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EXECUTIVE SUMMARY

Or April 28, 1988, at 1346, a Boeing 737-200, N73711, operated by
Aloha Airlines Inc., as flight 243, experienced an explosive decompression
and structural failure at 24,000 feet, while en route from Hilo, to Honolulu,
Hawaii. Approximately 18 feet from the cabin skin and structure aft of the
cabin entrance door and above the passenger floorline separated from the
airplane during flight. There were 89 passengers and 6 creemembers on board.
One flight attendant was swept overboard during the decompression and is
presumed to have been fatally injured; 7 passengers and 1 flight attendant
received serious injuries. The flight crew performed an emergency descent
and landing at Kahului Airport on the Istand of Maui.

The National Trazsportation Safety Board determines that the
probable cause of this accident was the failure of the Aloha Airlines
maintenance program to detect the presence of significant disbonding and
fatigue damage which uitimately led to failure of the lap joint at $-10i and
the separation of the fuselage upper lobe. Contributing to the accident were
the failure of Aloha Airlines management to supervise properly its
maintenance force; the failure of the FAA to evaluate properly the Aloha
Airlines maintenace program and to assess the airline’s inspection and
quality control deficiencies; the failure of the FAA to require Airworthiness
Directive 87-21-08 inspection of all the lap joints proposed by Boeing Alert
Service Bulletin SB 737-53A1039; and the lack of a complete terminating
action (neither generated by Boeing nor required by the FAA) after the
discovery of early production difficulties in the B-737 coid bond lap joint
whicz resulted in low bend durability, corrcsion, and premature fatigue
cracking. :

The safety issues raised in this report include:

o The quality of air carrier maintenance programs and
the FAA surveillance of those programs.

o The engineering design, certification, and
continuing airworthiness of the B-737 with
particular emphasis on multiple site fatigue
cracking of the fuselage lap joints.

o The human factors aspects of air carrier maintenance
and inspection for the continuing airworthiness of
transport category airplanes, to include repair
procedures and the training, certification and
qualification of mechanics and inspectors.

Recommendations concerning these issues were addressed to the
Federal Aviation Administration, Aloha Airlines, and the Air Transport
Association.



NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPORY

ALOHA AIRLINES, FLIGHT 243
BOEING 737-200, N73711,
NEAR MAUI, HANAIL
APRIL 28, 1988

1. FACTUAL INFORMATION
1.1 History of the Flight

On April 28, 1988, an Aloha Airiines Boeing 737, N73711, based 2t
the Honolulu International Airport, Hawaii, was scheduled for a series of
interisiand flights to be conducted under Title 14 Code of Federal
Regulations (CFR)} Part 121. A captain and first officer were assigned for
the first six flights of the day with a planned first officer change to
complete the remainder of the daily schedule.

The first officer checked in with the dispatch office about 0500
Hawaiian standard time at the Aloha Airlines Operations Facility. After
familiarizing himself with the flight operations paperwork, he proceeded to
the Aloha Airlines parking apren and performed the preflight inspection
required by company procedures before the first flight of the day. He stated
that the airplane maintenance Tog release was signed and that there were no
open discrepancies. He prepared the cockpit for the external portion of the
preflight, exited the airplane in predawn darkness, and performed the visual
exterior inspection on the lighted apron. He stated that he found nothing
unusual and was satisfied that the airplane was ready for flight.

The captain checked in for duty about 0510; he completed his
predeparture duties in the dispatch office and then proceeded to the
airplane.

The crew flew three roundtrip fiights, one each from Homolulu to
Hilo, Maui, and Kauai. They reported that 237 six flights were uneventful
and that all airplane systems performed in the normal and expected manner.
Flightcrew visual exterior imspections between flights were not required by
Federal Aviation Admirnistration (FAR) accepted compary procedures, and none
were performed.

At 1100, a scheduled firsi officer change took place for the
remainder of the day. The crew flew from Honolulu to Maui and then from Maui
to Hilo. As with the previous flights of the day, no system, powerplant, or
structural abnormalities were noted during these operations, and the flights
were uneventful. Heither pitot left the airplane on arrival in Hilo, and the
crew did not perform any visual exterior inspection nor were they reguired to
do so.
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At 1325, flight 243 departed Hilo Airport en route to Honolulu as
part of the normal scheduled service. In addition to the two pilots, there
were three flight attendants, an FAA air traffic controller, who was seated
in the observer seat in the cockpit, and 89 passengers on board. Passenger
boarding, engine start, taxi, and takeoff were uneventful.

The planned routing for Alcha flight 243 was from Hilo to Honolulu
at flight level 240. Maui was listed as the alternate landing airport.

The first officer conducted the takeoff and en route climb from
Hilo. The captain performed the nonflying pilot duties. The first officer
did not recall using the autopilot.

The flight was conducted in visual meteorclogical conditions.
There were ao advisories for significant meteorological information (SIGMET)
or airman’s meteorological information (AIRMET) valid for the area along the
planned route of flight.

No unusual occurrences were noted by either crewmember during the
departure and c¢limbout. As the airplane leveled at 24,000 feet, both pilots
heard a loud “clap" or “"whooshing" sound followed by a wind noise behind
them. The first officer’s head was jerked backward, and she stated that
debris, including pieces of gray insulation, was floating in the cockpit.
The captain cbserved that the cockpit entry door was missing and that “there
was blue sky where the first-class ceiling had been.™ The captain
immediately took over the controls of the airplane. He described the
airplane attitude as rolling slightly left and right and that the flight
controls felt "loose."

Because of the decompression, both pilots and the air traffic
controiler in the observer seat donned their oxygen masks. The captain began
an emergency descent. He stated that he extended the speed brakes and
descended at an indicated airspeed (IAS) of 280 to 290 knots. Because of
ambient noise, the pilots initially used hand signals to communicate. The
first officer stated that she observed a rate of descent of 4,100 feet per
minute at some point during the emergency descent. The captain also stated
that he actuated the passenger oxygen switch. The passenger oxygen manual
tee handle was not actuated.

¥Wh2n the decompression occurred, all the passengers were seated and
the seat belt sign was illuminated. The No. 1 flight attendant reportedly
was standing at seat row 5. According to passenger observations, the flight
attendant was immediately swept out of the cabin through a hole in the left
side of the fuselage. The No. 2 fiight attendant, standing by row 15/16, was
thrown to the floor and sustained minor bruises. She was subsequently able
to crawl up and down the aisle to render assistance and calm the passengers.
The No. 3 flight attendant, standing at row 2, was struck in the head by
debris and thrown to the floor. She suffered serious injuries including a
concussion and severe head lacerations.
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The first officer said she tuned the transponder to emergency code
7700 and attempted to notify Honolulu Air Route Traffic Contrel Center
(ARTCC) that the flight was diverting to Maui. Because of the cockpit noise
level, she could not hear any radio transmissions, and she was not sure if
the Honolulu ARTCC heard the communication.

Although Honoluiu ARTCC did not receive the first officer’s initial
communication, the controller working flight 243 observed an emergency code
7700 transponder return about 23 nautical miles {nmi) south-southeast of the
Kahalui Airport, Maui. tarting at 1348:15, the controller attempted to
communicate with the flight several times without success.

When the airplane descended through 14,000 feet, the first officer
switched the radio to the Maui Tower frequency. At 1348:35, she informed
the tower of the rapid decompression, declared an emergency, and stated the
need for emergency equipment. Maui Tower acknowledged and began emergency
notifications based on the first officer’s report of decompression.

At the tlocal controller’s direction, the specialist working the
Maui Tower clearance delivery position notified the airport’s rescue and
firefighting personnel, via the direct hot line, that a B-737 had declared an
emergency, was inbound and that the nature of the emergency was a
decompression. Rescue vehicles took up alert positions along the left side
of the runway.

At the Maui Airport, ambulance service was available from the
nearby community when notified by confrol tower persennel through the jocal
"911" telephone number. Tower personnel did not consider it necessary at
that time to call for an ambulance based on their understanding of the nature
of the emergency.

At 1349:00, emergency coordination began between Honolulu Center
and Maui Approach Control. Honolulu advised Maui Approach Contrel that they
had received an emergency code 7700 transponder return that could be an Alocha
737 and stated, "You might be prepared in case he heads your way." Maui
Approach Control then advised Honolulu Center that flight 243 was diverting
to land at Maui.

The tocal controller instructed flight 243 to change to the Maui
Sector transponder code to identify the flight and indicate to surrounding
air traffic control (ATC) facilities that the flight was being handled by the
Maui ATC facility. The first officer changed the transponder as requested.

The flight was operating beyond the local controller’s area of
radar authority of about 13 nmi. At 1350:58, the local controller requested
the flight to switch to 119.5 MHz. (approach frequency) so that the approach
controller could monitor the flight. Although the request was acknowledged,
the flight was not heard on 119.5 MHz. Flight 243 continued to transmit on
the local controller frequency.
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At 1353:44, the first officer informed the local controller, "We're
going to need assistance. We cannot communicate with the flight attendants.
We’11 need assistance for the passengers when we land.” An ambulance request
was not initiated as a result of this radio call. The first officer also
provided the local controiler with the flight’s passenger count, but she did
not indicate the fuel load. The local controller did not repeat the request
for the fuel load even after a query from the chief of the emergency response
team.

The captain stated that he began siowing the airplane as the flight
approached 10,000 feet mean sea level {ms1). This maneuver is required as a
routine operations practice to comply with ATC speed limitations. He
retracted the speed brakes, removed his oxygen mask, and began a gradual turn
toward Maui’s runway 02. At 210 knots IAS, the flightcrew could communicate
verbally. The captain gave the command to lower the flaps. Initially flaps
1 were selected, then flaps 5. When attempting to extend beyond flaps 5, the
airplane became less controlilable, and the captain decided to return to fiaps
£ for the landing.

Because the captain found the airplane becoming less controllable
below 170 knots IAS, he elected to use 170 knots IAS for the approach and
landing.

Using the public address (PA) system and on-board interphone, the
first officer attempted to communicate with the flight attendants; however,
-there was no response.

At the command of the czptain, the first officer lowered the
-landing gear at the normal point wn the approach pattern. The main gear
indicated down and locked; however, the nose gear position indicator 1ight
did not illuminate. Manual nose gear extension was selected and still the
green indicator light did not illuminate; however, the red landing gear
unsafe indicato light was not illuminated. After another manual attempt,
the handie was pliced down to complete the manual gear extension procedure.
The captain said no attempt was made to use the nose gear downlock viewer
because the center jumpseat was occupied and the captain believed it was
urgent to land the airplane immediately.

At 1355:05, the first officer advised the tower, "We won’t have a
nose gear," and at 1356:14, the crew advised the tower, "We’ll need all the
equipment you’'ve got."

While advancing the power levers to maneuver for the approach, the
captain sensed a yawing motion and determined that the No. 1.(left) engine
had failed. At 170 to 200 knots IAS, he placed the No. 1 engine start switch
to the "flight” position in an attempt to start the engine; there was no
response.

A normal descen. profile was esteblished & miles out on the final
approach. The captain said that the airplane was "shaking a little, rocking
slightly and felt springy.”
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Flight 243 landed on runway 0Z at Maui’s Kahului Airport at
1358:45. The captain said that he was able to make a normal touchdown and
landing rollout. He used the No. 2 engine thrust roverser and brakes to stop
the airplane. ODuring the Jatter part of the rollout, the flaps were extended
tc 40° as required for an evacuation. An emergency evacuation was then
accomplished on the runway.

After the accident, a passenger stated that as she was boarding the
airplane through the jet bridge at Hilo, she observed a longitudinal fuselage
crack. The crack was in the upper row of rivets along the S-10L lap joint,
about halfway between the cabin door and the edge of the jet bridge hood.
She made no mention of the observation to the airline ground personnel or
flightcrew.

1.2 Injuries to Persons
Injuries Lrew Passengers Others Total
Fatal 1= 0 0 1i*
Serious 1 7 0 8
Minor v} 57 0 57
None 3 25 ** 29
Total 5 89 1 95

*Lost in flight; a sea search was unsuccessful.
**Air traffic controller seated in the observer seat in the cockpit.

1.3 Damage to Airplane
1.3.1 General

A major portion of the upper crown skin and structure of section 43
separated in fiight causing an explosive decompression' of the cabin. (See
figures 1 and 2.) The damaged area extended from slightly aft of the main
cabin entrance door, rearward about 18 feet to the area just forward cf the
wings and from the left side of the cabin at the floor level to the right
side window Tevel.

The value of the airplane was estimated at about $5 million. As a
result of the accident, the airplane was determined tc be damaged beyond
repair. It was dismantled on the site and sold for parts and scrap.

1"Explosive decompression® in this cese indicates’ & violent expansion
and hoise from cobin air relensed under pressure rather than the effects of »
chewmicsl explosive device.
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Stringers, and Section Locations.




Figure 2b.--General view, right side of forward fuselage,
N73711. Arrow marks fragments of $-4R lodged
in the leading edge flzp.



1.3.2 Fuselage 3Separation Area

The fuselage structure consists primarily of skin, frames,® and
stringers.® Skin panels are joined longitudinally at lap joints where tre
sheet metal of the upper skin panel overlaps the sheet metzl of the lower
skin panel about 3 inches. When manufactured, this overlapped area was
bonded and riveted with three rows of ccuntersunk rivets. (See 1.6.2 Lap
Joint Design and Bonding History.)

The area where the structure was missing extended from body
station®* {BS) 360 aft to about BS 540, and circumferentially from just above
the floor on the left side of the airplane (at S-15L), across the crown and
down the right side to a position above the window belt {(at S-10R). The
structure from the top of the window belt to the fluor on the right side was
distorted severely and bent outward more than 90%. The skin had peeled in
this area leaving the frames, stringers, and window forgings in place. On
the left side beiow the floor Tevel, the skin had peel>d off the structure in
targe V-shaped areas.

Five consecutive floor beams® at BS 420, 440, 460, 480, and 500
were broken 311 the way through. Also, the adjacent floor beams at BS 400
and SO0CA were cracked nearly all the way through. The fractures and cracks
were slightly to the Teft of the airplane centerline. The frames at these
same seven stations were broker on the left side just below the floor beams.
Most of the ¢ nter fiocor parels from BS 360 to BS 947 were displaced upward
excepl in the overwing area. The right side cabin floor panels had not been
displaced and 1ittle if any dJdistress had occurred at the fastener lscations
for these panels. However, on the left side aof the airplane between BS 400

- and BS 500 aloag the inboard sea® track, there was extensive floor panel

gisplacement. The floor panels had dispiaced upward and had reached their
maximun displacewent of & inches at BS 440 (matching the displacement of the
brokern fioor beams).

A fuselage section from 35S 365 to BS 420 between S$-4R and 5-8R was
trapped betwenn the leading edge {1ap and inboard side of the right engine
strut. This wasz the only significant piece of structure from the damaged

??Pnoot &re the gircunferentisl structural sembers of the fuselsge.

3!tr!nt!r! (%1 Bry tRg Teagitudin:l svructurst sesbery ¢f the fuselage.
$rringery Ary Sgentifisd B¢ eeguintint nunbers from the canterline of the top
erEer &% YR Froaslisge 58 DY 8Tt (L)Y sand right (R) (e1tery 33 viewed forward
Rigw the rESS af tBe steplpme.

‘!iﬂf statigen (3> refgrs fe & peint steng the fuseisge weadured
SNyl FuginBi by (En FReResl fraw o 2ere “efyrencte peint nesr the nose sf the
E IR 28 T

Feimar Seems see trongetrse struttu-of suppert mesders for the floor,
sRPs G $J FAeRAs MBSSY, fymaisg Berigentalily Beles the cabin floe~ st tHe %-
E peewt .
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area that was recovered. The recovered piece containad two skin repairs
along 5-4R. This section and several samples cut from the remaining fuselage
skin were submitted to the Safety 3oard’s Materiazls Laboratory for further
analysis. (See 1.16.3 Materials Laboratory Analysis.)

An examination cof the remaining structure immediately surrounding
the separation area, inciuding skin, rivet, and stringer deformations,
revealed the following failure patterns:

] Left side, BS 360 to 54G--The skin was peeled from the

structure in a down and aft direction.

0 Right side, BS 360 to 540--The skin was peeled from the
tructure in a down and aft direction, changing to
directly aft near BS 540.

o Circumferential break at BS 360--Fracture of the
stringers and deformed rivets indicated that the
separated structure was pulled generally aft except
between S.5L and $-4R, where the direction was about 30°
to the right of directly aft. Fractures and deformations
showed that the separated skin had generally pulled
through the butt joint rivets, except at several
locations where the separation was in the butt splice
strap.

0 Circumferential break at BS 540, left side--From the top
center of the fuselage to S-10L, the skin fracture
transitioned from several inches forward of BS 540 to
about 20 inches forward of BS 540 and was not associated
with any vivet line. At the S-10L lap joint, the
fracture followed the upper rivet line of the skin lap
Joint from a position 20 inches forward of BS 540 to a
position about 6 inches forward of BS 540. There were
indications of preexisting fatigue cracks associated with
seven consecutive rivet holes along this portion of the
rivet l1ine. From S-10L to the floor line, the skin
generally had separated several inches forward of
station 540.

o Circumferential break at BS 540, right side--From the top
center of the fuselage to S5-10R the fraciures in the

stringers and deformed rivets indicated that the
separated structure was pulled directly forward. In the
vicinity of S-11R, a small area of structure had been
pulled forward and up. Below S-11R, the skin had been
torn but the departure direction was unclear.

Indications of preexisting cracks were found in the S-10L lap joint
forward of BS 540, on each side of a rivet hole in the BS 360 butt strap near
S-7R, ard in lap joint rivet holes in a piece recovered from the right wing.
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A1l other fractures adjacent to the separation area were typical of
overstress separations.

The fracture surfaces and the +immediate areas surrounding the
separation perimeter generally were corrosion free. However, areas of
corrosion and disbonded surfaces® were noted in the butt joints at BS 360 and
540. Additionally, some areas of pulged skin were noted on the intact skin
lap joints and circumferential butt joints that remained with the airplane.

1.3.3 Additional Airplane Damage

There was minor impact damage on the leading edges of both wings,
although the damage was more extensive on the right wing, In addition, both
horizontal stabilizers and the lower portion of the vertical stabilizer had
random dents in the leading edges.

The inlet cowls of both engines were dented, and several first
stage fan blades of both engines were damaged. Remnants of fuselage
structure were found against the inlet guide vanes and embedded in tne
acoustic liner of the right engine.

A cable in the closed loop cable system for the left engine thrust
lever and a cable in the left engine start lever system were broken near a
pulley cluster located in the leading edge of the left wing immediately
inboard of the engine strut. The broken start lever cable prevented motion
.of the fuel control to the start position; the broken thrust lever cable
prevented any power increase on the engine. The left engine fuel contral was
found in the "cutoff" position. Initial examination of the broken cables
- showed signs of heavy corrosion in the area of the separation. Routing of
these cables between the cockpit and the left engine pod was traced through
the area of maximum upward floor defection at BS 440 under the cabin floor.
The cables were retucined and submitted to the Safety Board’s Materials
Laboratory for further examination. (See 1.16.3 Materials Laboratory
Analysis.)

The upper fuselage crown separation resulted in damage to overhead
wire burdies, and a number of circuit breakers in the cockpit were tripped.
Most of “hese circvit breakers were related to passenger service unit and
lavatory wiring. The potable water line was leaking and its conduit was
broken. The pitot Tine and the static line to the flight data recorder (FDR)
were broken, as was the conditioned air distribution ducting. The passenger
oxygen manifold was severed which prevented use of the passenger oxygen
system; however, the flightcrew oxygen system was undamaged. The flightcrew
and passenger oxygen cylinders were fully discharged. Both engine fire
bottles were emply, and both of the engine fire extinguisher switches in the
cockpit had been activated, per the airplane emergency evacuation procedures.

épiebonded indiceies the separstion of 9previovsly joined (glued
together) surfaces; in this case, aluminum fuselage skin panels.
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The hydraulic system was not damaged. A1l the landing gear were
down and locked, the flaps and ieading edge devices were fully extended, the
spoilers were retracted, and there was ne loss of hydraulic fluid. An
examination of the nose gear position indicator light module revealed that
one of the two bulbs was burned out and that the module was slightly loose in
its housing. No other discrepancies were found in the nose gear position
indicating system.

1.3.4 Pressurization System

The main (aft) outflow valve and the forward cutflow valve were
fully closed. The forward outflow valve receives position signals from the
main outflow valve. The pressurization controller was found in “automatic”
and the flight/ground mode selector switch was found in the "flight"
posifion. The flight position causes the cabin altitude controller to
conform to the selected flight profile and also to modulate the main outflow
valve toward the closed position to pressurize the cabin stightly (0.1 psi)
during ground operation. The switch is normally set to flight after engine
start to pressurize the airplane:; the switch 1is set to "ground" to
depressurize after the landing rollout.

Continuity checks showed normal system operation. All relevant
system components were removed from the airplane for further functional
tests. (See 1.16.1 Pressurization System.)

1.4 Other Damage
Kone.
1.5 Personnel Information

The flightcrew consisted of the captain, first officer, and three
flight attendants. (See appendix B.)

The captain was hired by Aloha Airlines on May 31, 1977, as a B8-737
first officer. He was upgraded to captain on June 1, 1987. He possessed a
current first-class medical certificate with no limitations. He held an
airline transport certificate with a type rating for the B-737. At the time
of the accident, the captain had accrued about 8,500 total flight hours with
6,700 hours in the B-737. His pilot-in-command time with Aloha Airlines was
400 hours, all in the B-737.

The first officer was hired by Aloha Airlines on June &, 1979, as a
B-737 first officer. She possessed a current first-class medical certificate
with a limitation for corrective lenses. She holds an airline transport
certificate without type ratings. At the time of the accident, the first
office; ;ad accrued about 8,000 total flying hours with about 3,500 hours in
the B-737.

A dispatch records review indicated that the crew had complied
with ail1 relevant fiightcrew duty time Timitations.
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Flightcrew training records included documentation of normal and
emergency procedures training. The Aloha Airlines flightcrew training
program outline required emphasis on cockpit resource management (CRM)
concepts; however, the training program did not include a specific CRM
course, and line oriented flight training (LOFT) programs were not conducted,
nor were they required by regulation.

1.6 Airplane Information
1.6.1 General

The accident airplane, N73711, a Boeing 737-297, serial number
20209, was manufactured in 1969 as production line number 152. 1t was
equipped with two Pratt and Whitney JT8D-9A engines. The airplane was
delivered on May 10, 1969, to Aloha Airlines, the original operator.

According to the limitations section of the FAA-approved Airplane
Flight Manual for B-737, N73711, the maximum zero fuel weight is
88,000 pounds, the maximum certificated takeoff weight is 100,000 pounds.
The actual weights for the departure on the accident flight were calculated
at 80,253 pounds zero fuel weight and 93,133 pounds actual takeoff weight.
The center of gravity (CG) computed for departure was 22 percent mean
aerodvnamic chord (MAC). The calculated CG Timits for this gross weight were
4.0 percent and 30.5 percent MAC, respectively.

The Aloha Airlines fleet consisted of eleven airplanes, all B-737s.
Four of the airplanes were considered high time, in excess of 60,000 cycles;
one was the worldwide fleet leader.

At the time of the accident, the N73711 had accumulated 35,496
flight hours and 89,680 flight cycles (landings), the second highest number
of cycles in the worldwide B-737 fileet. ODue to the short distance between
destinations on some Aloha Airlines routes, the maximum pressure differential
of 7.5 psi was not reached on every flight. Therefore, the number of
equivalent full pressurization cycles on the accident airplane is
significantly less than the 89,680 cycles accumulated on the airplane.

A review of B-737 accidents and incidents reported te the Safety
Board revealed ore previous mishap invelving N73711. On February 21, 1979,
the airplane was operated into clear air turbulence that resuited in serious
injury to two flight attendants. No record of any damage or required repair
to the airplane was found.

There had been one previous accident involving in-flight structural
failure of a B-737 fuselage. A Far Eastern Air Transport, Ltd. (FEAT)
£-737-200, Republic of China registration B-2603, experienced an explosive
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decompression and 1in-flight breakup on August 22, 1981.7 The accident
occurred near Sanyi, Miaoli, Taiwan, and was investigated by the Civil
Aeronautics Administration (CAA) of the Ministry of Communications, Taiwan,
Republic of China. The Safety Board, Boeing, and the FAA participated in the
investijation. The Republic of China CAA determined that the probable cause
of the accident was:

extensive corrosion damage in the lower fuselage structures,
and at a number of locations there were ccrrosion penetrated
through pits, holes and c¢racks due to intergranular corrosion
and sxin thinning exfoliation corrosion, and in addition, the
possible existence of undetected cracks because of the great
number of pressurization cycles of the aircraft (a total of
33,313 Tandings), interaction of these defects and the damage
had so deteriorated that rapid fracture occurred at a certain
fiight altitude and pressure differential resuiting rapid
decompression and sudden break of pzssenger compartment floor
beams and connecting frames, cutting control cables and
electrical wiring. And eventually loss of power, loss of
control, midair disintegration.?

Questions arose during the Aloha Airlines accident investigation
regarding certain information in the CAA report about cabin floor beam
bending that suggested that the initial failure may have been in the upper
lobe of the fuselage as opposed to the lower lobe as cited by the CAA.
Testimony of Boeing and FAA experts at the Safety Board’s public hearing
{See appendix A.) on the Aloha Airlines accident revealed that the evidence
cited in the CAS report was consistent with an initial failure in the lower
lcbe of the FEAT airplane.

A review of N73711’s discrepancy logbook, the flight attendant
cabin log, the linz maintenance activity log, and the dispatch logs for the
day of the accident revealed no significant entries prior to the accident.

1.6.2 Lap Joint Design and Bonding History

The B-737 fuselage is divided into four sections with sections 41,
43, and 46 comprising the majority of the pressure vessel. (See figure 1.)
These sections, along with section 48, are butt joined at circumferential
frames to form the entire fuselage. Section 43 forms the forward cabin area
from BS 3E0 to BS 540, where the area of skin separation occurred. The
sections are constructed of circumferential frames and longitudinal stringers
that are covered by formed aluminum skin panels that are riveted to the

7kircrlft Accident Investigation Report (transistion), Ffar Eastern Ailr
Transport, LTD., Boeing 737-200, $-2603, August 22, 1981, Civil Aeronsutics
Adeinistration, Winistry of Cesmunications, Taipei, Talwan, Republic of
Ching.

31&. wording of this probable cause hat bDeen excerpted, verbatim, from
the trensiated copy of the officisl Afrcraft Accident tnvestigation Repert,
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underlying structure. Each skin panel in the upper lobe of section 43 is the
Tength of the entire section -- about 18 feet.

Adjacent skin panels are joined longitudinally by overlapping the
edge of the upper panel about 3 inches over the edge of the lower panel. The
overlap (joint) area is fastened with three rows of rivets and a bonding
process., The center row of rivets secures the lap joint to a stringer
underneath the skin, which, in turn, is attached to the circumferential
frames by riveted clips. 8elow the window belt and in the lower lobe, the
skin is connected to the frames between the strirgers using riveted i-shaped
brackets (shear ties). In section 43, the skin panel lap joints exist at
5-41 and 5-4R, S-10L and S-10R, and S-14L and S-14R in the upper lobe and at
S5-19L and S5-19R and S-26L and $-26R irn the lower lobe.

The upper lobe skin panels in section 43 are fabricated from two
compiete preformed sheets of 0.036-inch thick aluminum that are joined
together using a "hot™ bonding process. An acid etch is used to prepare the
surfaces of the sheets befcre bonding. Since the epoxy hot bonding material
is nonreactive at room temperature, the bond is cured at 2500F at 45 psi
(hot-bond prccess). The inner sheet is then masked and the panel is milled
chemically leaving the "waffle" doublers that provides circumferential tear
straps at 10-inch intervals and a lcngitudinal double thickness at each
stringer location.

On the early model airplanes (through production Iine number 291},
- the doubler sheet was miiled away chemically at the lap joint locations; for
production 1ine number 292 and the subsequent numbers, the doubler sheet was
retained on the outer panel of each lap joint to provide an extra 0.036 inch
" of material thickness in the joint. (See figures 3, 4a and 4b.) Additionally,
for production line number 465 and the subsequent numbers, an improved boni
surface pretreat process using a phosghoric acid anodize was employed.

For B-737 production line numbers 1 through 291, the fuselage skin
Tap Jjoints were "cold" bonded. A cold-bonded process used an epoxy
impregnated woven "scrim” cloth to join the longitudinal edges of the single
thickness 0.036-inch skir panels together. In addition, the joint was
mechanically assembled with three rows of countersunk rivets. The metal
surfaces to be bonded were etched to ensure cleanliness and to prepare a
suitable bonding surface. Since the epoxy “cold” bond material was reactive
at room temperature, it was stored in rolls at dry ice temperature until
shortiy before its use. it was then allowed to warm to room temperature
before installation. This bond cured at room temperature after assembly.

The cold bonding process was intended to provide structural
efficiency and manufacturing cost advantages plus overall airplane weight
reduction over traditionally riveted thick skin panels. Fuselage hoop loads
{circumferential pressurization loads) were intended to be transferred
through the bonded joint, rather than through the rivets, allowing the use of
Tighter, thinner fuselage skin panels with no degradation in fatigue 1life.
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Laboratory "coupon” tests® of the bonded joints, as well as the "quonset
hut"t¢ fyull scale fuselage section fatigue test were performed by the Boeing
Company and were used to assess cold bond durability. According tc Boeing,
the results indicated that certification requirements were met.

The early service history of production B-737 airplanes with
cold-bonded Tap Jjoints (plus B-727 and B-747 airplanes with the same
construction technique) revealed that difficulties were encountered with this
bonding process. It was found that the cleaning and etching process used on
the skin panels had not provided a consistent quality thin surface oxide to
be used as a bonding surface.

The service history compiled by Boeing has shown that bond quality
can also be degraded if condensation is not removed from the scrim cloth
before installation or if the scrim cloth sits at room temperature too long
causing it to cure prematurely. According to Boeing engineers, these
production process difficulties resulted in the random appearance of bonds
with Jow environmental durability, with susceptiblity to corrosion, and with
some areas of the lzp Joints that did not bond at all. Once in service,
moisture could enter the joint in the areas of disbond, and corrosion could
occur. The moisture and corrpsion in some cases contributed to further
disbonding of the joint because of the accumulation of oxides, water wicking
in the Jjoints, and the freeze-thaw cycles. The cold-bond Yap joint
production process on the B-737 was discontinued by the manufacturer in 1972.
(See figure 5.) A redesigned smooth, close-fitting, "fay" surface sealed lap
. Joint with increased joint thickness was introduced with B-737 production
line number 292. This is a riveted joint with chromated polysulfide sealing
compound, but it centains no bonding. Production of B-727 line number 850
© and subsequent numbers and B-747 line number 201 and subsequent numbers alsc
included fay surface sealed lap joints.

According to Boeing engineers, when disbond occurs in the bonded
lap joint, as designed for the B-737, the hoop 1oad transfer through the
joint is borne by the three rows of countersunk rivets that mechanically
fasten the skin panzls together. Because of the single thickness skin
surface that was facilitated by the bonded censtruction, the courtersink for
the flush rivet heads extended through the entire thickness of the outer
0.036-inch sheet. A knife edge was created at the bottom of the hole which
concentrated stresses. These stresses were cyclic with pressurization loads,
and fatique cracking ultimately occurred at the site.

In a cylindrical fuselage like the B-737, the circumferential
pressurization stresses are twice as large as the longitudinal stresses. As
fatigue effects take place, cracks propagate longitudinally, perpendicular to
the dominant pressurization (hoop) loads. In the B-737, fatigue cracking

9"Coupon" describes small sections of skin simulsting the joint
configuration.

1°'Guonset hut” refers to a full scale 1/2 section of fuselage containing
both the upper and lower lobe,
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initially is expected to occur in the outer layer of skin along the lap joint
because the outer layer contains a knife edge at each of the countersunk
rivet holes. Furthermore, the fatigue cracking primarily is found in the
upper row of the outer skin panel Tap Jjoint rivet holes because this
area carries the greatest stress. For the underiying skin of the lap joint,
the area of greatest stress is through the lower row of lap joint rivet
holes. However, since the rivet holes 1in this skin panel are not
countersunk, fatigue cracking is not as likely to initiate at this location.

Random cracking at 1lap joints (See Section 1.17.4, Service
Difficulty Report Information) on individual B-737 airplanes has occurred
over time, related to the original quality of the joint bond and the
environment in which the airplane operated. The rate of crack propagation
has been dependent on, among other things, the degree of disbond at the given
Tocation within the joint and the accumulation by the airplane of equivalent
full pressurization cycles.

During the service history of the B-737, Boeing issued several
service bulletins (SBs) pertaining to corrosion detection and repair on
fuselage skin panels, 1ap joint corrosion, disbond and repair, and lap joint
fatigue cracking inspection. The earliest of these was SB 737-53-1017 dated
May 13, 1870, "Sealing Of Cold Bonded Structure For Corrosion Protection.”
Two years later, the information was moved to the Structural Repair Manual
and the SB was deleted on July 20, 1972. As a follow-up, SB 737-53-1039 was
issued on July 19, 1972, and initially addressed the area of lap Jjoint
corrosion and repair on the first 291 airplanes produced. This SB received a
minor revision in October 1972. A revision/reissue in February 1974
reported lap joint disbond and corrosion on 30 airplanes and stated "in most
instarces these areas could be positively identified only after corrosion
caused exterior skin bulges, cracks or missing fastener heads,” and
"prolonged operation with large areas of delamination (disbording) will
eventually result in fatigue cracking."” The SB program outiined "the
minimum requirements for maintaining the structural integrity of the lap
joints." Corrosion and fatigue inspection details and intervals and repair
igst;g&tions were presented. Operator compliance was not made mandatory by
the .

On August 20, 1987, the subject SB was elevated to "Alert” status
with Revision 3. The following was reason for the upgraded status:

Since the release .of Revision 2 an operator has reported
multiple fatigue «cracks on three airplanes which have
accumulated 40,400/42,800 flight hours and 44,700/49,900
flight cycles. Cracks were located in the upper skin at
stringer four (S-4), left and right, $-10 right and S-14
right, between Body Stations 360 and 907.

Therefore, Revision 3 was issued tc up-grade this service
bulletin to an “ALERT" status and to revise the repeat
inspection thresholds for detecting fatigue cracking of the
outer skin panel at the lap joint upper row of fasteners.
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Part 1 of SB 1039 Revision 3 dealt with "Corrasion Inspection” and Part 1]
addressed "Fatigue Damage and Repair." The subject areas were lap joints at
S-4, S-10, S-14, 5-19, 3-20, and $-24. Part 111 covered *Tear Strap
Inspection and Repair™ in the same structural arezs as Part II.

The FAR issued an Airworthiness Directive (AD} 87-21-08 effective
November 2, 1987, which stated in part:

To prevent rapid depressurization as a result of faiiure
of certain fuselage 1lap splices, accomplish the
following: .... (instructions followed)

The AD made the inspection for fatigue cracking referenced in SB
737-53R1039 Revision 3 mandatory for S5-4L and R (note only S-4L and R} on
production line numbers 1 through 291, before the accumulation of 30,000
landings or within the next 250 landings after the effective date of the AD.
Repairs for cracks found were to be accomplished in accordance with
instructions contained in the referenced Bosing SB. (The AD and SB revisions
2 and 3, with nondestructive testing (NDT)} instructions, are included as
appendix C.)

An additional SB 737-53-1076 dated October 30, 1986, deals with
skin bonding problems. (A summary of SB 737-53-1076 1is included as
appendix D.)

Boeing issued revision 4 to SB 737-53A1039 dated April 14, 1988,
to permit an interim repair when cracks were detected and time was not
available for complete restoration per the previous instructions. This
information was not relevant to the accident.

1.6.3 Aloha Maintenance MHistory
1.6.3.1 Maintenance Program

Airplanes operated by Aloha Airlines are maintained under an
FAA-approved Continuous Airworthiness Maintenance Program as required by
14 CFR Part 121, Subpart L. The maintenance, based on guidance provided in
the Boeing Maintenance Planning Document (MP": (Document number D6-17594),
recommended that aircraft maintenance inspect.ins be divided into four series
of checks with specific recurring frequency. The checks are referred to as
follows:

A Check--Primary inspection to disclose general
condition

B Check--Intermediate check to determine general condition

¢ Check--System and component check, airworthiness
evaluation

D Check--Structural inspection, determine airworthiness
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A Boeing study of early MPD documents revealed overlap between C
and D check items. Revision A of the MPD in 1974 redistributed task items
to other appropriate check intervals and the D check terminology was
#liminated. However, no maintenance items were deleted and many airlines,
including Alcha, continued with the original terminology.

Table 1.--Frequency of Inspection.
(by flight hours)

Boeing Industry Average Aloha
Check Recommendation (1987) Schedule
A 125 15C 175
B 750 650 750
L 3,000 3,000 3,000
D 20,000 21,000 15,000

The Aloha Airlines work schedule for D checks initially was
prepared¢ in 1972. The tasks from the Boeing MPD were organized into 52
increments (blocks) to be accomplished during the D check interval. The €
check tasks were organized into four increments and integrated with the B
check schedule of work. B, C, and D checks were actually combined and.
accomplished in overnight segments.

Aloha Airlines was participating in the Suppiemental Structural
Inspection Program (SSIP) for Large Transport Airplanes in accordance with
FAA Advisory Circular (AC) 91-56 dated May 6, 1981. The SSIP is a continuous
structural inspection to identify cracks, corrosion, and other damage. While
the program is not a substitute for the operator’s existing FAA-approved
structural inspection program, the SSIP and the Supplemental Structural
Inspection Document (SSID)}'! provide the operator with procedures to evaluate
and supplement their existing program. The SSID provides for the inspection
of Significant Structural Items (S5SI) that have damage or fatigue
characteristics that could affect the airplane’s structural integrity.
Should cracking occur, the examination of S$SIs allows operators to detect
fatigue damage before the airplane’s residual strength falls below the
regulatory fail-safe requirements. (See 1.17.5 Supplemental Structural
Inspection Program.)

Though not related to_airplane fuselage skin in section 43, the
review of the maintenance records found several SSID jtems for which no
maintenance entry could be found. These SSID items were F-20, F-22B, F-248,
F-29A, and F-295 which pertained to the inspection of bulkheads and door or
hatch frames. Aloha Airlines personnel reported that these inspections had
been incorporated into its letter check maintenance program. However, the

”lccing, uith essistance from the operating sirtines, developed and
presented to the FAA, programs tn extend the operating Llife of older
lirp'tcmu and to ensure the continued ssfe operation of those airplanes. The:
FAA fssued AD 84-21-06 affective Movember 1984 to place the progrom in effect
for tue B-737.
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Component Historical Record card for these inspections showed no such
maintenance entries to indicate that the inspections had actually been
accomplished.

1.6.3.2 Maintenance Records Review

To review N73711’'s most recent complete cycle of A, B, C, and D
checks, the Safety Board examined airplane records from May 15, 1980, to
April 2B, 1988. Alcha Airlines gircraft utilization was such that 8 years of
flight activity was necessary to accumulate the 15,000 hours which constitute
the D check inspection interval. There are eight structural inspection
biocks {(portions of the complete D check) that require the removal of
airplane interior components. These inspection blocks were proposed by the
airline and approved by the local FAA principal maintenance inspector (PMI)
to be accompliished sequentially, one block at a time. A one-time heavy
maintenance hanger visit for a D check was not scheduled. A compiete
interior removal at any one time was not required nor was it accomplished.

The maintenance records review indicated that the prei.ous cycles
of A, B, C, and D checks were recorded as accomplished within the prescribed
intervals. The most racent scheduled maintenance checks were: A--April 25,
1988; B--March 31, 1988; C-4--March 31, 1988; D (bloct 5)--June 22, 1987,
{This block called for inspection of fuselage skin and framing around
windshields and windows.); and D (block 8)--February 20, 1981, (This block
called for inspection of fuselage skin and stringer splices at BS 320 and a
general inspection of the fuselage at BS 400 and BS 520 areas).

The D check structural inspection included an FAA-approved i/4
sampling program. This meant that certain blocks of the D check were
accomplished on 1/4 of the airplanes in the Aloha 10-airplane fleet at the
normal 15,000-hour interval, and if no adverse findings were encountered,
another 1/4 of the fleet was inspected at 30,000 hours. Again, witn no
adverse findings, ancther 1/4 was t) be inspected at 45,000 hours, etc.

The Boeing MPD states,

Should an operator encounter an adverse finding, the
following actions are recommended: (1) Inspect remaining
aircraft in his fleet at the earliest opportunity,
(2) Evaluate findings from these inspections together
with data from Boeing on fhe inspection time or area,
{3) Determine if a change in frequency of the time
interval and/or the fraction needs to be accomplished
and then make the change in the program.

There were no adverse findings recorded in any of the records reviewed;
therefore, there were no changes in the frequency of inspection or the
fraction related to the sampling program.

After the accident, the Safety Board conducted visual inspections
of the exterior of the airplanes in the Aloha Airlines B-737 fleet.
Considerable evidence of corrosion on the fuselage of the airplanes in the
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fleet was seen. Swelling and bulging of the skin (pillowing), dished
fastener heads, pulled and popped riveis, and blistering, scaling, and
flaking paint were present at many sites along the lap joints of almost every
airplane.

Aloha Airlines did not produce evidence that it had in place
specific severe operating environment corrosion detection and corrosion
control programs employing the techniques outlined in the Boeing Commercial
Jet Corrosion Prevention Manual {Boeing Document D6-41910). Program
requirements in the manual include extensive application of water displacing
corrosion inhibiting compounds, reapplication at fastener locations and panel
edges of exterior fuselage skin every 6 months and interral treatment at
2-year intervals, washing the aircraft at 15-day intervals, plus regular
buffing and brightening of the unpainted surfaces. Aloha Airlines
maintenance D check instructions for structural dnspaction addressed
corrosion with an introductory note. This notation defined the inspection as
a rigorous visual examination for condition (damage, c¢racks, galling,
scratches, wear, corrosion, rust, evidence of overheating, rubbing, or age)
without further definition. Aloha Airlines inspectors and quality control
personnel stated that the corrosion was corrected when detected during normal
inspection and maintenance activities as part of their normal task card
activity.

