small sections with no distortion of
the coils.

INSTRUMENT WARNING ANNUNCIATOR PANEL
Fach instrument warning light assembly caption had a set of two light bulbs. The top
INSTRUMENT WARN indicator bulbs were broken into smaller fragments with slight amounts
of general distortion, but no distortion of the individual coils. The ATT builbs had a slight
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distortion of the general coils, but the filaments were visually intact in this and the MON indicator.
The HDG bulbs each had a single break , but were otherwise intact and not deformed. The ALT
bulb filaments were intact.

The instrument panel was folded over to the right of the instrument warning annunciator panel
and held no other components.

CLOCK
The only sweep hand seen was yellow and pointing toward the 12 o’clock position. The larger
upper digital scale showed between 0031 and 0032. The lower elapsed time window was
between 08 and 09 on the hours indicator and at one quarter distance from the 41 toward the 42
markings for the minutes indication. The selector switch was bent, but pointing toward the RUN
position.

AIR SPEED INDICATOR
This instrument was found intact with facial glass and hanging about six inches from the Captain’s
instrument panel. On August 5, 1996, the indicator needle was seen pointing at 122 knots and the
red/white “barber pole” was seen at 340 knots. The mach window was covered by a yellow flag.
No external reference markers, also known as “ speed-bugs” were seen.

ATTITUDE DIRECTION INDICATOR
Found with the facial glass and the airplane indicator missing. The red-orange ATT flag and two
twisted red-orange indicators were visible, but the facial mask in those areas had been peeled off.
The attitude ball was at a six degree roll of right wing down and the pitch indication was about
three degrees nose up when a line was laid between the left and right indices. No speed,
glideslope, or localizer display needles were evident.

ALTIMETER
Found intact with the facial glass in the instrument panel and not displaying any yellow, orange, or
red flags. The large digital display read 13,820, the single white sweep hand was on 820, the
mercury barometer window read between 1022 and 1023, the metric barometric correction
window read between 3019 and 3020. A red internal pointer aligned with the “2” digit at the 2
o’clock position.

Note: See text from Maintenance Manual that has been attached to the Air Data Computer
entry with respect to instrument “flagging.”

RADAR ALTIMETER
Found separate from the panel but attached by the wiring harness, the glass face was intact and
fogged. Through the glass, the striped OFF flag was in view and the colored portion of the
altimeter needle was obscured by the needle mask.

RADIO AND DISTANCE MEASURING INDICATOR (RDMI)
Both distance measuring displays were missing from the facial cut-outs, located behind the facial
glass. Two red-orange flags seen were labeled VOR 1 and VOR 2. Visible at the top of the
compass rose was part of a red-orange flag that had no captioning visible. The top of the
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compass rose was 080 degrees, the single green arrow pointed to 144 degrees on the compass
rose, and the double orange arrow was pointing toward 100 degrees on the compass rose. Both
ADF/VOR selector switches were separate from the instrument and hanging by electrical wiring.

HORIZONTAL SITUATION INDICATOR (HSI)

Found and photographed with the facial glass and facial cover missing. Above the compass rose
display was an indicator fixed between a black “TRUE” and red-orange “HDG.” The compass
rose in the photograph was oriented to about 105 degrees. The TO/FROM arrows were both in
view, along with about a third of the red-orange “NAV” flag. The orange heading triangle was at
the top of the display, at 103 degrees on the compass rose. The green course deviation indicator
was about % of the distance from the center toward the first left deviation marking, The tail of the
green course arrow was bent, but was at the 7 o’clock position, with the tip at the compass rose
320 degree mark. The digital display wheels located at the upper right corner of the instrument
the display were between 015 and 126. The digital display wheels located in the lower right
corner of the instrument indicated 377, with mechanical damage to the center wheel. The digital
display wheels located at the lower left corner of the display were also physically damaged and the
“5” moved freely, but were found with a display of 35R. A vertically mounted rotating drum
along the left side of the instrument was displaying the black side of the drum and concealing the
striped black and red side.

ALTIMETER, STANDBY
Found intact with the facial glass and extended about one inch from the instrument panel. No
orange, red, or yellow flags were in view. The digital altitude display drum mounted at the 3
o’clock position showed between 21,000 and 22,000, the sweep hand was resting at the 640
mark, the mercury barometric correction window showed 30.07, and the metric barometric
window showed 1019.

GLARESHIELD PANEL
(Designated by Boeing as P10)

The Captain and First Officer’s navigation control panels, marked “VHF NAV”, were found with
significant impact damage. The Captain’s was between displays of 116.90 and 117.90, the First
Officer’s panel displayed 115.45.

The Automatic Flight Mode Select Panel was found as an intact unit, with the following
control/display positions: The Captain’s flight director lift/lock switch was found bent toward the one
o’clock orientation, with corresponding damage to the blade of the locking feature. The A/T toggle
switch was in the down (OFF) position, but in an area of the panel that had facial damage. Both
ENGAGE toggles were found in the down (OFF) positions. The NO 1 COURSE display was 105,
the Course Transfer knob was at DUAL, and the NO 2 COURSE display was at 098. The
HEADING window showed 070. The NAV SELECT knob was at LAND, with physical damage to
the knob, the CWS switch was in the down (OFF) position, but in an area of the panel that had facial
damage. The ALT SEL window showed 15900 and the ALT HOLD/SELECT switch was in the
OFF position, next to an area of physical damage. The Turbulence/Speed Mode Selector knob was
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between the OFF and TURB positions. Contained in the right edge of the physically damaged panel
was the First Officer’s FLT DIR switch in the center (OFF) position.

CENTER INSTRUMENT PANEL

The center instrument panel was found as a single intact assembly and the individual instruments are
described from left to right:

The marker light assembly was found almost intact, but was missing the bulbs and lenses. Below the
marker light assembly, the EPR mode panel found intact, the displays were blank. In the middle of
the left panel edge, the standby attitude indicator was found intact with the facial glass internally
fogged and retaining water. A red-orange flag was in view, the attitude display showed a 30 degree
left roll, and the pitch display was fully brown with the ventilation holes of the indicator ball in view.
At the bottom corner of the left panel edge, the flight control position indicator was missing the facial
glass and had impact damage. The displays for the elevators were both at the bottoms of the scales,
the rudder indicators were at the center, the right spoiler indicator was at 35 degrees, and the
indicators were missing for 