The Safety Board subcategorized and evaluated 211 pressurization
discrepancies recorded from 1980 to 1988 to determine adverse trends or
significant anomalies. This maintenance historical review produced no
evidence of prior structural overstress incidents for N73711 as a result of
pressurization or other malfunction.

1.6.3.3 Service Bulletins

Boeing periodically issued information via SBs to inform operators
of reported or anticipated difficulties with various airplane models. The
following communications were relevant to the B-737 fuselage structure,
including section 43:

Structural Item interim Advisories (SIIA)
Service Bulletins (SB)

Service Letters (SL)

In-Service Activity Reports (ISAR)
Significant Service Items (SSI)

(=B == = I ]

Nine SBs provided guidance for maintenance or information otherwise
applicable to section 43. Of these nine SBs, entries referring to the
fo?1o:ing five SBs were found in the Aloha Airlines fleet maintenance
records:

SB 737-53-1017 Sealing of Cold Bonded Splices
SB 737-53A1027 Cargo Compartment Body Frames
SB 737-53A1039 Skin Lap Joint Inspection

$3 737-53A1042 Lower Lobe S5kins

SB 737-53A1064 Frames Stations 351 and 360
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evidence of prior structural overstress incidents for N73711 as a result of
pressurization or other malfunction.

1.6.3.3 Service Bulletins

Boeing periodically issued information via SBs to inform operators
of reported or anticipated difficulties with various airplane models. The
following communications were relevant to the B-737 fuselage structure,
including section 43:

Structural Item interim Advisories {SIIA)
Service Bulletins (SB)

Service Letters (SL)

In-Service Activity Reports (ISAR)
Significant Service Items {SSI)

Q0000

Nine SBs provided guidance for maintenance or information otherwise
applicable to section 43. Of these nine SBs, entries referring to the
foilowing five $Bs were found in the Aloha Airlines fleet maintenance
records:

$8 737-53-1017 Sealing of Cold Bonded Splices
S8 737-53A1027 Cargo Compartment Body frames
SB 737-53A1039 Skin Lap Joint Inspection

S3 737-53A1042 Lower Lobe Skins

S§B 737-53A1064 frames Stations 351 and 360
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Due to the method of entering the SBs in the Aloha Airlines

maintenance records, the recurring nature cof ingpeciions could not be

| determined. Also, entries for the following four SBs were not located in the
o f records:

SB 737-53-1076 Fuselage-Bonded Skin Panel Inspection and
Repair

SB 737-53-1078 Fuselage Window Belt Skin Panel
Inspecticn and Repair

SB 737-53-1085  Fuselage Stringer to Frame Tie Clips
Inspectior. and Replacement

SB 737-53-1089 Fuselage Skin Crack At Stringer 17
Inspection and Preventive Modifications

Aloha Airlines personnel stated that the information contained in
these particuliar SBs had been incorporated into Alohz Airlines letter check
inspection system; however, specific documentation of this fact was not
produced. :

1.6.3.4 FAA Airworthiness Directive (AD) Compliance AD 87-21-08

i

o Airworthiness Directive (AD) 87-21-08, which became effective on
November 2, 1987, was issued . "to prevent rapid depressurization as a result
of failure of certain fuselage lap splices....®” The AD required operatcrs to
perform a “close visual inspection™'? of S-4L and R, and if cracks were
found, operators were required to perform an eddy current inspection'd of the
skin around the upper row of lap joint rivets for the full length of the
panel. Compliance with the AD was required before the accumulation of 30,000
landings or within 250 Tandings after the effective date, whichever occurred
later. The AD was based on Boeing Alert Service Builetin (ASB) 737-53A1039,
Revision 3, dated August 20, 1987. The ASB required an inspecticn of the
skin around the upper row of rivets along the lap joints at S-4, -10, -14,
-19, -20, and -Z4 left and right. An FAA employee testified at the public
hearing that the decision to 1imit the scope of the mandatory inspection was
‘based on analysis of statistical information available to them and  the
recognition of the scepe of work required.

A review of the maintenance discrepancy logs found that two repairs
to cracks on the S-4R Tap joint on N73711 were accomplished on November 12,
1987. The small separated section of upper fuselage recovered after the

21pe Safety Board was unable to f{ocete ar industry definition of
=close visvel inspection.®

340 eddy current inspection is a nondestructive test (NOY) wethod in

which an frduced electrical eddy curient §is genersted in the test object. A

" materiail devietion such as » crack or difference in skin thickness causes the
eddy current o change and slliows the snoma'y to be detected.
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Due to the method of entering the SBs in the Aloha Airlines
maintenance records, the recurring rature of inspections could not be
determined. Alsp, entries for the following four SBs were not located in the
records:

SB 737-53-1876 Fuselage-Bonded Skin Panel Inspection and
Repair

SB  737-53-1078 Fuselage Window Belt Skin Panel
Inspecticn and Repair

SB 737-53-1085 Fuselage Stringer to Frame Tie Clips
Inspectior. and Replacement

SB 737-53-1089 Fuselage Skin Crack At Stringer 17
Inspection and Preventive Modifications

Alcha Airlines personnel stated that the information contained in
these particular SBs had been incorporated into Alcha Airlines letter check
inspection system; however, specific documentation of this fact was not
produced.

1.6.3.4 FAK Airworthiness Directive (AD) Compliance AD §7-21-08

Airworthiness Directive (AD) 87-21-08, which became effective on
November Z, 1987, was issued “to prevent rapid depressurization as a resylt
of failure of certain fuselage Jap splices....® The AD required operatcrs to
perfore a "close visual inspection™2 of S$-41 and R, and if cracks were
found, operators were required to perfors an addy current iaspection'? of the
skin around the upper row of lap joiat rivets for the full length of the
panel. Compliance with the AD was required before the accumulation of 30,000
Jandings or within 250 landings after the effective date, whichever occurved
Jater. The AD was based on Boeing Alert Service Bulletin (ASE) 737-53A1039,
Revision 3, dated August 20, 1587. The ASS required an iaspectice of the
skin arcond the wpper row of rivets alony the lap joints at S-4, 10, -14,
-13, -20, and -2 left and right. An FAA esployee tlastified at the public
kearing that the decision to lTimit the scope of the mandatory inspection was
based on analysis of statistical information svailadle %o them and the
recognition of the szoge of work required.

A review of the sainlenante discrepanty 1253 found that {wo repairs
to cracks on the S-4R 1ap joiet on B73ITI1 were accomplished on Noveaber 12,
1987.  The small separated section of coper fuseiage recovered after the

*ene Sufaty Besrd war wrable te loskte #% Indwstery duficities of @
“glaps visust Fmepuction.”

¥am widdy cwrrent ingEEstias 34 & wemdastrwrtive test (RETY pethed I
BRIEN g trgeied discicleal ewdls twrrent tp gewrrgigd in ihe taat MRiFEt. A
Mpterint Sortptigd 2udh 4% 2 2raih o FFFSgrengs Fa 2RiA FNTZEASEE CRedtry YR
sddy Eurrant 13 eNEngE sad slfben FRE papue ¢ €F & Jevrezrad.
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accident contained both of the repaired areas. The maintenance log for
N73711 indicated that a visual inspection had been accomplished in accordarice
with AD 87-21-08; however, the record contained no evidence that the required
eddy current inspection had been accomplished.

An Aloha Airlines inspector testified at the public hearing that it
was company practice to perform an eddy current confirmation inspection
whenever a crack was detected visually. Both the Aloha Airiines directer of
quality control and the staff vice president for quality assurance and
engineering stated that a Nondestructive Testing Report (Form HNo. M-86)
should be filled out by the inspector when any NDT inspection is performed.
The form is then used by management for tracking purposes. A search of the
records for N73711 failed to find a copy of an NDT inspectior report of the
S-4R lap joint.

The inspector who performed the initial AD inspection on N73711
stated that he did not believe that documenting the eddy current inspection
was necessary or required. During the investigation, Alcha Airlines did not
produce a written maintenance policy regarding the requirement for the entry
of an eddy current inspection in the maintenance log. However, a broad
examination of maintenance records revealed that other inspectors had made
such entries durina this same time period.

Two inspectors working on separate shifts conducted the inspection
required by AD 87-21-08 on the accident airplane. They followed guidance in
the AD and the related SB (SB-737-53A1039) which wers taken to the work site.
The first inspector started on November 12, 1987, and visually detected the
cracks on S-4L. Thic insnector stated that after visually detecting the
cracks, he performed an eddy current inspection of the lap joint upper rivet
holes along the 1lenath of the panel (BS 360 to BS 540) and found no
additional cracks.

After maintenance personnel accomplished two sheet metal repairs,
the first inspector inspecited the work and signed the log book. The second
inspector stated that he performed a complete visual inspection of the
airplane, including the arca inspected by the first inspector and the two
repaired areas, and he signed off the completion of the AD in the maintenance
Tog on Kovember 14, 1987. The related inspections on the lap joints at $-10,
-14, -19, -20, and -24, which were recommended by SB 737-53A1039 but not by
the AD, were not accompiished. At the time of the AD inspection and repair,
N73711 had accumulated 87,056 cycles. The accident occurred at
89,680 cycles. '

1.7 Meteorological Information

The accident occurred in day visual meteorological conditions.
There was no significant adverse weather experienced.

1.8 Aids to Navigation

Not relevant to this accident.
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1.9 Communications

There were radio communications difficulties between flight 243 amd
ATC shortly after the explosive decompression. At 280 to 290 knots IAS and
with 2 pari of the forward cabin structure and the cochpit door missing, high
noise Tevels impeded air/ground communications briefly. There were no other
communication anomalies.

1.10 Aerodrome Information

After the explosive decompressicn, the airplane proceeded to the
nearest suitable Tlanding field, Kahului Airport, a 14 CFR Part 139
certificated Index D airport on the island of MHaui, Hawaii. The only
instrument runway, 02/20, is 6,995 feet long, 150 feet wide, and constructed
of asphalt with a grooved surface.

1.11 F1ight Recorders

The airplane was equipped with a Fairchild model 5424 foil type
anatog FDR, S/N 7274, and a Collins model 642C-1 cockpit voice recorder
{CVR), S/N 54. After the accident, the recorders were removed from the
airplane e2nd sent to the Safety Board’s Flight Recorder Laboratorv in
Washington, D.C. for examination and readout of pertinent data. (See
appendix E.)

Examination of the FDR recorded traces indicated that the flight
was normal from liftoff to the accident. The airspeed trace abruptly ceased
at the time of the accident and dropped to a position below zero KIAS. The
other recorder parameters appeared to operate normally. Peak vertical
acceleratisn (G) excursions recorded as a resuit of ‘the accident were -0.48
and +2.95. These peak values were not sustained.

The CVR revealed normal communications before the decompression.
Following the dacompression, loud wind noise from the opening in the fuselage
srevented normal cockpit conversations. Hand signals were used to
coomunicate. When the airspeed and related wind noisz had been reduced to a
level where conversations were intelligible, the §lightcrew discontinued
using the oxygen masks. Cockpit ccnversations then continued to be recorded
in the normal manner.

1.12 Wreckage and Impact Information

The extensive air and surface search of the ocean failad to locate
the portions of the airplane lost during the explosive decompression.

1.13 Medical and Pathological Information

The flight attendant who was ejected from the fuselage was not
found and she is assumed to have been fatally injured in the accident.

Two passengers who weie seated in the first class cabin in seats 2A
and 2C were struck by debris and wiring which resulted in multiple
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Tacerations and electrical shock burns to the face and hands. Passengers
seated in seats 4A and 4F (window scats) sustained serious injuries including
cerebral concussions and multiple Jacerations to their heads and faces.
Passengers seated in 4B, C, D, and E (center and aisle seats) sustained
mu?t;p?e lacerations and were treated and released on the day of the
accident.

Passengers seated in rows 5, 6, and 7 also sustained cerebral
concussions and multiple lacerations. An 84-year-old female passenger seated
in 5A was the most seriously injured with a skull fracture, lacerations and 2
skeletal system fracture. The passenger seated in 6A sustained a broken
right arm, multipie facial lacerations, and blood effusion in both ears.

The majority of the passengers seated in rows 8 through 21 received
minor iajuries including lacerations, abrasions, and barotrauma. They were
treated and released on the day of the accident. Twenty-five passengers
reported no injuries and continued to their destinations that same evening.
'ﬂ;edr: were no reported injuries as a result of using the emergency evacuation
slides.

1.14 Fire
There was no fire.
1.15 Survival Aspects

This was a survivable accident; the fatality was the result of the
explosive nature of the decompression. The flight attendant was swept
violently frow the airplane and passed through an opening of jagged meial.
There were blood stains on seat cushions at seat 5A on the left side of cabin
near BS S00 and on the exterior left side of the fuselage where the flight
attendant was standing when the decompressien occurred. Passengers who
observed her during the explosive decompression stated that they saw the
ﬂig!sxt attendant pu?ied upward and toward the left side of the cabin at seat
row 5.

1.15.1 Supplemental Oxygen Systems

The flightcrew and the cockpit observer seat occupant used the
atrplane-installed crew oxygen system. Postaccident inspection showed that
both the crew and the passenger oxygen bottles that were located in the
forward cargo compartment had zero quantity and pressure. The passenger
oxygen distribution wmanifolds were part of the material lost during the
structural separatfon, and thus, there was no supply of oxygen to the
first-class and coach cabins.

1.15.2 Sea Search

At 1430, the FARA notified the U.S. Coast Guard that an Aloha
Airlines B-737 was diverting to Maui airport due to an "inflight explosion.*®
A Coast Guard helicopter, airborse on a training mission, was assigned to
search the area for debris and the flight attendant. The Coast Guard cutter
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CAPE CORWIN was also directed into the search area as was a Marine Corps
helicopter. A full search effort by ships, helicopters, and fixed-wing
aircraft continued for 3 days without success.

1.15.3 Rescue and Firefighting Kesponse

The Maui Airport fire department responded with five emergency
vehicles. After the ambulatory passengers had evacuated the airpiane via
slides and the aft airstair, fire department personnei entered the airplane
and assisted the injured stili on board. A1l occupants were removed from the
airplane in 25 minutes.

1.15.4 Ambulance Response

The flightcrew initiatly communicated the nature of the emergency
as a "rapid decompressicn.” The full nature of the structural damage was not
verbalized. ATC notified rescue and firefighting personnel, but did not
immediately call for ambulance assistance. A subsequent call from the
flightcrew at 1353, "We’11l need assistance for the passengers when we tand,"
was confirmed by ATC personnel. Police dispatcher records indicated the
"Medic I" ambulance was notified at 1358, about the time of touchdown. A
reason for the notification delay was not determined. The first ambulance
arrived at the scene at 1405 and radiced. for assistance. Other ambulance
vehicles arrived at 1411.

1.15 Tests and Research
1.16.1 Pressurization System

A1l of the pressurization system wiring from the selector panel to
the pressure controller to the outflow valve was examined. No discrepancies
were found. Additionally, a visual examination of the components including
the outflow valve, both relief valves, the controller, and the selector panel
did not reveal any discrepancies. These compcnents were removed from the
airplane after the accident and subjected to standard acceptarce teost
procedures for new units. There were no significant anomalies discovered.

1.16.2 Eddy Current and Visual'lnspection

An Aloha Airlines inspector under supervision of the Safety Board
conducted postaccident eddy current inspections on selected portions of the
remaining fuselage lap joints to determine the extent of fatigue cracking of
the skin along the top row of rivet: (the avea of highest stress). The
inspected areas included the left and right lap joints at $-4, -10, and -14
from BS 540 to BS 1016.

Initially, the skin around 53 rivets exhibited crack indications
along S-4L and $-4R, some visu2liy detectable by paint cracks. To make the
rivet heads more discernible, the oaint was sanded off and the skin was
reinspected. Twenty-eight of the original 53 indications were confirmed
cracks. Stripping of the paint layers was not attempted. (It is not norma)
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Aioha Airlines or industry practice to remove paint by sanding.) Two samples
of the Tap joint were cut frum S-4L between BS 727 and 747 and between BS 847
and 867 for further examination.

The eddy current inspection along S-10 and S$-14 ravealed 17 cracis
along S-10L and 2 cracks along S-14R. There were no cracks along S-10R or
S-14L. No attempt was made to strip the paint layers. (Appendix F provides
details of these inspections.)

There were 25 locations where previous fuselage skin repairs or
rework had been performed. Flost of these areas consisted of external doubler
patches at various stringer and frame locations. In several areas,
countersunk rivets hac been replaced with universal buttonhead rivets in lap
Joints, mostly in the lower Tobe. (Appendix G provides a description of the
repairs or reworked areas and their locations.)

1.16.3 Materials Laboratory Examination

Selected pieces of the fuselage skin and associated structures were
returned to the Safety Board’s Materials Laboratory for analysis. These
pieces included lap joint samples (S-4R, S-4L and S-10L) and a section of a
circumferential butt joint strap.

The Tap joint sample, S-4R between BS 360 and BS 420 (found wedged
in the right wing area), contained two external doubler patches. The patches
were removed to examine the holes for evidence of cracks. There was
extensive fatigue cracking in the upper row rivet holes both under and
between the patches. The examination found one of the longest cracks on the
atrplane, 0.27 inch, in this piece. This stringer section {S-4R) contained
three areas where the tear straps are riveted above the primary lap joint.
There was extensive fatigue cracking present in all three locations. Also,
the entire cold-bonded lap joint had become disbonded. There was 1ight to
moderate corrosion with severe corrosion (unrepairable depletion of metal) in
some areas. Nearly ail of the hot-bonded tezr straps were disbonded in the
vicinity of the lap joint.

The lap joint samples, S-4L from BS 727 to BS 747 and from BS 847
to BS 867, each contained 18 columns ¢ Tap joint rivets. The laboratory
examination revealed fatigue cracking in the skin idjacent to nearly every
hole in the upper rivet row with the larger crack lengths located in the
mid-bay areas (half way between two adjarent circumferential tear straps). A
comparison of the final results of the postaccident on-scene eddy current
inspection conducted by Alcha Airlines technicians and the Safety Board
taberatory findings revealed that the on-scene eddy current inspection only
successfully identified cracks larger than 0.08 inch. The Taboratory
examination found five cracks that wmeasured 0.08 inch (+/-.005). The
postaccident inspection had fdentified only on2 of these five cracks. This
crack-length inspection threshold of 0.08 inch varies from the Boeing NDT
Mancal which states, "This inspection can find cracks 0.040 or longer
beneath the countersunk fastener heads...."
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The lap joint piece, S-4L, from BS 519 to BS 536, exhibited fatigue
cracking from 16 consecutive rivet holes along the upper row of lap joint
rivets. The largest single fatigue crack in one direction measured 0.18 inch
from the knife edge of the countersink. {See figure 6.) The longest total
combined crack length in both directions across a rivet hole (end to end of
the crack including the hole) measured 0.53 inch. Both the cold-bonded lap
joint and the hot-bonded tear straps in this area had disbonded. Light to
moderate corrosion was present on the previously bended surfaces.

At the request of the Safety Board, Boeing performed a striation
count on several of the larger fatigue cracks from the skin along S-4R and
S-10L to determine age and crack propagation rate. Although data could not
be obtained from all the cracks examined, Table 2 provides the estimated
number of cycles of crack growth found on the seven crack samples that
provided suitable data.

Table 2.--Striation counts on selected cracks
from thke l2p joints along S-4R and S-10L

Specimen Estimated number Crack length
location f ] +/-20% in_jinches
S-4R 28,670 0.105
S-4R 37,148 0.130
S-4R 28,656 0.142
S-4R 26,449 0.154
S-4R 24,056 0.110
S-1ct 23,628 0.161
S-10t 36,379 0.145

An examination of the butt strap section +from BS 360 at S-IR
revealed circumferentially propagating fatigue cracks from both sides of a
rivet hole just forward of the joint line. The fatigue regions extended
0.09 inch above the rivet hole and 0.03 inch below the rivet hole.

The separated erds of the No. 1 engine control cables were also

examined for condition and failure mode. The separation areas of the No. 1

engine control cables were cleaned and examined. Each break exhibited

corrosion; only a few of the individual wires were reiatively unaffectec.

::ny of the strands exhibited corrosion damage through most of the wire
ameter.

1.17 Additional Information
1.17.1 Sencrsl Inspection of Other Alohs Airlines Airplames

The Safety Board roviewed 2-year maintenance records of three other
pigh-cycle B-737s oneratesd Dy Aloha Airiines--N73712, N73713, and N73717.
Al of the required A, B. (. ard D cietks had been signed off at the
appropriate intervails. The supdlemertal structural inspeclions were
accounted for with the exception of SSiD items pertaining to bDulkhesds and
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door oy hatch frames which aiso were not addressed in the Component
Historical Record cards of the accident airplane. The same SBs that had been
applicable to the maintenance of N73711 were applied to the three airplanes.

In accordance with AD B7-7Z1-08, NJI3712 had been inspected on
November 5, 1987. At the time of the inspection. the airplane had
accumuiated 32,642 hours and 87,551 cycles. No defects were reported during
that inspection. On April 9, 1988, with an accumulated 33,676 hours and
906,051 cycles, the airplane was hangared for heavy maintenance. It wis the
highest cycle B-737 in the worid fleet. Following the N73711 accident, the
N73712 airplane received a thorough corrosion/fatigue inspection and
evaluation of the structure. It was determined that the alrplane was beyornd
economical repair. It was dismantied on the site and sold for parts and
scrap.

On April 14, 1988, N73713 had accumulated 32,026 hours and
85,402 cycles and received its last A check. No discrepancies were noted
during that inspection. The inspection required by AD 87-21-08 had been
accompiished on December 15, 1987, at 83,488 cycles. In 1984, Ailoha Airlines
submitted a Service Difficulty Report (SDR} to report a 7 1/2-inch crack on
this airplane. The crack was located 2long the top row of rivets along the
1ap joint at S-I0R. The discrepancy log eatry referred to SB 737-53-1039.
Foliewing the N73711 accident, M73713 received a thorough corrosion/fatigue
inspection and evaluation of the ciructure which indicated that this airpliane
was also beyond economical repair. The airplane also was dismantled on the
site and sold Tor parts and scrap.

On April 27, 1988, N7F37i7 bhad accumulated 39,586 hours and
68,254 cycles and received its last A check. No discrepancies were noted
during that i spection. The inspection veguired by AD 87-21-0B was
accomplished on January 12, 1988, at 67,429 cycles. The MIB maintenance form
stated that both a wvisual and an eddy curreat iuspection had been
accomplished. The entry showed that the fuselage crown from 3-4R to S-4L had
been repaired at station BS 540. Also, corrosion of the forward section of
the skin joint on the left side from S-9L to S-4L resulted in repairs.

After the N73711 accident, R7371y vemained parked for alwmost
6 months awaiting final disposition. It was then fiown on a ferry permit to
an independent aircraft overhaul facility for refurbishment. During initial
inspection after paint stripping, fatigue cracking was feund visually at
multiple rivet locations on the S$-14R lap Jjoint at BS 380 and numerous
tearstrap disbonds and skin corrosion sites wer> apparent. All outstanding
SB actions and terminating (permanent} repairs for the ADs pertaining to the
structure were accomplished. The airplane was out of service for about
1 year.
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1.17.2 The B-737 Fail-Safe Design

Boeing designed the B-737 for an "economic service life"'4 of
20 years and to include 51,000 flight hours and 75,000 cycies. At the time
the 3-737 was certificated in 1967, Federal Air Regulations reguired that the
airplane’s structure be capable of sustaining 80 percent of limit load'® with
any complete or obvious partial failure of any single structurai element.
However, the B-737 was designed to sustain full-limit load to account for
dynamic effects. The fail-safe design criteria for the B-737 established by
the manufacturer required that the fuselage be able to withstand a 40-inch
crack without suffering catastrophic failure. These criteria were derived
from an estimate of the maximum external damage expected to occur to the
fuselage as a result of external damage that might occur from the penetration
of projectiles produced by an uncontained engine failure. There was no
consideration given to the joining of adjacent cracks which might develop
during extended service other than normal “state-of-the-art" fatigue
evaluation. Boeing design included the placement of tear straps with 10-inch
spacing 1in the fuselage skin in both directions (longitudinal and
circumferential) to redirect running cracks from external damage in a
direction perpendicuiar to the crack. The fail-safe concept was based upon
the theory that the redirection of a progressing crack would cause the
fuselage skin to "flap" open, releasing internal pressure in a controlled
ung{:er without adversely affecting the residual strength of the fuselage as a
whole.

Supporting the skin are circumferentially oriented frames spaced
20 inches apart and longitudinally oriented stringers Tocated 10 inches
apart. Each area bounded between adjacent frames and stringers (20 inches by
10 inches) is considered a frame bay. The fail-safe design requirement was
to allow for failure within two frame bays without compromising the
structural integrity of the fuselage.

Boeing demonstrated the ability of the fuselage to fail safely
within two frame bays during certification of the airplane by "guillotine"
tests on a fuselage half section. The guillotine tests involved two 15-inch
blades Tlocated nearly side by side which were used to penetrate
fongitudinally the test fuselage section within two adjacent frame bays while
it was under full pressure. The guillotines produced an {nstantaneous
40-fnch separation in the fuselage skin with a break in the center tear
strap. As anticipated by the design, the separation redirected itself
circumferentially, produced a flap, and resulted in a controlled
decompression. Similar results were obtained when the guillotine test was
oriented circumferentially.

“loﬂng'n definition for “economic service Life" requires the sirplane
to sttain these values (51,000 ¢€light hours and 75,000 cycies) without
structurst fatigue cracking which would cesugse significant oparater
ssintensnce expense.

fs"'{i:ﬂ logd: is the maximum flight load expected in service.
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During the certification program for the B-737, some of the
knowledge gained on the B-727 full-scale certification testing was used by
Boeing to validate fatigue performance on the B-737. Skin thickness of the
B-737 (0.036 inch} was siightly less than that of the B-727 {(6.040 inch).
However, fatigue testing of a complete B-737 was not accomplished as it was
on the B-727. That 1is, the complete B-72Z7 fuselage was cycled for
60,000 cycles (one economic design life goal)} during certification whereas
the B-737 fuselage design concept was demonstrated by fatigue testing &
representative crown-to-keel half section of the fuselage. The test section
for the B-737, or ‘"guonset hut,"” was cycled 150,000 times to full
pressurization differential (two times the 75,000-cycle economic design Vife
goal). No fatigue cracks devrloped on the test section and no disbonding
occurred. These test results were used to verify the B-737 fatigue life
expectations.

There was no consideration given in the fatigue evaluation to the
possibility of disbonding or the effects of corrosion on the strength of the
fuselage lap joints.

1.17.3 In-Service Model Fuselage Tests

In 1986, Boeing acquired a B-737 that had been involved in an
in-service accident. At the Sufety Board public hearing, Boeing personnel
stated that the airplane was purchased for two reasons:

to conduct a thorough teardown of the airplane from nose to
stern, from wing tip to wing tip, fuselage, wing, empennage;
arnd also to run some damage tolerance testing of the aft
fuselage, since the aft body was in good cordition, to verify
some areas we wanted to understand further about pressure
bulkheads.

The fuselage, line No. 90, was acquired with just over 59,000
actual flight cycles. Lap joint and tear strap bonds were inspected and
found to be in good condition. Boeing then applied over 70,000 additional
test cycles. The first skin cracks (seven) located around BS 780 were
discovered in August 1987 by NDT at 79,000 cycies. In September 1987, at
89,000 cycles, there were about 15 cracks detected in a 20-inch bay area
around BS 820. The cracks ranged from about 0.37 inch to 0.67 inch tip to
tip. At this point, Boeing engineers placed additional straps on the tes:
articie at BS 760 and BS 820. At the Safety Board public hearing, Boeing
indicated this step was taken to preserve the test article in the event of a
catastrophic failure. Boeing further indicated that the addes straps would
not alter the results of the fatigue testing.

When additional cycles were applied, individual cracks joined to
form a large crack that grew to about 32 inches at 100,000 cycles. Testing
continued to 100,673 cycles; when the crack reached almost 40 inches, the
skin flapped and controlled pressure rzlease occurred. During the latter
portion of the testing, the structure and skin yielded (deformed), and the
crack gap remained open with interior insulation material visible after each
full pressurization cycle.
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1.17.4 Service Difficulty Report Information

The FAA SDR data base was queried by the Safety Becard after the
accident for information pertaining to the B-737 fuselage. From the
beginning of the current data base (January 1983) until the date of the
accident, 1,352 records were found. Of these, 198 were reports of fuselage
skin cracks, and 10 of these reports were of cracking at or near lap joints.
Six of the 10 reports involved iap joints in the upper lobe, while the
remaining 4 reports indicated cracks from the lower lobe of the fuselage.
(See Appendix H.) One report was submitted after the effective date of
AD B/-21-08, November 2, 1987. All of the airplanes cited in the 10 reports
were among the first 291 B-737 airplanes assembled by Boeing.

There were 18 SDRs on file pertaining to airplanes in the Algha
Airlines fleet. Three reports were on lap joint cracks/corrosion previgusly
cited, and two reports were about upper lobe skin cracking where lap joint
jnvolvement could not be established from the information given. Three of
the reports pertained to lower lobe skin corrosion; an additional three
reports cited corrosion at cargo door frames and the nose gear wheel well
structure. The remaining seven reports involved crazks in fuselage structure
other than skin or lap joints.

1.17.5 Suppiemental Structural Inspection Program (SSIP)

As the high-time airpianes in the world fleet of jet transport
category airplanes began to approach their original lifetime design
objectives, the industry questioned the continucd airworthiness of the agirg
fleet :cince many of the airplanes would continue in service beyond design
objectives. This concern ultimately led to a requirement for 2 structural
reassessment or audit and the development of a continuing structural
integrity program for older transport airplanes. The air transport airframe
manufacturers developed the required programs, utilizing different concepts,
to achieve continued airworthiness of their aging airplanes. The structural
integrity programs have resulted in directed inspections of SSIs (any detail,
element, or assembly that contributes significantly to carrying flight,
ground, pressure, or control loads and whose failure could affect the
structural integrity necessary for the safety of the airplane) at appropriate
initiating thresholds and repeated intervals to detect fatigue damage before
the loss of residual strength of the 2irplane’s structure.

In 1978, the portion of 14 CFR 25.571 dealing with fail-safe
requirements was revised to reflect state-of-ilhe-art advances in fracture
mechanics and structural analysis. The new regulation required consideration
of damage growth characteristics at multiple sites, and an inspection program
to incorporate these analyses to ensure that the damage was detected before
the residual strength of the airplane dropped below the regulatory fail-safe
requirements. This was called the dimage tolerance concept.

Boeing’s approach to the aging fleet problem for the 727/737/747
{which were certificated under the pre-i978 14 CFR 25.571 criteria) was to
reassess these airplanes using the revised 14 CFR 25.571 damage tolerance
requirements. This reassessment required determination of residual strength



37

with the presence of multiple active cracks, extensive amalysisz of crack
growth rates, and incorporation of these engineering determinations into the
airplane’s maintenance program. Boeing applied the same methodology to the
reassessment of the early model airplanes that was developed to certificate
the models 757/767 in accordance with revised airworthiness regulations.
The development of the program was a cooperative effort between Boeing and an
industry steering group. The FAA and the Civil Aviation Authority of the
United Kingdom were observers, and the FAA subsequently mandated
jmpiementation of the program by an AD. For the B-737, the program was to be
in effect no later than November 1985.

Using a pr.babilistic approach which assumed that fatigue crack:ng
had occurred in the fleet and that the highest time airplanes were the ones
that would encounter cracks first, Boeing recommended a candidate fleet of
high-time airplanes to be inspected under the SSIP. For the B-737, the
candidate fleet consisted of about 125 airplanes, including the accident
airplane operated by Aloha Airlines. Positive crack indications were to be
reported promptly io Boeing, where the discrepancy would be evaluated. If
the problem was applicabie to the rest of the fleet, an SB for inspectiocn or
repair would be issued and subsequently mandated by the FAA through AD
action. Since the program was devised to detect imstances of previously
unknown fatigue cracking of a structure, the SSI was to be dropped from the
program once fatigue cracking became known and corrected through the AD
process.

During the program formulation, a structural classification system
was devised to determine which S5Is ultimately would be inciuded in the SSIP.
Only the SSIs where damage detection was to be achieved through planned
inspection were included in the SSIP. One of the classifications by which
SSIs were excluded from directed suppieizntal inspections was that of "damage
obvious or maifunction evident." An example of a structure that meets this
classification is wing skin, where surface cracks are evident through fuel
Jeakage, and fuselage minimum gage skin that anmunciates a failure by
controlled decompression through flapping. Other manufacturers include
fuselage skin in their structural invpection requirements.

Aloha Airlines had incorporated the SSIP into the maintenance
prograns of the candidate airplanes they operated. Among these airplanes
were N73711, the accident airplane, and N73712, as stated before, the highest
cycie 737 in the werld fleet.

Aloha RAirlines’ incorporat.on of the SSID program into its
maintenance schedule was approved by the FAA. The SSID provides the operator
with procedures to evaluate and supplement their existing structural
{nspection program by utilizing directed supplemental {inspections. Aloha
Rirlines had not discovered or reported any items following the performance
of SSID inspections.

1.17.6 FAA Surveillance of Aloha Airlines Maintenance

The FAA’s Principal Maintenance Inspector (PMI) has the
responsibility to oversee an airline’s compliance with Federal regulations
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with respect to mainterance, preventive maintenance, and alteration programs.
The PMI determines the need for and then establishes work programs for
surveillance and inspection of the airline to assure adherence to the
:_pg;icable regulations. A portion of the PMI’s position description reads as
ollows:

Provides guidance to the assigned air carrier in the
development of required maintenance wmanuals and record
keeping systems. Reviews and determines adequacy of manuals
associated with the air carrier’s maintenance programs and
revisions thereto. Assures that manuals and revisicns comply
with regulatory requirements, prescribe safe practices, and
furnish c¢lear and specific instructions governing mainienance
programs. Approves operations specifications and amendments
thereto.

Determines if overhaul and inspection time limitations warrant
revision.

Determines if the air carrier’s training program meets the
requirements of the FARs, is compatible with the maintenance
program, is properly orgarized and effectively ~onducted, and
results in trained and competent personnel.

Directs the inspection and surveillance of the air carrier’s
continuous airworthiness maintenance program. Monitors all
phases of the air carrier’s maintenance operation, including
the following: maintenance, engineering, quality control,
production control, training, and reliability programs.

At the Safety Board’s public hearing on the accident, the PMi for
Aloha Airlines at the time of the accident stated that he was trained as an
FAA afr carrier inspector and had been assigned to Aloha Airlines since
January 1987. He attended a recent course in maintenance planning; however,
he had ot received any specific training in corrosion control, muitiple site
fatigue damage, or management of high time "lead the fleet" aging aircrafi.
He stated that he was not aware of an FAR course devoted specifically to PHI
duties.

The Honolulu FAA Flight Standards District Office (FSDO-13) held
the FAA certificates of Aloha Airlines. The office Work Planning Management
System (WPMS) records w<re reviewed for aircraft records sxaminations and
spot and ramp inspections accomplished on N73711 and N73712, for & months
before the accident. The review of these records disclosed that all required
WMS activities had been accomplished and that the PMI maintained a
continwous surveillance of the airltne. In addition, the PMI had been
{nformed when skin cracks on S-4L and S-IR were found on N73712 on
April 26, 1988. Mo record was found nor required indicating that the PMI
sxamined the S-4R repair on N73711 which was signed off by the Aloha Airlines
inspector on November 14, 1987.
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FAA surveillance of Aloha Airlines maintenance activities was
organized around the daily work schedule of the PHI. In a few cases, the PMI
visited the Aloha Airlines maintenance facility early in the morning te
assess maintenance practices. In most cases, his visits took place after the
majority of tihe maintenance work had been accomplished. Thus, the PMI
primarily observed completed maintenance actions rather than work in
progress or the actual condition of airplanes before the start of a repair.

The PMI stated that his heavy workload assignment made frequent
visits to observ2 Aloha Airlines maintenance program impossible. The PMI was
responsible for aine air carriers and seven repair stations. These carriers

and repair stations were spread throughout the Pacific basin and were:

situated in the People’s Republic of China, Taiwan, Hong Kong, Singapore, the
Philippines, and Hawaii. He stated that the travel distances reduced the
time available for surveillance of each operator. The PMI stated that he was
"zeroing in on getting the organization [Aloha’s maintenance department] up
to date, wondernized, getting the pregram changed to a program that would
recognize the changes that {had] taken place over the years.” The PMI stated
that he had recognized a "lack of depth in Aloha wanagement”™ and was
concantrating his erforts at Aloha Airlines to resolve this issue. The PV
beiieved that improving management would atso result in improvements in Alechia
Airlines operational maintenance program.

The Aloha Airlines Operations Specifications for maintenance
inspection time intervals in effect at the time of the accident was dated
August 30, 1982, well before the arrival of the current PMI. A D-check
interval of 11,000 hours was extended to 15,000 hours by the previous PMI at
the vequest of the operatcr. The time increase was based on the "excellent
reliability of the airframe structue and inspections (which) disclosed ro
stgnificant fincings...." The Aloha Airlinec Maintenance Manual containing
the D check program's had been established in 1972.

Further, the PMI was not familiar with Aloha Airlines prior to his
assignment as PHMI. He testified at the Safety Board public hearing that
other members of the FSDO, including the previous PMI, had informed him that
Aloha Airlines was a good operator and that there were no problems with the
maintenance department. The new PMI stated that he wzs not made aware of the
high-time status of some Aloha Afriines aircraft, nor did he receive any
fnformatiion regarding the in-service model testing of the B-737 conducted by
the sanufacturer in the fall of 1387.

7‘?&. PRI does not foresliy aspprove the sirline manual or changes, but
the PNY has the responsibility to review the manual and promptly advise the
sperator when any portion s found unseccepteble. (Reference, Atrworthiness
Inspectors Eandbook, Pepartment of Trsnsportation, federat Avistion
Adainisteation, Crder 8300.9 July 23, 198%, Chapter 6, Section 4, Neintsnence
Renust Fequirssents.?
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1.17.7  Boeing Commercial Airplanes Customer Visits

SN As an adjunct to the Aging Fleet Program required by the SSID,
foefng initiated 2 program to assess aging airplane structures and systems.
The Boeing Aging Fleet Evaluation Program consisted of Boeing survey teams
visiting operators to assess the condition of aging 707, 720, 727, 7137, and
747 airplanes by observing selected airplane structures, systems, and
maintenance programs. The program also provided Boeing with information on
problems encountered by the opcrators during maintenance. The objectives of
this progrem were to observe the effectiveness of maintenance programs,
observe the effectiveness of corrosion prevention und control, gather
information to ensure safe and economic operation of aging airplanes, and
promote improved design of new airplanes. Thirty-five operators from
19 countries initially were selected for and ag.eed to host team visits.

_ ‘Alota Airlines was one of the operators visited by the Boeing team.
The selection of Aloha was based on its operation of the highest flight/cycle

time airplanes in the B-737 fieet and the fact that several of Aloha Airlines

8-737s had exceeded 75 percent of the airplane’s design tife cbjectives.

The Boeing team’s first visii to Aloha Airlines maintenance
facility occurred from September 17 to 23, 1987. During this visit, the team
surveyed N737i2 while it was in for a heavy maintenance inspection. From
October 22 to 29, 1987, the team returned to survey N73713.

On October 28, 1987, senior Boeing executives met with Aloha
Atrlines’ presidert and chief executive officer and its vice president of
operations to discuss the fiadings of the survey team. At this meeting,
Soeing personnel voiced their concern about the corrosion and skin patches
fornd on the two airplanes. At that time, Bozing personnel recommended,
among otaer things, that Aloha Airlines "put present airplanes down for a
period of 30 to 60 days and totally strip and upgrade the structure.”

In a letter dated October 27, 1987. Aloha Airlines requested the
Boeing Maintenmance and Ground cCperations Systems (MGOS) organization to
cvaluate Aloha Airlines maintenance operations. According to Aloha Airlines
management staff, the request was generated by their concern to upgrade and
modernize their maintenance program. A Boeing team visited Aloha Airlines
factlities and evaluated its s_intenance program in November 1987.

A similar "aging fleet® survey of N73717 was accomplished from
January 8 to 15, 1988. At that time, the Boeing team observed the repair of
2 5-4 body skin lap splice while the airplane was in for heavy maintenance.

“The MEOS report on maintenance operations was delivered to Aloha :

Airlines January 30, 1988, and contained 37 recommendations. (See
appendix 1.}

~ On Aprit 14, 1988, Aloha Airlines met with Boeing to discuss the
tindings of the aging aircraft survey team and the MGOS recommendations with
Aloha Airlines management. Boeing personnel stated they were under the
smpression that Alohas Airlines was planning Lo delay the recommended
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structural overhaul of its high-time airplanes. In fact, at that time, a

nigh-time airplane (N73712) was in the hangar for heavy maintenance. Boeing

personnel requested that the FAA PMI be excluded from this meeting in order

to “"protect the confidential relationship existing between Boeing and the

i:ﬁ!t’oner airlines.” The following recommendations were made by Boeing to
a:

Reinstate plan to conduct complete structura?! inspection on at
Teast the following airplanes: N73711, N73712, N73713, N73717.

Conduct a detailed S-4 lap splice inspection on all airplanes
having over 40,000 flight cycles and perform total corrective
actior on any discrepancies found.

Initiate belly skin replacement program.
Reinstate existing corrosion control program immediately.

Initiate, when available, Boeing developed maintenance program
inciuding recommended corrosion control program.

Review and correct, as necessary, suppiemental structural
inspection program and airplane sampling program requirements.

A package of briefing notes and related material pertaining to the
Boeing team visitz and briefings to Aloha was reviewed by the Safety Board.

After the accident, Aloha Airlines responded directly to the Safety
Board with comments addressing the Boeing visits and its documentation.
Regarding the maintenance organization evaluation, Aloha Airlines stated that
they had initiated actions to comply with many of the recommendations before
they received the report. Their reply in part said:

Prior to the issuance of the January 30, 1988, maintenance
organizationral evaluation, many of the recommendations had
already been implemented. Since that date and prior to April
28, 1988, several major programs, including the total
reorganization of the Quality Assvrance and Maintenance
departments, have been accomplished. The remaining
recommendations, including & new heavy maintenance program
currently being written by Boeing, are in the process of
being implemented. This program wilil tailor Aloha’s current
corrusion control practices to Boeing’s recommended corresion
control procedures.

Since the Boeing report was written, Aloha had added a Staff
Yice President of Quality Assurance and Engineering, a
Director of Quality Assurance and a Chief Inspector. These
positions were added 1> assure assertiveness and stature of
Aloha’s 1inspectors. In addition, the Manager of Operations
Standards 1< preparing a new Training Manual, which does
jnclude a special emphasis on corrosion detection. Aloha has
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- asked Boeing to provide additioral training for inspectors in

‘non-destruciive testing techniques and procedures.
On March 1, 1988, Aloha increased the number of management
people in the Quality Assurance Department from 1 to 4 and
created a new three (3) person operations department for
‘training and technical publications and a new manager of shops
position. An additional manager and supervisor in Maintenance
have been added.

Under the new maintenince program, “C* checks will be

- accomplished in a two-week extended visit rather than in

overnight segments. As part of the new *C* check package,

“critical flow charts will be developed to monitor the
development of the checks. o

Regarding the aging aircraft evaluation, Aloha Airlines noted th_ét
Boeing did not present their briefing (and slide presentation) until as much
as 6 months after their initial visits. Aloha further stated:

Boeing’s reference to “the deteriorated condition of high
cycle 737’s" is {llustrative. When discussing the conditfon
of these aircraft followirg the commencement of Boeing’s aging
fleet amalysis with (officials) of Boeing, Aloha’s President
and Vice President of Operations were assured that the
aireraft were safe to continue in operation. This
teleconference occurred on October 16, 1987. These assurances
were given during Boeing's aging fleet evaluation.

Like many airlires, Aloha had relied upon FAA designated
engineering represeniatives and engineers from Boeing’s
Customer Support group to assure structural integrity. 'In
addition, Boeing “as maintained an on-site customer support
office manned by a Boeing customer service representative
since 1963. Aloha has an effective program of structural
repair. All required structural terminating actions have been
accomplished. Alcha has 42 years of corrosion control
experience in a harsh environment. In fact, Boeing visited
Atoha for its aging fleet analysis while two Aloha aircraft
were undergoing scheduled corrosion control and repair. While
Aloha aircraft experienced a high number of flight cycles, it
is also true that those same aircraft fly at Tower altitudes
and pressure differentizls than other air carrfers.

1.17.8  The Matiomal Aviation Safaty Inspection Program

As part of the FAA‘s Natiomal Aviation Safety Inspection Program

émlﬂ,_t. notice published by the FAA on April 13, 1987, "Interim Guidance
or Conducting Indepth Inspections”, states, “The objective of {ndepth
{nspections is to determine air carrier compliance with the FARs, including

company procedures and policies that are FAA approved, and with written FAA -
guidance material.” Guidance in the form of inspection criteria is provided
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to focus on operational and airworthiness regulatory items which can clearly
be recognized as in place or not present. Neither quaiity assessment of the
various programs nor the identification of systemic deficiencies of airline
operations or FAA surveillance are included as objectives of the NASIP.

The most recent special FAA inspection of Aloha Airlines before the
N73711 accident was conducted in December 1987 as part of the NASIP. Aloha
Airlines was suggested for inclusion in the NASIP schedule by the FAA’'s
regisnal director because the airline had not had a recent indepth
inspection. FAA persenne), including the team leader for this inspection,
were assembled from FAA regions other than FSDO-13.

A preinspection NASIP team briefing was conducted at FAA
headquarters. At the Safety Board’s public hearing, the manager of the
Flight Standards Evaluation Staff of the FAA stated:

There were no items that were specific to Aloha at that
time--and this briefing was conducted--for Alcha, was
conducted in September 87. Trending up to that point demanded
that we 1look at management, that we Took at Airworthiness
Directives compliance, that we look at training programs,
those kinds of things.

FAA personnel involved in the inspection later revealed that the team was
instructed to:

conduct a thorough records review, look carefully at the
airline methods of compliance with regulatory items such as
the [minimum equipment lists] and ADs, and then go to the
airplanes to insure that things were actually accomplished.

There was no advance inspection emphasis placed on the harsh
operating environment, the SSID program, “fleet Tleader® aircraft, aging
aircraft, or specific condition of the aircraft on the ramp.

The December 1987 NASIP report of Aloha Airlines contained numerous
requlatory compliance findings. The following were the general introductory
findings:

Aloha Airlines Maintenance #anagement has been remiss in
their responsibilities by not being able to recognize their
own deficiencies as this report will indicate. The size and
characteristics of Domestic and Flag Carriers demand a formal
management organization to establish and maintain controls
over mandatory areas such 2as Continuing Analysis and
Surveillance, Reliability Programs, development and control of
its policy manual, recordkeeping systems and compliance with
§ts operations specifications.

ihis inspection reveals that ihe present management group has
the knowledge and expertise to perform the technical tasks
conducive for the airline function. However, it will be shown
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throughout the report, that TSAA [Alcha] management has fallen
short of being able to accomplish its obligation for
compliance of the FAR’s particularly in the area of Continuing
Analysis and Surveillance, and Haintenance Reliability.

A selection of representative NASIP findings follows:

2.2.4 Operations Specifications, Page 11 of 15
authorizes "Reliability Programs" based on the
following:

a. Propulsion System Reljability Control Program Pratt
and Whitney JT8D-7, J)T8D-9, and J780-17, document
dated July 2, 1971.

b. Auxiliary Power Unit Reliability Program Airesearch
6TC P-85-129 document, dated March 16, 1972.

¢. Hydraulic System Internal Leakage Test (HIST)
Program document, dated July 20, 1976.

This Operations Specifications page is invalid due to the
nonexistence of the aforementioned documents. In
addition, the above documents are not on file at the
Honolulu FAA FSDO.

2.4.1. Training rerords for Aloha Airlines Inspectors
do not contain a description or source of the
material used for training in non-destructive

testiing.

2.4.2. Yraining records for 5 Superviscrs have no
entries.

2.4.3 Examination of processes used in maintenance

revealed that composite material repair is
being accomplished by untrained mechanics.
Review of the training pregram and discussion
with individuals verified the fact thit Aloha
has no training program for composite material
repair.

2.4.4 The Aloha Training Manual states that z minimum
average grade of 70% must be attained on all
formal ciassroom training. In a conference
with the person who schedules training and
maintains training records, he stated <hat
written examinations are not conducted;
therefore there are no procedures fo:r grading
of training received as required by Aloha
Airlines manual.
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2.14.1 Aloha Airlines, Inc. Continuing Analysis and
Surveillance Program does not contain adequate
procedures and standards to meet the
requirements of FAR 121.373 for such a program.
The type of finding(s) in this NASIP report
serve to substantiate that Aloha Airlines does
not have an effective internal audit program.

2.16.7 Aloha Airlines, Inc. has no procedure to
classify repairs as major or minor and has no
information concerning any minor or major
repairs, in their General Maintenance Manual.

2.16.8 The Aloha Airlines General Maintenance Manual
(GMM), Section 3-31, Authority Ffor Change
states, "All major repairs and alterations
which are not covered by manufacturer’'s
approved data shall require FAA approval.”
This 1is incorrect because the manufacturer’s
data must be FAA approved.

After the inspection, the FAA provided Aloha Airlines with a copy
of the investigative team’s findings and the airline was provided an
opportunity to respond. The Aloha Airlines rasponse was evaluated by the
Tocal FSDO staff. Consistent with the FAA Flight Standards policy, the NASIP
team inspectors were not involved in the followup, review, or closeout of any
negative findings. If a response was considered to be adequate by the local
FAA staff, the investigative team’s finding was classified as "closed" and
removed from the report. This evaluation process was repeated monthly by
the local FAA staff and resulted in a "Status of Findings/Corrective Action”
Jetter to Aloha Airlines dated April 21, 1988. This letter was reviewed by
the Safety Board. It was found that the outstanding corrective actions did
not address specific airplane structural maintenance pertaining to the
accident airplane.

1.17.9 Subsequert FAA Action

The day following the Aloha Airlines accident. the FAA issued AD
188-09-51 applicabla to all B-737's with more than 55,000 landings, requiring
flight at reduced cabin pressure and visual inspections of the lap splices at
S-4 and -10L and R and all circumferential splices between BS 360 and 1016.

After the receipt of more information, AD T788-09-51 was superseded
by AD T88-10-51 issued May 4, 1988, applicable to all B-737's with more than
30,000 landings, requiring visual inspections of all lap splices and eddy
current $nspections of lap splices at S-4 and -10L and R. Additionally, a
reporting requirement was included for positive indications of cracking or
corrosion. The FAA received reports from 18 operators reporting a total of
49 findings of corrosion or minor cracking {small, isolated cracks).
Fourteen atrplanes had multiple site cracking (cracks emanating from six or
more adjacent fasteners).
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A postaccident evaluation of Aloha Airlines was conducted May 7
through 15, 1988, by a special FAA team from the Western-Pacific Region. The
team was instructed to conduct an in-depth inspection of the Aloha Airlines
structural inspection program and review the compiiance with structural
airworthiness directives. A hands-on inspection of the Aloha Airlines fleet
was not undertaken.

AD 88-22-11 became effective on November 21, 1988, requiring the
inspections of lap splices and tear straps: AD 88-22-%2 was effective on
December 1, 1988, requiring the inspections of bonded doublers and
circumferential splices. In addition, the mandatory replacement of the
rivets aleng the upper rows of the lap splices was proposed by a new Notice
of Proposed Rulemaking (NPRM) signec on Octcber 27, 1988. The final rule was
published as AD 89-09-03 and became effective May 2, 1989.

As a result of an FAA sponsored “(Conference On Older Airplanes”
held in June 1988, an airline industry task force led by the Airline
Transport Association, has recommended to the FAA a modification or
replacement program to assure the airworthiness of older aircraft. The task
force involved some 150 international experts representing the airlines,
airframe manufacturers, regulatory agencies, National Aeronautics and Space
Administration, and professional aviation mechanics from the United States
and Asian and European nations.

As a result of the industry effort, early models of Boeing 727,
737, and 747 airplanes will undergo intensified maintenance and inspection
procedures, many of which will require modification or replacement of
selected areas or parts rather than continued  inspection. Aircraft arezs
affected will include Tap Jjoints and bonded joints which have experienced
delamination or corrosion. In addition, widescale modification, replacement
of aircraft structural materials, fittings and skin has been recommended on
the basis of service experience. Many of the changes (terminating actigms)
are already being accomplished at airline maintenance bases. Boeing
consolidated all of the proposed modifications into a single document for
each airplane type in March 1989. The FAA issued an NPRM for each airplane
type which proposes the mandatory crmpletion of the modifications listed in
the Boeing documents when an airplane reaches its economic design goal, or
within 4 years, whichever occurs later. Other aivplane manufacturers’ older
model airplanes are also under review with similar proposals for consolidated
service documents.

In addition, the FAA Flight Standards Service created an ongoing
Aging Fleet Program. Aging fleet evaluation teams were formed with
spectalists, district office inspectors, and certification engineers. These
teims are visiting airlines to evaluate, through over-the-shoulder
inspection, the effectiveness of the airline’s corrosion controi programs,
structural inspection techniques, and AD accomplishment. The goal of the
Aging Fleet Program is to recommend methods, policy, or regulatory changes to
‘mprove the maintenance program for operators of aging fleet afrcraft to
easure that each operator is aware of and is applying maximum effort in the
application of structural inspection programs to allow aging fleet airplanes
to continue safely in revenue service.
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2. ANALYSIS
2.1 General

The flightcrew of flight 243 was qualified in accordance with
applicable Federal Aviation Regulations and company policy and procedures.
The airplane was certificated, equipped, and operated &according to
applicable regulations. Meteorological conditions weie not a factor in this
accident. Aerodrome, navigation, and communications facilities did not
contribute to the accident.

The Safety Board determined that the accident sequence initiated
with the structural separation of the pressurized fuselage skin. As a result
of this separation, an explosive decompression occurred, and a large portion
of t?e airplane cabin structure comprising the upper portion of section 43
was lost.

The Safety Board’s analysis of this accident included an evaluation
of the structural and metallurgical evidence to determine the initial fatlure
origin and the manner of fuselage separation. Further, the Safety Board
analyzed the quality and effectiveness of Aloha Airline’s maintenance
practices and the FAA’'s oversight of that program. Also, human factors
aspects of airline maintenance and inspection programs were examined to
determine if important but repetitive tasks can be performed more accurately
by the assigned personnel. The Safety Board also evaluated the B-737
structural design and certification concepts and the support role of the
manufacturer and the FAA regarding the continuing airworthiness of high
time/h%gh cycle B-737s specifically, and the "aging aircraft" fleet in
general. i

Finally, due to concerns about the continuing airworthiness of
aging transport category aircraft under existing pclicies, practices, and
regulatiors, the report analyzes the existing design concepts and regulations
that permit a transport aircraft to have an indefinite service life based on
proper maintenance, inspection and repair.

2.2 Origin of Fuselage Separation

A postaccident examination of N73711 revealed that the remaining
structure did not contain the origin of the failure. Since the sea and air
search did not locate recoverable structure from the airplane, it was
necessary to determine the failure origin by examining and analyzing the
remaining structure and the airworthiness history of the airplane.

An examination of the production butt joint at BS 360 (the forward
edge of section 43) revealed that the frame was intact, as were the skin and
rivets forward of the joint centerline. Aft of the joint centerline, nearly
all of the rivets remained in the splice doubler. These rivets were deformed
aft, although the rivets between S-5L and S-4R were also deformed to the
right of aft. This deformation indicated that the skin immediately aft of
BS 360 was intact up to the time of separaztion. Similarly, the skin at the
butt joint at BS 540 {aft edge of section 43) was intact at the time of the
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separation, as indicated by the forward deformation of the rivets in the
splice doubler. The BS 540 frame itself also was intact. This evidence
indicated that the primary failure had originated at a location between
BS 360 and 8S 540 and that the skin at these butt Jjoints was pulled away in
tension overload as a result of the primary failure.

As a result, the areas along the longitudinal separation of section
43 were examined as a likely area for the origin of the failure. Very little
of the structure in section 43 from the left side of the fuselage above the
fioor was found. The frames between BS 360 and 540 on the left side had
broken at floor level with a substantial portion of the structure separating
outward, downward, and aft. This mode of separation was corroborated by the
degree of ingestion damage to tna left engine and leading edge damage to the
Teft wing and horizontal stabilizer.

In addition, the right side of the fuselage portion of section 43
that remained with the airplane was severely distorted and bent outward mere
than 909, Five consecutive floor beams at BS 420, 440, 460, 480, and 500
were broken all the way through. Also, adjacent floor beams at BS 400 and
BS 500A were cracked nearly all the way through. Most of the center floor
panels on the left side from BS 360 to BS 947 had lifted.

The right side cabin floor panels were not displaced, and little if
any distress had occurred at the fastener locations for these panels;
however, floor panels on the left side of the cabin between BS 400 and BS 500
along the inboard seat track were displaced. This damage suggested that the
initial failure was on the left side of the fuselage. Further, the size and
the characteristics of the separated area, coupled with the intact structure
at BS 360 and BS 540, indicated that thc defect was oriented longitudinally
along the fuselage.

The severely damaged left cabin floor suggests that the origin of
the initial failure area was on the left side of the fuselage. As the cabin
pressure in the upper lobe was released, the pressure in the lower lobe was
contained by the cabin floor. However, the cabin floor was not designed to
sustain a large pressure differential. Consequently, the cabin floor of
N73711 defiected upward during decompression, and floor panel failures
allowed release of the pressure in the Tower lobe.

Studies conducted by Douglas Aircraft following a foreign operated
DC-10 accident!” related to a cargo door failure disclosed that distribution
of the pressure differential during an explosive decompression peaks at the
point of the opening in the fuselage. This pressure peak alse can cause the
maximum damage to the floor, depending on the strength of the floor
structure, the magnitude of the pressure differential that exists before the
fatlure, and the size of the opening in the fuselage.

17Turkish Afirlines Accident, DC-10, TC-JAV, Ermononviiie Fcrest, France,
March 3, 1974.
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The point of maximum floor deflection on K73711 occurred at and to
the left of the inboard seat track for the left side seats at BS 440 (seat
row 3); this is an area of the fiocor that is strengthened to sustain cabin
seat loads. Therefore, the Safety Board concludes that the initial failure
:Egurred on the left side of the fuselage in section 43, probably near BS

Because of the damage pattern on N73711 and the service histoery of
the lap joints on earlier B-737s, the most probable origin sites were the
three upper lobe 1ap joints on the left side of the airplane--$-4, $-10, and
S-14. The lap joint at S-4L was eliminated as the location of origin of the
failure because of the aft and right movement of the separated structure
along BS 360 between S-5L and S-4R. The movement indicated that the origin
was lower and to the left of S-5L at the lap joint along S-10L or S-14L.

Had the fuselage first separated along S-14L (below the window line
and above the floor line), there would have been only a small fuselage wall
remaining above the floor to react to the pressure inside the cabin. The
resultant force reacted by this small wall area and internal pressure would
have been insufficient to bend the wall outward to break the frames,
However, the fuselage on the left side was torn extensively into the lower
lobe, and the fuselage frames had separated above and below the floor line.
Thus, the Safety Board concludes that the separation was probably above the
lap Joint at S-14L, that is, at the lap joint at S-10L.

At BS 520 in the remaining fuselage, there were fatigue cracks
emanating longitudinally from both sides 2f at least seven adjacent rivet
holes in the skin along the Tap joint at S-10L. Although this was not the
failuyre origin, such cracking is indicative of the type of preexistent
ss:r:cl:i-ng that probably was present along random areas of the lap joint at
-10L.

Further, a passenger had noted and later reported a skin crack aft
of the forward eatry door near a top row of lap joint rivets for 5-10L while
boarding the airplane. (The passenger later was escorted to a similar
afrplane and verified the observation.)} The Safety Board believes that the
top rivet row was cracked at the S-10L lap Jjoint just aft of BS 360 before
the accident flight takeoff.

Additionally, passengers seated on the left side of the airplane
stated that the location of the wmissing flight attendant immediately before
the decompression was in the aisle at seat row 5. During the decompression,
evidence indicates that the flignt attendant was ejected from the airplane at
2 location corvesponding to S-10L near BS 440.

_ Consequently, the Safety Board determines that the fuselage of
73711 wmost probably failed catastrophically along S-10L, initially near
85 440, allowing the upper fuselage to rip free. The reason for this
catastrophic failure, rather than the intended fall-safe “flapping™ of the
skin as designed, was evaluateC by the Safety Board.
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2.3 Fuselage Separation Sequence

The redirectior of a longitudinal fuselage crack, and thus the
success of the flapping mechanism to safely decompress an airplane, depends
on the integrity of the structure ahead of the “rack tip. If tear straps are
disbonded, they become ineffective because sti. fening is Jost, and the crack
can propagate as if the tear straps did not exist. In that case, controlled
{safe) decompression may rot occur.

Multiple site damage (MSD) describes multiple fatigue cracks along
2 rivet lipe. MSD can range from a few fatigue cracks among many rivet holes
to the worst case of small, vi.ually undetectable fatigue cracks emanating
from both sides of rivet holes along a complete row of skin panel fasteners.
It is theoretically possible that this worst case condition may result in a
catastrophic failure of the fuselage before any crack is visually detected.
The presence of MSD alss tends to negate the fail-safe capability of the
fuselage. An FAA report un the subject of MSD is included as appendix J.

The MSD found during service on other B-737 lap joints in the
woridwide fleet was in raniom areas along the lap joinis. The initial
occurrence of disbonded lap Joints im random locations leads to fatigue
cracking in random areas. lwspections and examinations of the remaining
portion of the accident airplane in the upper lobe aft of the fuselage
separation area revealed that th: MSD was mos* prevalemt in the mid-bay areas
{between adjacent circumferential tear straps). Fatigue cracks up to
0.53 inch in length were evident in the lap joint along 5-10L mear BS 520.
The section of S-4R recoversd frve the right wing Teading edge contained
numercus fatigue cracks that stemmed from disbonding of the cold-bonded lap
Joint and disbooding of the hot-bomded tear straps.

The intended functiom of the dond (to carry the hoop stress and
fatigue loads through the Tap joint) is lost when the Joint is disbonded and
the rivets must carry the load. 3ecause the lap joint rivets are
countersunk, the knife edge created by the countersink produces a stress
concentration that Teads to fatigue cracking from the rivet hole. Therefore,
while a dishonded Tap joint can withstana the pressurization cycles that a
properly bonded joint fs intended to cairy, the lap joint becomes more
susceptible to fatigue cracking.

It is probable that numerous smail fatigue cracks along S$-10L
Joined to form 3 large crack (or cracks) similar to the crack at S-10L that
the passenger Saw when boarding the accident f'ight. The damage discovered
on the accident sirplane, damage on other airplanes in the Aloha Airlines
- fleat, fatigue striation growth rates, and the service history of the B-737
lap joist disbond problem Jed the Safety Board to conclude that, at the time
of the accident, numercus fatigee cracks in the fuselage skin lap joint along
' sﬂ_‘i% Hgﬂé up quickly to cause catastrophic failare of a large section of

‘  The Safety Board belleves ihat sufficient fatigue cracking or tear
strap disbond (or 3 combination of Doth) existed in *he lap joint at S-10L
to negale the design-intended controlied decompression of the structure.
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The Safety 8oard - further believes that Aloha Airlines had-
sufficient information regarding lap joint problems ¢ have implemented a.
maintenance program to detect and repair the lap Jjeint damage. = The .
information available to Aloha Airlines on lap joint problems included the
following: .

o the B-737s in the Alcha Airlines’ fleet were
high-cycle airplanes accumulating cycles at a faster
rate than any other operator;

o Aloha Airlines operated in a harsh corrosion
environment;

o Aloha Airlines previously had discovered a 7.5-inch
crack along 1Yap Jjoint S-10L on another B-737
airplane;

o Boeing had issued, and records indicate that Aloha
Airlines was aware of, a SB covering lap joint
inspectior and repair in 19872, revised in 1974, and
upgraded (o an ASB in 1987; and

0 the FAA had issued an AD in 1987 requiring
inspections of the 1lap Joints along S-4 and
referencing the Boeing ASB, which called for
inspection of other lap joint locations, including
along S-10.

2.4 Kicha Airlines Maintenance Program

The Safety Board identified three factors of concern in the Aloha
Airlines maintenance program. They were: a high -accumulation of flight
cycles beiween structural inspections, an extended time period between
$nspections that allowed the related effects of lap joint disbond, corresion,
and  fatigue to accumulate, and the manner in which a highly segmented
structural inspection program was implemented.

The Aloha Atrlines structural D check inspection interval for the
continuing afrworthiness of their B-737 fleet was approved by the FAA at
15,000 hours. The seilection of 15,000 hours appears to have been more
coaservative than the 20,000-hour interval recommended by Boeing. However,
because of the daily frequency of short duration flights, the rate of
accumulation of flight cycles on Alcha Airlines airplanes exceeded the rate
which Boeing forecast when the B-737 MPD was created. Aloha Airlines records
of aircraft utilization indicated that their airplanes accumulated about
three cytles for each hour in service. The Boeing economic design life.
projections were based on accumulating about 1 1/2 cycles per flight hour.
Thus, Aloha Airlines atrplanes were accumulating flight cycles at twice the
rate for which the Boeing MPD was designed. Even with an adjustment for
partial pressurization cycles on short flights, and thus partial loading of
the fuselage, the accumslation of cycles on Aloha Airlines airplanes remained -
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high and continued to outpace the other B-737 airplanes in the world fleet
and Boeing’s assumptions in developing the MPD.

The Aloha Airlines maintenance program did not adequately recognize
and consider the effect of the rapid accumulation of flight cycles. The
Safety Board notes that flight cycles are the dominant concern in the
davelopment of fatigue cracking in pressurized fuselages and the accumulation
of damage as a resuit of flight and landing loads. The Aloha Airlines
maintenance program ailowed one and one half times the number of flight
cycles to accumulate on an airplane before the appropriate inspection. The
Safety Board believes Aloha Airlines created a flight-hour based structural
maintenance program without sufficient regard to flight cycle accumulation.

The Boeing MPD assumed a 6- to 8-year interval for a complete D
check cycle, and the Alcha Airlines D check maintenance program required
8 years to complete a D check cycle. The Safety Board believes that the
8 year inspection intervals in the Aloha Airlines maintenance program was too
lengthy to permit early detection. of disbond related corresion, to allow
damage repair, and to implement corrosion control/prevention with the maximus
use of inhibiting agents.

0f additional concern to the Safety Board was Aloha Airlines’
practice of inspecting the airplane in small increments. The Aloha Airlines
D check inspection of the B-737 fleet was covered in 52 independent work
packages. Limited areas of the airplane were inspected during each work
package and this practice preciuded a comprehensive assessment of the overall
structural condition of the airplane.

The Safety Board believes that the use of 52 blocks/independent
work packages is an inappropriate way to assess the overall condition of an
airplane and effect comprehensive repairs because of the potential for air
carriers to hurry checks in order to keep airplanes in service. Further, the
fact that the FAA feund this practice to be acceptable without analysis is a
matter of serious concern.

The effectiveness of Aloha Airlines inspection programs was further
limited by time and manpower constraints and inadequate work planning
methods. Maintenance scheduling practices utilized the overnight nonflying
periods to accomplish B checks which, in reality, included portions of the C
and D check items. However, since there were usually no spare a‘rplanes in
the fleet, it was obvious to both the maintenance and inspection personnel
that each airplane would be needed in a fully operational status to meet the
next day’s flying schedule. Thus, only a few hours were available during
each 24 hour period to complete B, C and D inspection items and to perform
any related or unscheduled maintenance on the airplane.

The Safety Boarcd believes that the FAA should include in its
procedures for the approval of airline main*enance programs, deviations in
airplane use by the operator as compared to the manufacturer’s original
design estimate, tempered by the operating history of the existing fleet. A
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ralendar cap for Tow-flight hour operators and a maximum cycle limit for
siiort flight operators are more appropriate inspection intervals for these
operators.

The Safety Board also believes that the FAA should reevaluate the
criteria and guidance provided to principal inspectors for approving
individual operator’s maintenance plans that divide structural inspections
into a large number of independent work packages (segments) to be spread over
the normal O check interval. The Safety Board recognizes the concept that the
D check, as outlired in the MPD, for each aircraft is accomplished in a
reasonable time perfod such as 3 to 5 weeks. A true heavy maintenance
inspection involves extiensive work which may take several days.
Comprehensive structural inspections for aging airplanes, likewise, can best
be accomplisheC by a D check in which the entire airplane is inspected and
refurbished in one hangar visit. As an alternative, some operators have
found it efficieat to use yearly block C checks with a phased 1/4 D check
inspection. Any cdeviation from this "full airplane® inspection at “seasonal
schedu}ing intervais” should be evaluated carefully before approvai.

Operator initiated changes to maintenance manuals and operations
specificaiions are approved by the PMI. Many PMI decisions require knowledge
of airplane engineeriny and humzan performance far beyond the capabilities of
any one individual. The Safety Board believes that the PMI should be
required to seek additional assistance or input from other divisions of the
FAA and, through channels, from the manufacturer and other operators. The
types cf input, the sourtes for both airworthiness and flight standards
information and the conditions under which such input should be used, need to
ba reviewed and guidance developed by the FAA so the PMI can perform his
duties more effectively. Thorefore, the Safety Board believes that the FAA
should develop and provide guidance to the PMI for the approval of airline
Eggntenance plans which are modified significantly from that outlined in the

z2.4.1 Effectiveness of Inspections

An examination of the remaining portion of the S-4R fuselage
structure of N73711 indicated that :he S-4R lap joint had been inspected and
repaired as a result of AD 87-2Z1-08 in November 1987. At that time, cracks
were detected visually and two repairs were accomplishad. Although Aloha
Airlines maintenance personnel stated that an eddy current inspection of the
remairsing rivets in the panel was condicted to comply with the requirements
of the AD, no mention of this inspection was found in the maintenance
records.

Initial examination of the 1lap Jjoint between the two repairs
disclosed visually detectable fatigue cracks that emanated from the fastener
koles of the top row of rivets. Laboratory examination revealed the presence
of many more cracks that were well within the eddy current detectable range.
Additionally, it was noted that the upper rivet row between the repairs and
forward and aft of the repairs still contained the original configuration
countersunk rivets.
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Striation counts of five of the largest fatigue cracks that were
present in the upper fastener holes of the section outside the repaired area
indicated these cracks grew less than 0.020 inch during the time between the
inspection in November 1987 and the accident. A total of 2,624 cycles had
accumulated on the accident airplane during this time. After the accident,
the cracks ranged in length between 0.110 to 0.154 inch. Therefore, at the
time of the AD inspection in November, the five cracks ranged from a low of
about 0.09 inch to a high of about 0.i3 inch.

Eddy current inspections perfermed by Aloha inspectors on N73711
after the accident could not detect cracks that were less than 0.08 inch in
length, but the inspection reliably detected cracks that were larger than
0.08 inch., Since the striation counts indicated cracks existed in the
structure that were avove this value (0.08 inch) in length, and that were
well within the detectable size for eddy current inspection, such cracks
should have been detected along the upper row of rivets in S-4R during the
November 1987 inspection. This finding suggests that either the eddy current
inspection was not performed in November o+~ that the quality of the
inspection was such that the cracks were not found.

There are several possibilities why the inspectors, when complying
with the AD, failec to find the detectable crack in the S-4R lap joint on
N73711, even though the area reportedly was given an eddy current inspection
and two inspectors performed independent visual inspections. Fi-tt, the
human element associated with the visual inspection task is a facvor. A
person can be motivated to do a critical task very weli; but when as.ed to
perform that same task repeatedly, factors such as zve~ ation of results,
bcredom, task 1length, isolation during the inp.cr .a task, and the
environpental conditions a1l tend to influence perfois -  reliability.

Another factor that can affect the human element involved in
saintenance and inspection pertains to the effect of circadian rhytims on
human behavior. Airline maintenance is most often performed at night and
during the early sorning hours; the time of day that kas besn documented to
cause adverse human performance. Maintenance programs ure most effective if
task scheduling takes into account the possible adverse effects of sleep
loss, irregular work and rest schedules, and circadian factors on the
performance of mechanics and inspectors.

For example, compliance with AD-87-21-08 required a close visual
inspection of the lap Joints along S-4L and R and eddy current inspection of
the upper row of lap Jjoint rivets along the entire pianel in which defects
were found. This fmposed considerable demands on the inspector if the
rcsults of the inspection were to be reliable. The AD required a “close
visual f1inspection™ of about 1,300 rivets and a possible eddy current
inspection of about 360 rivets per panel. Inspection of the rivets required
inspectors to climb on scaffolding and move along the upper fuselage carrying
a bright light with them: in the case of an eddy current inspection, the
inspectors peeded a probe, a meter, and a2 light., At times, the inspecior
needed ropes zitached to the rafters of the hanar to vent falling from
the airplane when it was necessary to inspect rivet lines on top of the
fuselage., Even if the temperatures were comfortadble and the Jighting was
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good, the task of examining the area around one rivet after another for
signs of minute cracks while standing on a scaffoiding or on top of the
fuselage is very tedious. After examining more and more rivets and finding
no cracks, it is patural to begin to expect that cracks will not be found.
Fyrther, when the skin is covered with several layers of paint the task is
even more difficuli. Indeed, the phrsical, physiological, and psychological
Timitations of this task are clearly apparent.

The difficulties in conducting visual inspections was discussed by
Dr. Colin Drury, a orofessor of Iendustrial Engineering at the State
Universsty of Mew York at Buffiio, durir3 the Safety Board’s public heiring.
He indicated that ins the inspection process, it is not easy for the human
beirg to perform a consistent visual search because (1) the area the searcher
can concentrate on at asy one time is limited by the conspicuity or size of
the defect to be looked for and {2) the search process may not be systematic
encugh; therefore, “he searcher is prone o miss areas that were thought to
have been covered. Further, there i: t*e vigilance decrement during long
inspection periods that hive low event rates and to some extent inveive
social isolation. Or. Drury testified that humans tend to deiect fewer
"signals” as time goes or, but a'so they give fewer "false detection alarms.”
Wwhat is happening in those cases is that inspectors will change the criteria
of what they will report to the extent that ar increasingly larger defect is
ncaded before they will judge it to be reportable. Such vigilance decrements
occur during very ‘ong and i1solated inspection Juty times in which there is a
Tow probability of finding 2 defect. In such cases, the homan being tends to
proceed through the task by saying no when a decision is to be made.

Another factor that wmay have affected the performance of Aloha's
saintenance and inssection persomnel is related to the quality of support
provided by Aloha management to assist these persons in the performance of
their tasks. Proper training, guidance, and procedures are needed as well as
a adecuates working enviromment, sufficient aircrafi down time to perfors the
tasks f{i.e. flexibie scheduling), and an understanding of the importance of
their duties 1o ensyre the airworthiness of the iirplanes. Aloha Airlimes
traintng records revealed that little formal training was provided in MD1
technicues and methods. The inspector who found the S$-4R lap joiat cracks
requiring repair stated that only on-the-job training (OJT) Rad Deen
provided since be Decame 3n inspector in August 1987; his trzining records
chow formal MOI training 20 Septesber 17, 1967, when » 2-bour training
s23sion was gliven by a Boeing representative. Records indicate the inspactor
whe provided the Initial OJF had only I hours of forwa®! NOI training, during
the sxmg 7-Dour tralsing session on Septewber 17, 1987, provided by Boeing.
Thus, he Safety Boird is concermed shout Mow much knowlpdge the inspector
staff may have possessed »dout disbomding, corrosion, and fatigue cracking at
the Lime hat they were required 1o perform the critical AD inspection task.
In fact, durimg deposition proceedings, the inspector who performed the first
A Inspection on KI37ii conld mot articiylate what he should Took for when
fnipecting an airplane for corrosion signs.

Alsa, Mogha's fliying schedule isvolved full utilization of its
airpiens Tleer in & Saytime operation.  Thes, the wajority of Aloha's
saintenarce wis normally conducted only during the alght. It was considersd
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important that the airplanes be available again for the next day’s flying
schedule. Such aircraft utilization tends to drive the scheduling, and
indeed, the completion of required maintenance work. Mechanics and
inspectors are forced to perform under time pressure. Further, the intense
effort to keep the airplanes flying may have been so strong that the
mzintenance persomnel were reluctant to keep airplanes in the hangar any
longer than absolutely necessary.

Inadequate guidance and support from Aloha management to its
inspectors was 2vident also when the Production and Planning department sent
to the inspector’s mail box, the 2D ana SB on the inspection requirements of
the tap joints along 5-& without further review or technical comment. These
documents were complicated, critical to airworthiness, and subject to
interpretation as evidenced by the disagreement about its content expressed
by experts at the Safety Board’s public hearing. These documents needed
higher level review and written guidance as to their disposition before being
sent to maintenance for action. Therefore, the Safety Board concludes that
Aloka’s management failed to provide adequate guidance and support to its
mxintenance personnel and this failure contributed directly to the cauce of
this accident.

While the foreoning indicates that there were deficiencies in the
training, guidance, and support provided by Aloha Airlines management to its
maintensace personnel, there are indications that, had these deficiencies not
etisted and the inspection task been well defined and structured properiy,
the inspection error rate would still net have been totally eliminated. This
belief 3. in part, supported by the reporis received by the FAA after this
acident as a result of AD-TB8-10-11 which required inspection and reports on
positive indications of cracks and corvosion found in early model B-737
sirplanes. The FAR received 49 reports of corrosion or cracks not previously
found; 14 cf these instamces involved multisite cracking. No matter how
well organized a corrosion detection and crack detection progran way be and
w0 maiter how dedicited and vigilant the NOI work force, the iaspection

is inbarentily susceptible fo some error rate. Therefore, the Safety
Board Delisves that the terminsting action of AD-T88-15-11, wh.ch consisted
of driliing cut the existing rivets and replacing thes with protruding head
rivels, an Ction adopted tmmediately by a mumber of airlines, was superior
ta the option in the AD that perwitted repeated inspections and patching of
cracks; & process tAat iInclwded substantial potential for human performance
wrror.  The Safety Board fully concurs with recint FAA terwinating action for
8737 lap josets that reguires installation of protruding hesd rivels as the
ssdatory soletion to the lap joint disbonding and fatigue probles.

Tre Safely Doard Lelieves that exacerbating the difficulty in the
Inspection tashs of airline maintenance persoenel it the fact that FAA
moroved traieing for atrcraft maintenance technicians contains material that
$¢ largely irreievant to the tasks that licensed persoonel .will actually
petforn e an aisline envirooment. For wxample, 14 CFR 147, which governs
the cartification of salntenance personnel, requires that students in FAA
apgroved sainlenance KhOOls be  knowl able In such topics as wood
sivirames, airframe fabric repair, and spplication of paint and dope. In a
time when the FAA 3s certificating alr tramsport atrcraft with fly by wire
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technology, composite materials construction and computer self monitoring
capabilities, the word- “computir” and “composite” do rot appear in the list
of required curriculum subjects among airframe systems and components in
14 CFR 147, Appendix 7. The Safety Board believes that current requirements
far training aviation maintenance personne! fail to address the tasks that
s .ch personnel will actually perform following their licensure. The Safety
Board is concerned auout how well the FAA approvsed training curricula can
address the human performance limitations of a relatively simple visual
inspection task when the training that maintenance personnel receive fails to
address the basic skills they will be expected to perform on the job. The
Safety Board believes that the FAA should examine the regulations governing
the certification or aviation mairtenance technican schools and the licensure
of airframe ard powerplant mechanics and revise the regulations to address
contemporary developments in airplane mainienance.

Another area of Safety Board concern arises from the fact that
there are no FAA requirements for formal training or 1licensing of NDI
personnel. The Safety Board is aware that the United Kingdom Civil Aviation
Authorities and those in other countries have formally recognized the
importance of NOGI ski,1s and have required in-depth training, skill
demonstration, 1icensing and recurrent certification of NDI personnel. While
NDl technology and techniques in some industries in the United States are
quite 2dvanced and personnel certification follows the American Society for
Mondestructive Testing (ASNT)} gquidelines, the aviation incustry has not
appiied such advanced techniques or practices. For instance, ir the current
environment any mechanic, including those designated as inspectors, could be
assigned to perfore detailed and critical NDI inspections on 2irplines with
$ittle or no training and with tcols that have not been technologically
improved for some time.

Because of its criticality and complexity, the Sasjety Board
believes that the NDI maintenance function should be reviewed by the FAA with
a view towards vrequiring formal training, skill demonstration,
apprenticeships, and formal licensing and recurrent certificaton for NDI
ianspectors.

Selection of inspection personnel was another issue raised during
the tnvestigation of this accident. The concern was expressed about what
kinds of characteristics are appropriate 1o consider when selecting persons
to perfors an obviously tedious, repetitive task such as a protracted NDI
tnspection. Imspeciors normally come up through the senfority ranks., If
they have the desire. knowledge and skills, they bid on the position and are
selected for the inspector job on that basis. However, to 3sk 2 technically
Rnowledgeadie person to perform an obriously tedious and exceedingly boring
task, rather than to have him supervise the quality of the task, may not be
#1 appropriate use of personnel; persons who have demonstrated a capability
to wove up %0 supervisory duties may a0t necessarily perform well at
repetitive tasks. In Tight of the critical importance of the maintenance
fnspaction task. gs demonstrated by this accidont, the Safely Board believes
that the FAR skould sponsor, as part of its recently initiated human factors
prograe on this subject, research to determine suitable means for use by air
carriers in selecting inspector candidates.
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finally, the Safety Board is5 concerned that nondestructive
inspections in the aviation industry involve inspection methods that are
substantially dependent on human beings performing repetitive and detailed
tasks. The Safety Board believes that research is needed to improve upon the
methods presently used to examine very large areas or perform a very large
number of similar repetitive actions to find very small defects. Inspections
of aviation structuves involving large areas or numerous repetitive actions
should be automated to the extent possible, or other techniques developed to
eliminate or minimize the potential errors inherent in human performance of
such tasks.

2.4.2 Aloha Airlines Corrosion Control

The policies, procedures, and organization of Aloha Airlines
aircraft maintenance and inspection program significantly affected the
control of corrosion on its airplanes. Acccrding to airplane maintenance
records, lap joint and other areas of corrosion were detected, but corrective
action was frequently deferred without recording ihke basis for such
deferrals, Routine inspection task cards contained the “check for corrosion”
instruction for specific areas; however, a programatic approach to corrosion
prevention and contrel of the whele airplane was not evident. It appears
that even when Aloka Airlines personnel observed corrosion in the lap joints
and tear straps, the significance of the damage and its criticality to lap
joint integrity, tear strap fuaction, and overall airplane airworthiness was
not recognized by the Aloha Airlines inspectors and maintenance managers.
This was particularly noteworthy when one considers that Aloha Airlines
indicated that SB737-53-1039, Revision 2 (1974), was incorporated in their
maintenance plan. The overall condition of the Alcha Airlines fleet
indicated that pilots and line maintenance personnel came to accept the
classic signs of on-going corrosion damage as a normal operating condition.

The Safety Board was also concerned about the uncommanded shutdown
of the left engine during the accident sequence. The left engine fuel
control was found in the “cutoff" position; the control apparently was
positioned there by the residual tension in the intact cable or motion of
that cable #induced by the cabin floor deflection since the cables are routed
through cutouts in the floor beams.

Since the point of maximum upward figor deflection (hence maximum
cable deflection) was at BS 440 in the cabin, the actual location of the
throttle cable failures {in the wing leading edge) seemed an unlikely one.
Additionally, the broken cable ends iacked the unraveling that s
characteristic of cables that fail in tension overlvad. When the appropriate
cable sections were removed from the airplane and inspected more closely,
there were indications of corrosion. These observations were confirmed by
taboratory examination which concluded that the diameters of many of the
individual wires that comprise the cables had been reduced significantly by
corrosion damage. This corrosion likely weakened the cables so that they
separated at a iower than designed Toad when placed in tension by the
displacement of the left side floor beams. The cables of the right engine
also exhibited extensive surface corrosion where they were routed through the
leading edge of the wing. These cables may have remained intact during the
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separation seqguence only because of the much smaller amount of floor beam
deflecticn that occurred on the right side of the cabin.

The damage to the throttle cables appears much the same as the type
of corrosion described in Boeing Service Letter (SL) 737-SL-76-2-A issued on
August 25, 1977. This SL was issued as a result of the discovery by Aloha
Airlines that a carbon steel thrust control cable had corroded and frayed.
Only five of the seven strands of the cable were reported intact. The
remaining five strands wer2 also corroded, and the corrosion was present on
the entire length of that portion of the cable routed through the wing
Teading edge.

The Boeing recommended action following this discovery was to
replace the carbon steel engine control cables with corrosion resistant
stainless steel cables on the production line beginning with production line
number 503 which was delivered in September 1877. Boeing recommended that
operato.s of existing airplanes replace the original carbon steel cables on
production line numbers 1 through 502 as required. At this date, the number
of aircraft modified in accordance with the applicable SL has not been
established accurately. Laboratory examination of the separated cables from
N73711 confirmed that they were the original carbon steel type. The Safety
Board 1is concerned that Alcha Airlines did not take advantage of the
manufacturer’s corrective action for these cables, especially in light of
their initial discovery of the problem and recognition of their own harsh
operating environment.

The record establishes that corrosion problems were detected by
Aloha maintenance personnel and, on occasion, repairs were deferred without a
full evaluation by management of the airworthiness implications or
appropriate reference to the structural repair manual. 1his Teads the Safaty
Board to coaclude that eccnomic considerations, a lack of structural
understanding, airplane utilization, and the lack of spare airplanes were
factors which may have induced Aloha Airlines to allow these deferrals.

2.4.3 Engineering Services

At the time of the accident, Aloha Airlines, like many small
operators, did not have an engineering department. Some of the funciions that
are usually performed by engineers at large airlines were accomplished by
Aloha Airlines Quality Assurance (QA) department.

The responsibilities of an airline engincering department generally
include evaluating and implementing manufacturer’s SBs and ADs, evaluating
airplana accidental or corrosion damage, designing or evaluating repairs,
establishing aircraft mzintenance schedule specifications, and providing
technical assistance to other areas of the airline. Another important aspect
of engineering staff activities is the oversight of inspector performance and
related quality assurance activites.

The condition of high cycle B-737's in the Alcha Airlines fleet
with respect to lap joint corrosion, multiple repairs, and and detection of
fatigue cracking is an example of what can occur in the absence of regular
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aﬁdf:nowledgeable evaluations of aircraft condition bv qualified engineering
statf.

Aloha Airlines management could have recogrized the importance of
Alert SB 737-53A1039 in iight of their cwn experience with the previous crack
along the lap joint at S-10R and could have inspected all the lap Jjoints
calied out in the referenced SB while they accoaplished the requirements of
AD 87-21-08. The same concept applies to the SL recormending replacement of
engine control cables which were recognized by Alcha as susceptible to
corrosion.

In addition, a qualifici engineer should havz interpreted the lap
joint AD regarding the use of oversize protruding head fasteners in the event
that fatigue damage was found. More importantly, a comprehensive structural
engineering and maintenance program likely would have precluded the
deteriorated condition of the airplanes by evaluating and implementing the
appropriate corrosion control techniques and SBs, thus retaining company
assets.

An additional area of concern to the Safety Board is the extent and
number of skin repairs evideal on the airplane and the effect that these
repairs may have on the damage tolerance properties of the original design.
The accident airplane had over two dozen fuselage repairs; the maisrity were
skin repairs using deubler patches. This conaition illustrates the extent to
which aging airplanes may continue to be repaired (patched) in accordance
with existing manufacturer’s and FAA requirements.

A targe repair or the cumuiative effects of numerous small repairs
can adversely impact the ability of the structure to contain damage to the
extent necessary to meet fail-safe or damage tolerant regulations.
Additionally, the structure underlying the repairs can be difficult if not
impossible to inspect, which can be detrimental where fuselage lap joints are
concerned. These types of evaluations are typically beyond the expertise of
A and maintenance departments and must be addressed hy qualified engineering
personnel.

The Safety Board believes that the continued airworthiness of
afrplanes as they age would be enhanced by including gqualified engineers in
the operator’s organization. While the Safety Board recognizes that
situation may be economically unrealistic for all operators, it believes that
an equivalent level of safety can be achieved only by using engineering
representatives from some other source. Qualified engineers could evaluate
service information and ajrworthiness directives with particular respect to
the fleet aircraft and operating conditions. The assistance of these
quatified engineers mar be avatlable through an industry group or the
manufacturer. The Safely Board, therefore, recommends that the FAA require
airiine operators that do not have a functioning engineering dspartment to
saintain a formal alternative to provide engineering services.

In summary, the Safety Board believes that the Aloha Airlines
naintenance department did not bave sufficient manpower, the technical
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knowledge, or the required programs to mezt its responsibility to ensure the
continued structural integrity of its airplanes.

2.5 FAA Re: .isibilities
2.5.1 Issuance and Clarity of Airworthiness Directives

In-service fatigue cracking in a disbonded area of a B-737 1lap
Joint was first reported in 1984 (by Aloha Airlines). Ther in April 1987, a
foreign operator reported several cases within his fleot. Boeing acted by
revisirg the existing lap joint disbond information, SB 737-53-1039, Revision
2 (which had advised that prolonged operation with disbonded areas would
result in fatigue cracks), upgrading the SB to Alert status, and notifying
the FAA. In October 1987, multiple site cracking was discovered during the
manufacturer’s continued fatigquc testing of a B-737 aft body section. Within
the same time frame, the FAR issued AD 87-21-08 which required mandatory
inspection for fatigue cracking. :

The Safety Board considers it unfortunate that the Boeing Alert SB
to inspect all lap joints was not issued after the first instance of
cracking, and that the intent of the Alert S3 was altered significantly by
the FAA to reduce the scope of the inspection when the AD was released. The
Safety Board believes that had a full inspection of all iap jeints been
mandated, the Tikelihood of this accident occurring may have been reduced.
Therefore, the limited AD requirements imposed by the FAA precluded the
continiing airworthiness of the aging B-737s and the reduced inspection
criteria is considered a contributing factor to the cause of this accident.

#=n Aloha Airlines accomplished the inspections and repairs
associat:: «'th the AD, they omitted fnspections of lap joints other than
those alc: | $-4 and they did not replace the remaining fastenars iy the upper
row of the S-4R Tap joint with protruding head rivets, as outlined in Boeing
ASB 737-53A1033. The AD pertaining to the lap joint inspections states, in
pari:

Repair all cracks and tearstrap delaminations found as a
result of the above inspectiomns prior to further flight
in  accordance with Boeing Alert Service Bulletin
737-53A106. Revision 3, Dated August 20, or 1later
FAA-approved revisions.

The appropriate section of the ASB states, in part:

Repair fatigue cracks using a repair similar to that

shown in 737 Structural Repair Manual Subject %3-30-3,

Figure 16, and replace all remaining upper row flush

Joint-fasteners in that panel Joint with oversized

g:etmding head solid fastemers per Part IV - Repair
ta.
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While operators have interpreted the repair instructions listed in
the AD ncte as requiring the installation of the protruding head rivets as a
part of the repair, the FAA personnel stated that its intent was to have
protruding head fasteners installed throughout the skin panel joint where
crzcking was found.

Repairs of the $-4 joint by Aioha Airlines were accomplished using
ihe procedure in the Structurai Repair Manual and excluded replacing the
remaining flush joint-fastners. The Safety Board believes that the
instructions contained in the AD were inexact and subject to
misinterpretation.

Such confusion illustrates the difficulty inherent in attempting to
present technical information so that it can be interpreted properly by the
users of the information. In the case of thi., AD, it is believed that the
repair instructions could have been presented more explicity. This was, in
fact, done in subsequent ADs pertaining to the same subject.

The Safety Board is satisfied that the terminating action for the
disbonding of B-737 lap joints and tear straps requiring replacement of the
upper rivet row is an effective measure to correct this recognized B-737
ceficiency.

However, laboratory examination of the S-4R lap joint sample from
the accident airplane revealed another area of concern with early line number
B-737 airpianes. Fatigue cracks were found emanating from the fastener holes
of a significant number of rivats in the middle row of the lap joint. The
Safety Board is concerned that because of the extended lifetime of the B-737
afforded by the terminating action mandated for the upper rivet row, the
lower rivet yow on the inner (lower) skin panel eventually will be a location
for fatigue <racks to develop. These cracks, if they occur, cannot be
detected externally by visual means since they are covered by the outer skin
panel. The FAA and Boeing should continue to evaluate the early model B-737
airplanes to determine the types of inspections, inspection intervals, and
corrective actions to be instituted if a significant fatigue cracking problem
develops in the middie and lower row of lap joint fasteners.

2.5.2 Needed Research on Corrosion Control and NDI

While it is the responsibility of the operater to develop and
implement a proper and complete maintenance program applicable to the
operating environment, the Safety Board believes that the FAA should define
ascceptable corrosion control program parameters and provids them as & guide
for both the operator and the PMI. The Safety Board believes that an
operator’s comprehensive corrosion control program, fully supported by the
manufacturer and enforced by the FAA, is a critical and necessary step in the
continued afrwerthiness of an aging airplane fleet.

The Safety Board also believes that the FAA should assume the lead
role in encouraging further research into improved corrosiin detection and
prevention sethods. Many areas of an airplane are difficult to inspect for
corrasion. For example, within lap joints, the corrosion can go undetected
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until it is so severe that the damage is evident visibly from the condition
of the outer skin. There have been various experiments on NDT inspection
methods but none have proved effective in all cases. The NDT equipment
manufacturers appear able to supply very technical equipment to other
industries; however, in the aviaton industry, neither the most technically
advanced and automated equipment nor the human factors involved in using such
equipment effectively have been pursued thoroughly. The FAA and aircraft
maintenance interests should challenge the NDT equipment manufacturers with
the specific needs for the aviation industry in order to develop improved,
economical, state-of-the-art equipment and to employ methods which minimize
human performance inadequacies.

Even though the corrosion problems with the carbon steel engine
control cables have been known for quite some time, the Safety Board believes
that it would be beneficial to once again address this area in light of the
cable condition cn the accident airplane and the fact that some portions of
the cables can be difficult to inspect. The Safety Board believes thzt the
FAA should issue an Airworthiness Directive to the cperators of the affected
B-737 airplanes advising them of the corrosion potential of carbon steel
engine control cables and directing them to the irformation contained in
737-SL-76-2-A regarding cable replacement.

2.5.3 FRA Oversight

The Safety Board has issued numerous safety recommendations
pertaining to the surveillance of air carrier maintenance by the FAA.
Generally, these safety recommendations have addressed maintenance problems
with specific aircraft, revisions to manuals, and accident or special study
tdentified areas for surveillance program improvemeant. After the Aloha
Airlines accident, the Safety Board probed deeper into the FAA’s surveillance
program, including NASIP. The investigation and analysis of the accident
revealed several areas of concern including staffing levels and FAA
philosophy regarding maintenance surveillance.

The investigation has revealed that staffing levels in some FSDOs
are insufficient. The PMI responsible for Aloha Airlines indicated that he
was also assigned as the PMI for nin2 other operators and seven repair
stations throughoyt the Pacific rim area. He alsc was assigred out of his
geographic area of responsibility to participate in a NASIP inspection. The
Safety Board believes that the PMI’'s workload was too extensive for him to be
adequately effective,

As a result of the FAA sponsored Safety Activity Functicnmal
Evaluation (Project SAFE) in 1984, the FAA Flight Standards System is now in
& S-year program to impruve inspection guidance, field surveillance, and
standardization. The FAA has been allocated additional hiring authority and
funds to increase the number of air carrier inspectors. While additiomal
personnel will improve the staffing sitvation, the Safety Board is concerned
about the quialifications of the newly hired inspectors and the training of
the inspector force. Because there are a limited number of candidates who
have extensive air carrier Backgrounds, the FAL has had 1o hire people with
genaral aviation or military backgrounds or transfer inspectors from general
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aviation assigments. As a result, the new inspactors are not fully familiar
with air carrier maintenance programs and practices. Although the FAA
prvvides a2 6-week indoctrination for the new inspectors, it requires several
years of on-the-job experience to make the inspectors most effective. Then
they progress on a career path that leads toward being appointed as a PMI.
There is no specific formal training course for PMIs. Additionally,
recurrent training is sporadic and difficult to attain, resulting in a work
force that must try very hard to stey ahead of the operators and quickly
advancing aircraft technology.

Increased FAA inspector staffing levels should help with the
manpower requirements necessary to review paperwork that ensures that
atrlines have complied with Federal regulations. However, without proper FAA
inspection of actual airplane condition, less responsible or knowledgeabie

tors can operate airplanes of dubious structural and mechanical
integrity. The paperwork review system has become so entrenched in FAA
inspections that an alteration of philosophy is required to create an
effective maintenance surveillance program.

The Safsty Board sought to identify existing boundaries of
responsibitity cf the PMI regarding regulatory compliance and the level of
maintenance quality demonstrated by the assigned air carrier. Evidence of
accountabiiity of the PMI and district office for the performance of the
assigned carrier{(s) was not apparent. Evidence suggests that FAA
surveillance and inspection programs are directed toward the aiv carrier, and
the in-house evafuation of PMI perforsance is oriented toward quantity of
work and the ability to handle approvals smoothly and directly. The Safety
Board is concerned that the PMI has the authority to approve critical aveas
of air carrier smaintenance programs without being held responsible for those
approvals. There does not appear to be an effective method in place for FAA
management to make recurring qualitative assessments of PMI approvals.

Followup of the NASIP findings is also indicative of a Tack of PMI
accountzbil‘ty. The negative findings of an airline maintenance program are
placed :nto the oversight of the PMI to promote and monitor corrective
action. That s, a2 negative situation may occur under the jurisdiction and
serv./llance of 2 PM] and yet he is responsible to evaluate and followup on
correctiva sction. Therefore, the accountability for the on-going quality of
the s work performance does not appear to exist.

1. appears that the current surveillance systew can lead to “"rubber
stasn” approvals and endorsesent of an atr carrier’'s operations and
meintemance programs. Improvesents are needed to encourage and support the
MEI’s efforts to secu™e compliance and to promote upgraded levels of
performance by the assigned air carrier in both safety and reliadiliy areas.
Witheut sech improvements, the systes of program approval can be driven by
the sowsntus and iaterests of the air carrier. It appears the present system
is sustained by the persomal integrity and dedication of the concerned FAA
inspector personnel rather than by an FAA system that includes adequate
oversight and interral review. Wilh the current environment, only the most
sotivated PNIs w11 mcintain their sense of responsibility to ensure maximum
officsmcy and safety. The Safely Board recognizes the need for increased
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FAA management emphasis on the accountability of a PMI’s performance. Both
regional and headquarters Flight Standards staff should become more involved
in assessing and ensuring PMI accountability.

In addition, there is alsoc a need for a program of standardized
approvals of air carrier maintenance programs to promote a uniform and
acceptable level of safety performance in the current competitive air carrier
industry. The Safety Board believes that the authority of the PMl for
approval of airlines procedures and operations spzacificaticns can be better
guided, and overall PMI performance improved, if definitive Flight Standards
criteria are provided to those in the field.

The FAA management’s primary tocl for overseeing surveillance by
the inspector work force, WPMS, requires inspectors to enter the number,
type, and results of inspections performed into a computer. During Safety
Board interviews, inspectors have expressed concern that this system treates
gdminisirative requirements to the detriment of the time available for
performing their surveillance responsibilities. The Safety Board recognizes
that FAA management requires the data for their workload and personnel
wanagement systems and that the information is used to ensure that
inspectors perform the required inspections. However, at present, the
information plays only a limited part to enhance the quality of airline
surveiliance. The Safety Board suggests that further improvements can be
made to streamline the system and perhaps to gain more qualitative
information abotit both the carrier and the PMI surveillance.

The Safety Board also investigated the effectiveness of the NASIP
after the Aloha Airlines accident. A NASIP inspection had been performed at
Aloha Airlines in December 1987 and none of the findings and corrective
actions addressed airplane structural maintenance. In fact, NASIP looked
chiefly at manuals and records with a minimal effort expended to the
condition of the fleet. A month earlier, Boeing had performed a maintenance
evaluation of the carrier at Aloha Airlines’ request. Boeing found saveral
areas of concern including the deteriorated structurai condition of the Aloha
Airlines’ high-cycle airplanes and Aloha Airlines’ immediate need for a
structueres engineer. The Boeing inspection provided a convenient yardstick
by which tie effectiveness of the NASIP effort can be measured. The Boeing
effort concentrated initially on the actual condition of the airplanes, and
then it reviewed the paperwork to find out why the maintenance program had
resulted in the airplane deterioration. The Safety Board concluded that
there are inadequacies in the NASIP objectives and methodology which require
a change in the current philosophy of FAA surveillance to include added
inspection of fleet airplane cindition.

The Safety Board also believes that routine surveillance and the
NASIP concept should be adjusted toward 3 more "safety-oriented” qualitative
program to complement the current “Federal regulation compliance” approach.
That is, under the current philosophy, the FAA examines airline records for
compiiance with regulations, and some negative findings (vicolations) result
in enforcement actions for which there are clear gutdelines. However, many
negaiive findings are "nonregulatory” matters for which both the local PMIs
and the NASIP teams believe corrective actions should be taken. In the
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preamble to the 1587 NASIP report of Aloha Airlines, the FAA team stated,
*Alcha Airlines’ Maintenance Management has been remiss in . their
responsibilities by not being able to recognize their own deficiencies, as
this report will indicate." *Responsibilities® apparentiy refers to
regulations under which Aloha Airlines is charged with maintaining its
airplane in an airworthy conditfion (FAR 121.363). ‘“Geficiencies" in this
case apparently refers to items which the FAA believes Aloha Airlines should
correct to operate safely. There was nc national FAA program to evaluate and
verify the quality of the corrective actions, nor to determine the timeliness
of such actions. For exampie, the NASIP team found that Aloha Airlines
» . ..does not have an effective internal audit program." Although FAR 121.373
“Continuing analysis and surveillance” addresses an air carrier’s
responsibility to maintain a system for continuing aralysis and surveillance
of its inspection and maintenance programs, the FAA NASIP inspectors
apparently concluded that the regulation was too subjective to use as a basis
for enforcement action to assure that Aloha Airlines corrected deficiencies
in their internal audit prograr.

Technically, as stated by the FAA, if an airline complies with the
regulations, it is °"safe.” However, many regulations are subjective in
nature and are subject to interpretation. Consequently, even with several
significant negative findings by a NASIP team, as was the case with Aloha
Airlines, the airline was allowed to continue operations without making
immediate changes and withcut having to set deadiines for completion on
recommended actions. In fact, the oversight and closeout of corrective
actions suggested by the NASIP team were left to the Aloha Airlines PMI,
under whose jurisdiction and routine surveillance the discrepancies had been
allowed to exist.

Some negative findings of the FAA NASIP team were similar in nature
to the findings of the Boeing team that evaluated Aloha Airlines maintenance
program in November 1987 and the “aging fleet® survey team that visited Alcha
Airlines ‘n January 1988. Although several corrective actions were taken by
Aloha Afrlines in early 1988 and several others were in process at the time
of the accident, Aloha Airlines centinued flight operations uninterrupted
during this period, despite the negative nature of many of these findings.

The Safety Board is concerned that an afrline that is charged by
regulation to conduct operations in 2 certain manner can be found in
noncompliance with the intent of the regulations and yet, it can continue
commercial flight operations without substantive interruption or corrective
actions taken. If an airline is either unable or umwilling to develop and
maintatn an effective maintenance and inspection program, the current FAA
oversight philosophy will not prevent deficiencies from occurring, and it
will not verify that substantive and timely corrective actions have been
taken. Furthermore, the FAA did not intend to actually "inspect" Aloha
Airlines fleet to verify if the airplanes were, in fact, safe. The findings
of the Safety Board following the accident of N73711, regarding the quality
of Aloha Airlines maintenance program, suggests that the FAA routine and
special inspection programs were not effective in verifying that the
airplanes were maintained in a safe, airworthy condition.
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2.6 Boeing
2.6.1. Boeing 737 Certification

While the initial certification of the B-737 conformed to existing
regulatory requirements, the accelerated fatigue testing schedule did not
compensate for the in-service environmental effects on the bonded lap joints
or tear straps. The inadequacy of the testing schedule was due in part to
the state-of-the-art of laboratory bonding verification testing which had not
yet discovered the problem of long term bond durability. The bond production
problems did not become known until several years after the airplane went
into service. It appears that Boeing addressed this problem swiftly
“hereafter by issuing SBs, improving the bonding process, conducting
additional fatigue testing, and ultimately eliminating the cold-bond method
and redesigning the lap joint.

At the time of the initial certification of the B-737, a
consideration for MSD was not a part of the certification requirements, nor
is it required now. This is demonstrated by the fact that there is no
specific FAA requirement for full-scale fatigue testing to multiple projected
service lifetimes of an airplane. Boeing attempted to assure fatigue life by
testing the representative half fuselage section to two lifetimes. However,
the durability of the lap joint cold bond appears to be the governing factor
producing multiple site fatigue cracking in the B-737 lap joints. The Safety
Board believes that the Boeing fatigue tests of the fuselage to two lifetimes
did not generate fatigue cracking, probably because the lap joint and tear
strap bonds on the test article were initially of good quality. Nonetheless,
the Safety Board believes in light of the increased knowledge of and concern
for the occurrence of MSD, the difficulties that may be encountered in
detecting this type of damage and the catastrophic failure that may result
from such damage, full-scale fatigue testing to a minimum of twe projected
service lifetimes should be required for certification of new designs.

The Safety Board believes that full-scale fatigue testing obviously
is not a substitute for a comprehensive structural inspection program
throughout the airplane’s service life. The effectiveness of these
fnspection programs as the airplane ages would be enhanced by the early
jdentification of areas where MSD does occur and incorporation of the
necessary preventive design changes so that MSD is not a significant factor
during the airplane’s operating lifetime.

The Safety Board is also concerned about other Boeing transports,
including some B-727 and early B-747 airplanes, that utilize the cold bond
construction. The Safety Board recognizes that the design of B-727 and B-747
airplanes is less susceptiblc to fatigue cracking problems in the lap joints
as early in the service life as those that arose in the B-737 fleet.
However, a significant number of these airpianes are being used beyond the
economic service life predicted by the manufacturer. The approach to
fatigue testing for the early B-727 and B-747 airplanes was similar to that
performed during the B-737 certification in that it did not include the
possibility of in service lap jcint disbonding. Additionally, although the
entire airpiane was tested in each case, only one service 1ife objective was
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achieved. As a result, the onset point of widespread cracking may not be
known. The Safety Board believes that once airplanes of each particular type
approach their economic service life, that in-depth analyses are necessary to
verify the continued airworthiness of these airplanes. Therefore, the Safety
Board believes that the FAA should require all U.S. currently certificated
turbojet transport category airplanes, and those airplanes certificated in
the future, receive full scale structural fatigue testing to a minimum of two
times the projected economic service life.

2.6.2 Boeing Structures Classification

The Supplemental Structural Inspection Programs (SSIPs) mandated
by the FAA vary by concept and implementation from manufacturer tc
manufacturer and from model to model. As Boeing devised the SSIP for their
existing certificated airplanes, a structural classification system
determined which SSIs are included in the supplemental inspections. Because
Boeing defined the fuselage skin as "damage obvious or malfuction evident" if
it cracks, the fuselage skin was excluded from directed supplemental
inspection. Other manufacturers use different criteria and include primary
fuselage structure and skin in the structural inspection program.

Boeing believes that their current FARA approved inspection program
is adequate for detecting lead cracks resulting from MSD before the damage
becomes critical. ‘However, the Aloha Airlines accident illustrates that it
is possible tc have enough undetected (but technically detectable) damage
along a rivet line to negate the controlled decompression mechanism.

The Safety Board recommends that the classification of fuselage
minimum gage skin as damage obvious be discontinued and the affected SSIPs be
revised accordingly. Additionally, ali of the remaining SSIs in the damage
obvious category should be reviewed in light of the recent approach for
possible inclusion in the SSIP.

2.6.3 Boeing Visits to Aloha Airlines

When Boeing visited Aloha Airlines as part of its Aging Fleet
Evaluation Program, it expressed concern about the deteriorated condition of
the surveyed airplanes (N73711 was not included in the survey). Although
Boeing did not inform Aloha Airlines that the airplanes were unsafe, Boeing
believed that they made it clear that an unsafe condition could result if
corrective action was not taken.

While responsibility for determining the operational airworthiness
of the aircraft rests primarily with the operator, both the manufacturer and
the FAA have a responsibility to verify that conditions do not appear that
Jead to the loss of continuing airworthiness. Both the manufacturer and the
FAA participate in the process with initial certification action, operations
specifications approval and continuing maintenance guidance and
recommendations to assist the operator to maintain an airworthy fleet.

The Safety Board agrees that it i§s important to wmaintain
communication between the manufacturer and the operator. The manufacturers
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require information about airplane performance and conditions in service in
order to resolve difficulties and provide corrective actions to operators.
Evaluations by the FAA of the condition of airplanes to verify regulatory
compliance and enforcement should be performed as an independent oversight
measure to ensure that the operator/manufacturer exchange continues. When
Boeing prevented the Alocha Airlines PNI from attending a meeting at which
Boeing presented the results of its evaiuation, Boeing stated that it was
motivated by a corporate concern to preserve the privacy of communication
between operators and the manufacturer.

Manufacturers should maintain private customer contacts but they
must reserve the option to notify the FAA regarding the aspects of air safety
of any individual operator should such a need arise. Boeing did not inform
the FAA of the condition of the Aloha Airlines airplanes, nor was it required
to by regulation. Boeing determined that an unsafe condition "could develop"
in the Aloha Airlines airplanes that were surveyed if corrective actions were
not1 taken and preferred to discuss the findings exclusively with Aloha
Airlines.

Titie j4 CFR 21.3, "Reporting of Failures, Malfunctions, and
Defects,” 1is intended to ensure that the FAA becomes aware of service
gifficulties that are not reported through the existing service difficulty
system. The lap Jjoint and tear strap corrosion and potential fatigue
cracking problems were well known and corrective action was being formulated.
The Safety Board recognizes that although Boeing had no regulatory obligation
to report the findings of their survey of Alcha Airiines to the FAA, the
Safety Board considers it a potential benefit to report such information.
Therefore, the Safety Board beiieves that the FAA should evaluate the safety
benefits that may be gained from manufacturer’s survey information, such as
aging aircraft reports, and take appropriate measures to ensure such data
remain accessible to the appropriate authorities. The FAA’s evaluation
should lead to more explicit criteria and guidelines to operators and
manufacturers about what information should be reported to the FAA under the
provisions of 14 CFR 21.3.

2.7 Operational Considerations

The magnitude of the accident was weli beyond any anticipated
emergency scenario. The flightcrew’s actions wzre consistent with simulator
training situations which minimize the exposure to physiolegical effects.
The flightcrew’s success in managing the multiple emergency situations and
recovering the aircraft to a safe landing speaks well of their training and
afrmanship.

The cabin crew also performed in a highly commendable manner when
faced with a fotally unpredicted event. Their bravery in moving about to
reassure the passengers and prepare them for landing was exemplary.

The Safety Board reviewed three operational areas: assessment of
in-fY1ight structural damage; air/ground emergency communications; and
emergency ambulance response,.
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It was apparent from crew interviews and the FDR that a rapid
descent was initiated shortly after the explosive decompréssion. The Safety
Board notes that speed brakes and 280 to 290 KIAS were used without first
assuring the structura’ integrity of the airplane (the cockpit door was
missing and sky was visible overhead). The IAS used in the descent, although
it minimized the time at altitude, increased the maneuvering loads and
subjected the passengers to flailing and windburn from the effect of
exposure.. The open fuselage break was also subjected to high dynamic
pressure from the wind force.

. _The Operators Manual, Emergency Descent procedure (and emergency
checklist) states that if structural integrity is in doubt, “"iimit airspeed
as much as possible and avoid high maneuvering loads.” The Safety Board
considers that evaluation of the structural integrity and techniques of
emergency descent (target airspeed, configuration changes, and maneuvering
Toads) can be critical to the success of further flight. The Safety Board
therefore suggests that the FAA issue an Air Carrier Operations Bulletin
(ACOB) to review the accident scenario and reiterate the need to assess
airplare airworthiness as stated in the operators manual before taking any
action that may cause further damage or the breakup of a damaged airframe.

In the course of this accident, ATC changed freguency for primary
radio contact with the airplane during the emergency. Flight 234 was
transmitting transponder emergency code 7700 and after some difficulty, the
crew established contact with Maui Tower; Maui Tower was initially not
apprised of the full nature of the emergency or the structural damage.
After notification of the emergency, ATC directed a frequency change to Maui
approach control. Later, flight 243 contacted Maui Tower for landing. The
Safety Board recognizes the requirement for such frequency changes during
normal operations; however, Maui Tower received both the emergency
transponder code and cenfirmation of a pressurization emergency before their
instructions to change frequency.

_ The Safety Board wishes to reiterate that ATC must make every
effort to minimize the workioad of a crew during an emergency. Further, an
error during. the handoff could result in lost communications and a possible
Toss of positive traffic control of the emergency aircraft.

The Safety Board is also concerned about the circumstances
surrounding the ambulance response at the Maui airport. Had the ambulance
service been notified earlier by the control tower and been waiting at the
airport when the airplane landed, the seriously injured passengers could have
been treated and transported to the hospital 13 minutes sooner. It is
incumbent on those persons making a judgement for notification of emergency
servicgs to be aware of the circumstances and possibilities of each
scenario.
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3. CONCLUSIONS

Findings

l.

10.

The flightcrew was certificated and qualified for the flight
and the airplane was dispatched in accordance with company
procedures and Federal regulations.

. - Weather was not a factor in this accident.

Although Aloha Airlines operated accofding to the FAA
operating certificate and cperations specifications, the
quality of Aloha Airlines maintenance and inspection program

.was deficient.

There was no evidence of preexisting failure or malfunction of
the airplane’s air conditioning, pressurization, pneumatic, or

$1e?trica1 systems that could have contributed to the fuselage-
ailure,

The flightcrew’s use of a target speed of 280-290 KIAS and
speedbrakes in the descent after the structural separation
indicated they did not consider the appropriate emergency
descent checklist which states, in part, that if structural
integrity is in doubt, airspeed should be limited as much as
possible and high maneuvering loads should be avoided.

The left engine became inoperative because the engine control-
cables separated due to an increase in cable tersicn caused by
cabin floor deformation, coupled with corrosion found in the
area of cable separation.

The fuuelage failure initiated in the lap joint #long $-10L;
the failure mechanism was a result of multipie site fatigue.
cracking of the skin adjacent to rivet holes along the lap
Joint upper rivet row and tear strap disbend which negated the:
fatl-safe characteristics of the fuselage. '

The fatigue cracking initiated from the knife edge associated

with the countersunk lap joint rivet holes; the knife edge

concentrated stresses that were transferred through the rivets
because of lap joint disbonding.

The disbonding of lap joints and tear straps originatad from
manufacturing difficulties encountered with surface
preparation and/or bond material processing during the
construction of the airplane which resulted in lap joint bonds
with low environmental durability or a lack of bonding.

Although a representative fuselage section of 2 Boeing 737 was -
tested to 150,000 cycles during certification, the test did
not reflect the fatigue performance of the actual fleet
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- aircraft because the test parameters did not consider the long .
term effects of disbonding, corresien, and fatigue cracking im.

the lap joints as experienced in airline service.

Disbonding of B-737 lap Jjoints, with resulting corrosion and

probable fatigue cracking, was explicitly defined in Boeinq _

Service Bulietin 737-53-1039, Revision 2 dated February 8,
1974; however the sericus imp]ications of multiple site damage

‘were not realized, a permanent solution was not determined,
and corrective action was relegated to repetitive visual
- inspections and damage repair.

There was sufficient information available to Aloha Airlines
to alert 4t to the cracking problems associated with the
deterioration of lap Jjoint bonds, and Aloha should have
followed a maintenance program to detect and repair cracking
before it reached a critical condition.

FAA AD 87-21-08 should have mandated inspection of all 1lap
jointe per Boeing ASB 737-53A1039, Revision 3, instead of
limiting the inspection of only the lap joints at S-4.

"It was not determined whether Alcha Airlines actually.

performed the required eddy current inspection in compliance
with AD 87-21-08 or whether it was performed ineffectively.

A properly conducted eddy current inspection, performed in
accordance with AD-87-21-08 in Ncvember 1987, would have

.detected additional fatigue cracks in the holes of the upper

rivet row of the lap joint along S-4R.

FAA licensed Aircraft and Powerplant mechanics are not

required to be knowledgeable in the maintenance and inspection _'_'

of modern contemporary - airplanes because the training
curriculum has not kept pace with aviation industry

‘technology.

There are human factors issues associated with visual and

rondestructive inspection which can daegrade inspector
performance to the extent that theoretically detectab]e damage
is overlooked.

Algha Airlines management faited to reuognize the - human

performance factors of inspection and to fully motivate and.
- focus their inspector force toward the critical nature of lap
- Joint inspection, corrosion contrel and crack detection.

However, reports of fleet-wide cracks received by the FAA

after the Aloha Airiines accident indicatz that a similar lack . |

of critical attention tc lap joint inspection and fatigue

" crack detection was an industry-wide deficiency.
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Because of the inexact instructions in AD 87-21-08, Alcha
Airlines maintenance personne)l did not replace the S-4R lap
joint upper row countersunk rivets with protruding head
rivets.

The NASIP inspection of Aloha Airlines in December 1987 did
not reflect accurately the airworthiness of the operating
fleet because the team failed to inspect adequately and report
the physical condition of the fleet.

Tne PMI assigned to Aloha Airlines, although motivated toward
his FAA surveillance tasks, was overburdened with other FSDO
responsibilities and not suitably informed about the age and
condition of the Aloha fleet or the nature of the Aloha
operations. He was therefore unable to provide sufficient
impetus to effect necessary timely improvements in the Alcha
Airlines maintenance program.

The PMI was not specifically trained to deal with the lap
joint corrosion and disbonding problems of the B-737. His
efficiency was further eroded when he was excluded from the
informational loop regarding Boeing aging aircraft
inspections of Aloha airplanes and not apprised of the
program between the FAA Aircraft Certification Service and
8oeing regarding structural testing of an in-service airplane.

Principal Inspectors have difficulty dnitiating safety
jmprovements in air carrier operations and maintenance
programs outside the "regulatory compliiance® approach, and
they must resort to salesmanship and persuasion unless an
enforcement is clearly viable.

The Boeing SSIP did not include supplemental inspections on
the fuselage minimum gage skin due to damage tolerant design
which was classified as "damage obvious® or "malfunction
evident™ because of the controlled decompression scenario.

The aviation industry premise that airplanes can be coperated
in a safe airworthiness condition indefinitely is sound only
if operators have an effective inspection, corrosion control,
and damage repair program.

The current FAA and industry activities to address the aging
afrplane issue must be continued to prevent accidents caused
by structural fajlure.

3.2 Probabls Cause

The National Transportation Safety HBoard determines that the
probable cause of this accident was the fajlure of the Aloha Airlines
maintenance program to detect the presence of significant disbonding and
fatigue damage which ultimately led to failure of the lap joint at S-10L and
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the separation of the fuselage upper lobe. Contributing to the accident
were the failure of Alocha Airlines management to supervise properly its
maintenance force; the failure of the FAA to evaluate properly the Aloha
Airlines maintenance program and to assess the airline’s inspectien and
quality control deficiencies; the failure of the FAA to require Airworthiness
Pirective 87-21-08 inspection of all the lap joints proposed by Boeing Alert
Service Builetin SB 737-53A1039; and, the lack of a complete terminating
action f{neither generated by Boeing nor required by the FAA) after the
discovery of early production difficulties in the B-737 cold bond lap joint
which resulted in Tow bond durability, corrosion, and premature fatigue
cracking.

4. RECOMMENDATIONS

As a result of its investigation of this accident, the National
Transportation Safety Board made the following safety recommendations:

--te the Federal Aviation Administration:

Provide specific quidance and proper engineering
support to Principal Maintenance Inspectors to
evaluate modifications of airline maintenance
programs and operations specifications which propose
segmenting major mzintence inspections. (Class II,
Priority Action) (A-89-53)

Identify operators whose airplane use differs
significantly from the flight.cycle versus flight
time rejationship upon which the Maintenance
Planning Docunent was predicated, and verify that
their maintenance programs provide timely detection
of both cycle and time related deficiencies.
(Class II, Priority Action) (A-89-54)

Revise the regulations governing the certification
of aviation maintenance technician schools and the
ticensing of airframe and powerplant mechanics to
require that the curriculum and testing requirements
jinclude modern aviation industry technology.
{Class 11, Priority Action) (A-89-55)

Require formal certification and recurrent training
of aviation mzintenance inspectors performing
nondestructive inspection functions. Formal
training should include apprenticeship and periodic
skill demonstration. (Class II, Priority Action)
(A-89-56)

Require operators to provide specific training
programs for maintenance and inspection personnel
about the conditions under which visual inspections
must be conducted. Require operators to
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periodically test personnel on their ability to
detect the defined defects. (Class II, Priority
Action) {A-89-57)

Develop a continuing inspection program for those
B-737 airplanes that have incorporated lap joint
terminating action (protruding head solid fasteners
installed in the upper row of all lap splicas) to
detect any fatigue cracking that may develop in the
widdie or lower rows of fuselage lap joint fastener
holes {(for both the inner and outer skin panels) or
in the adjacent tear strap fastener holes, and
define the types of inspections, inspection
intervals, and corrective actions needed for
centinuing airworthiness. (Class II, Priority
Action) (A-89-58)

Develop a model oprogram for a comprehensive
corrosion control program to be included in each
operator’s approved maintenance program. (Class II,
Priority Action) (A-89-59)

Issue an Airworthiness Directive for B-737 airplanes
equipped with carbon steel engine control cables to
periodically inspect the cables for evidence of
corrosion and if there is such evidence, to
accomplish the actions set forth in Boeing Service
Letter 737-SL-76-2-A. (Class II, Priority Action)
(A-89-60)

Require that air carrier maintenance departments use
the engineering services available from the
manufacturer or other sources to periodically
evaluate their maintenance practices including
structural repair, compliance with airworthiness
directives and service bulletins, performance of
inspection and quality assurance sections and
overall effectiveness of continuing airworthiness
programs. {Class II, Priority Action) (A-85-61)

Revise the National Aviation Safety Inspection
Program objectives to require that {nspectors
evaluate not only the paperwork trail, but also the
actual condition of the flest airplanes undergoing
maintenance and on the operational ramp. {Class II,
Priority Action) (A-89-62)

Require National Aviation Safety Inspection Program
teams to indicate related systemic deficiencies
within an operators maintenance sctivity when less
than satisfactory fleet condition is identified.
(Class 1I, Priority Action) (A-89-63)
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Evaluate the quality of FAA surveillance provided by
the principal finspectors as part of the National
Aviation Safety Inspection Program. (Class II,
Priority:Action) (A-89-64)

Integrate the National Aviation Safety Inspection
Program team TJeader in the closeout of the team
findings. (Class II, Priority Action) (A-85-65)

Enhance the stature and performance of the principal
inspectors through; (1) formal management training
‘and guidance, {2) greater encouragement and backing
by headquarters of efforts by principal inspectors

to secure the implementation by carriers of levels

of safety above the regulatory minimums,
- {3) improved accountability for the quality of the
surveillance and.  (4) additional headquarters
assistance in standardizing surveillance activities.
{Class 11, Priority Action) (A-89-66)

Require ~that all - turbgjet transport category
airplanes certificated in the future, receive full
scale structural fatigue testing to a minimum of two
times the projected economic service tife. -Also
require that all currently certificated turbejet
transport category airplanes that have not been
fatigue tested to two 1lifetimes, be subjected to
such testing. As a result of this testing and
subsequent inspection and analysis, require
-manufacturers to identify structure susceptible to
multiple site damage and adopt inspection programs
aporopriate for the detection of such damage.
(Class II, Priority Action) (A-89-67)

Discontinue classification of fuselage skin as
*malfunction evident" or "damage obvious™ on
supplemental structural inspection documents. In
addition, review all the remaining structurally
significant items in the damage obvious category for
possible inclusion in the Supplementary Inspection
Program. (Class II, Priority Acticn) (A-89-68)

Issue an Air Carrier Operations Bulletin for all air
carrier flight training departments to review the
accident scenario and rveiterate the need to assess
afrplane airworthiness as stated in the operators
manval before taking action that may cause further
damage or breakup of a damaged airframe. (Class II,
Priority Action) (A-89-63)
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Evaluate the quality of FAA surveillance provided by
the principal 1inspectors as part of the National
Aviation Safety Inspection Program. (Class II,
Pricrity Action) (A-89-64)

Integrate the National Aviation Safety Inspection
Program team ieader in the closeout of the teanm
findings. {(Ciass 1, Priority Action) (A-85-65)

Enhance the stature and performance of the principal
inspectors through; (1) formal management training
and guidance, {2) greater encouragement and backing
by headquarters of efforts by principal inspectors
to secure the implementation by carriers of levels
of safety above the vregulatory minimums,
(3) improved accountability for the quality of the
surveillance and (4) additional headquarters
assistance in standardizing surveillance activities.
(Class II, Priority Action) (A-8%9-66)

Require that =211 turbcjet trapsport category
ajrplanes certificated in the future, receive full
scale structural fatigue testing to a minimum of two
times the projected economic service life. Also
require that all currently certificated turbeojet
transport category airplanes that have not been
fatigue tested te two lifetimes, be subjected to
such testing. As a result of this testing and
subsequent inspection and analysis, require
manufacturers to identify structure susceptible to
multiple site damage and adopt inspection programs
appropriate for the detection of such damage.
(Class II, Priority Action) (A-89-67)

Discontinue classification of fuselage skin as
*malfunction evident® or “damage obvious" on
supplemental structural inspection documents. In
addition, review all the remaining structurally
significant items in the damage obvious category for
possible inclusion in the Supplementary Inspection
Program. (Class II, Priority Action) (A-89-68)

Issue an Air Carrier Cperations Bulletin for all air
carrier flight training departments to review the
accident scenmario and reiterate the need to assess
airplane airworthiness as stated in the operators
manual before taking action that may cause further
damage or breakup of a damaged airframe. (Class II,
Priority Action) (A-89-65)
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~--to AYoha Airlines:

Revise the maintenance program to recognize the
 high-time high cycles nature of the fieet operations
and initiate maintenance inspection and overhaul
concepts based on realistic and acceptable calendar
and flight cycle intervals, . (Class II, Priority
Action) (A-89-70) = : ' 8

Initiate a corrosion prevention and centrol progiam
~ designed to afford maximum protection -from the
- effects of harsh operating environments (as defined

by the airplane manufacturer). (Class II, Priority
~ Action) (A-88-71) = : ' Co

- Revise and upgrade the technical -division manpower
and - organization to ‘provide the  necessary
management, quality assurance, engineering,
technical training and production personnel *o
maintain a high level of airworthiness of the
fleet. (Class II, Priority Action) (A-89-72)

--'tu the Air Transport Association:

Assist member air carriers to establish maintenance
department engineering services -to.  evaluate
maintenance practices including structural repair,
compliance with airworthiness directives and service
bulletins, performance of inspection and quality
assurance sections, and overall effectiveness of
continuing airworthiness . programs. {(Class 1I,
Priority Action) (A-89-73) ' :

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ James L, Kolstzad
Acting Chairman

/s/ 3im Burnett
Nember

/s/
FKomber

/s/ Joseph 1. WNall
Member

/s/ Lemoine V. Dickinson, Jr.
Member .
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Joseph T. Nall, Member, filed the following concurring/dissenting
statement:

Rhile I concur with most of the majority’s findings, [ disagree
with the probable cause and certain conclusions. Industry’s best engineers
reviewed the carrier’s records, knew of its high-cycle operations, and even
ifnspected some of Aloha’s 737 fleet. No one--not Boeing, Aloha nor the FAA
principal maintenance inspectors--recognized or predicted the critical
nature of the multi-site cracking or that the aircraft hull was about to
rupture. If a "failure” occurred, it was a system failure. Could those who
designed, inspected or maintained the aircraft, given their knowiedge at the
time of the accident, have reasonably foreseen this accident was about to
happen? [ think not. I would have preferred to cite simply "the presence of
undetected disbonding and fatigue cracking" as the probable cause. I agree
with the majority that contributing to the failure to detect the hull defects
were sysiems, pregrams or decisions of all the participants. But I emphasize
thesg :fe simply contributing factors, not the probable cause of the
accident.

The majority’s probable cause is too narrow and 1 therefore cannot
agree that Aloha’s maintenance program was the probable cause of the
accident. I would have supported the following probable cause:

The Natiomal Transportation Safety Board determines that the
probable cause of this accident was the presence of undetected disbonding and
fatigue cracking which led to the failure of the fuselage lap joint at S-10L.

Contributing to the accident were: the failure of Alcha Airlines
management to supervise its maintenance force properly: the failure of the
Federal Aviation Administration to assess the quality and effectiveness of
the Aloha Airlines maintenance program; the failure of FAA Airworthiness
Directive B7-21-08 to require inspection of all the lap joints as proposed by
Boeing Ailert Service Bulletin 737-53A1039; and the Jack of a compiete
terninating action (neither generated by Boeing nor required by the FAA)
gfte; :he discovery of difficulties in the early production B-737 colid bond

ap joint.

/s/ Jcseph T. Nall
Member

June 14, 1989
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APPERDIXES
APPENDIX A
INVESTIGATION AND HEARING
1. Investigation _
sours s T AT o e e

the occurrence. A full investigation team departed MWashington, DC-at 0800
eastern daylight time the following morning and arrived in Maui 1400 Hawafian

standard time on the same day. The team was composed of the following

fnvestigative groups: Operations, Structures/Systems, Maintenance Records,
Metallurgy, and Survival Factors. In addition, specialist reports were

‘prepared to susmarize findings relevant to the CVR and FDR.

: Parties to the field investigation were Aloha Airlines, the FAA,
the State of Hawaii Department of Tramsportation Airports Division, the
Boeing Commercial Airplane Company, the Air Line Pilots Association, the
international Association of Machinists, and the Association of Flight
Attendants. .

2. Pubiic Hearing

A 4-day public hearing was held in Seattle, Washington, beginning '

on Juiy 12, 1988. Parties represented at the hearing were the FAA, Alcha
Airlines, Boeing Commercial Airplane Company, and the Air Line Pilots
Association.
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APPENDIX B
PERSONNEL INFORMATION
Captain Robert Lawrence Schornstheimer

Captain Robert L. Schornstheimer, 44, was hired by Aloha Airiines
on May 31, 1977. The captain holds Airline Transport Pilot (ATP) Certificate
No. 1958730 with airplane multiengine land ratings and commercial privileges
in airplane single engine land. The captain is type rated in the Boeing 737.
The captain was issued a First Class Medical Certificate on November 25
1987, with no limitations.

On January 7, 1388, the captain completed recurrent ground training
on the Boeing 737. On February 17, 1988, the captain reczived a proficiency
check in a B-737 simulator at another major airlines facility. The captain
had flown a total of 6,500 hours, 6,700 hours of which were in the Boeing
737. During the last 90 days, 60 days, and 30 days before the accident, the
captain had flown: 107 hours, 4 minutes; 72 hours, 3 minutes; and 41 hours,
23 minutes, respectively. In the 24 hours previous to the accident, the
captain hid flown & hours and 26 minutes and had a total duty time of 8 hours
and 50 ainutes.

First Officer Madeline Lynn Tompkins

First Officer Madeline L. Tompkins, 37, was hired by Aloha Airlines
on June 4, 1979. The first officer holds ATP Certificate 1907385, with
commercial privileges in airplanes single and multiengine land and glider
aero tow only. The first officer was issued an FAA First Class Medical
Certificate with no restrictions on January 5, 1988, with the limitation that
*Holder shall wear corrective lenses while exercising the privilege of her
sirman certificate.”

The first officer qualified as a Boeing 737 first officer on
June 30, 1979. Her most recent recurrent ground training and proficiency
check were both completed on April 8, 1988. The first officer had flown a
total of 8,000 hours, 3,500 hours of which were in the Boeing 737. During
the last 90 days, 60 days, and 30 days before the accident, the first officer
had flown: 189 hours, 29 minutes; 128 hours, 27 minutes; and 58 hours,
46 minutes, respectively. In the 24 hours previous to the accident, the
first officer had flown 1 hour and 5 minutes and had a total duty time of
3 hours ané 20 minutes.

Fight Attendant Claradelle Lansing
Flight Attendant Clarabelle Lansing, 58, was employed by Aloha

Airlines on August 1, 1951 and she had completed recurrent emergency training
or September 29, 1987. She was assigned exit L-1 for takeoff and landing.
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Flight Attendant Michelle Honda

Flight Attendant Michelle Honda, 35, was employed by Aloha Airlines
on July 1, 1974 and she had completed recurrent emergency training on
December 9, 1987. She was assigned exit R-3 for takeoff and landing.

Flight Attendant Jane Sato-Tomita

Flight Attendant Jane Sato-Tomita, 43, was employed by Alcha

Airlines on December 1, 1969 and she had completed recurrent emergency

%r;;ning on January 5, 1988. She was assigned exit R-1 for takeoff and
anding.

Inspector ¥ilfred Y. K. Soong

Inspector Wilfred Y. K. Scong was employed by Aloha Airlines in
June, 1966 in the line maintenance department. He has served as an Aloha
Airiines maintenance supervisor. He holds FAA Airplane ana Powerplant
License 1687694 and has 22 years experience in aircraft maintenance. He was
appointed to his present position as an inspector in September, 1987,
Mr. Soong testified that his inspector training was received through
on-the-job instruction. Mr. Soong’s Aloha Airlines formal Training Record
contains one entry for the period subsequent to his appointment as an
inspector, an NDI workshop presented by Boeing for 2 hours,

Senior Lead Inspector Edward Matsumoto

Senior Lead Inspector Edward Matsumoto was employed by Alcha
Afrlines in January, 19A0, as a mechanic. He has served as an Alohz Airlines
fnspector and foreman. He holds FAA Airplane ard Powerplant License 1450079
and has wmore than 33 years experience 4in aircraft maintenance.
Mr. Matsumoto’s Aloha Airiines Formal Training Record is silent from 1968
uniil September 17, 1987, when he attended an NDI workshop presented by
Boeing for 2 hours.
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APPENDIX C
BOEING SERVICE BULLETIN 737-53-1039, Rev. 2

REVISION -
TRANSMITTAL SHEET

Boeing Service Bulletin 737-53-1039

This sheet transmits REVISION 2 dated February 8, 1974
to Service Bulletin 737=-53~1€3%9, BODY SKIN LAP JOINT
INSPECTION AND REPAIR.

NOTE: This revisioa constitutes a complete reissue,

SUMMARY

This revision is issued to add a specific corrosion and
fatique damage inspection program, expand the sffectivity
to include airplanes sealed in production, delste ultra-
sonic void and fesler gage inspcctions, delete several
ultrasonic thickness measuring instruments and incorporate
outstandine status change notices.

Airplanes oa which lap joints were sealed per Service
Bulletin 53-1017, SEALING OF COLD~BONDED STRUCTURE FOR
CORROSION PROTECTION, az an adhesive deterioration and
corrosion preventive measure require corresion and fatigue
damage inspection per this revision.

Airplanes on which joints were refastened wner previous
isgsues of this bulletin or thé mnethods dJdetailed in
Structural Repair Manual, 53-30-1, Figure 3, require
corrosion inspection only per this revision,

All pages of this revision contain new, revised or
relocated information.

REVISION HISTORY

Original Issue: July 19, 1972

Revision 1: Gctcher 11, 197:
Ravision 2: February 8, 1974

N

BOBING COMMERCIAL AIRPLANE COMPANY
CUSTOMER SUPPORT
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LLIEING

THE BOE NG COMPANY COMMERCLAL AIRPLANE GROUP
P.0. BOX 1707 SEATTLE, WASHINGTON 98124

SERVI LLETIN

o : 737-53-1039
SYSTEM: s3 DATE: July 19, 1972
I L 37  REVISION 2: Pebruary 8, 1978

SUBJECT: BODY SKIN LAP JOINT INSPECTION AND REPAIR

I. Planning Iaformation

A. Effectivity

1. Airplanes ATfected

This change is applicable only to the airplanes
lizted below,

CUSTONER £ MODEL &
CUSTOMER NG. SERIES MFG. SERIAL NU. REGISTRY NO.

AF (AIR FRANCE}
r62oeLPG222 T37-247 15601 AND 20126  N4SOAM AND NAS22W

Jal 19,72

EV. 2:Pedb $/1% 737-53~1C30

Page 1 of 2%
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BOEING SERVICE BULLETIN NO. 737-52-1039

CUSTOMER & RODEL &
CUSTOKRER NO. SERIES

AM (AIR ALGERIE)
- PLTiG 131-206
AP CAIR CAL[FORMIA)
PG2T1-PG2T4 1371293
PRITISEPGETE 137=-293
PRZTTEPG2TE 3r=-293

AQ tSOUTHMEST ALRLINES CO.12

PG279 737-293
PcI05 131-297
i exoml T3r-297¢C

AR (ARGENTINASE _
PHICS-PHICS 737-287
PHTIHLEPHTA2 731-287
PYQOTLPYOOS 731-287C

8U (BRAATHEMS )

PJOCLLPIO0Z  73T-205
] evialr 7371-205C
PLIO2 T3T-248

CP CCANADIAN PACIFIC)
PESOI-PES0N TAT=-217
P&30S 737217

PIOIILPN032 »r-217

EZ CESSEX INTL}
PLEG2 T37=2M8

FL CFAONTIER)
PCEZIEPCO2Z  T3T7-2CO
PGE2ILPCO26  TIT-2C0

»oals 37-2C0
PLsZo~PLEIT T37-291
PoA3l TAt=214
PGAA2 T3T<2L%
PLTL T31-212
PoL3T 1372282

Jul 19773 _
B, 21 Peb TN

MFG. SERIAL NO.

20544

19306
19713
20324

20338
20345
20346

20403
20523
20407

19408
20455
20412

1988+
19888
2019

20185

20070
20072
20074
20341
19681
20369
20892
19675

THRY
AND

THRU

AKD

THRU

AND

AND

THRU

19205
1¢T14
20335

10406

20537

20408

15409

is8ay
20187

PH071
20073

20385

REGISTRY NO.

TT-vEC

Nt 168
N4H5GR
N4SBAL

NZZ3w .
H215u
N23Sh

L=y
LV-JTR
LV=JNO

LN-SU3
LR~-5U4
LN=5Us

CF=CPR
CF={Py
CHLpy

Xi283

NT3ITEE
NTIT2F
NTATLF
NTITAE
NT380F
nI38LF
NT3alE
NTIR3F

THRU N&6AGD
AND N46TGD
AND N&69AC

THRY Lv=Jnl
AND L¥=JTI0
AND LV=JNE

ANG  (N-SUP

THRU LF-L{PE
AND CF-CP2

AND RYITISF
AND  NTITOF

THRU NTITYF

TI1=53=1039
4
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BOEING SERVICE BULLETIN ND. 737-53~1039

CUSTOMER £ MOBEL £
CUSTOMER NO. SERIES MEGe SERTAL MO REGISTRY nNO.

IC EINDIAND
) PHTOI=PHTL S T37-248 20480 THRU 20485 VT=EAG THRU VY-EAL

IN {IRISHM INTERNAT}
PGZSLEPGZS52 737-268 49426 AND 19425  EI-ASA QND ET-258
PG253EP5254 T37-248 20221 AND 20222 EL~-ASF AND EL~ASG
] rezss T31-248 20223 EI-ASH
PY321-PY323 T3T~248QC 20298 THRU 20220 EI-ASC THRU E1-ASE

IR CIRAN]
PHTILEPHTZ T3T=-286 20098 AKD 20499  EP-IRF AND EP-IRG
PYQ2i T3T-286L 20500 EP-LRH

LM (LUFTHANSA)
PAJUL--PADOS TI37-130 19013 THRY 19014 O-ABEA THRU D-ABED
PADOS~PAGOE T3T-13C 19047 THRU 19020 D-ABEF THRU D-ARE:
FEOO-PAD2Y T37T=130 19021 TeRU 19033 O~ABEX TrRU D-ABEW
PAT22 TIF-130 19794 D-2BEY
1 PY34l-PYIet T3T=230C0 20253 THRU 20258  D=ABBE THRYU D-ABHE

MO C(AIR MADAGASCAR]
PGRTS T3T-282 20231 SR-AFA

BT (HARTTEME INV & SHEPPING)
PEBAX _ 137=-246 20194 vi=-3EH

MY tMEY=AIRS
PLILILPGELS TIT=2HS 20653 END 20656  LN-NTC AND LN-MTD

MO {NGROALR]

| ez TAT-212 2021 CE-HAN
PYIOLEPY30Z  TIT-252C 19847 AND 19362 L(F-NAB AND CF-Nam
PYIG3EPYI06 7372420 20455 AND 20496 CF<NAQ AND CE-NAP

M C2LL NIFPOR)
PGITIEPESTZ T3T=281 2026 EMD 20Z2T  JABAUL ANC  JAZA0Z
PLETILPGETS TAr-2e81 20276 ANG  ID2TT IABMDD ANG  JABADS
PLETSLPGSTS TIT-281L 20413 BRD 20414 JABGDS AND  JARAGT
PRSI T=PRI N0 FIT=LH8L TUNAS THRU 20432  JARDS THAU JASALL
' P58 LPLSR2 TI7=J81 20504 rmb 20307 JABALZ AND  JABALD
PG5E3 131-28) Z0L0e JA84 14

TIP=3%=1039
*
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BOEING SERVICE BULLETIN k0. 737-53-103¢

&
CUSTOMER L MODEL &
CUSTOMER NO. SERIES
NV (N.A.S.AL)
PAOGG 127-130
NZI (NEW ZEZALAND)
Peios 1371-222
P60 1-PGA0S 137-219
PGA3E 37=-214
PGTOG TAT=297
PI (PIEDMONT}
PE301-PL3DS T31-201
PFGI0GLPGIOT 737-201
6308-P5312 137-201
PGO3S TAT=-222
PLOAIEPGO4R2 F37=-222
PLOAS TiT=222
oS IPACIFIC SOUTHWEST)
PGAIZLPGA3ID T3T=-214
PG435 T3T=014
Poo3T~PG440 I371=214%
PGkl T3T=214%
P (OLUKA)
PJOTL T3T2A3
Pw LEASTERN PROVINCIAL)
PLOS1LPCESZ Tri=-281
PICT2 TIT-2EL
Pu (PACIFIL WESTERN)
PGA3A T37-214
PHTOLLPNTOZ T37=27%
PATOL T371-275C
SA (50uTH AFRICAN)
FGIS1LPRINT T3t=24n
G352 T3T=246%
PG35a=FG2 30 731+284
Jul 19/72

M. I Fabb $708

MFG. SERIAL NG,

19473

15758
19929
20156
20364

19418
19423
20212
19073
15547
1955%

19682
20155
20157
20388

20258

20356
20300

15921
19182
19743

19707
20229
W3ze

THRY 19931

THRY 19422
20211
THRU 20216

AND 15548
AND 19920

THRY 20160

AND 20357

AND 20142

ARD 15708

MY 202331

REGISTRY NO.,

NS15MA

*

IK-NAC THRU IK~NAET
ZXK~NAK

IR-NAJ

NT34N THRU NTI8N
NT&ON AND NT4IN
NTA3IN THRU NTATN
NTS2M
N749% AND NTSIN
N9O45U

N3TSPS
N332PS
NG9S PS
N988PS

AND M3B0PS

THRU NSATPS

Lx=8mm

CF=EPL
CFR=EPQ

AND CF-EPR

CF~Phn
CF-PuD
CE~PuE

AND  (F=PNC

I5-5BL
I5-58n
15580

&ND  IS-SBA
THRY IS-58%

737-53-1039
&
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MOOEL &
SERIES

PLOOLEAPCOO2 737=-112
PCOGCIEPLODA 737=-112
rLOOS 13%-112
TR [DETA}
PHTOIIPHTOS T37-281
27031 T31-2810
TS (ALDHAY
PA2318PA2E2 TAr-159
PeTCILPGTOZ T31-297
#6703 T37-297
T (TRANZAIR LTD.}
PFYOO4LIYOODS TIT=2A95
J& tURITED)
PROOL-PCOD% T3¥=-222
PLOOE~-PCO34 TAT-222
FLO38-PG040 31222
PoD43~-PRO4E 37-222
MO50 137=-222
PROS1I-PGOTS T31=-222
¥* I9ASF SAQ PO
POATLE-DPCATS T3F~-241
#& [WESTERNS
FRZO1-PG 202 =261
#LI0~PCILC T3T=247
rG2IL 31=-247
PRIIIPLII0 TIT-Z4T
wE IWIEN CORSOLIDATED:
»1o01 ra7=roze
PYOOZEAPYDO3 T3T=-210C
#7008 131=210C
Jud 19/72

Y. 2 Peb 8/18

MFG. SERTAL NC.

1

19748 AND
19770 aND
19712

Z0283 AKD
20586

19679 AND
20209 AN
26242

202C5

1902¢ THRU
19044 THRL
19076 WL
19549 THRY
19556

19932 THRY

20092 THRY

19998
1902
20125
20127

™RU
THRE

™RU

19425

195% AND

19769
1977L

20231

19620
20216

20206

19042
19072
12278
15554

19956
209%¢
19300
1%617
2134

ot ¥

RZGISTRY NO.

9v-8FD
Sv=-BFE
Sv-BFF

CR=-84A
CR=BALC

NTITLS
NT3IT1L
HT3AT1

CH~TaAL

NSOO1U
NOOGEY
neG3sUL
90434
NIOSOU
N9051U

T P=SHA

ke301u
NH20%SH
NAS2LW
3238

n27110
a7
NN U

AND
AND

AND

AND
AND

AND

THRU
THRY
THAU
THRUY

THAL

THRU

Frity

Ll

2v-88L
SV-RBE

CR=HAB

NT2717
NT3712

CE=TAN

NSOO4U
N9O34U
NPGAOL
NGOLBL

NSOTSU

PP_SME

NA5S02IN

N4S 2w

N&HSI0W

Lol ]
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BOEING SERVICE BULLETIN NO. 737+53~1039
CUSTOMER € MODEL & -
CUSTOMER WO. SERIES MFG. SERIAL NQO. REGISTRY NO.

20 {BRITANNEA) : :
SLEIIEPGIARY TIT=204 19709 AND 19710  GAVRL AND G=AVRM
PYIQLEPILO2 . TAT=204 19711 ENO 1I9T7iZ G-AYAN AND - G—AvRD

PSIOILPILOG T37-204 20236 AND 28417  G-iWSY AND C=AXNC
PY3I61EPYIHS T3T-204C 20282 AND 20389 G—AXNA AND G-AXND
PGO3s T3T=-222 1907« G-AINZ

. % Number not available.,

The following operators included in the original issue of
this service bulletin are no longer sffected and thereforas
have besn dalstad from the effectivity:

' GERMAE REPUBLIC and MALAYSIA-SINGAPORE AIRLINE,

737-53~1039

Iel 1972
[ 3

AEV, I Fub /I8
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2. Spares hffected
No Boeing supplied spares.

B. Resason
-

The longitudinal lap joints on affscted 737 airplanes were
manufactured by placing a rocom tamperaturs curing epoxy
adhesive (BMS 5-10) between the overlapped sking prior to
flush riveting the skins togother. The purpcse of the bond
was to improve fatigue life.

Seven operators have reported instinces of detsrjoration
of the adhesive used to bond the lap joints resulting in
joint delamination and - corrosion on thirty airplanes.
This condition was found on airplanes with as low as 3000
flight-hours. The deteriorated areas varisd from small
isclated pockets to areas six feet or more in length. In
most inatances these areas cculd be positively identified
only after corrosion caused axterior skin bulges, cracks
or missing fastener heads. Airplanes operating in warrm
moist climates are the most gsusceptible %o adhes.v:
deterioration,

In all instances of joint deterioration reported to date,
none of the joints had developed fatigue cracks, Scme of
the airplanes with large areas o¢f delamination, had
accuxulated in excess of 20,000 cabin pressuriztion
cycles. Prolonged operation with large areas of
delaimination will eventually result in fatique cracking.
The time at which fatigue cracks will occur depends on the
dagres of delamination and the presence of corrosien. Any
effective bond, aspecially in the wpper portion of the
Joint, will delay cracking. It is emphasized that fazigue
crack  wvulnerability axis?s only where there are ia-ye
areas of delamivation.

Laboratory tests have shown that for the lightest gage
skins (.036é inch} the theoretical fatigue life of a lap
joint with a large area of delamination would bc reduced.
The reduced fatigue life of a light gage delaminated joint
is attributed to the sharp edge at the base of the
fastener head countersink. Heavier gage skins in a& joint
with large delasinated areas exhibit higher fatigue
atrangth because the edge at the 2ase of the countersink
is not as sharp. Lap Joints with outer skin gages .05
inch and greater have satisfactory fatigue life gqven in a
completely delaminated condition. However, thase joints
are still subject to corresion damags.

Jul 18/32
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Subsequent to the original issue of this bulletin the
bonded lap joints were sealed in production to prevent
moisture contact with the cured adhasive. Recent service
axperisnce with both factory sealed and operator ssaled
joints indicates that sealing has not been sguccessful 4n
prevanting adhesive deterioration. There is sone evidence
that msoisture may enter the joint around the external head
of joint fasteners. Because of this, the effectivity is
sxpanded to include all airplunes with bonded lap joints.

Description

This bulletin revision (Revision 2) is issued to describe
the wminimum corrosion and fatigue damage inspection
program for maintaining the structural integrity of bonded
lap joints. The corrosion inspection portion of the
program consists of an extsrnal ~isual inspection for skin
buig¢ms, crxacks or missing fastener heads indicating
substantial corrosion, and an external LPS-3 applicatien.,
The frequency of corrosion inspaction should be based on
operator experience but should not exceed six. month
intervals for joints in the lower lobe of the body and one
year intervals for joints in the upper lobe. The fatigue
damage inspection consists of an annual external close
visual inspection of the joint ocuter skin adjacent to the
head of the upper row of joint fasteners for cracks., This
inspection is applicable cnly to 30ints in which the outex
skin gage is less than ,056 inch and should commence upon
accumulation of 20,000 cabin pressurization cycles.,
Although fatigue crack wvulnerability sxists only in . joint
areas with large delaminations, this inspection is
recommended at all joint areas where the cuter skin gage
is less than .056 inch because service experience has
revealed that there is difficulty in discriminating bonded
joint areas from delaminated areas when no corrosion is
present in the delamination,

Because of delaminatior: reported on sealed lap joints, the
effectivity is expanded to include airplanes with bonded
lap joints that were sealed in production. Airplanes on
which lap joints were sesled per Service Bulletin 53-1017,
SEALING OF COLD-~BONDED BODY STRUCTURE FOR CORROSION
PROTECTION, are considered the same as those airplanes
sealed in production and require corrosion and fatigue
damzge Iinspection. Airplanes on which joints were
refastened per previous issues of this bulletin or one of
the methods detailed in Structural Repair Manual, Subject
53-30-1 Figure 5, require corrosion inspection only.

?37-53-10%9
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The ultrasonic wold and feeler g¢age inspections ars
éslated Dbacause, although some operators have used them
with satisfactory resuclts, Nany Operators have experienced
difficulty because of oonfusion and wmisunderstandings
ccacerning inspection 1limitatlions. and interpretation of
results, Saveral  ultrascnic thickness ‘measuring
instruments ars deleted bacauss cperators have reportad
that the depth of moderate to ssvers corresion oould not
be detarmined using thase instruments,

Approval

The repair described hersin has been spproved by the FAA
Designated Enginsering Nepresentative at The Boeing

Hanpowex

Approximate man~hours snd crew site for individual tasks
are as follows:

Airplane
Crew Size Down=Time
Opezation {¥Men) Man-Hours {Hours)
Corrosion Inspection 2 80 20
Fatigue Inspection 2 80 20

Fatigue and/or
Corrosion Mapair * * .

& Dependant on number, location and size of repairs
requirad,

Material - Price and Availabiliey

It is recommended that the parts and materials identified
in paragraph II.A. be furnished or fabricated from
operator's sexisting stock or purchased directly from
industry sources. Acvordingly, price and delivary data is
sot included in support of this bulletin.

137-53-1039
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Tooling -~ Price and Availability

Special ultrasonic or low frequency eddy-current testing
equipment, Visu-Lok installation tools and Unisink Head
Bulbed Cherrylock instaliation tools may be needed
depending on operator's course of action. If such
equipment is dasired, it is recommandsd that it be
furnished from opexator's sxisting inventory or purchased
dirsctly from industry sources, Accordingly, price and
dslivery data is not included in support of this bulletin.

Weight and Balance

change in weight and balancs will depend on number, type
and size of repairs and amount of sealant and/or LPS-3
applied.

References
1. Existing Data:
2. Structural Repair Manual D6-155565, Subject 51-10-2,
53=30~1, 53-30-2, 53-30-3 and 53-30-%&,
b. Boeing Non-Destructive Tust Manual, Document
D6-717D0, Part 1 and Part &

€. DBoeing Service Bulletin 53-1017, Sealing of
Cold-bBonded Structurse For Corrosion Protection

2. New or revised data supplied in support of this
bulletins

None

Publications Affected

The modification described herein affscts the following
publication:

Publication Chapter and/or Section
737 Structural Repair 53=-30
Manual

737=53=1039
10
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1l. Matarisl Information
A. Parts Raquirsd Per Airplane
NOTE: All or a portion of the Zollowing is required
depending on operator's courss of action.
Quantity Part ¥umbar Jomarclature
As Mequired See Structural Repair 3sslant
sanual, Subjsct 53«30-4
I As Required LPS~3 water Displacing
Corxosion Inhibit-
ing Cowpound
As Mequiczed NAS1398D8-{ } B3lind iivet
As Mequired PLT1007=6~( } visu-Lok Blind
Fastener
As Mequired CR 2235«6~{ } Unisink Head Bylbed
l Cherrylock
' vendor Information
Soeing Part No, Vendor Part No, Vendor
- LPs-3 LPS Laboratories, Inc.
2050 Cotner Ave.
Los Angeles, Calif, 90025
- PLT100T=6=( ) The National Screw and
Mig. Co.
3823 8. Garfield Ave.
Los Angalss, Calif. 30022
- CR 2225=6=( ) ‘Townsand Co,
Cherry Rivet Div.
1228 E, Warner Ave.
Santa Ana, Calif. 92707

B. Parts Required to Modify Spares

Noas
. Removed Parts
None

Jul %772

737-53-1039%
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D. Spscial Tools and Equipment Requized

1. Onse or mors of the following test instruments,
suitable for «corrosion detection and thickness
measuremant, may be required depending on operator's
course of action and may be cbtained from the
following manufacturers:

instrument Vendor Information

Application Instrument Vendor

Cerrosion EM=-1500 Automation Industries

detection ard Shelter Rock Road

thickness usti- Danbury, Conn.

mation - low

frequency NDT=13 Nortec Inc,

eddy-current 3001 George Wash. Way

method Richland, Wash.
Phasenaster Laser Systems &

Electronics Inc.
Tullahoma, Tenn.

Corrocsion Nanoscope 412 Van Waters § Rodgers Co.
detaction and 1363 So. Bonnie Beach Pl.
thicknass 10s Angeles, Calif.
measurepent -«

ultrasonic

methed

2. Power tools may be used to install Visu-Lok
fasteners. For applicable tools contact the
National Screw & Mfg. Co.

3. Raference standards are required for use with low
fragusncy eddy-current inspection instruments.
Refersnce standard number one and two are required
for passenger airplanes. All three standards are
required for cargc airplanes, TFabricate per

Figure 1.

Jul 19/72
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A
—
NG N
<N /7 \,' [
} {
(\ v ~_/
+ .5 (170} + ] -1 3
L J_
A
. ) SECTION A-A
[ panc oo 10 310 buce
ADHESTVE,
REF SHEET THICK- | SPOTFACE LCCATION |
STANDARD NESS”* AND DEPTH
9. 101 208 | (3)30%
: _036 08| .008] .017 |
z 040 .08} .oco8| o1z
3 O 007 014 021
* RAKE FROM 7074-T) OR T4 CLAB AL ALLOY SHIET.
GURE 1. LOW FREQUENCY EDDY-CURRENT REFERENCE STANDARDS
Jul 19/72 T737=53-1039
REV. Z:Peb 8/7% 13
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5.

Jul 9772
KEV. 2:7ab 8/7%

The following tools may be used to install Unisink
Eead Bulbed Cherrylock fasteners:

Pull Gun: G=684

Flush Jastenar

Pull Head: H681=6C
Vendor: Townsend Co.

Cherry Rivet div,
122% E. Warner Ave.
Santa Ana, Calif. 927¢7

The following squipment has besn tested and found
satisfactory for blind application of LPS=3 and is
to be operatcr fabricated, Equivalent operator
designed egquipment may also be used as long as it
is designed 20 apply only the minimum amount of
LP5=3 required to saturate the void and to prevent
LPS=3 contamination of lnsulation materials. This
squipment is for use with the one row blind
fasterner joint refastening method detailed in Part
IV = Repair Dats.

Eggizg&gt = Wgthod I (taionll to Method I1)

1. Four ourice pump type oilcan wmodified to
incorperate a stop, stop sScrev, spring and
special nozzle. Fabricate per Figure 2,

2. Lsp joint sample for practice and stop
sdjustisent. Yabricate per Figure 3,

1371=-53-1039
1%
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up nOZZLE
0 m {FABRICATE
PER DETAIL 1)

INSULATION
STRINGER SLANCET
{REF} (xEr)

4 01, romp
T QILCAN

END OF MOIZLE SWOULD CONTACT SKim
© FOR PRGPER APPLICATION.

Eooe A6JuST £T0P SCREW SO TRAT ONE PUNP
STROKE WILL DISCUARGE .10 TO .13
toBIc ~ERTIRETERS 07 LPS-3.

oo arrry & muximow ov .13 cusic
CENTINETERS 6F LPL-3 TO UPPER
EDGE OF JOINT AT EGCH UPRER RO
FASTEAER WOLE WAERL A BLIND
FASTENER WILL O INSTALLED.
RATE OF APPLICATION INCULD APPROXI-
WATELY EQUAL RATE AT WNICH LPS-3
FLONS DOMNM THE SKEX ONTO THE JOINT
FOR WAXINUW JOINT SATURATION. CORRECT
APSLICATION RATE IS LS ARLISNED BY
TAIAL APPLICAYION USING & JOINT
SAMPLE FABRICATED PER FIGURE 3.

SPLATTERING OF LPS5-3 OF 1J5ULATION
SLANKETS IS WOY TO BE AL OMED,

Di:?é“ A0S 18 CONTROLLING APPLICATION

FIGURE 2. BLIND LPS~3 APPLICATOR - METHOD I

737=-53-1039

Jul 19/72
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BRASS TUBING

1/
(lav BTREN SUITABLE
"RATERIAL WAY 3f ySED)

DETAIL I

FIGURE 2, BLIUD LPS5-3 APPLICATOR = METHOD I

Jul 19/72

a 737-53-1033
XEV. 2:7sd 8/78 16
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+ DAILL %0. 21 {.1S9 INCH DIA.) NOLE AND
INSTALL RIVET BACRISCESD( ),
.¢. DRILL 0. § {.Z05 INCH BIA.) WOLE,
/ ~
o
e, 2 e sl
SHEET (TYP) e
STANDARD 1.50 /
STRENGER de/
SECTION
=50
{3}
PIGURE 3. LAP JOINT SAMPLE POR BLIND LPS-3 APPLICALUH
ADJUSTMENT AND PRACTICE - METHOD 1
Jul 737-53-103%

19/72
REV. 2:Fab 8/7% 17
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i t « Method II ional to Mathod I)

MOTE: To reduce application time, i% is suggested
that this equipment Dbe made in guantity so
that sevaral upper row fastener holes in the
repair area mazy be treated sim:]ltanecusiy.

1. Applicatnr tip, stop collar and a length of cliear

1: stic tubing. Pabricate and assssmble psr Figure

2. A device or mathod for determining outer skin
thickness.

737-53~1039
18
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Acoomplishment Instructions

the following program outlines the minimum requirements for
maintaining the structural integrity of lap joints. The
inspection for ocorrosion will detect sevare corrosion
requiring repair by installing repair doublers., The
inspection for fatique damage will detect large fatigue cracks
(.25 inch in length and greatsr) emanating from upper row
fastener holes. These cracks will be large encugh to require
repair by installation of repair doublers. In the Zfollowing
inspeactions each panel is trented as a separate entity and the
inspection resultzs of one panel cannot reliably be usad to
indicais the condition of another.

Part I - Corrosicn Inspection and Repair

Or all airplanes, accomplish the foliowing corrosion
inspaction and LPS-3 applicatiorn at six month intervals on
lowar lobe joints and one year intervals on upper lobe joints,

A, Visually inspect external surface of lap jeint for
skin bulges adjacent to fastsners, skin cracks caused
by severe corrosion, dished fastener heads or missing
fastener heads.

B, If corrosion indications noted in step A are found,
determine extent of corrcsion damage for full length
of the panel joirnt. Extent of damage may be
determined using the low fraquency eddy-current
inspection in Part III or by any other suitable means,
Corrosion. may be removed bv local blend out if the
blend out cepth does not excesd 10 percent of the skin
thickness except that in osmall local areas not
exceeding 3 inches in lencth &{n any 20 inches of joint
a skin thickness reduction of 20 percent is =<ceptable
and in small local areas not exceeding 1.5 inches in
length in any 20 inches of joint a skin thickness
reduztion of 40 percent is accsptable. In are2s whare
skin thickness is zrsduced by A0 percent it is
suggested that a faring surface sealed shim and
oversize protruding heud <fasteners be jinstalled if
there are sxisting fastener holes in the rework area.
After corrosion rsmoval refastsn the joint per Part IV
or Structural Repair Manuzl, Subject 53~30-1, Figurs
S5, Method I or 1II. Corrosion excesding the above
limits should be repaired per Structural PRapair
Manual, Subject 53=30-3,

Jul 19/72
REV. 2: Teb 8/78
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In panel joint areas wvhers no coorrosion indications
are found, apply LPE=-3 ¢o Jjoint externzl sdge and
fastensr external heads in joint psr operator's
standard procsdure (Ref, Structural Respalir Manual,
Subject 51~10=-2), Por maximum penatration, it is
suggested that LPS-3 be applied to the joint edga
under pressure using equipment such as an airless

paint spray pump.

NOTE: TFillet seal along the edge of the lap iJoint
prevents LPS=2 spplication to the joint edge
but nee not be reamoved unless detericrated.
Resstablishment of detericrated filiet sexl is
optional.

After LPS5~3 becomes tacky,excess miy be removed
cperater's standzrd procedure {(Ref., Structural Repair
m\lll. Subjict 51”10"’2)-

Part IT - Fatigue Damage Inspection and Repair

On all airpianes upon accumulation of 39,000 cabin pressuriza-
tion c¢ycles, accomplish the following inspection for fatigue
cracks anmially in joint areas where the joint outer skin gage
is less than .056 inch.

With the aid of a bricht light, visually inspect the
body skin forward and .aft of the hsad of the lap jeint
upper row fasteners for fatigue cracks. See Figure 5.

If fatigue cracks are found, eddy-current inspect the
skin adjacent to all joint upper row fastener heads
the the full length of the panel in which crac™: were
found. See Nohdsstructive Test Document D6-7170, Part
6, Subject 53-30-00 for inspection equipment and
technique.

Repalr fatigue cracks using a repair similar to that
shown in Structural PRespair Manual, Subject 53-30-3,
Piguzre 16, and replace all remaining vpper row flush
joint fasteners in that panel Jjoint with oversite
protruding head fasteners per Part IV - Repair Data.

Areax whers no fatigue cracks are found should be
rainspectes annually. Reinspection for fatigue cracks
#ayY be terminated be replacing the existing upper row
of joint fastenars with stan?srd protruding head solid
fasteners par Part IV, However, a corrosion
inspection program should be maintained.

737-53=-1039
21
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TYPICAL FATIGUE
CRACK LOCATION OYTER OF UPPER SKIN

ADHESIVE

- o — — - —— — —

' N STRINGER

e W e e o e e s o A e

0%

INNER OR LOWER SKIN

FICURE 5. FATIGUE CRACK LOCATION

Jul 19/72

737~53-1039
REV, 2:Fab 8/7% 22
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BOEING SERVICE BULLETIN NO. 737-53-1039%

{ Part 1II-Low Fraquen ~Current Corrosion Damage Inspection

Eddy-current instruments with low frequency capability provide
& rapid method of locating moderate to sevare corrosion on
inner and outer joint gkin faying surfaces. Instruments of
this type provide an astimate of skin thickness loss by the
comparison mathod, Although & precise measuremant is not
obtained, the method is fast, does not require paint stripping
or a couplant, does not require access to the internal side of
the joint and can inspect inner and outer gkin faying surfaces
simultanecusly.

Technical informaticn on low fraquency eddy-current inspection
will be published in Boeing llondestructive Test ianual,
Document D6~-7170.

A. Equipment
1. Tha following instruments, or equivalent, may be used.

a. En-1500
b. HDT-3
€. FPhasemaster

HOTE 1t These instruments should hzve frequency
capabilities or mocules listed in
Table I.

2: See paragraph I1I.D.1 for instrument vendor
information,

2. Use a flat spring loaded eddy-current probe compctilile
to the instrument used. Probes with wear plates are
suggested if large areas are to be scanned.

B. Prespare surface for inspection by removing dust and dirt
par operator's standard procsdurc.

C. Calibrate instrument for simultaneous inspectien of inmner
and outer joint skin faying surfaces as follows:

1. Set up instrument to Operate on correct frequency for
applicable skin thickness. See Table I.

Jul 19/72

737-53-1039
KEV. 2:7sb 8/78 23
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BOEING SERVICE BULLETIN NO. 737-53-1039%

Mijust for lift-off per instrument xanufacturer‘s
instructions.

Using reference standard, check instrument response to
& 10 percent loss in inner skin thickness. It is
suggested that instrument sensitivity be set such that
a 10 percant thicknass reduction will cause a 10
percant change in meter raading.

Ingtpact arsa in question per Step D,

D. Inspect area in guestion as follows:

1.

2,

Place probs on lap joint between fastesners and adiast
metar to approximately xid scale,

Scan area in quastion for indications of corrosion.
Severity of corrosion will be indicatad by magnitude
of meter change.

NOTE 1: It is suggested that particular attention
be paid to the upper adge of the joint.

2: This inspection will not discriminate
between corrosion on outer and inner skin,
If it is desired to determine in which
skin the <corrosion is lecated the
instrument should be set up on correct
frequancy per Table I to inspect outer
skin only.

Jul
REV,

19/72
2:7eb /78

737-53-1039%
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TABLE I,
Low Frequency Eddy-Current Fraquencies

{ Skin Thickness > Prequency (KHZ)

Outer Skin Inner 8kin | Simultaneocus Inspection of
inspection of | outer skin
outar and faying surface
inner skin only.
fayineg
surfaca. k

036 036 £ Up 25 »
LO0R0 .036 ¢ Up 10 25
&
-0A5
071 B> .036 & Up 2705 > 10 >

[E> See Structural Jepalr Manual Sopbject 53-30-2
for skin thickness in a particular arsa.

> Minimun frequency salaction required for locating
and estimating corrosion damage,

> applicable to 737=-200C airplanes conly.

Juz 19/72

737-53=-1039
XV, 2:Feb B/7% 23
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Part IV - r Data

The following repairs ars used to restore the fatigque life of
& dalaminated Joint arsa or to refagten a ioint separatsd for
corrosion removal, The one row standard fustener repair is a
rasnant  repair which replaces the existing flush fastencres
ﬂ the joint upper row with oversize protruding hesd rivets,
This repair may be used as a praventive modification and is
onal to cthoee detalled in Structural Repair Manual Subject
53»30-1 for joint refastening, Tha one row blind fastener
repalr ir similar to the one row standard fastarar repair
exospt blind faatenars are used. This repair is life limited
dapending ca the type of fastener used ard the gage of the
outer skin at the 3Joint. After installation, the blind
fastenars shoulld be zagularly inspected for loosensss or
working., Aftez thay have bean in service for ths stated
peziod, a fatigue <crack inspection as detailed in Part II
should be initiazed in the repair arsa or the blind fasteners
should be replaced by standard rivets in which case fatigque
erack inspectior is not necessary.

NOTE: The following repairs may not be used in corroded
aresas whare the skin thickness would be less than ,.032
inch after corrosion ramoval. For repair of corroded
areas sxceading this limit, see S5Structurul Repair
Manual, Subdject 53=30-1, Figure 5 Method I or II.

One Row Standard Fastener Repair

A. If joint was separated, remove loose adhesive, apply brush
on chemical f£iim treztment (Alodine or 1Iridite) and one
coat of chemical and solvent resistant primer to matal
faying surfaces. After primer has dried, apply sealant to
faying surfaces, Ses Structural Repair Manual, Subject
53-30-8 for fayving surface sealants.

8, If joint was not separated, inject as mxch LPS=3 as
possible into the joint, See Strustural Repair Manual,
Subjiect 51=10+2 for LPS=3 applicatien,

i C. Install fzsteners per Figure 6.

Jul 19/72

737-53-1
%V, 237eb /78 $3-1033
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One Row Blind Fastener Repair (life limited)

This repair is life limited., The following fatigue lives were
astablished by tagting which assumsd the absence of bond,
fatigua czacks and corrosion and are t5 he caloulated from the
time blind fasteners are installad in the joint, If bliand
rivat MAS1I50D8~( ; is inst2lled, a fatigue life Iimprcvement
of approximately 15,007 acditicnsl cabin prassurization cycles
msy Dbe axpectsd if the outer skin is lass than {046 inch
thick. If the outer skin is .056 inch thick or greatsr a life
improvement of approximately 130,000 cabin presssurization
cycles may be sxpected. If Visu~Lok blind rivet PLT1007-6-( )
or Unisink Bead Bulbed Cherrylock CR 2235-6-( ) is installed
a fatigue life improvément of spprox’metely 33,000 additicnal
cabin pressurization cyclas may be sexpectad, After
installation, the blind fastoners =should be inspected for
looasnexs or working at reqular sajor maintespance intervals to
snsure that the indicated fatigue life iz achieved. AaAfter the
fastaners have been in sexvice for the above stated pericd,
inspection for fatique cracks per Part II at thase fastener
locations should be initisted unless replacement with standard
protruding head rivets is accomiplished,

A. Pamove existing upper zrovw rivet if it is 3/16 inch
dizmetsr or smaller.

MOTE: If existing fastener is stesl or a rivet larger
than 3/16 inch dizmeter, removal is not reguired
as this location will have a satisfactory fatigue
life.

8, Enlarge existing hole with Size F (.257 inch dianeter)
drill 4if blind rivet NAS13193D8~( ) is to be installed, No.
3 (.213 dinch dismeter) drill if visu-Lok blind rivet
PLT1007=6=( ) is to be installed or No. 5 (.20% Ainch
diameter) drill if Unisink Head Bulbed Cherrylock CR 2235-
$={ ) is vo be installed., Careful hele drilling is
advised to kesp hols dimmetsr  asx close to minimum as

possible.

MOTE:  Visu-Lok blind rivet PLT1007-6={ )} or Unisink Head
Bulbed Cherrylock CR 2235-6={ ) may be used ¢to
seplace 5/32 inch diameter rivets cnly, For
replacemant of 3/16 inch diametar rivets use blind
rivet MASI3SADS=( ).

Jul 19/72
¥=V, 2:Fab /78

737=53=103%
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To achieve the maximum service lifo associated with blind
fastaner installation, it is essential that no corrosion
:t:tml.;:n? 'much L”;:sb‘ .gpg.di::
surface through opean taner hole us

3:.1:-“ sinilar o +that detailed in paragraph II.D.S5.

application, remove all +traces of LPE-2 from
extsraal skin surface using a 1:1 mixture of methyl ethyl
ketone and toluens,

nore t: Contamination of insulation blankets with LPS-
3 is not to be permitted.

2: L¥8~-3 application restricticns detailsd in 737
Structural Mepair Manual, Subject 51-10-2
conosrning application in the wvicinity of
oxygen systems must be obssrved during blind
application of LPE-3,

5: Por full width Selaminations both external and
blind internal aspplication of LPFS-3 is
suggested,

&: Application by asrosal can has besn found to
bs unsatisfactory for biind application dus to
the likelihood of over—-ssturation from an
uncontralled spray and possible contamination
of insulation blankets. However, it is
satisfactory for external application where
full width delsminations are found and excess
smounts of LPE-3 may ba wiped up.

Inatall blind rivet MAS1INDE~( )}, Visu-Lok blind rivet
PIT1007=6={ ) or Unisink Head Bulbed Charrylock CR 2235«
{ ) as uspplicable with wet sealant ER14I1GC or PRIS3EG
under rivet head.

137-53=103%

MY, 2e0ed 8/78 2
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IF EXISTING FASTERER IS LANGER THAW 3716 INCH O1A, OR WADE OF STETL,
MOVAL IS #O0T REQUIRED. MOMEYER, 1F FASTENER WAS REWOYED, IRSTALL
F.ISTIHEI QF sm TIPE ARD STZE. l" EXISTING FASTENER 15 A RIVET 3/16
LLER, REMOVE EXISTING FASTENER, IF EXISTING RIVEY
I’ls 5!32 Iﬁﬂﬁ Dll.. ENLARGE WOLE WITH N0, 2 { 221 llCR D!l } DRILL,
IRSTALL RIVET WI2GA70AD7-{ ). WINIMUM BIA. OF DRIVER WEAD 10 BE 212
INCM. IF EAISTING RIVEY WAS 3/16 INCE DIA,, tll.llﬁ! HOLE WITH SIZ! F
(,257 INCH PIA.) DRILL, INSIALL RIYET K320470AD8-( }. MININUM DIA.
‘OF DRTYEN NEAD TO 3E 350 TNCH, SHALL AMOURT OF COURTERSINK REMALSING
AFTER OVERSIZING 35 SATISFACIORY, IRSTALL FASTEWERS DRY,

o= 312 tack 1¥ KIvEY aszouonw-s I8 INSTALLED.
© 330 INCW TF RIVET WSZO470A08-( ) 15 IRSTALLED.

B nemovarL or £xISTING HST[I{I WOt WEQUIRED. [IF EXISTING FASTENER WAS
NEMOVED, THSTALL MEW FASTENER OF SAME TYPE AND SIE.

—
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TYPICAL LAP JOINY

PIGURE 6. MECHANICAL JOINT FASTENING METHOD
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87-21=08 BOEING: Amendment 39-5752. Applies to Model 737
series airplanes 1listed in Boeing Alert Service Bulletin
737-53A1039, Revigion 3, dated August 20, 1987, certificated in
any category. Compliance required as indicated, unless
previously accomplished.

To prevent rapid depressurization as a result of failure of
certain fuselage lap splices, accomplish the following:

A. Prior to the accumulation of 30,000 landings or within
250 landings after the effective date of this AD, whichever
occurs later, and at intervals thereafter not to exceed 4,500
landings, perform a detailed visuval inspection for cracking of
the skin adjacent to the upper row of longitudinal lap splice
fasteners, at stringer 4, both 1€ft and right side of the
fuselage, from stations 360 to 101€, in accordance with Boeing
Alert Service Bulletin 737-53A1039, Revision 3, dated
August 20, 1987, or later FAA-approved revisions, If any
cracks are found, perform an eddy current inspection for the
full length of the panel in which -the cracks were found in
accordance with the service bulletin.

B. The repetitive inspections reguired@ by Paragraph A. of
this AD may be terminated upon the performance of inspections
for cracks and/or tearstrap delamination using one of the
following three sptions in accordance with Boeing Alert Service
Bulletin 737-53A1039, Revision 3, dated August 20, 1987, or
later FAA-approved revisions:

1. Perform a high frequency eddy current inspection of
the skin adjacent to the upper row of longitudinal lap spiice
fasteners at stringer 4, both left and right side of the
fuselage, from stations 360 to 1016. Repeat at intervals
thereafter not to exceed 20,000 landings. If no cracks are
found, pricr to the accumulation of 6,000 landings after the
completion of the above eddy current inspection, and at
intervals thereafter not to exceed 3,000 landings until the
next eddy current inspection, perform a detailed visual
inspection of these same areas.

2. Perform a high frequency eddy current inspection on
the skin adjacent to the upper row of longitudinal lap splice
fasteners at stringer 4, both left and right sides of the
fuselage, from stations 360 to 10l16. Repeat at intervals not
to exceed 20,000 landings. In addition, perform a tearstrap
inspection for delamination. If no cracks are found and
tearstrap bond is intact, prior to the accumulation of 6,000
landings after the completion ¢f the above inspections, and at
intervals thereafter not to exceed §,000 landings, perform a
detailed visual inspection for skin cracks of the areas
previously inspected by eddy current.
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3. Perform a high frequency eddy current inspection of
the skin adjacent tc the upper row of longitudinal 1lap splice
fasteners at stringer 4, both left and right side of fuselage,
Zrom stations 360 to 1016. In addition, perform a tearstrap
inspection for delamination. Repeat the eddy current
inspections at intervals not to exceed 10,000 landings and the
delamination inspections at intervals not to exceed 20,000
landings.

C. Repair all cracks and tearstrap delaminations found as
a result of the above inspections prior toc further flight in
accordance with Boeing Alert Service Bulletin 737-53A1039,
Revision 3, dated August 20, 1987, or later FAA-approved
revisions. If blind fasteners are used in the repair,
reinspect installation at intervals not to exceed 3,000
landings for loose or missing fasteners. Also, if blind
fasteners are used in the skin repair, prior to the
accumulation of 15,000 landings after installation, or within
250 landings after the effective date of this AD, whichever is
later, and thereafter at intervals not to exceed 4,500
landings, perform the inspection as detailed in paragraph A,
above.

D. Terminating action for the inspections required by this
AD is the replacement of the existing upper row of joint
fasteners with standard protruding head solid fasteners at all
affected fuselage longitudinal lap splices and ensuring
functional tearstraps in accordance with Boeing Alert Service
Bulletin 737-53A1039, Revision 3, dated August 20, 1987, or
later FAA-approved revisions.

E. For the purpose of compiying with this AD, the number
of landings may be determined to equal the number of
pressurization cycles where the cabin pressure differential was
greater than 2.0 PSIX.

F. An alternate means of compliance or adjustment of the
compliance time, which provides an acceptable level of safety,
and which has the concurrence of an FAA Principal Maintenance
Inspector, may be used when approved by the Manager, Seattle
Aircraft Certification Office, FAA, Northwest Mountain Region.

G. Special flight permits may be issued in accordance with
PAR 21.157 and 21.199 to operste airplanes to a base for tlie
accomplishment of inupections and/or modifications required by
this AD.

All persons affected by this directive who have not already
received the apprcpriate service information from the
manufscturer may obtain copies upon request to the Boeing
Commercial Airplane Company, P.O. Box 3707, 3eattle, Washington
98124, This information may be examined at FAA, RNorthwest
Mountain Region, 17900 Pacific Highway South, Seattle,
Washington, or Seattle Aircraft Certification Office, FAA,
Worthwest Mountain Region, 9010 East Marginal Way South,
Seattle, Washington.

This amendment becomes effective November 2, 1987.
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FOR FURTHER INFORMATION CONTACT: Ms. Barbara J. Baillie,
Airframe Branch, ANM-120S;: telephone (206) 431-1927., Mailing
address: PFAA, Northwest Mountain Region, 17900 Pacific Highway
South, C-68966, Seattle, Washington 98168,
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REVISION TRANSMITTAL SHEET
Boeing Service Bulletia 737-5341039

This sheet transmits REVISION 3 dated August 20, 1987
of Servics Bulletin 737-53A103%, "BODY SKIN LAP JOINT INSPECTION
AND REFAIR".

NOTE: This revision constitutes a complete reissue.
SUMMARY

This revision is issued to up~grade this service bulletin to an *ALERT'
status and to advise operators of recent service experiance that
warrants changes to the inspection cycle frequency after initisl
inspsction at the 30,000 flight cycle threahold.

Alrplane effectivity is updated to reflect current airplane ownership.

Airplanes inspected per the previous relsases of this service bulletin
require additional ratigue inspaction.

Airplanes on which lap joints were refastsnsd per previous issuss of
this Bbulletin or the methods detailed in Structursl Repair Manual,
53=30-1, Figure 5, require corrcsion inspection only per thiz revision.

All peges of this revision contain pew, revised, or reforsated
inforsetion, therefors the revision bars- in the left margin have been
omitted.

REVISICN HISTORY

Original Issue: July 19, 1972 @V

Revision 1: October 11, 1972
Revision 2: February 8, 1678
3: August 20, 1987
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SUMMARY

BOEING COMMERCIAL AIRPLANE COMPARY

SUGJECT: BODY SKIN LAP JOINT
INSPECTION AND REPAIR

P.0. B0% 3707 SEATTLE, WASHINGTON 95124
ATA: 5330 NO: T37-53A1039
DATE: July 19, 1972
REVISION 3: August 20, 1987

BACKGROUND

The longizudinal skin lap Joints on
affectec zirplanes wers »3sstbled Wwith
a roon teaparature curing epoxy
adhesive strip between the overlap.
Prior to Ravision 2 oaperatc~s reported
ceterioration of ithe aches.ve causing
gelamination and providing a place for
corrosion to form. Revision 2 was
released to provige inspection, repsir
and terninating action for
aforexentioned concition. Since issue
cf Revision Z an operaior nas reported
cultiple fatigue cracks in the couter
akin of delazinated lap jJoints where
nc corrosion had formed. Therefore
Revision 3 is iasusd to revise the
rapeas inapection cycles for [fatligue
cracy inspection.

ACTION

Per Revision 3, all airplanes should
receive 2 close .visual 1inspectiocan of
each skin lap joint for corrosion not
to excetd sesi-anually for lap Joints
in lower lobe and annually for upper
lobe lap Jjoints. There i3 no
tercinating action for this inspection
for corrosion dasage.

Upon accusulstion of 30,000 flight
cycles or if this threshold has been
exceedad, the aforensnticned iap
Joints should receive a visual fatigue
dazage inspection and an eddy current
inspection undsr one of the options

deseribed in the bulletin.
Termination of the fatijue damage
inspection is accoxplished by
incorporation of tha preventive

modification consisting of instelling
universal head rivets in the uUpper row
of lap joint fastaners in conjuaction
with enouring that failsafe tear
o3raps sre functicmal.

EFFECTIVIZY

All 737 airplanes Line Number 1 thru
291

MANPOWER
Elapsad
Total Time
Applicability Man-Hourse Hours
Inapection
Part I 60 15
Pare 11
Type 1 40 10
Type 11
Opt A 148 37
Cpt B (a) 260 6s
opt C (a) 260 65

(a) Tine quoted does not inciude the
removal of airplane interior.

MATERIAL INFORMATION

Operator-furnished parts

Susmary Page 1l of 2
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Susmary Page 3
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BOEING COMMERCIAL AIRPLANE COMPANY PO, BOX 3707 SEATTLE, WASHINGTON 08174

 SERVICE, BULLETIN

7§7 REVISION 3: August 20, 1987

SUBJECT: poDY SKIN LAP JOINT INSPECTION AND REPAIR

THIS SERVICE ©SULLETIM 13 BEING SENT TO EACH AFFECTED OPERATOR. IF THE
CPERATGR HAS LEASED AIRPLANES, THIS SERVICE BULLETIN SHOULD BE FORWARDED TO
TEE LESSEE. IF THE OPERATOR HAS SCLD AIRPLANES OR TRANSFERRED AFFECTED SPARES
witHIN THE LAST SIX MONTHS, THIS SERVICE BULLETIN SHOULD BE FORWARDED TO THE
NEW OWNER, UNLESS CONFIRMATION HAS BEEN RECEIVED THAT BOEING HAS INCLUDED THE
NEWw OPERATOR ON T.E DISTRIBUTION LIST.

I. PLANNING INFORMATION
Aa Effectivity
1. Airplanes Affected

See Service Bulletin Index Part 3 for eross reference of
Variapie Number to Airplane Serial Nuaber.

This change 13 applicadle only to airplanes listed below.

LISTING BY CUSTOMER ZODE AND VARIABLE NUMBER

ALO PGO4é PG62Y PG751-PGT703 PG70CS PYO001
PY0O3 PY0OOS
AMW PGO3é PG331 PGST77 PJ162 PLBOL

ANA PG578-PGS58]1 PGS583

Jul 19/72 737=53A1029
AEV. 3: Au=x 20/87 Page i of 33
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LISTING BY CUSTOMER CODE AND VARIABLE HUMBER (CONTINUED)
ANS PLBOZ
ARG PH705-PHTOS PHT4LYI-PHTG2 PYOOT-PYDDS
ARL PG251-PG255 PGST3 PGSTS © PY321-PY323
AWM PCO0G
AZE PAOOD1 PADO3~PADDG PCODS
BRI PJIIO3-PJLI0G PYZE1-PYIE2
BRT $40D1-PJOD2 PLBOD
CSA PG224
CHI PGE72 PGS74
CLF PA231«PA232 PGO3G PG201 PG204% re217
PG222 PG271-PG27¢ PG278 PG4O3 PG63S
CNY PGIS1
coP PCOOI
CPA PGESLI-PGES2 PJOS1I-PJO32 PJOY2
DaL PG202-P5203 PG205 PG207 rG20Y PE21r~-PE21S
PG21¢ PG218-PG221
DLMH PY3IGS-PY3I4é
EAG PV3RL
EGN PCO37 PG208 PG210 rc215 PG43]
ERA PGO2¢6 rco28-PG02Y
FAT PADD2 PADGS PGOSS PG224 re22s
PG23¢e
FCT PCOO2
FRO PGOSE PGO&6 PC1YY PG225 PG229
PG632-PCG33 P264G1-PE6s2 PGE21-P3E26 PG63D P6796
PLTI :
IND PH7D9-PR713
Jul 19/72 737-5341039

ALY, 3: Aug 20/E7 2
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LISTING BY CUSTOMER CODE AND VARIABLE NUMBER (CONTINUED)
IRN PHT3! PYGZ21

LAM PHT03 PYG3L

LNX PHTO1

MAD PG375

MAL PL71G

MI1D PG279

MXG PCOOS PG223

NAS PADYY

NKA PGS582

NOR PY3D1-PY30&

PAL PGO20~-PGO2]1 PGOG3 PGO&7-PGOAE PG434 PYOOQ4
PEX PA006-PAC22 PG501-PG505

P1E PGO41-PG042 PGOGY PGOT3 PE206 PG301-PC3LG
PGGTG PG576

PRS PG332 PG4D1-PG402 PGG36 PJ101 PX701
PY3GI-PY3G4

PWA PLT12

GQUE PYDO2

SAA PG3I53-PG35¢

S$BG PYOD4G

TAC PGOSY P3352

TAN PJOT71

TAV PGO74

UAL PGOGYI-PCOO4 PCODC-PEOLY PGO22-PE025 PGO2T . FGo30

PCO32~-PG033 PGU3E-PGOGO PECAG~PSUGS PGOS1-F5054 FGOST
PGOLO-PCUEY PGOLCS~-PGOT2 PROTS

VSF PRGLS PG437 PGG39~PGG4D PGGTI-PE4TS PXOT7]

Jul 1§/72 T37=-5341039
REV. 3: Aug 20/87 3

£
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LISTING BY VARIABLE NUMBER

PAOOL-PAD22 PADYY PAZSI~PA232 PCOOL1-PCUOS PSODL-PGOTS
PG12Y PC201-PG230 PG251-PRISS PG2T71-PE279 PCI01-PG314
PG331~-PG332 PG3IS1-PR35S¢ PG37E PG4OL-PGLO3 PGL3L1-PG4GG2
PG471-P54T5 PE501-PGS0S PGS571-PGS583 PGE21-PG430 PGE51-PGES2
PGTO1=PEICS PHTDLI-PHTIS PH731~-PHT32 PHT41-PHY42 PJODL-PJOO2
PIDI1I~PIO3Z PJO71=-PJO7Z PJICYI-PJILOG PL7E1-PLT12 PLY14

PLSOL-PLEOS PXO7] PX70G1 PYOOi-PYDDE PYD21
PYO31 PY301-PY304 PY3I21-PVY323 PYIG]1-PY3GE PYIEI-PYEE2
PYES]
2. Spares Aflected
Nene
Jul 19/72 T37T=53A1039

REV. 3: Aug 20/87 ]
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The longitudinal lap Joints on affected airplanes very assssdled
By placing I room iamperature curing epoxy adbcsive (M3 Z-1D)
betwesn the overlapped skins pricr to flusk rivating the skins
togethar.

Prior to Ruvision 2, seven opsrators had redportad instances of
soterioration of the adbesive uscd to bend the lap Joints
resulting in Joint delaminsaticon and corrosion on thirty
airplanes. This condition was found on airplanss with as low as
3,000 fiight bhours. The detariorated arsas varisd frose amll
Sisolated pockets to areas 3ix feat orf aore in length, In moat
instances thess aress “wers positively identified after corrosion
had caused exterior askin bduiges, oracks or aissing fastener
heacs. Airplanes operating in wvars =moist climates wars pore
susceptidie to adheslve deterioration.

In &1l ipstances of  joint dsterioratiorn reperted prior o
Ravision 2, .aone had developed fatigus cracks. Some of the
airplanss with large srsas of delamination, had scoumclated in
axcess of 20,000 flight cycles. Prolongsd operation with large
aress of delamination will eventually result in fatigue oracking.

Laboratory tests have shown that for the thinnest gage skin {.036
inch) the theoreticsl fatigue life of a lap joint withk a large
area of delamination is reduceq. This reduction 13 attributed
to the sharp knife w=dge of the counteraink for the fastsner
bead. Thicker gage akins exbibitec a higher fatigue sifungth
bescause the edge of the countersink is not a sharp edge.

Subsequar’ to the original iasue of this bulletin the bonded lap
Joints wvare sealed in productioin to prevent mofziure contact with
the cured adhesive. Service sxserience with both factory sealed
and operator ssaled joints (Ref. Bosinz 3ervizs Bulletin
T3753-1017) indicatas that sealing bas a0t been successful in
preventing adhesive dJdeterioraticn. -Tharefore, the effectivity
was expanded to include all airplanes with factory sealed bonded
lcp Joints.

3ince the relesse of Revigion 2 ar oparator ha® reported multipls

fatigus ocracks or three airplanes which bhave aoccumilated

80,800/02,800 flight bours and  44,7C0/49,900 {Mlight cycles.

Cracks were lociied in the uppsr skin at stringer four (3-4),

;gt ang right, S-10 right and S-14 right, between Body Stations
and 907.

Therefors, Revision 3 1a lassued to up-grade this service bulletin
to sn CALERT' statup and to revise the repeat inspection
thresholds for detscting fatigue cracking of the outer skin panel
at the lap joint upper rov of Testeners.

137-53!103;
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C.  Description

The iaspscticn and repair of specifisd skin lap joints per this
service bulletin 13 divided into two parts. PMart cos is for
corroaion and Part two is for fatigue.

Part 1, ocorrosion inspection and protection oalls for a close
visual externzl inspection Of skin lap  joints for skin bdulges,
eracks sod/or Rissing fastsner besads indioating substantial
corrosior, and froa the alrplane exterior an appiication of a
corposton ianivitor (Ref. BMMS 3-23). The frequeacy of Fart 1
inspeation should be based on gperstor's own aexpsrisnce but
sbouid pot axcesd six month intervals for lower lobe lap joints
and one ysar intervals for upper lobe lap Jjoints. There i3 no
terainating action for Part 1 inapection.

Part Il fatigue damage inspsctior of the lap joints at Stringers
&, 10, 14, 195, 20, and 24 1» to commence upon the accusulation of
30,000 f1lizht cyclas a3 indicated balow.

Two types of inspsction are called fer:
Type I -~ An external close visusl inspection of tha critical

upper row of fastener holes for crackz at sach lap
joint where the outer skin gage fs loss than 0.056

inch.
' Type I1 - A high frequency eddy current inspection (WDT) of the
skin adjacent to the fastener heads of the critical

upper row of lap joint fasteners at esch iap Joint for
cracks whers the outer skin gage is less than 0.056
inch and a visusl faspection of the tear straps, as
noted in %he options below.

For affected airplanes which have accumulated 30,000 flight
cycles or sors, perfors the Type 1 inspection at naxt 'C*' oheck,
but not to excesd 8,500 flight cycles aftar receipt of Rovision 3
of this service bullstin. If no cracks are found, repsat Type 1
inspection st %,%00 flight cyctles intervals until the ithreshold
for Type 11 inspection is reached. Type II inspection oconsists
of threo options, all with initial threshelds at the next Msjor
Structural Maintenance Period (D check) aftar reaching 120,000
rlignht cycles but within 10,000 cycles of receipt of Rsvision 3
of this servios bulletin.

Jul 19772 737-53A103¢
' kLY. 3: dug 20/87 6
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PLEASE REPORT YOUR PLANKED UCTION AND JINSPEICTION RESULYTS 10
BOEIRG CUSTOMER SUPPOAT AS SOON AS Ei4CH INSPECTION 1Y COMPLETE.

CONTACY: BOEING COMERCIAL AXRPLANE COMPANY
ATTENTION: MANAGER, AIRLINE SUPPORT

WOTEZS: 1. Contaot Boaing for instructions if any damaged aress
.exceed tae specilied limits. To expsdits Doeing
reaponse, be rpecific when defining and locating the
damage. Circumstinces lsading up to the damage and
any secondary sffusts, when kpown, should be included
in the communication and followsd up by sketshes and
photographs whan eppropriate. In addition, where
corrosion 1s involved, length, width, and greatest
depth of clern=up are required.

CONTALT: BOEING COMMERCIAL AIRPLANE COMPANY
ATTENTION: MANAGER, AIRLINE SUPPORT

2. Prior or concurrent incorporstion of Service Bulletin
T3T-53A1042, *Lower Lobe Hot-Bonded Skin Panel
Inapection, Regair, and Panel FReplacsaent®, 1s
racompended on cozponly affected airplanes.

L. lggrml

This service bulletin has bien reviewed by the Federal Aviation
Administration (FAA) and tha (repairs and) wodifications herein

gomply with the applicadble Federal Aviation Regulations (FAR's)
and are FAA spproved.

Jul 19772 _ T37-53341039
REV. 3: fug 20/87 7
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E. Manpower
Approxisate man=tours and & crev size for individual tasks are a»
.. follows: :
Elapsed
Crav Size Tine
Cperation {Man) Man-Hours (Hours)
Inspection
Fart 1 y 60 15
Part II
Type 1 . 4 40 io
Type 11
Option 4 ] 148 37
Option B (a) Y 260 65
Option C (a) y 260 ]
Fatigue and/or.
Corrosion Repair (a) (a) (a)

(a) Time quoted does pot included the removal of airplane
interior.

{b) Dependent on number, locaticon and size of redsirs reguired.

' _ F. Material = Price and Availability

It is recomnended that the parts and mutsrials identified in
Paragreph I3.A be furnished or fabdbricated from oparstor's
sxisting stock or purchased directly from industry sources.
Accordingly, price and delivery data is not included in aupport
of this bulletin.

G. Joeling - Price and Availability

1. Eddy current testing squipment, Viasu=Lok installation tools
and Unisinic Head Bulbed Cherrylock installation tools may
be needed depending on oporator's course <f action. If
such ecuipment 13 desired, it is recommsended ibat it bde
furnished from operater's axisting inventory or purshased
directly from industry asources. Accordingly, prics and
delivery dita is not included in support of this bulletin.

2. ™he tool identified in Paragraph II.C.5 may bs obtained
through: Mcnarch Marking Systeas

P.O. Box 608

Dayton, Ohio 85401
Part Nuzber Suantity rice
PRY-1 1 tool per Packags 32.95
PRY-4 % tools per Package 39.50

Nl 19/72 737-5342039
’ REV. 3: dug 20/87 8
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He Weight and Balance
Change in wsight and bDalance will depend on number, typs and size
of repairs and amount of sealant (Ref. BMS %-95) and/or ¢orrcaion
diphibitor (Ref. BMS 3-23) applied.

I. Referances
1. Existing Data:

a. Structural Repair Manual DE~15565, Subjects 5i-10-2,
$3230=1, 53+30=-2, 53«30-4 and 53«30=4

b.  Bowing Nondestructive Test Manual, Document D6-37239,
Part 1 acd Part 6

c. Bosing Service Bulletin 737-53-1017, *"Ssaling of
Cold-Bonded Structure For Corrosion Protection®

d. Boeing Service Bulletin 7T37-5311042, “Lower Labe
Hot-Bonded Skin Panel Inspection Repair, and Panel
Repiacement®

. Boeing Corrosion Prevention Manual Part 1, Section
20-60-00

2. New or revised data supplied in support of this service
bulletin:

None

Je Publications Affected

The sodification descrided herein affects the following

publication:
Publication Chapter-Section

73T Structural Repair Manual..escvseeees  53=30

Jul 19772 T3T-53A1039
RE¥Y. 3: Aug 20/87 9
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11. MATERIAL INFORMATION

A Parts Required Per Airplans

NOTE: A1l of the [following wmay bs required depending on
operatorts course of actlon.

Quantity Part NHumber Neoenclature
A3 Required Ses Structural Repair Sgalant
Manual, Subject 53-30-4
A Requirecd BMS 3-23 or squivalent Water Diaplacing
* Corrosion Inhibiting

Compound

As Required NAS1398D8-{ ) Blind Rivet

As Required PLTI0O0T-6-( ) Visu-Lok Blind
Fastener

As Required CR 2235«6=( ) Unisink Bead Bulbed
Cherrylock

A3 Required MS20470D5-5 Rive®

A3 Regquired BMS 5-95, Claas B Ssalant

Vendor Information
Boeing Part No. Vendor Part No. Vendor

- PLT1007=6~( ) The National Screw and Mfg.
Co.
3423 8. Garfisld Ave.
Los "Angeles, Calif. 90022

- CR 22356« ) Townsend Co.
Cherry Rivet Div.
1224 E. Warner Avs.
Santa Ana, Calif. 92707

B. Pirts Required to Modify Spares
None
Jul 19/72 . 737-5341039.
KEV. 3: Aug 20/87 10
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einl Toali and Egvipment uirad

Low frequency eddy currant inspsction instrumenta for corrosion
1css measuresent are listed is the Boeing Bondestructive Test
Manual D6-37239, Part 6, S1-00-00, Figurs 5.

Twe corrosion reference atandards flbrzcméd from 0.036 inch
and 0.080 ineh alad siuminum ahest are reguired to parfors
corrosion loEs BesIuUPeGents. '

Powsr tools may be used to install Visu-Lok fasteners. For
applicable tools contact the Hational Sorew & Mfg. Co.

The following toold may de used to install Uniaink head Bulbed
Chrerrylock fastaners:

Pall Gun: G=-5684
Flush Fastaner Pull Head: H681-6C
Vendor: Townsend Co., Cherry Rivet Div.

1224 E. Warner Ave.
Santa Anz, Zalif. 92707

The following equipment has been teated and found satisfactory
for blind application of corrosion inmhibitor and is ¢o bde
opsrator labricated. Equivalernt operator  designsd eguipmant
may also be used as long as it is designed to apply oaly the
miniguz agount of corrosicn inkiditor required to saturate the
vold and to prevent contamination of iasulation materials.
This egquipment is for use with the one row blind fastener joint
refastening wpethod detailed in Part IV - Repair Data.

The following tool is asuitable for uae in Part I1I « %Tesr
Strap Inspection for disbond.

Nomanclisturs Part Suaber
Econo=-Pry PRY-1 or
PRY=4

An squivalent tool may be used at operatorts discretion.

- T37-53A1039

REV. 3: Aug 20/87 bh ]
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nt - Method I tionzl to Methed

Four ounce pusp typs oilcan nodified to incorporate a stop,
stop sorew, spring and special rpozzle. Fabricate per
Figure 3.

lap Jjoin: sample for practice and siop adjustment.
Fabricate per Figure A,

Equipaent - Methed II (Optionmal to Method 1)

MOTE:

e

1.

2‘

To roduce apdlication time, it iz suggested that this
equipment b0 Eade ip quantity 20 that several upper rov
fastener boles in the repeir area may bDe treatad
sisultangcusly.

Applicator tip, stop eollar anéd a length of clear plastic
tubing. Fabricaie and assscble per Figure 5.

Detarmine outer akin thickness (737 Structural Repair
Manual Subdjsct 53=30-2, Figure 2 and Figure 3).

D. Existing Parts Accountability

Fons

Jul 18/712

REY. 3:

g 20787

137-5341039
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II11. ACCOMPLISHMENT INSTRUCTIONS

NOTES: 1. The following prograzm czutlimes the minimus reguiremsnts for
- mainteining the structural integrity of skin lap joints.
Tne inspsction for corrosion will detect severs corroaion
requiring rapair Dby installiing propair doublers. The
inapsction for fatigue damage will detect large fatigus
cracks (0.25 inch in longth and greater) emsnating froo
upper row - fastener holes. Thess oracks will ba large
snough to require repair by instalistion of repalr
doublers. In tha following inspections ecch pansl i
trsated a3 a separate entity asd the inspection rosults of
one panel reliably casnot be used to indicate the coadition
of anothar.

2. On the figures, unless otherwise specified:

- All linear dipensions are in inches
- Tolerance on linear dimensions other than rivet and
bolt edge margin is plus or minus 0.03
- Tolerance on rivet and bolt edge margin i3 plus or
ninns 0.05
T - Angular tolerance i3 plus or minus 2 dsgrees
- Hole size Tor standard sclid riveis 1is per 737

Structural Repair Manual Chapter 51

Part { - Corrosion Inspection and Repair

On all airpilanes, accomplish the following corrosion inspection and
application of corrosion inhibitor BMS 323 or equivalent (Ref.
Corrosion Frevention Manual Part 1, Section 20-60-00) at alx month
intervals on lowsr lobs Jjoints and ope year intervals on upper iocde
jointa.

A ¥isually ipmspect external surface of each lap jJoint for skin
buiges adjacent to fasteners, askin cracks caused bY severe
corrosion, dished fastensr heads or missing fastensr hesils
between Body Station 178 and 1016 (See Figure 1).

B. If corrosicn indications nmoted fn Step A are found, datarmine
axtert of corrodion damage for full length of the pansl joint.
Extent of dapage may bds dstermined using low frequency sddy
current inspection (Ref. 737 Nondestructive Test Manual D6-37239,
Part 6, 51-00-00 Figure $) or by any other suitable means.

Jul 19772 737-53A1039
REV. 3: Aug 20/87 13
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C. Corrosion mty bde remcoved by local blend out if the blend out
depth does not axceed 10 percent of the akin thicknass except za
follows:

1. In small local areas net excoeding 3 inches in length &n
any 20 inohes of Jjoint, a skin thicknsss reduction of 20
percent i3 seceptable.

2. In smaller aress not exceeding 1.5 inches in length in any
20 inches of Joint a skin thicknsss reduction of %0 percent
18 acceptable. In areas vhera skin thickness ias reduced by
40 percent it is suggested that a faying surface aesled
ahiz and coversize protruding head fastensrs be irstalled 4T
thers are existing * fastenar holes iz the rewvork araa.
After corrosion removal resfasten the Jjoint per 737
Structural Repair Manual Subject 53-30-i, Figure 5, Method
il or III.

3. Corrosion exceeding trho above limits should be repaired per
737 Structural Repair Manual Suvbjsct 53-30-3.

D. In panel lap jJoint areas where no corrosion indications are
found, apply corresicn iphibitor, to Joint external edge and
fastener external heads in Joint (Ref. T37 Structural Repair
Manual Sudbject 51-10-2). For maxizum penstration, it 1i»
suggested that corrosion inhibitor be applied to the jJjoint edge
under pressure using squipment such as an &irless paint spray
pusp.

NOTE: Fillet aesal along the edge of the lap Joint prevents
corrosion inhibitor application to the Joint edge, but need
not be recoved uniess deteriorated.

E. After corrosion inhibitor becomes tacky, €Xxcess EAY ba rescved
(Ref. 737 Structural Repair Menual Subject 51-10-2).

Part II ~ Fatigue Damage Inspactiosn and Rspair

On all airplanss accomplish the following Type 1 and Type I
inspections for fatigue cracks in lap joints: at Stringers &, 10, 1%,
19, 20, and 2k whers ths Joint outer skin gage is less than .056 inch
at the initizl thresholds indicated in Paragraph I1.C. Descriptics.

Type I Inspsction

A. With the aid of = dright light. visually inspect the lap joint
axterior body skin, forward and aft of the fastener hoads in the
upper row fasteners for fatigus cracks (Ses Figure 1).

B. If any crack 1s found, eddy current inapect the akin adjacent to
all joirt upper row fastener heads the full length of the panel
in which erack(s) wore found. Sees 737 Nondestructive Tes: Manuatl
D6-37239, Part 6, Subject 53-30-03 for inspection -~i.ipment and
ssuaniqus.

Jul 19/72 737-53A1039

REV. 3:

Aug 20/87 1
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Repair fatigus eracks using s repair similar to that showm in 737
Structural Repair Manual Subjest 53-30-3, Figurs 16, and renlace
all remsining upper rov flush joint fasteners in thet panel jelint
with oversize protruding hesd »0lid fasteners per Part IV =
Repair Data. This in conjunction with Part IIX7 - Tear 3trap
Inapection and JNepair is terminating action for Pzt Il
inspections for the affectsd pansl.

In siin pansls whare no fatigue oracks are found, repesi
inspection avery AS00 7light cyoles until the thresheld for Type
Il inspection is reached. Panel reinspection per Part II fer
fatigue cracks may bas deferrsd for the fatigue life increment
stated for the particular [fzstener by accomplisbing blind
fastenar instellation pear Part IV -« Repair Dats or may bds
terminated by replacing the existing upper row of flush Joint
fasteners with standard protruding head aolid fasteners per Part
IV « Reualr Data and accomplishing Part II1 - Tear Strap
Inspection snd Repair. Howaver, Part I « Coprosion Inapection is
to be continusd. '

Type II Inspection

A.

Jul 29/72

REV. 3: Aug 20/87

Accoaplish & high frsquency eddy current inspection (NDI) for
cracks in the lap Joint exterior body skin, forward and aft of
tte fastensr heads in the upper. row of fasteners (Ses Figure 1)
using one of the following thres options. See 73T dNondestructive
Test Manusl D6-37239, Part 6, Subject 53=30-3.

NOTE: After accomplishasnt of firat high frequency eddy current
inspecticn, notify Boeing Customsr Support of inapection
results. Thia inforsation Iis requested to- aild in
determination of future changes to this service bulletin.

Contsct: RMoeing Commercial Airplane Company
Attention: Manager, Airline Supper:

Option A ~ At pext major Strustural Maintemancs Period (D check)
after reaching 30,008 flight cycles, but within 10,000 flight
eycles after receipt of Revision 3 of tho servica bulletin and at
20,000 flight crycles intervals thereafter, accomplish the
following:

1. Accomplish WDT inspoction of the critical upper row of
fasteners for sach sikin lap joint.

737-53A1039
15
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2. 17 no cracks are found, accomplish Type I Anspection after
6,000 riight cycles and therwafter at 3,000 fiight oycle
intervals until next NDT, Panel reinspection psr Part 11
a3y be defsrred for the fatigue life increment stated for
the particular fcstensr by asccomplishing blind fastener
irstallution per Part IV = Repair Dats or may be terainated
by replacing the axisting upper row of fasteners with
protruding head solid fasteners per Part IV - Repair Data
and avcomplishing Part III =« Tear Strap Inspection and
Repair.

3. If cracks are found, accowplish repair similar to that
shown in T37 Structural Repair Manual Sudject 53=30-3,
Figure 16 and replace all remaining upper row fastensrs in
that panel joint wvith protruding hesad so0lid fasteners par
Part IV - Repair Data and acccaplish Part III - Tear Strap
Inspection and Repair. This constitutes tsrainating s=tion
for Part I1 PFatiguc Damage Inspecticn for the affeoted
panel.

Option B - At next major Structural Maintenance Period (D check)
after reaching 30,000 flight cycles, but within 10,000 flight
cycles after receipt of Revision 3 of this service bulletin and
at 20,200 flight cycls intervals thereafter, sccomplish the

following:
1. Accomplish NDT inspsction of the critical uppsr row of
' fasteners for each axin lap joint, and accomplish Part 11X
« Tear Strap Inspeciion and Repair.

2. If no cracks are found and tear strap bdbond is Iintact,
accomplish Type I inspection at 6,000 flight cycle
intervals until next NDT inspection at presc-ibed
threshold, or dafer inspection for the [fatigue 1ife
‘incresent stated for the articular fastensr by
sccompiishing dlind fastener iInstallatiocn per Part IV -
Repair Dsta or terminste Inspection by replacing the
existing upper row of fasteners witha protruding head solid
fasteners par Part IV - Repair Data.

3. If eracks are found ia the fastener row, accompliish a
repair similar to that showm im 737 Structural Repair
Manual Subject 53=30-3, Figure 16 and replace all remaining
upper yow fastenoers in that panel Jjoint with protruding
head pclid fasteners per Part IV - Repair Data. 7This in
conjunction with [functiocnmal tear straps ia terminating
action for Part II inspections for the affected panal.

dul 19772 737-53A1039
' RIV. 3: Aug 20/87 16
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Qption C - At next major Structural Maintenance Pariod (p ch-ck)'

_after vsaching 30,000 flight cycles, but within 10,000 flight
‘gycles «fter roceipt of Revision 3 of this service bulletin and

at 10,000 riight cycle iatervals thsreafter, accomplish the
toul_wiu;: ' .

1. .Aecmiish NDT ipspecticn of the eoritical upper row of

fasteners for sach skin lap joint and scocmplish Prrt III »
Tear Strap Inspection and Repair at alterpnte WDT
inspection, for panels with no cracks or tear strap disvoend
or with repaired tear straps.

2. If crecks are fot_md in the fastoner row, accomplish repalr
similar to that shown in 737 Structural Repeir Manual
Subject 53-30-3, Figure 16 snd replace all resaining upper

. row fastenera in that panel joint with protruding hesad
solid fasteners per Part IV - Repair Data. Ihis iz
conjunction with functional tear straps is ‘terminating
action for Part II inspecticns for the affected panel.

3. If no cracks are found, Part II inspection for the aflected
panel may bDe terminsted by replicing the upper rov of
fastensrs in the panel Joint with protruding hesad solid
fasteners per Part IV - Repair Data and ensuring functional
tear straps. '

If blind rivets ars installed or bave lesn previously .astalled

for fatigue life improvemant, these lap joints are subject to the - .

sbove Type I and Type II Inspection when the life improvement
intervals stated in Part IV of this servino bulletin are excesded.

In addition, if blind rivets are installed or bhave Deen
previocusly installed, sccomplish a one-time tear strap inspection
and repair per Part III - Tear Strap Inspection and Repair at
pext Major Structural Maintsnance Pericd i{D check).

hrt I - Corrosion Inspsction is to bs continued per this service
bulletin regardless of actions taken per Jype II Inspections.

Fart II1 - Tear Strap Inspection and Repalir

On

sll airplanes, accomplish the followirg delanination and/or

corrosion inspection as required per the imsiructions in Part II -
Futigus Damage Inspection and Repair.

A.

Jul 19772

REV. 3: Aug 20/87

Gain access to the interior sids of the airplane akin.

T37-5341039
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B. Visually inspect the bond edge of the doubler/tear stirap for
signs of delamination and/or corrosion (See Figure 2).

MOTE: If disbond 1s suspeoctad, insert tool (87 } batweer sikin
and strap. Pushing out on skin panel may be reguired for
toul insertion. Twist tool to gonfira Jiabsad and to
inspect for corrosion.

c. 1t ocorrosion 18 found, remove per Part 1.

'D. In strep areas whers disbond and/or corroaion bas besn found
snd/or tresoved, refesten strap per Figurs 2, Detall 1.

Part IV - Repair Duts

The following repairs are used to restore the fatigue life of a
dalaminated Joint ares or to refasten a Jjoint separated for corrosicn
removal. The Method III fastener repair par 737 Structursl Repeir
Manual Subject 53-30-1 413 a permansnt repair which replaces the
existing flush fasteners in the lap Joint upper row with oversize
protruding besd privets and may He used a9 a preventive modificstion.
The one row blind fastener repair 1s sisilar to the aforemsntioned
fastensr repair excapt blind fasteners are used. This repalir is lifs
limited depending on the type of fastensr used and the gage of the
outer skin at the Joint. After installation, the olind fasteners
should be regularly inspectad for looseness or working. After they
bave deen in service for the stated pariod, a fatigue c¢rack inspection
as detailed in Part Il should be initiated in the repair area, The
blind fasteners may be replaced with protruding head solid rivets in
conjunotion with fatigue corack inspection and Part III - Tear Strap
Inspection and repair for terainating action for Part Il inspections.

When accomplishing the Method 1I1 fastener repsir per 737 Structursl
Repair Manual (SAM) Subject 53-30-01 as a preventive modificstion on
airplanes thut have excesded 80,000 flight oycles, perform & bigh
freaquency eddy ocurrent inspection of the lap joint open holes before
oversizing for protruding head rivets. If oracks are found, repsat
eddy current inapection of hole after overaizing to assure orack
resoval. Alrplanes previously modiflied per SRM, Method III solid rivet
fastensr repair, received tersinating action and do not require further
Fetigue Damage Inspection.

NOTE: The followirng repairs may not be used in corroded areas wvhere the
skin thiockness would be less than .032 inch after oorrcsion
renoval. For repalr of corroded areas exceeding this limit, see
737 Structural Repsir Manual Subjeat 53-30-1, Figure 5, Method 1l
or 111.

Jul 19/72 T3T-53A1039
REV¥. 3¢ Aug 20/87 18
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BCEING SERVICE BULLETIN 737-534103¢9

One Row Standard Fastsner Repair

1. If joint was asparated, remcve looss adhesive, apply 2rush
on chixzical {ilm treatsent (Alodine or Iridite) and one
coat of chesiczl and solvent rasistant priser to metal
faying surfaces. Afte primer has dried, apply seslant to
faying surfaces. Ses 737 Structural Repair Manual Subject
53-30-4 for faying surface sealants.

2. Ir Joint wuas not ssparatad, inject as much corrosion
inhivitor as possitle into the joint. See 73T Structural
Repsir Manual Subject 51-10-2 for correosion inhibitor
application.

3. Install fasteners, ses# 737 Structural Repair Manual Subject
%$3-30-1, Figure 5 Method IXI, and inspsct tesr strap.

One RMow Blind Fastener Repair (life limited)

This repsir 13 life limited. The following fatigus lives were
established by testing which assumed the absence of dond, fatigue
eracks and corrosion and ars to bde calculated from the time dlind
fastecars are installed 4n the Joint. If »olind rive:
NAS1398D8-( ) 1s finstalled, =a [fatigue 1life improvemsnt of
approxizately 15,000 flight cycles may bde expsctad. If Visu-lok
plind rive:t PLTI007«b6-( ) of Unisink Head Bulded Cherrylock CR
2235=6=( )} 1s installed a fatigue 1life improvement of
approximately 30,000 flight cycles may Ue expected. Blind
fasteners should be inspected for looseness or working at rsgular
ms jor maintenance intervals to ensurs that the indlcatsd fatigue
life i3 achieved. Inspect fastener locations for fatigue cracks
per Part II after flight cycle extension has besen reached, unless
replacensnt with standard fasteners psr Part IV.4 is accomplished.

1. Ramove sxisting upper row rivet if it is 3/16 inch diameter
Gr sasller.

NOTE: If existing fastener i3 stesl or, larger than 3716

inch diaseter, rescval i3 not required, as this
location will have a satisfactory fatigue life.

737-5341039
19
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2. Enlarge existing hole with, Size F (0.257 inech diameter)
drill if blind rivet BAS1398DE=( ) 1s to ba instslled, No.
3 (.213 inch diapeter) drill Af Visu-lok blind rivet
PLTI007<6«{ ) 43 to be installsd, or Wo. § (.205 inch
diamgter) drill if Unisink Head Bulbed Cherrylock CR
2235-6+( ) ia to bs installied. Carsful hole driliing 1s
advised 0 Kkesp . bhole diaseter as close to minisus as
possidie.

WOTE: Visu-lok Blind pivet PLTI00T-E~( ) or Upisink Head
Bulved Ckerrylock CR 2235~6={ ) may bs used to
replace 5/32 1irnch diamster rivets only. Por
replacesent of 3/16 inch diameter riveta use blind
rivet NAS13I98DO-{ ). }

3. To achieve the max‘mux service life associated with blind
fastener inatallation, it is essentisl that no corrosion be
present. It i3 suggested that corrosion iahiditor be
applied to joint fayirg surface through esach open fastensr
hole using squipmsnt similar to that detailed in Paragraph
I1.D.4. After application, remove all traces of corrosion
inhiditor froe external skin surface using s 1:1 mixturs of
pethyl sthyl ketons and toluene.

MOTES: 1. Contamination of insulation Dlankets with
corrosion inhibitor ia not to bs permitted.

' 2. Corrosion inhiditor application restrictions
detailed in 737 Structural Repair Manual
Subject 51-10-2 concerning application in the

vicinity of oxygen systems vust be obaerved.

3. For full width delaminations both «xtearnal and
blind internal appiication of corroaicen
inhibitor is suggested.

4. Application by aeros0l can has been found to ke
ungatisfactory for blind aspplication due to the
likslihood of over-saturation from an
uncontrolled spray and possible contamination
of irsuiation bDlankets. However, 1t i

i satisfactory for external application where
; full width dclaminations are found and axcess
ssocunts of corrosion inhibitor may be wiped up.

., -Inetall blind rivet NAS1398D8-( ), Visuelok bdlind
! rivet PLTI007-6-( ) of Unisink Head Bulbed Charrylock
‘ CR 2235-6=( ) as applicable with wet seslant (Ref.
BMS 5+95) undss pivet head.

Jul 19/72 737-53A1039
' AEV. 3:  Aug 20/87 20
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BOEING SERVICE BULLETIN 737-53A1039

Illcstration Table of Contents
Titie Page
Figurs 1. Lap Joint INspectiChescsccscccvsscorscsnnnancsscnsan 23
Figure 2. Tear Strap INBpectioR...ccccsesemsnsssovassransocssar 26
Figurs 3. Blind Corrosion Inhibitor Applicator - Method l..... 26
Figure A, LAD JOINT SEMPL®...ccrsrcavssscscscncancssscissnsnan 1

Figure 5. Blind Corrosion Inhibitor Applicator = Method Il.... 32

Jul 19/72 737-53A1039
REY. 31 Aug 20/87 21
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Jul 19772 737-5341039
REV. 3: Aug 20/87 22
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BOEING SERVICE BULLETIN 737-53A1039

Bs
W as 1018

Ne A4 \

\ ’ =

00

SEE DETAIL 1

FIGURE 1. LAP JOINT INSPECTION

Jul 19/72 737-534203%
REV. 3: Aug 20/87 23
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BOEING SERVICE BULLETIN 737-53A1039

FRAME
STATION
\

MIDWAY

TEAR STRAP
\ -
ol
& -
-~
-

x
/ x

STRINGER

UPPER
SKIN
i /"'-** !
FAIL SAFE | + - 1
TEAR STRAP \ T 7 |
CONNECTION it - :

(SEE FIGURE 3}

—_ s e

)

T

CRITICAL UPPER

ROW OF FASTENERS
-0LD BOND (REPLACE)
\DHESIVE STRAP

‘DISBOND)

SEE DETAIL 11

LOWER
SKIN

DETAIL I
TYPICAL SKIN LAP JDINT

FIGURE 1. LAP JOINT INSPECTION

19772 737-53A1039
3: Aug 20/87 24
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BOEING SERVICE BULLETIN 737-53A1039

TYPICAL FATIGUE
CRACK LOCATION

O

OQUTER ORm

CRITICAL UPPER UPPER 3SKIN

ROw OF FASTENERS
ADHESIYE

STRINGER

I#NER DR
LOWER SKIN

DETAIL 11

@ Accomplish Part I Visual Inspecticn of skin panel lap Joints for
corrosion and/or delamination, located at Stringers &, 10, 14, 19, 20,
ang 24,

@ Accomplish Part II Inspection of the lap joint upper row of fasteners.

FIGURE 1. LAP JOINT INSPECTION

Jul i§/t2 T37-534103%
REV. 3: Aug 20s87 25
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BOEING SERVICE BULLETIN 737-53A1039

¢ STRINGER

& STRINGER

UPPER ROW QOF
FASTENERS

TYPICAL
LAP JOINT
STRINGER

€ STRINGER

FIGURE 2. TCAR STRAP INSPECTION AND REPAIR

737-5321039
Aug 20787 26
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BOEING SERVICE BULLETIN 737-53A1039
0.32 TYPICAL
TEAR
3'"‘""\ BONDED AREA

@ REFASTEN

j\‘ .. I——-—aursn SKIN
<

STRINGER™__

DETAIL 1

@ Perfora close visual fnapsction of the bonded edge of the tear strap
for disbond and/or corrosion, over & sinimum tear strep length of 2
stringer bays above and 1 stringer bay below the lap joint.

@ It corrosion or disbond 13 suspected, insert tool (ECONQO-PMRAY or
equivalent) between skin and strap to determine if strap is distonded
o if corrosion has occurred. An outward push on skin while inserting
tool will aid in fdentification of weak or disvonded tear astrap
oonnections.

3 Drill 0.159«0.171 dianeter hole at locations shown and install fastener
MS204T0D5-5 wet with sealant (Ref. BMS 5-95).

FIGURE 2. TEAN STRAP INSPECTION AND REPAIR

Jul 19/72 737-53A1039
REV. 3: Aug 20/87 27



145

APPENDIX C

BOEING SERVICE BULLETIN 737-53A1039

NOZZLE
{} (FABRICATE
PER DETAIL 1)

/ﬁ‘\“‘a 0z. PUMP

TR INGER
TYPE DILCAN STRINGE élNS{L!TION
BLANKET

r——-—-—-—O-ZO

$0*

(
BRASS TUBING VB‘(/( .

3732 €0.094) 0.D.,
irié (0.062) 1.D. 0.067
{ANY OTHER SUITABLE

MATERIAL MAY BE USED)

OETAIL

FIGURE 3. BRLIND CORROSION INMIBITOR APPLICATON -« METHOD I

;i 19/72 737-53A1039.
Y. 3. Mg 20/%7 8
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BOEING SERVICE BULLETIK T37=53A1039

@ End of nozzle should contact skin for proper application.

Adjust stop screw so that one pump stroxe will discharge 0.10 to 0.15
cubic centismeters of corrosion inhibitor.

(3 apply 2 maximum of 0.15 cudic centimsters of corosion imhiditor to
upper sdge of Joint at seach upper row fastever hole whera a blind
fastener will be installec. Rate of application should approxisately
equal rates ar wnich corrosion inhioitor flows down the skin onto the
Joint for maximuz Joint saturation. Correct application ratae is
established by trial application using x joint sample fadricated pear
Figure &.

Splattering of corrosion inhibitor on insulation biankets is not to de
allowed.

@ Spring aids in controlling application rate.

FIGURE 3. DBLIFD CORROSION INMIBITOR APFLICATOR - METNOD 1

N1 w9sre T37=5341039
Y, 3 oaea 25/8%7 9
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THIS PAGE INTENTIONALLY LEFT BLANK

Jul 19/72 737-53A2039
BY. 3 Aug 30/87 3o
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BOEING SERVICE BULLETIN 737-53A1023%

< DRILL NO.21 (0.159 INCH DIAMETER) MOLE AND
"INSTALL RIVET BACRISCESDt ).

& pRILL NO.S (0.208 INCH DIAMETIN) MOLE.
0.50 TYPICAL
o~

el

i

0.080 TO 0.063 INCH
THISK AL ALLDY

SHEET (TYPICAL)
$.00 rYPICAL

STANDARD
STRINGER
SECTION

| TYPICAL

- Favbricate ‘Lap Joist 3saple’ as shown (used for sdjustaent and prectioce
of sppiying corrasion inhiditer by Method 1.

PIGURE &. LaP JOINT SAWFLE

Jui 19773 7373341038
MEV. 3¢ heg 20407 n

e
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BOEING SERVICE BULLETIN 737-53A1039
CLEAR
PLAST. C
TUBING
INSULATION
BLANKET
SET SCRTW
\
b
) U W

APPL ICATOR (
TiP

STOP COLLAR

DISCHARGE (3)
MOLES

FICURE 5. KIF0 CORROSIOR IMMCBITOR 4PPLICATOR - mETNOD I

a3 192 15180
REY. 3: Awg 30/ »
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BOEING SERVICE BULLETIN 737-53A1039

TOOL FABRICATION INSTRUCTIONS

Hake applicator tip frosm any convenient nonesetallic material either
solis or bollow. If solid materiszl i3 used, drill a bole for the
sajority of its length as shown. If kollow materisl is used, suitably
plug one and.

Diameter of tip dependent on hole size in skin and tip saterisl. Fit
of tip in hole should be & ligbht interfarence fit to precluds an
spprecisdle amount of corrosion ir-iditor flowing past the tip and down
the inner surface cof the sikin. The 1latant is to hold the corrosion
inhipitor supply st the faying surfzce. Correct tip disnater is best
datersined axperimactally.

Drill four 0.03 dis. discharge holes 50 degress apart.

Mawe 3top collar froxz any suitable wetallic or non-setallic material
and install set screw.

SoCL USRSE INSTAUTTIONS

Dererzine outer sxin thickness at bhole and adjust stop ¢ollar 3o that
gistance froc center of discharge holes o stop ctllar equals outer
Skin thiczness.

insert tip into fasisner hole until stop coatacts skin.

Fiii clear gplastic tuding with corroslion inhiditor to a levsl
approxirately 0.5 inch adbove gischarge holes.

Allow too0i tO resain in place for approximstaly % ainutes to achileve
maxinue enetration. A vissally apparent drop in fluid level may or
My not occur depending on void size and gap betwesn the skins. It the
Sap Detwesn the kins 15 very samll the fluid level may not appear to
drop. However, tests indicate that the volid ares 15 nevertheless
aaturated with corrosion laBibitor and therefore the iack of a vwisual
drop in fluid level is unimportant.

FICUNE S. BLIRD CORAGSION IMNIBITON APPLICATOR - FEINGD il

Sl 19752 737-53003%
33

REV. 3:

hug 20/87
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BOEING NONDESTRUCTIVE TEST,737NDT. 53-30-03

BOEING

EFFECTIVITY

LN ENTIAL IO

joDEL: -
ISERVICE ZULLETIN
JREFERENCE: 5341039

NONDESTRUCTIVE TEST
&LL

§ «~ EDDY CURRENT
G INAL LAP - ¥ FASTENER VAL

1. Purgese

A.

To find cracks in the critical (upper) row of Ziateners of
longitudinal sikin 1ap joints using high frequency eddy current,
without rescoval of fasteners.

Tha cracks usually atart on the inaer aurface of the cuter skin ad the
adge of tbe countersink. From thsre they propagate ocut slong the
faying scrface. Soe Pig. 3 for an fllustration of a typical crack.
Thiz inspection can find cracks 0.0H0 inch or longer bensath the
oountersunk fastener heads in akin of 0.036 inch and 0.080 imch thiek.

IIE: 4 proceduse Tor 230 with fasteners resoved i3 Part 6, 53-30-00,
rig- 1.

2. Equippen:
BOIE: Befer to Part 1, $1-06-00 for informstion on equipoent

.

-
-

77 o
Get 15/97

BWESTALLUTErS .
&ny eddy current iostrument that can operats at 100 kHz and sstisfy
the performsnce recuiremsnts of this procedurs say be used. The
fallowing equipment was used in the develcpment of this procedure:
{1} Megoatest ED.S20 Magoarlux Corp.
{2) MIZ-104, MIZ-10B, Ietec Inc.
{3} Luostor UR, Hoociking Instrumants
robe~-lse ooe of the following or simiiar probe:

{1} ©.12% inan disseter, 3 inch long siieided pencil probe, P/N
.30, KT Product Inglneering

{£} 0.13T Laon cisseter, 3 l:ch long uwoshielded pencil probde, P/R
30, T Produet Engineering

{3) Pasnielded lowstor probe, F/R 29F101, Hocking Instrusents
Probie Guide < Druftesen Circle Teaplate. BRefer to Fig. 2.

Part §
5343003
Page }
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HOLIvVG
OONNEICIAL TET

NONDESTRUCTIVE TEST

3. preparstion for Iaspection

&.

Maks gurs the ipspoction grez i3 clean.

Locsily remove thick paint as necesssry oaly to £ind the rivet hesds.
Paisnt peamoval 13 not required to do the inspection.

3. Instrepsoe Celivrytion

‘.

B.
c-

b.

z.

Do the initial cslibration. Refer to Part 6, 51-00-00, Fig. 4. Set
Locator UH to inspect aluminum.

Put the probe guide ¢n the relerence standard.

Visually center one of the holes arcund the rivet head. Choose a hole
that positicns the pencil probe to scan the edge of the countersink.
Refaor to Fig. 2. The hole chosen should give the dest detection of
the artificial erack in the countersink of the reference standard.
Identify the hole sslected on the probe guide.

Bith the prode guide held firmly in place, scan around the
¢ircumference of the rivet head. Mopitor instrument respocse. Ihe
operatsyr should b able to clearly identify bDetwesn the sudden
instrument response fros the refereance atandard orsck snd the slow
lostrument response fros an off center condition.

Set the instrument sensitivity tc clearly identify tha refersncs
‘standard crack byt 30 the ceadls does Dot move suddenly off scale as
the prode i3 moved arcund the fastener besd.

S. Jpspection Procedure

¥ ™
s.
C.

.

Identify the fastaner location to bDe inapected.
Center the probe guide hole around the rivet head.

Scan around the hesd with the pencil probe whils sonitoring the eddy
cs?mtw

Jdantify on the fuselage any locations which give an instrument
responge that is squivalent to the references standard crack reaponae.

§. Zospection Peyults

Part &

533003

Poge 3

Refer o Pr. 6, 51-0C-00, Fig. &.

3! i
Uet 18/87
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7 R —
NN ENTLCL JIXTY
NONDESTRUCTIVE TEST
20
1 P
4
10
1>
A A
t @ R
§> 2.0
B>
%3 i
| — — q
— o o]
. SECTION A=A 0.000
IENSIONS £EOR 8/32 CRACK STANDARD
.' MAD: ARSI INCHeS Dmum.anm NCH O]
® MATERIAL: 2004=-T3 OR Té AL CLAD 'N&umeoumumm
& TOLBRANGE: XX 2 008 > o on st stane
SOM NOTCH OR BOUTVALENT
003 TO 0.008 wWiDd
Reference Standard 363
Figure 1 .
Fart ©
T o 53303

Apr 1588 Tage 2
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SOFING
EONNENIAE SRF

NONDESTRUCTIVE TEST

(0006600000 OO-OO-

\- /

PROBE GUIDE

{SRAETSMAN CIRCLE TEMPLATE)
ZLUSH MEAD
PASTENEA PRORE (SMIBLOED PENCIL)
PROSE QUIDE
rulmxn\\ \\
= = E =
] \\\
REFPNINCE
STANDARD
Iastru-;pt Calivratiom
) igure 2
Parr 6
23+30-03 T3T M7

Foge & det 1587
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 EEING
SDIIIERTINE &Y

MONDESTRUCTIVE TEST

SECTION Awh

4 CHTICAL PASTRRER POW
-1+ RIVET LOCATION [RGF)

Countersink in Longitudinel Lap Joints
Tigure 3
Part €
3T BT T3=30-0%
Set 38/8T Page $



APPENDIX D
BOEING SERVICE BULLETIN 737-53-1076

EiTENG 777

SERVICE BULLETIN

STUMMARY

SOEWG COMMERTIAL ANRPLAME COMPANY PO, BOX 107 SEATTLE, BADUNCTOM M 132

SUSJECY: FUSELAGE - BONDED SKIN PANEL
ISSPECTION ANL REPAIR

Since 1§70, 20 operators bave reported
52 oocurrences of dalamination or
corropioe of Dbondsd cerown or 3side
skins oz 81 airplsves with froa 10,100
to 85,100 fiight houms ad Zrom 7,700
to 856,600 friight cycles. O these
oocurrences, 3 were in the forward
erown, 1% in the forvard aside, 20 in
the aft crown, IS5 in the &ft side, 1
is tha Yody crown over th¢ wing centsr
secilion, and 9 1in locationy npot
$dentified.

inspection par this bulletin will
seternine the structural cooditicn of
the sonded crown ant side skir=doubler
assembliey, one beliy skin batween BS
25%5.5 to BES 360, and a portion of &
bally askin froo BS 1016 to BS 1026.
Bond ‘separation, corrosion ang skin
cracking wbich 13 nol getecled could
resalt in expeasive “epai~3, Or cadin
prespurization difficulijes.

2CTION

At ths sext seheduled D chetk, ¢
withir & years from recelpt of
T wiichever osowrs  [irst,
s visual aextersai a4
internel imspection for corroalon and
delaination of,band-e ain=doudler
ssseubliss. Selsttively Iinspect per
$h3s Bulistis the crown and 3ide skina
fran Bocy Station (B3} 299.5 w K3
3615, Belly skine from 335 2%9.%5 to A8
WO, 3 ten iwch srip frew KBS 2006 te
B 1036, and the edges of the fuselaga
door cutewia. Miaspect AreRs A% SBid
Pwegarn. - eheck. Terwavent repairs
ary Mo arcomplisked per TIT Jtrwetsrsl
depeir Manuel. Temporary repairs ey
e sccompliisied  per  taly  cerviee
wuilatin.

ATA: 5330 NO: 737.53-1076

DATE: Octoder 30, 1986
EFFECTIVITY
Line Number l.A58
MANPOMER

Total Man-Nours - 3¢
(Zxternal Inspection Only)

MATERTAL INTORMATION
Hone

FORRARD ENTRY
ANC GALLEY AREA

AREAS OF INSPECTION

Susmery Page 1 of )
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SPECIALIST’S FACTUAL REPORT OF INVESTIGATION, CVR
FLIGHT DATA READOUT REPORT OF INVESTIGATION

BY

JAMES R. CASH
AIR SAFETY INVESTIGATOR

YARNING

The reader of this report is cautioned that the transcription of a (VR
tape 15 not a precise science bui is the best product possible from an NTSB
group investigative effort. The transcript, or parts thereof, if taken out of
context, could be misisading. The attached CVR transcript should be viewed as
an accident investigatfon tool to be used in conjunction with other evidence
gathered during the investigation. Conclusions or interpretations should not
be made using the transcript as the sole source of information.
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NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technology
Washington, D.C. 20594

May 26, 1988
GROUP CHATRMAN'S FACTUAL REPORT OF IXVESTIGATION

COCKPIT VOIiCE RECORDER
DCAMAREDES

ACCIDENT

Location: Near Maul, Hawaiil

Date :  April 28, 1988

Time t 1346 Hawaii Standard Time (HST)
Alrcraft: Aloha Airiines, Boeing 737, R73711

GROUP

James B. Cazh, National Transportation Safety Board Chairman
Quentin 3. Smith, Federal Aviation Admiristration Member
Barry A. Kane, Airline Pilots Assoc., Alcha Airlines Member.

SUMMARY

A Collins Model €42C-1 Cockpit Voice Recorder (CVR) SN
54 was brought to the audio laberatery of the National
Transportation Safetv Board. A transcript was prepared of
the final 16 minutes of the fair guality 32 minute recording
{attached).

DETAILS OF IRVESTIGATION

The CVR Recording starts at 1328:11 Hawaiian Standard
Time (HST) just as the fliclt crew is receiving their
takeoff information fror dirpatch at Hilo Airport. The
flying crew performsd their taxi checklist at 1329:05 HST
which included setting the aircraft's air-cenditioning and
pressurization to flight. The flight progressed normally
during the takeoff and initial clizb to their assigned
altitude of FL240. There were no conversations or. the CVR
that pertained to pressurization problems during takeoff or
climb. The transcripts starts at 1344:22 HST and continues
until the end of tape at 1359:57.5 HST. The ambient
background noire recorded on the cockpit arsa nike increased
drastically at 1345:43 HST. After the increase in the
background nojise there were ne inter-cockpit conversations
identified until 1349:32 HST. The intelligibility of the
inter-cockpit conversations was low due to tha high level of
wind and background noise present in the cockpit gfter the
structual failure. Once the aircrafi descended and slowed
down on final approach the intelligibility of the crew
conversations increased.
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NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technology
wWashington, D.C. 20594

May 26, 1988
GROUP CHAIRMAM'S FACTUAL REPORT OF IKVESTIGATION

COCKFPIT VOICE RECORDER
DCAMABB054

Locatior: Near Maui, Hawaii
: April 28, 1988
Time : 1346 Hawaii Standard Time (HST)
¢ Alocha Airlines, Boeing 737, W73711

GROUP

James R. Caah, Natiocnal Transportation Safety Board Chairman
Quentin J. Smith, Federal Aviation Admiristration Member
Barry A. Kane, Airline Piiots Assoc., Alcha Airlines Menmber.

SUMMARY

A Collins Model 642C-1 Cockpit Voice Rzcorder (CVR) &N
54 was brought to the audio labecratory of the National
Transportation Safetv Board. A transcript was prepared of
the final 16 minutes of the fair quality 32 minute recording
{attached).

DETAILS OF INVESTIGATION

The CVR Recording starts at 1328:11 Hawaiian Standard
Tive (HST) just as the flig ¢ crew is receiving their
takeoff information frop digpatch at Hilo Airport. The
flying crew performed their taxi checklist at 1329:05 HST
which included setting the aircraft's air-conditioning and
pressurization to flight. The flight progressed normally
during the takeoff and initial climb to their assigned
altitude of FL240. There were nc conversations or. the CVR
that pertained to pressurization problems during takecoff or
climb. The transcripts starts at 1344:22 HST and continues
until the end of tape at 1359%:57.% HST. The ambient
background noire recorded on the cockpit area nike increased
drastically at 1345:43 HST. After the increase in the
background noise there were no inter-cockpit conversations
fdentiffied until 1349:32 HST. The intelligibility of the
inter-cockpit conversations was low due to the high level of
wind and background noise present in the cockpit gfter the
structual failure. Once the aircrafi descended and slowved
down on fina) approach the intelligibility of the crew
conversations increased.
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The flight crew reviewed the group’s transcript on
May 11, 1988 and sugyested the following corrections and
additions:

I CONTENT

1344:56 CAM-3 well--we have friends celebrating their
50th anniversary

1353:16 CAM-1 they've picked up some of your®*

transmissions right there I think that they can
hear your but they can’t hear me,

1353:18 CAM-2 2l1lright

1353:27 CAM-2 allright

1355:09 CAM-1 pull the manual*

1356:54 CAM-1 figure 2 * be a partial flap setting and
hold that for * final*

1357:15 CAM-2 the very back

1357:18 CAM-1 no * * next to the take the asymmetrical
flaps partial

i.98:07 CAM-]1 one fifty bug

1358:23 CAM-2 want me to go flaps farty - help you with
the brakes.

1358:38 CAM-1 they'11 follow

1358:45 CAM-2 one reverse

1358:46 CAM-2 no thrust reverser

1358:48 CAM-] *= * gkay shut put it down

1358:50 CAM-1 (Delete statement)

1358:52 CAM-] no **+ the left engine

1359:05 CAM-] okay *+* the emergency evacuation

1359:07 {(sound similar to ACM seat noises))

1359:18 CAM-1 okay everybody who * get out I'11 go

throuah it you go
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1359:29 *how do you get this up

1359:49 CAM-1 the APU I had rurning so we might 25 well

fire that ons too
1359:53 CAM-2 fire extingnishers are discharged.

j;tmgAJt-e"Jk
ames R. Cash

Electronics Engineer
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TRANSCRIPT OF A COLLINS MODEL 642(-7 COCKPIT VOICE RECCRDER 5/N
54 REMOVED FROM ALOHA AIRLIHES BOEING 737 WHICH WAS INVOLVED IN
AN ACCIDENT ON APRIL 28, 1988, NEAR MAUl, HAWALI

CAM
ROO
«1

-7

TiR

UNK

0
()

NOTE:

Cockpit area wicrophone voice or scund sourcs
Radio transmission from accident afrcrafi
Voice fdentified &s Captain

Voice tdentified as First Officer

Voice fdentified as Jumpseat Passenger

Voice urideniified
Kahulut Local Adr Traffic Control {Tower)

Unknown

Uninteiligible word

Nonpertinent word

Expletive deleted

Break in continuity

Questionable text

Editorial insertion

Pause

A1l times are expressed im Hawaii Standard Time only

those radio transmissions to and from the accident
afircraft were transcribed.
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NATIONAL TRANSFORYATION SAFETY BOARD
Bureau of Technology
Washington, B.C.

May 18, 1988

R PORT OF
DCA 88-MA-D54

ACCIDENT
Location: Near Mauf, Hawait
Date : ApTil1 21, 1882

Time : 1347 Locad
Aircraft:  Alona Airlines, Boeing B-737-297, W73711, Fiight

243
GROUP
Not Applicable
SUMMARY

The aircraft wos equipped with a flight data vecorder,
Fairchitd Model 5424, 5/N 7274. The recorder was removed
from the zircraft and was bro.ght to the Safety Board’s
Flight recorder lLaboratory in Washington, D.C. for
examination and readout of the pertinent flight record. Side
2 of the foit was tn use, Sic¢e ] having been used previorsly.
Examination of the foil {ndicated that the recorder had been
operating i» the normal manner with no evidence of recorder
malfunction.

It should be noted that Aloha Airlines did not supply
the most recent calibration data for this recorder.
Therefore, it was necessary to use the standard calibration
for this model recorder with adjustménts. The values thus
derived, particularly those of 2ltitude and airspeed, may not
be as accurate as they would have been.

F EXA

It was reported that the aircraft was climbing to
cruise ané was passing through the area of 24,000 fert
pressure altitude when the cefiling area of the forward
passtnger cabin burst open in explosive decompression. The
aircraft was kept under con’vol by the flight crev and ar
emergency landing was made in Maui.
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Examination of the recovrded traces showed the flight to
bs ~elatively smooth from the point of 1iftoff to the
ocierreance. The airspeed trace cezsed abruptly and dropped
to a position below zero KIAS and remained thers unti)
tlectric power was removed. Th: other parameter stylt
apperred to operate in the normal manner; hevever, they wers
affecied by the vibration as shown on the graph attached.

The atrspeed trace, in its bottomed-out posttion, showed the
effects of this vibration also. The "G" force measured at

the emergency landing was 2.4g which 1s only a change of 1.4g
from an at rest position.

The readout results and a graphic dispiay of those
results are attached as part of this report.

2y lappar)

Billy M, Hopper
Alr Safety Investigator

ATTACHMENTS:

1. Readout Data

2. Readout Graph

3. Ground Measurements and Styli Offsets
4. Recorder Calibration Data

5. Photograph of Foil Medium and Traces
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ATTACHMENT 1

FDR 13-MAY-88 09:37:25 PAGE 1
BLOWER

TIME ALT A/S HDG VACC NMIC
FEET KTS DEG GS

00:91.9 0.9%
00:04.1 18628,

00:07.2 283.8

uv:07.9 293,

00:08.< i.01
00:12.3 Z94.

00:14.3 2B3.5

00:15.4 18788.

00:16.4 0.99
00:19.4 1.21
00:21.3 294.

00:25.5 18963,

00:25.7 284.1

00:28.7 291.

00:29.9 19062,

06:30.6 i84.4

00:33.1 19177.

90:34.0 9.98
00:37.0 1.00
00:37.3 283.9

00:26.0 19232,

00:40.9 2%2.

00:42.2 19308.

00:45.8 283.7

00:52.4 252.

09:57.5 283.1

00:59.3 i9600.

01:03.8 1.00
01:04.2 282.9

01:0:.5 19727,

cl:08.5 291.

0l:11.5 15883,

01:12.5 1.00
01:14.3 250.

01:17.0 0.98
01:18.6 28l1.9

01:21.5 20107,

01:25.2 281.6

01:25.4 288.

01:27.0 1.00
01:30.1 20310,

01:31.9 285,

01:36.5 0.99
01:37.3 283.3

01:39.0 0.95%
01:39.4 284.
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FOR 13-MAY-82 ©%:37:25

BLOWER

01:5
01:5

02:0

02:0

A 4 L 4 € E 4 & om0 %t B AN

03:17.8
03:20.3

ALT
FEET

20833,

21150,

21433.

21580.

211857,

21863,

€233).

22417,
22343,

22850.

183

A/8
KTS

84,

245,
285.

286,

208,

295.

299.

299.

299,

206,

397,

283.3

283.6

203.2

282.4

201.2

200.5

381.4
s82.2

PAGE

VACC HIC
GS

0.97
0.95

.98
6.97
0.99
0.94
0.97

0.96

1.01
0.99

1.01

1.00
1.01
0.99
1.00
1.01

0.98

1.90
1.03



184
APPENDIX E

FOX 11-MAY-BB 10:44:33 FAGE 3
BLOMER

TINE ALT A/8 BDG VACC NKIC
FEET kTS DIG Gs

03:22.1 i.01
03:23.7 189,

03:26.2 .02
03:23.5 22807,

03:30.7 281.4

03:32.¢ 486.

03:33.3 1.00
03:36.0 £3017.

03:36.7 1.902
03:40.6 23207.

03:43.6 283.

03:45.3 280.2

03:45.7 1.00
03:46.1 23460,

03:47.3 0.94
03:49.4 283.

03:51.5 23567,

02:55.6 280.5

04:00.3 282.
04:05.3 282.9

04:07.4 284,

04:11.3 23870.

04:14.0 285.

04:14.¢ 283.2

04:15.5 23943.

04:19.1 1.01
04:21.9 283.6

04:25.2 289,

04:25.9 24057,

 »

283.3

WiNPOOHMODMBR M

24133,
04:4 .

3

&

0

2

3 £97.
04:46

9

0

1

3

£

5

283.7

301.

24223,

302.

284 0
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PDR 1i-MAY-88 10:44:31

BLOWER

05:0
05:0
05:0

o

w

"

o

w
IR

(-]

(7. ]

(1

. . -
MR BBWWWINNNREOOO OB O dd dRRWNE N

.

05:0
05:¢C

D) . .

.

05:1

LI e

*

NANARARMRWAWOSNARIWNORBANOOARAWLENIOGANR N -

05:1

o
"
(1]

b s
- - L} L ,

.

05:22.5
05:31.9

ALT
FEET

24277.

24317,

24450.

23683,
24373.
24397.
23967.
24450.
24057,

24380,
24157,
24347.
23837,
24063.
23837.

24073,
23870,

A8
KTS

303.

185

HDG
DEG

284.4

284.5

286.4
281.3

286.4

278.6
284.1
280.2

272.2
277.2

270.5

272.9

PAGE

VACC
GS

0.95

1.37

0.66

1.386

0.87

1.13
0.57
1.07

0.5

MIC



FDR 11-MAY-B8 13:44:33

BLOWER

TIME

05:2

85:

(=
w
.
»

o0
Y LU LN
e owa
YL

35:2
§5:2
0s:2

"
L2 ]
DALY O o) O O U e )

3
than
.

05:2
05:3

P5:3
05:3
05:3
05:3
05:3

I
MOGBMWOUARADUVADBNOOAYNFALMAOROCOANADIWEALIUNIALAVLNGNSD

LR T Y T

COVVLESIN~-NNOAAVNAAWNWLNHOOO

05:46.3
05:46.4

ALT
FEET

23580.

23520,
£3760.

23383.
23019,

23433.

2309z,

23243.
22783.
23030.
22617.
22790.

22310,
22710.

22520.
22850,

22477,
22813,

22333,
22840.

186

a/s
TS

HDG
bEG

270.6

2711.90
270.3

271.3

271.3

270.8

271.8

271.4

270.4

27C.8

PAGE

VACC
1.86
1.06
1.34
1.03
1.19

1.02

1.30

1.08
1.28

i.01

1.27

0.52

1.22

0.95

1.10

0.95
1.07

KiC
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POR I1-MAY-B8 10:44:33

BLOWER
TIME

05:47.8
05:47.9
05:48.7
05:48.9
05:50.2
95:50.8
05:51.2
05:51.9
05:52.3
05:%2.9
05:53.1
05:53.3
05:53.9
05:54.1
05:54.7
05:55.5
05:55.7
05:56.8
05:57.5
05:57.6
05:52.6
05:58.7
06:006.2
06:01.0
06:03.8
06:04.1

ALT
FEET

22530,

22890.

227113.
22980.

22613.
22313.

21990,
22477,

22257.
22823,
22247,

22310,
22180.
22827.
22270.
22610.

187

A/S
KTS

BDG
DEG

267.4

266.2

PAGE

VAC

[

1.12
.97

1.10

0.74
1.01
.85

1.08

0.91

nIc
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Altititude Correction ("}
Alrspeed (0 KIAS)

Veartical Acceleration
Afrport Elevation (FT MSL)

Altimeter Setting {Inches Hg)

§ 11 Off Hori

Altitude

Indicated Airspeed

Magnetic Heading

Verticai Accelaration

Microphone Keying

#:gnetic Heading N/S Binary
ne

15}

189

-0.0110
1.7501
£.2594

54.0000

29.92

-0.0068"
0.0025"
0.0023"
0.004C"
-D.0048"
0.0117"
2.0000"

Attobment 3



-1000
0

1000
2000
3000
40900
6000
8000
10,000
12,000
14,000
16,000
18,000
20,000
22,000
25,000

Altitude

0.1250"
0.192¢

0.2550"
0.3170"
¢.3760"
0.4350"
0.5450"
0.6480"
0.7430"7
0.8270”
0.931¢"
0.99%)0"
1.0160"
1.1360"
1.1960°
1.2860"

190

N A BB-M-A
4
Calib-ation Data

4

100
150
200
250
360

APPENDIX E

ATTACHMENT 4

1,7515"
1.7825"
1.8205°
1.8755"7
1.9545°
2.0445"
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APPENDIX F
mole_  AIR CARRIER MANUAL
YOLBME 2 MAUNTERNCE
Revised: April 12/63 Seczion Vi1
Page 7.18¢
Foran No. H-36
FOR-DESTRUCTIVE TESTING RESORT
1. Mdzcraft ®_3an1y Dece: o5 - coC - 5§
2. aircraftr Totel Airframe Heurs:
3. Airerafe Tetal Numbar Landings:
4. 1If other than 1 thru 3 above, idenzify unir.
Nomenclsrure: quy, T Sy  Yae lour Wenclacturer: e - ..
Par: Bo.: Sarial ¥o.:
Time Since Last Overhaul Total Time (1f svailable)
5. Trype of Non-Destructive Testicg oechod uped:
8. Radiographic ¢, Magnecic TIype
b. Ulcrasonic £. Dve-Psnetrant
c. Lidy Current o g. Black Light
d. Visaal h. Magoifyier Giass Fower
6. Iaspection sccowplished in accordance with (i.e., Alert Service Bsllecin,
A.D. Bote, lnspection Special Project, Service Bullceie, Sezvice Letier,
Special Instruceions). R S w 3 - T3A4pve
7. Inspection (lcew 5) sccomplished by__ €. yoiT. .. 0
8. ZX-Ray verified (2n¢ reading) Yy
9. Oiscrepancies foudd (If noce, note "None Pound™),  winy o ool b o
g = = . - a. . 3
10. Corrective action taken (If vona, oote "Nonc Taken").

Page 1 of 2
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APPENDIX F

..@_ AIR CARRIER MANUAL

VOLIME 2 BAKTERNCE
Rovised: April 12/43 Section Vil

Page 7.186-1

Porm No. M-86

11. If any further information is submicted, add o a scpsrate sheer of paper
aod attach to this veport.

Separate page attczhed S X
12. Coatents of this report checked, further sction Teguired.
TES |

Signed_&  onINT e,
Senisr Inspector
(34
Quality Coatrol lespector

13. If further action wes takan, wha* wore the fiodings

14. This repore is considered completed and accurate zo the best of wy koowledge
and raquiras oo further action.

Date:

Sigoed:

Eecior in-pcctor
or
Quality Contzel Supervisor

Page 2 of 2
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APPENDIX F
..,.@,_ AIR CARRIER MANUAL
YOLDNE 2 MANITENANCE
Aavised: April 12/68 Section VIl
Page 7.186
Forme No. M-86
YON-DESTRUCTIVE TESTING REORY
1. MMrervafe I ML Date: ¢ - c 3. 33

2. Aireraftc Total Airframe Hours:

3. Alrcraft Tetal Number Landicgse:

&. If other cthan 1 thru 3 above, identify uniz.

Fomenclature:_ oy ., 1Ak Lao lo .~ Manufacturer: «. ... -
Tare Wo.: Serial No.:

Time $ince Last Overhaul Total Time (if svailable)

5. ZType of Bon-Destructive Testing method used:

a. Rsdiographic s. Magnetic Type

b. Ultrasonic #. Dye-Papetrant

¢. BRddy Current s g- Plack Light
d. Vigual k. Mageifving Glass Pover

6. Inspeciioz scecomplished in accordance with (i.e., Alert Sarvice Bulletin,
A.D. Bote, inspection Spezial Project, Service 3ulletin, Service Letter,
Special Instructions).

7. Inspection (Item 5) sccowplished by e ... & L+

8. X<Ray verified {2od reading) by
9. Discrepancies found (1f sone, sote "None Found"). @ooye -3 proc <ole

10. Corrective aceion taken (If none, pote "None Tuken").

®aze 1 of 2
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APPENDIX F
_@_ AIR CARRIZER MANVAL
Revipad: April 12/68 Section ViI
Page 7.186-1
Toim No. N-8§

11. If sny further foformation is submitted, add 2o a saparate shaet of paper
and attach to &this report.

Separate page attached YES 20 2

12. Contents of this report checked, further sccion ragquired.

TES B0 .

Signed = el
Senicr laspector
: cr
| Qualicy Coatrol laspector

13. If furthar action was teiten, what were the findings

1l4. This raport is considered complated and asccurate to the best of my knovliedge
and Tequizes mo further sition.

Date:

Signed:

Senior fusmmr
or
Qualicy Control Supervisor

Page 2 of 2
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APPENDIX F

‘“@'. Al CARRIZR MANUAL

VOLDME 2 MATERANCE
Revissd: April 12/68 Section VII
Page 7.18¢
Porm ¥Wo. H-86
1. Afrcraft N s, Date: o= - r5- ¢
2. Atrceaft fotel Alrframe Hours:
3. Afrcrafr Terol Yumber Landings:
4. If other than 1 thru ? gbove, idencify naix.
Nomoncleture: <oxp w B Y\ap Aco T Meuufacturer: oo ¢
Part Wo.: Serial Mo.: —
Time Since Last Overhaul Totsl Time (if available)
S. Type of Kon-Destructive Testing method used:
s. Rediographic e. Magnatic Type
b. Ulcrasentic ¢. Dys-Penetrant
c. Eddy Curvent - g- Black Light
d. Visual h. Magoifying Glass Powver
6. Inspection accomplished in sccovdance with (i.e., Alert Serviece Bulletin,
A.D. Yote, Inspection Special Project, Service Bulletin, Service Letcer,
Spacial lastructions).
7. Iaspection (lcem 5) accomplished by ¢ R T
8. X-Kay verifiad {Ind reading) by
9. Discrepancies found (If none, note "None Found"). QCren Cuacx S.iy St ® +
10. Corrective action taxen (Xf nocne, note “Mone Tsken™),

Pena 1 ~E 2
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APPENDIX F
AIR CARRIER MANUAL
LUNE 2 MANTENANCE
Revisad: April 12/68 Section V1I
Page 7.186-1

Forwm Ko. N-86

11. If eny further informstion is submitted, add o & ssparate sheer of paper
and attach to this report.

Separste page sttached TES %0 [

12. Ccacents of this repor: checked, further accion required,

TES w__~

re—

Signed o 4. T S
Senier Imspector
cr
Quality Coatrol Inspector

13. 1f further sction was takes, what wers the findings

16. This Teport is counsidered completed and aczurate to the best of wy knowledge
and requires oo further action.

Daze:

$igned:

Senior Inspactor

ar
Guality Control Supervisor

Page 2 of 2
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APPENDIX F

‘"@- AIR CARRIER MANUAL
YOLNE 2 MANTENANCE
Revieed: 4April 12/68 Section VII
Rage 7.186
Porm No. M-86
WOR-DESTRUCITVE TESTING REXIFT
-
1. Adrcraft W 13744 Date: _Cu-cf - C¢

2.
3.

10.

Alrcrait Total Airframe Hours:

Adrcraft Total Number sLandings:

If octhsr than I thru 3 above, identify unic.

Nomenclature: Stg yo4 TG 12 Wty Maoufscturer: me g
Part No.: Serial ¥o.:

Time Since Last Overhaul Total Time (1f gvailabdle)

Type of Won-Destructive Testing method used:

a. BRadiographic e. Magnetic Type,

b. Ulcrasonic f. Dye-Psnetrsnt

c. Kddy Current - §- Black Lighc

d. Visual h. Magoifying Glass Power

Inspection accomplished in accordance with (i.e., Alert Service Bulletin,
A.D. Wote, Inspection Special Project, Service Bulletin, Service Letter,
Special Iastructions).

Inspaction (Itve 5) sccompiished by ¢ m;j .““"‘g.

X-Ray verified (20d reading) by
Discrepanciss fousd (If mone, bote “Nonr Found™),  Quryo o Sary <o K Sn°

Corrective action taken (If ncne, mote "None Taken™),

Page 1 of 2
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APPENDIX F

..@_ AIR CARRIER MANUAL

Pavised: April 12/68 Section VI1

Page 7 186

Pore No. M-85

8.
,’

10.

YON-DESTRUCTIVE TESTING REIIFT

Adrcraft B_1373110 Date: ~ut - ez - EC

Alrcraft Total Afrframe Hours:

Aircraft Total Nember Landings:

If other than ! thru 3 gbove, identify uniz.

Romcnclature: Sxg <o o lw  1of o, ~Macufecturer:_s. o .ic
Part 3o.; Serial Mo.: —

Time Since Last Overhayl Total Time (if available)

Type of Non-Destructive Testing oethod used:

a. Radiographic «. Magneric Troe

b. Ultrasonic £. UCye-Penetrant

€, Rddy Curtent ~ g. Black Light

d. Visusl h. Magoifying Clase Povar,

Inspaction accomplished in accordance wic: (i.e., Alert Service Bulletin,
A.D. Wote, Inspection Specisl Project, Service Bulletin, Serviie Letter,
Spacial Instructionr).

Iospection (Item 3) sccomplished by ¢ - ,,‘\;“m“{_

X-Ray verified (Ind reading) by,

Discrepancias found (If none, note "None Yound"™), [UPTTU R -7 PTeT.

Corrective action taken (If cone, ootz "None Taken™).

Page 1 of 2
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APPENDIX F
.m@_ AIR CARRIER MANUAL
YOLNE 2 MAMNTENANCE
Revised: April 12/68 ﬁctt;a ¥i1
[;.c .1!‘6.:!
Porm Mo, H-86

‘11. 12 eny further {nforzmacion ic subeicted, add to a separste sheet of paper
and attach to this report.

Separate page attached YES 0 —

12. Contents of this report checked, further action reguired.

S w___-

Sigead  « - &
Senior Iaspictor
er
Qualicy Coatrol laspector

13. If further action was taken, wiat wers the fisdings

14. Thia report is cocsidered completed and accurate to the bast of ay knowledge
aad requires no further action.

Date:

Sigoed;

Senior laspector

or
Quality Coatrol Superviser

Page 2 of 2
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APPENDIX F

mollosy,,, ~ AIR CARRIER MANUAL
VOLUME 2 MAINTENANCE
Rovised: April 12/48 Secrion YII
Page 7.186
Torm Bo. M-36
NON-DESVRUCTIVE TESTING REPOPT
1. Adrcraft M nsne- - Date:_opz -cr &t
2. Afrcralt Totsl Afirfrsme Hcurs:
3. Alrerafc Tctal Number Landings:
&, If othsr than 1 thru 3 above, identcify uniz,
Fomsnclature: = 4 29 a0 Mroufscturer: = .-
Fart Bo.: Sarial Mo.:
Time Since Last Overhaul Total Time (if available)
$. Type of Non-Destructive Testing mathod used:
[ I‘ktc‘rtphic €. Magnetic Typr
». Ultrasonic f. Dye-Penetrint
c. Bddy Current g. Black Lighe
d. Visusl b. Hagnifying Glass Power
6. Inspection accomplished 1o accordance with (i.e., Alert Service Bulletis,
A.D. Nete, Inspection Specisl Project, Service Bulletic. Service Latter,
$pecial lnstructioas). Q 5 g 137 -%SI3\c=o
7. Iospection (Item *) sccowplished by & o, . A
§. X-Kay verified (Ind raading) by
y. Discrepanciss fousd (If oons, mote “None FPound™). oz coun” -
LY o L i)
10. Corrective action taken (1f ocne, note “Mone Taken™),

Tage 1 of 2
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APPENDIX F
VOLUME 2 ANTENSNCE
Revised: April 12/68 Seczion ¥II
Page 7.186-1
Fors No. M-86
il. 1f apy furcher information fs submitted, add 2o 3 separate sheet of paper
and attach te this report.
Separate page attached YES o .
12. Contents of thia report checked, further action reguired.
YES. L A
Sigoned & B,
Senior laspector
cT
Quality Control Inspector
13. If furcher action was tskea, what were the findiungs
l4. This report is considered complueted and sccurate to the best of ay Etnowledge

and requires no further sction.

Date:

Sigoed:

Senior Inspector

or
Quality Control Supervisor

Page 2 of 2
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APPENDIX F

..@__ AIR CARRIER MANUAL

YOLUNE 2 MAINTENANCE

Revised: April 12/68 Section V11

Yuge 7.18B0

Form No. H-86

B

10.

NON-DESTRUCTIVE TESTING REDOMT

Adreraft B_137.44% Date: eI . ac . OV
Alrcraft Total Airirase Hours:

Alrerafc Tetal Yumber Landiogs:

If other thao 1 thru 3 above, identify uni:z.
Vomenclarure: gy Lac  \p g Manufacturer: oo

Par: ¥o.: Secial ¥o.:

Time $isce Lazt Overhaul Total Time (if available)

Type of Bon-Destructive Tasting oethod used:

a. Rediographic ®. Magnetic Type

b. Ulerasonice f. Dve-Penetraot

c. Zddy Current - g- Black Light

4. ¥isual h. Magaifying Glass Pover

Iaspection accomplished in accordases with (i.e., Alert Serviee Bulletin,
A.D. Bote, Izspection Special Project, Service Bulletin, Service Letter,
Specisl lnestructions). s S I - S3A T

Inspection (Item 5) sccomplished by e .~ &

X-Ray verified (2nd reading) %y
Discrapancies fousd (1f mose, noze "Nooe Tound"), goiop @y, oo oo e D

Corrective action taken (If ncne, nota "None Taken™).

Tage 1 of 2
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n@_ AIR CARRIER MANUAL

Rewised: April 12/68 Section V31
Pays 7.186-1

Yorm No. M-B6

11. If soy furthear information is submitted, add zo s separate sheet of paper
and sctach te this report.

Sepatate page attached YES W0

12. Coatantz of this report checked, further aceich required.

TS | ] [
3{;3.{___5:;:~.45'r L
Senior Inapactor
er

Qualicy Control Inspector

13. If fuscher aczion was taken, what wers the findings

14. This report &s considered cowpleted aod accurate to the best 5f wy koowledge
and reguires so further sction.

Date:

Signed:

Senier Inspector

or
Qualicy Contyol Superviser

Page 2 of 2
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APPENDIX G

FATIONAL TRAMSPORTATION SAFETY BCARD
Burzau of Yechrology
SHashington, DL 20594

SUMMARY OF PREVIOUS REPAIRS ON N73711

The folliowing susmary of existing skin repairs or rework areas was derived
from the on-scene examination of the airplane in Kahului, Faui, Hawaii, from
April 29 to May 6, 1988.

LEET SIDE OF AIRPLANE

BS 540 -- Scab paich from $-1 to 5-2L, using universal rivets. Replacement of
countersunk rivets on forward skin of the butt joint from S-4L to S-4R, and
forward xlong S-4L for tke remaining short Tength (S-4R missing).

BS 580 -- Scab patch with countersunk rivets between 5-2L and S-3L.

BS 727A -- Scab patch with countersurk rivets, €"x 7", just above S5-17L

B3 927 -- Scab patch between S-2L and S$-3L, universal rivets, 5" long.

8S 1815 -- Scab patch with countersunk rivets above $-19i, 6"x 13",

BS 1121 -- Scab patch with countersunk rivets underneath third vortex
generator, 8”x 8".

BS 767 to 818 -- flush patch in top skin of $-20L lap joint, €" high,
countersunk rivets. Repair continued for:ard under the aft portion of the wing
to body fairing.

BS 747 to 1016 -- Top row of rivets at $-25L lap joint were repiaced with
blind universal risets.

gszgf7 to 947.6 -- Blind universal rivets in the top row of the lap joint at
RIGHT SIDE OF AIRPLANE

gS ;go -- 5cab patch with universal rivets, 8" long x 6 high, centered over
-17R.

BS S00B -- Scab patch with universal rivets, 7° long x 6" high, centered
around S-15R.

BS 727A -- Scab patch with countersunk rivets, 6"x 8", centered about 5-15R.

BS 727B -- Scab patch with countersunk rivets along 5-17R, 2" aft of frame and
8" forward, 7" high centered around the stringer.

BS 8590 -- Scab patch with countersunk rivets in forward frame of aft cargo
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208

door, 3"x 5% starting below S-15R.

BS 840 -- Sceb patch with countersunk rivets in aft fram:z of aft cargo door,
1*x 7'sstart1ng at S5-19R; scab patch with countersurk rivets, 1"x &", starting
above 5-23F.

BS 950 -- Scab patch with countersunk rivets at forward edge of aft galley
service door, 3%x 4", at S-14R location.

@S 970 -- Scab patch with countersuni rivets at mid-span of aft galley service
door aft of the Tower door hinge lower corner, 2"x 3", at $-15R iocation.

BS 1016 -- Scab match with countersunk vivets in top skin of lap joint at §-
16R, 4"x 4™, centered zbout strirger.

gS 1164 -- Scab patch with countersunk rivets under second vortex gemerator,
= 7.

BS 1;21 -- Scab patch with countersunk rivets under third vortex generator,

8°x 7".

BS 1121 to 1138 -- Scab patch witk countersunk rivets above APU access door

hinge line, 9" high.

BS 767 -- three rows of rivets replaced in 5-2CR lap joint, center row with
universal rivets, continued forward under wing to body Yairing.

BS 897 to 1016 -- top row of rivets at 5-25R replaced by iniversal head

rivets. Replacement started again &t BS 767 und continued forward under wing
to body fairing.

SENERAL

Several areas of rivets replaced by uriversal rivets around BS 747 to 807, §-
27L and P; 3-25R at BS 787.
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NATIOMAL TRAMSPORTATION SAFETY BOARD
Bureau of Technology
Nashington, DC 20594

February 13, 1989

BOEING 737 FUSELAGE SERVICE DIFFICULTY REPORT INFORMATION

e

A. ACCIDENT
Location: Near Mauf, Hawaid
Date: April 28, 1588
Time: 1347 dawaiian Standard Time
Areraft: Aloha Airlfnes, Inc. Flight 243,

Boeing 73.-297, N73711
Accident Mo.: OCA-88-H-A054

8. SUMMARY OF SERVICE DIFFICULTY REPORT INFORMATION

1. Seneral

The Federal Aviation Administration’s (FAA) Service Difficulty keport
58&!{ 4rta base was queried for information pertaining to the Boe'ng 737
wselrge. [t was found that 3,387 records existed from the beginning of the
curre t dats base {January, 1983} to February 7, 1989. This number was reduced
to 2,082 records by eliminating all wodels of the 737 that were not produced
as part of the first 291 atrplanes.

Between Jancary, 193 and the date of tae accideat, a total of 1,35?
vecovds were found. OFf these, 198 were reports of fuselage skin cracks, and
ton of these reports were of Crackirg at or near “ap jJoints. Six of the ten
reports isvolved lep jJoints in the wpoer lobe, while tho remaining four were
from the Tower Tobe of the fumiage. Six of the reports wer: submitted by
Medmont Airlines, thres by Aloha (fnclwding a2 Towsr lobe crack on the
sccident sirplane], sad one by American AirTines. The report by American was
the snly report submitted subsecuent to thy effective date of Airworthimess
Directive {AD} 37-I1]1-08, November 2, 1987. A1 of the afrplsnes cited in the
ton reports were manufactured within the first 291 atrplanmes.
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K summiry of the iuformation contained #a the preceding cracking reports
15 given below:

1. Upper Lobe Recorts

September 8, 1983 -- Piedmont Airlines model -20), N734N [iire no. 23), tota)
time 38,155 hours: “Found fuselage skir cracked at FS (fuselage station or
body station, 8S) 727A between stringers 4L and 1IS5L. Crack was one fnch

Tong."

October 11, 1984 -- Aloha Afrlines model -297, N73713 (line no. 222), total
time 24,814 hours: "Crack in the right side fuselage skin panel longitudinal
Jap Joint along the fastener line of siringer JOR between BS 727A-7278".

March 16, 1987 -- Piedmont Airlines model -201, W/44M {line no. 160), total
time 45,337 hours: "On walkaround, found fuselage skin cracked in skin lap
Joint below Teft cabin windows, station 370 to &35, a total of 21 cracks. 10 -
‘::i znch. 4 - 51nch, 1 -1 4inch, 2 - 1.25 inch, 2 - 1.375 inch, 2 - 1.5

July 17. 1987 -- Piedmont Airlines model -2A1, NI67N (line no. iB8}, total
time 46,367 hours: “"ODuring C-check found fuselage skin cracked at lap joint
station 370 to 380 stringer 14R."

July 17, 1987 -- on Yinme no. 188 adove: “Found fuselige :kin cracked at' tap
Joint station 127 stringer 4R."

November 27, 1987 -- American Airlines wodel -247, R470AC {line no. J40),
total time &5,185 hours: "During BC-3 check, found & 5.0 inch crack in
fuselage skin at stringer I&L, station 366.°

I1i. Lower {obe Reports

October 6, 1983 -- Pipdmont Airlines model -201, W746N (ling no. 207), total
time 36,257 hours: "Found 1.5 inch crack in fuselage skin on right side above
stringer 208 and aft of FS 727.°

November 23, 1983 -- Aloha Afrlines wodel -297, K73711 (line no. 152), total
time 26,042 hours: “Found sultipis skin cracks approx 3 inches lorg above left
fuselage skin Tap Datween strisgers 20t and ZIL at FS 756.9 to 816.9."

Decombar 16, 1981 -- Aloha Airlines model -297, N73712 (line no. 163), total
time 26,340 hours: “Feselage skin buliged end criacked between 5-258 and S5-26R
forward of F5 1016.°

flovember 9, 1906 -- Pisdmont Airlines mocdel -201, N745M {lire mo. 172), tota)
time 44,321: "During L-check faspection found one inch crack in fuselsge skin
st stution 727 stringer 20R.°

€€
hzﬁ
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2. Aloha Fleet Keport Summary

OF the 2,082 reports that wore submitted prior to the accident, it
pertaiced to airplanes fin the Alohs fleet. Three were the lap Joint
crack/corrosion reports previously cited, and tws were upper Tobe skin
cracking reports where Tap joint frvolvement could not be established from the
taformatio~ given. Three of the reports pertained o Tower lobe skin
corrosion, with an additional thrae reporis citing corrosion at cargy door
frames and the rosa gear whee. well structure. The remaining seven reports
invoived cracks in fuselage structure other than skin or Tap joints.

Ao S AOkwl

Brian 5. Richardson
Aerospace Engineer

APPENDIX H
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OEPARTMENT OF TRANSPORTLTION

PEMEAL AVIATION ABMEBEGTRENON

Service Difficuity Report

RIS: FS 0010-1

EERSUADTICAL EQVIPMENY
MASE EMVIPHENT BENTITY
Sy poimms a WMFIT TS (% L. ) TP SR
ACEAFT #CEINS §737-297 20242
POWERPLANT E
PROPELLER j
PRORLEN BIICETPTAON
10/62/84 | Crig-Closed.

rea | sas] wrsreaw

right side fuselage tkin penel 1
Sarvice Julletin 53-1033.

[ %]
_TSA _TIN3 |/ NN Co
MET  Buriag routine "C” check fnspection, observed a 7.5° long crack in the

ttudinel 1ap Joint along the fastener Yine
of stringer 10R betrv-n stations 7277 and 727

B. The crack 13 typicat of

The discrepant skin was cut out and reprired with
refsrence to the Structural opair Manual, Subject 53-33-3, Figure 16.

ez raiveys ETios

Shodad oress wre inc FAA UST ONLY.
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BOEING MGOS ALOHA AIRLINES MAINTENANCE EVALUATION

o, N

SAloha’Airlines

MAINTENANCE

EVALUATION

Attachment to

M-7360-87-3169

Prepared By:
Maintenance and Ground Operations Systems - Customer Bupport,
The BOZING Commercial Airplane Company.




215
APPERDIX 1

Jemary 30, 1988
M-7360-87+3169
File: O0102/AL0

Alohe Alrlines
Attention: Nr. Thesas F. Derieg

Viece Prasident, Oparations
2.0. Box 30023
Neneiulu Internatianal Alrpert
Bevolulu, HI 96820

Subject: Boeing Maintenance Evaluation
Aloha Airlines (ALD), Wovember 10 - 1%, 1987

Reference: lLetter, Reguest for Ivaluation,
T. Derieg te R. Oldani, 27 October, 1987

Gentleaen:

in responss to the Teference Tequest, @ Joeing tess consisting of Pater
Ansdell (team leader), Richard Fugate, Tibet Ciray snd John Nali from
our Maintenance and CGround Operations Systems (MGOS) erganizscion
conducted the subjoct evaluation.

The purpese of the Bosing tean’s visit was to ecenduct an svaluation of
Aloka Airlines’'s HNaintensnce eperations. Observatiens and
recommendations have been included fn the attached Teport which ocheuld
be of assistarce te improve productivity, enhanca technical sparating
efficiency and assure effective saintenance standards.

We apprecfate havirg had the epportunity te work with your technical
staff agsin and corvey eur thanks for the excellent cooperation and
courtesy shewn to our tean menbers during this wigit. ;

Please confirm yeur tveceipt of thiz xepert and feel free tc make any
Comments, OF taquest any additional information or assistance Tegarding
1ts centents.

Very truly ysurs,

CUSTOMER FUPPORT

A (0le..

R. L. Oldani
Nansger, Naintenance and
Ground Operations Systems

Attuchmont
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* These docurents and data are being sent separately by
M-7360-88-0279, dated January 30, 1988.
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PART 1. TEMRODUCTION

Iz zespenss te a Tequast from Mr. Thesas Derleg, Vice Trasidhne,
Opstations, & tean frem the Beaing Cemmerciel Afrplane Company,
Haintenancs and Cround Operstions Systems (MGOS) organizatfon within the
Cuatsmer Suppert Division sonductsd an svalustion ef Alosha Alrlines’s
{ALO) maintsmance spezations durisg Novesber 10 - IF, 192]. The Mosing
tean sorsisted of Pater Ansdell (ream laadsr), Richari Pugate, Tibet
Cizay sné Jehn Msll. The tean mesbers visited the Alohs Alrlines
mafntenance facility lecated at Nonolulu Incermational Afyperc.

The purpose of this vieit was to esonduct un svsluation ef Alchs
Afrline’'s technical operations by making ctssrvstions and
zecommendations to assist ALD to snhance technical operating efficiency,
{apreve productivity and essure a high standard of maintenance.

This report has been divided as Zollews:

PART 1« IMTRODUCTIOR

PART 11 - EXECUTIVE SUMMAEY

PART I11 - TECHNICAL DEIAILS

PART IV - SUPPORTING DATA, CHARTS, ZIC.

The teas members wish to express their apprecietion ts the following
airline parscnnel for their cooperation, assistance and courtesy
sxtended during this wisic:

Thomas Derieg Vice Presiden:z, Opsrations
James Villiamson Vice Prosidenr, Develodment
Henry Arii Staff Vice Precidant, Maintenance
Fredsrick Nedina Sirector, Maintenance

Ralph Akutagava Banager, Production Planning
Bob Takamine Natager, Quality Assurance
Gans Rodrigues Nanager. Baze Maintsnance
Darvin Nammersley Manager, Maintenance Support
Ed Matsumoto Sanior Imapector

Robart Okisotro Inspecter

John Wade Supervizer, Shops

Spucial apprecistion is exprecsed to Mr. Neary Arii for saking the
team’s arrangements for this wicit., A suitable work area vas provided,
ths day-te-day mestings were sffectively coordirased and an axcellant
tour was conducted of the Aloha Honclulu facilicy.

VA

ﬁ. ( o+ -W
% A. Ansdell ichisyd L. Bugste
Y, { )L 4rt
R K

hn Hall
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PART 11. EXRGUTIVE SUMMARY

This svaluation by the RZosing team var conducted In eccerdance with
thw Tequest #f Xr. Thomas Darisy, Yics Frasident, Dpsrations.

PART II 1s licited to highlights &f sipnificant raccumsndatiens
relevant te Ethis svalustion for executive consideration gnd s
eonclusion. PART 111 contzins che detsiled saucripticn of he
technical axpects of th: swveluazion. PART IV includes appendicas
esnsisting of charts and sther supportinr dats.

SDRARY OF RECOIENDATIONS :

Tha follswing sontains & Jummsry of racomaendetions (thass are
repeated in PART II1 accowpanied by taleted beckground datails of
the topics covarcd In the varicus departaents):

© Give high priority to completely revamping the Technical policies
& Precedures Mamul (the Alcha Alr Carrisr Msnusl). It should be
ssinteined, kept ecurrent, snd distributed threughout the
Technical Division. &ny interis changes batwesn ravigisns which
do mot require regulatery authozity approval, such as
srganization changes, atec., esuld be covered by *Tewporary
Revisions” er "Advance Information NMotices®.

» Institute an aggressive program te assura that all copies of the
Aloha Alr Carrier Nanual, s well as all applicable manufacturer
and vendor technical asnuals and docunents distributed throughout
the Technical Division, are maintained wp-to-date.

o Consider the proposed organizational changes shown in Ites 3 of
PART II1 - YECHNICAL DETAILS (also shown in Appendix ). This
includes the forming of mev Enginsering snd Reliabdility ssctions
ané covers other areas such as Technical Library & Publicazions;
Tecknicael Traiming; Quality Assurance; Plamming & Production
Control; end Technical Supply.

& BRotate all irspectors through & training Program on inspection
tethniques with special eaphasiz en Zerresien datectisn.
Enceurege inspoctors to be sore assertive in their dsalings with
Kireraft Servicss.

e Rither sssign extra inspacters to covsr the shops eor have Qualfty
dssurance éslogite {in writing) appropriste shop persenmel with
the necessary inspection approval suthority.

® Assure that Quality Assurance senducts randoms sudits (unannounced
spat checks} of Nonolulv Line Maintenance (both ALO ané centract
filght ‘1ines); csapenant shops and atsres sn & freguent dasls and
the putstations st least ¢nce a yeary.

APPENDIX 1

e
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Conatruct & dust free, tempsraturs centrolled laboratery for EDI,
borescops, snd calibration squipment.

Re-evaluate all 737 compoments as Tegards the maintenancs eentzel
process that would be best suited to each (Hard Time - EI, On
Condition - UC, or Conditionm Monitering - QX).

Consider developing achiszveble long, mediuve ané short range
production plans (esch contsining the -pp—oprun level of
detall) taking into account avallabilivy and requirasents for
manpowsr, facilities, equipment and material.

By recording manhours for all scheduled and unschelulsd
maintenancs tasks carrisd sut on the alrplanse over s period of
time, morms can e estsblished ggasinst which future performance
can ba messured. Such dats will assist in achieving more
realistic production planning end better astimates of airplame
dovntimes for schedulad checks. Manhour Zrends could alse be
used as & paramster to be used in the reliadbility progras.

Considay initiating the practice of preparing a planning chart to
be used by the maintensncs department as a guide in saQuencing
the items of work to be accomplished. By Indicating the
completed work, this flov chart would provide an sffective msans
of menitoring the progress of a chack.

Ensure that all shop planning and production control &rs the
responsibility of the Pianning & Preduction Control (PFC)
departaent. ¥o shop should zarry out any tasks on hardwsre until
a work crder is tTeceived from PPC. PPC should estedblish
priorities for shop work load based on stockroom requiremsnts for
ssrvicealble componsnts.

Drvalop a cowprshensive componsnt tracking systes covering their
locstion from stores to oirplane, through the Yepair shops, and
back to stores. This would holp to reduce the uvnusually high
pumbar of unservicesble sparss which have sccumulated in coertain
shops over ths past years. This tracking systes ¢ould 1deally be
computerized.

Encoursge the PPC manager and genior members of the ataff to
wisit the PPC dapartments of eocher operaters and jein sviation
industry ergsnizations on this subject.

Cotuider changing the telor of the unserviceable cemponeuts tage
to Ted and the serviceable components tags to gresn.

Conduct gp inventory eser.ise teo Zetermine hov many paTts ars
presently in the component shops. A decision should then be made
as to vhether they should be scrapped, disposed of, »r repaired
as part of the oversll spares inventory.

Reviev and expand the equipmsent calibration progrsx.
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Considar providing in the hasgar, & bonrd with slots on which
task cards can be grouped by s&ircrafr gems, skille requirey and
work progress status. This vill sssist the maintensnce fnriasn
fir fsauing work te hisz mechanics and provids visidilicy of
ProgTess.

Establish butter econtrol and sccountability of tools. A separate
tool erib arsa is Tecomeended.

Reviev the maintenance Program concepts detailed in Itep 10, PART
111 and advise Bosing of the progran prefeired by ALD sco that
details can be developed by the Bositng Msintonance & Ground
Opsrations Systems (MCOS) erganization.

Before initisting the nev 737 maintonance program, perferm a
cogplete structursl inmspecticn and fLncorpozate eartain key
sarvice bulletins om all ALO 727 girplanes. In the absence ¢f an
Enginesring dapartsant at AlD, Beeing Cfusiomer Support Service
Engineering will pricritize the "axtended life” service bulletins
applicable te ALD‘s 737s.

Ersure that all personnel rasponsible for planning, developing.
checking, {splemanzing and zonfucting the ALO Supplepental
Structural Inspection Document (S$51D) program, femiliarize
themseives with the. guidelines, examples and procedures in the
737 SSID. Particuler attention sheuld be pald to the motes and
instructions associated with the DTR chetk forms.

Correct all existing DBIR cheack form: esrrors and
miginterpretations (listad in Apperdiz F). Fote, there may be
additional errere =n (he existing OTR check {tams thar gre mot
iistec 1in Appendix F.

Add a precedurs to the ALD Afr Cerrier Manual for reporting
structurel discrepancies in accordsnce with Seetien & eof the
$510. Ensure that &ll czacks and previously unreported
occurrenczs of significant cerrxosion invelving a Significant
$trustural Item (SSI) that wers detectsd during earlier $SID
inspections be repcrted to Boaing.

Provide 737 training to all maintenance mechanics who have not
received training for this model airplans.

Consider adopting & pelicy reguiring all technical personnel to
tecsive & ainimm of one weck of refresher training each year.
The course ghould include Teviev of the Alohz Air Carrfer Hamiil
and extre training ghould He given to inspectors and foremen.

Frovide msnagement dsvelopmsnt and laasdazship courses to all
ravently appointad supurvision.

Obtain ceszettes om various specislized training aspects %o be
used in the hangar #r shops to assist with on-the-job training.

APPENDIX 1
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o Consider bolding specielized training rourses such as structural
repsir, corresion prevention &né contrel, risging and
nondestiuctive test (KDI) methods, ’

© YFermulats a master plan for the development of cosmputerization Iin
the tachnical divieion utilizing inputs from all potentisl users.

© Prapars certain technical vecords, such a5 servics bulletin
acionplishaent accountability for each alirplene, By nenual
sathode until sucth time as & computarized dats base is sot up.
Initial prisrity should ¥y given to recording the status of the
stTuctural service bulletins. These sheuld be particulariy
useful to ALC while operating oseveral fleet Zsader high cycle
airplanes and vhere sirplanes are deing aéded or ramcved frox the
Zleet due ¢ the varisus leasing srrangements.

¢ ZEctablish a separate arex davoted to th: shipping and recelviug
of peres.

© Adopt & policy wheraby componencs ressved from the eirplane sre
first sent to Stores and placed in & cuaranzine area. When iz
can bs detearmined that s replacement part dois not solve the
airplane problam, the removed componant can b2 tagged as
serviceables and returned to dtock.

¢ Consider assigning & Ssfaty Coordineter under sbhe Qualicy
Assurarce department to cover the Tezhnical Division.

© Encourage an interest in safery by forming an employee zafety
comzittze and appointing "eafery motitors®.

© Make an intensive effort o hire mors persomnel, as needed in
sach department in the Technizal divizion, ané bring aaspover up
te 4indusctry lavels. For sll supervisory and munagesen?t
positions, it is desirable to assign suitable understodias whe
can be trained to assuxe tShe positien of the spriicable
supeTviscr or asnagar in their absance.

© Ensure that therc is a good vapport betwaen the Flight Dperetions
and Tschnical DPivisions to make sute that sach appracictas the
other's problems and constraints., and highlight whar the
Tochniesl Division is doing to find sclutions. Flight Operations
can provide walusble inpuza on actual operating conditisn and
technical defects. This inm turn can certributs to more effictive
troubis shooting, timely rectifization, minimizing delays,
izproving d.spatch rellability and reducing costs.

LORCLNSION :

Maintenance Enginearing evaluations by the afrfrase manufscturers
haws the unique advantage of providing eperators with an {ndspandent
parspective which often avelds the °“bliind spots® that intarnal
sudits possess due to "home bor-and-bred cultures™. A feedback is
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provided of comparison of maintsnance performance by & psutral parcy
whick high.i{ghts strengths &nd weaknesdses of the systang and
mathods, the haelth ¢f the airplanes amd aquipment, and the
wifectivensos of keay personnel and ergenizstional atructurs.

The Boeing Customer Support Pivision walcrmes thio epportunity to
provide technica) assistanca to Aloha Airlines. Iz iz sincerely
bhoped thar by sdopzion of some ¢f The rvecowmsndations in this
goport, Aloha Alrlinax technizal persomnnel will be abls to enhance
thoir standard of maintsnance opsrations.

APPENDIX 1
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PART I1Y. SECHNICAL DETAILS
SERERAL:
¥his section, (PART 111} of the report provides detiils of
sbservations and Tecommendezions which concern the opsration ¢f the
Alohe Airlines Haintanince Division. PART IV comtains sppandices to
this section with supporting data and charts.

At tha time of this wisit, the ALD flest was sz follows:

AIRPLARE REG. FLIGHT FLICET INGINE DELIVERY
~IXPEL MO, CYCLES BOURS “IXPE ~DATE
737-202C NWBOLAL 47,632 39,935 JTiD-9 OCT, 1568
737-257 ®73711 $5,300 33,726 JTID-9 AR, 1869
737-2597 A73712 85,493 32,200 J78D-9 MAY, 1968
737-210C Ru806 47,200 34,955 JT8D-% MAY, 1969
737-297 N7IIL3 82,336 30,775 JILD-§ wov, 1969
737-2A9C N303AL 46,37 ol 385 JILD-9 APR, 1570
F37-2H4 R737LT7 64,551 3,775 JT8D-9 JUN, 1871
737-355C R802AL 6,527 8,642 JTED-9 MaY, 1930
737-287  NW72BAL 29,948 11,598 JTep-9 FEB, 1282
737-297  WI30AL 28,092 30,830 JIRD-§ JOL, 1982

.......................... A BB AT ssESCTACRSATASAsLtAS S S mnda e

Total Alrpiane Flast = 10

Sevan &f the tap sirplanes are over 15 ysars old. Three of the
7376: N73711, N73712 ané N73713, are the highest flight cycle
airplanes of all Boaing jots currently in operstion in the world.

In 1987, the ALD 737 fleet averaged 15.56 flight cycles and 6.0
filight hours per airplane. Mechanfcal dispatch reliadilicy was an
impressive 9§ .59%.

Aloha operates regional (Hsvaiisn Islands) voutss in an envirenmen:
kncur to be highly suscaptibie to the sffects of corresion.

Appendicss A and b shov the prganization and managessnt parsonnel at
the cime of this wigit. The -rotsl bumber of Aloha Afrline:
employess throughout the whole operstion was stated to be
spproximazely 1,188. Of thase, spprexisately 200 wers employed in
the Ksintensnce and Quality Assurance dspartmants as shovh: on
Appendix B. In comparison to similarly equippsd eperstors, it
appears that ALO is short of technical personnel in tie offices,
shops and hanger (this {s discussed {n Ites li - RANPOVER).

TECHNICAL POLICIES % PROCEDURES MANUAL:

An piriine’s Technical Policy & Procodures Mamual (TPPI) provides
the means of oastablishing affective saintenance standards and
eontrel as well &3 giving dirsction on all Technical Divisien
activities.



224

Artachaent to
N-7360-87-3149
Page 9

Operators usually bave thefir Quality Ansursnce department
resporsible for ensuring adherancs to this menual. The proparstion,
zevisior and upkesp of the marmusl &nd standard foras are wsually che
respensibility of an Enginmesring dspartmsant anéd a Technical
Publicaticns section (which may de grouped with the Technical
Library under Technlcal Sarvices - ses iLhe Tecommendation en this
aspect; in Item 3 - ORGANIZATION).

The ALD wersion ef ths TPPM is the “Alohs Afir Carrier Manual®.
Although the contents in the varicus voluses sre generally ir line
with the FAR requirsments, there appears to be gaps of po records of
Teviziors for several ysars, meny of the contents do not apply, some
procadures {(for example, regarding corrosion conzrel) srs inadequate
and asveral se:tions have not bosn kept up-to-date. Strict contrel
of the distributed copiss 1 rrquired. The "Inopoction Alert
Bulletins® which are daicrided to be oh hlus Faper and listed, were
not avallatle in the copies of the manual which were examined.

o It is recommended :nat high prierity be given to cozpletely
revasping the Alohs Air Carrier Msmual. The contsnts should be
in sccordance with all regulatory suthority vsquiremsnts. A
stztomant should be provided in the intreduction deseribing the
poliecy of hov the manual (s to be maintained, defining the
rasponsible suthoritiss, the axtant of its distribution and who
is to keep it current.

© It is racommendad that interism ravicicns to the Alochs Air Carrie:
Manusl which dc mot reguire regulatory appreval, for example,
orgsnirational changes, etc., shouid be cavered by "sdvic.e” or
"cemporary” revisions.

SRGANIZATION:

For the Technieul Division to function smoothly, it is importent to
stsure that irdividual roles are claarly defined and the reporting
relationships are proper’y undersicod. Perzonnel should heve a
claar understanding of he key vesponsibilities within the
erganization, be fully sware of who has the suchority, and tecognize
their own accouatablility, so as te sutomstically and corrsctly react
and imteract to AnY mecessary reguired action.

Many internal ~onflicts er bottlenecks can be sradicated or reduced
to managechle levels by the car-ful snd proper streaslining of the
erganizational structurs. JIn thic yespect, & continual raviev of
the organiziiional structure may Bs Decessary to cater for factors
#uch as Increase in utili~etion, changes in opsrational wtrategies,
sirpiane leasing, seszing rveguletory suthority requiresentcs,
contract saintenance, workload "peaiks® and "valleys™ and changes of
persornel, sll of which also require continuel upgrading of skills,
fncluding technical snd adainistzetive development.

Saveral Technicsl Division management changes had recently taken
place within the aix menths prior to the visit by the toam snd these
are reflscted in Appendicaz A & §.

APPENDIX 1
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Tis Aloha Alrlines Technical Divisien sppesars to havs most of the
appropriate sections usually foumd in similar sized airlines. &
typical ocparator organization £s shown in Appenéix C. The' tean
obasrved tha: the folloving eress could benefit froa warious
esrganizatisnal improvements: Engincsring; Technicsl Library &
Publications; Technicsl Training; Quality Assurance; Reliasbilirty;
Production Plamning & Conivol: and Technical Supply. Alohs Alrlinas
might consider these suggestions should any future technical
organization changes be planned (a~c Appendix I - PROPOSED ALOHA
TLCHNICAL ORGANIZATION):

- Jopinesring:

Typical operatot enginsering functionz are shown In &ppendix C.
As detalied in Jcam & - ENCIMEERING and Appendix E, it is
propesed that an EnginesTing eection be formed as either 4 2%anc
alans department or as part of a sev “Techniecl farvicas”
departmant including Praduciisn Fienning & Contrel, Technical
Fratning snd Technical Publications/Library.

- Zschnicel Publications/Technical Jdbary:

There appears to be & need to sxpend the Technical Library into a
Technical Publications/Technical L{brary section. By esploving
some technical writers, revigions eceuld bz made €o manuals
affecced by incorporstion eof service bdulletins ané other
anginasering change gpction. The prime funcrion should be
maintaining the Technicsl Policies & Procedures Manual, stsndard
forms end placards. This section should institute an aggrercive
prograz to assure that all coples of the TIMPH 25 well =2 2l
spplicable manufacturar &nd vendor tethnical manuals and
documenis distribuzed throughout the Technical Division are
maintained up-to-date. '

- ZIschrnical Zrainins:

As Getsiled in Jrem 11 - TECHNICAL TRAINIRS, there is & need to
form s dedicaved Tschnical Training school and it is proposed
that this be under & Technical Services dapariment.

- Quality Assurance (OA}:

A typicel QA department and responsibilities are abown in
Appendix D. Propessd plarz for phasing in warious sections of
this Sapartment are shovn in Item & - (UALITY LSSURANCE.

- Aslleblcy:

It appears that an sffective Reliability section meeds to be
ereated (as recommended Iin Ites 5 - RELIABILIIY). Dapending en
the saphasis of the reliabllicy program, operstors ususlly have a
Beliabtlicy section under either Technical Service. or QA (see
Appendix E - PROPOSED ALOHA TECHNICAL ORGANIZATIOR).
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Zachnical Fuoply:

In sary eperatorc, Tuchnical Supply 1z a separste dapartment
wndexr the Technical Division {(see Appendix C). Thiz s alsc
proposed in Appandix E.

QUALITY ASSURANCE (DA} -

Iz was obaesrved that the ALD QA department, which fs scaffed by 12
pezssnnel, has exparienced and dadicated parsonnel. GA i3
independant of the Kaintenance departuent and the baad of Qa raports
te technical sanagesent at ore level above that of the bhead of
Maintenance. This 15 satisfactory and 4s in conformance with tha
accepted concept that work verificstion should nor be influsnced by
production desands. The responsidiliciss of QA ashould include
surveillance of the enti:. Technical Division Including Technical

Supply.

At pressnt, the ALD QA has Tesponsibility for QC (Inspectiom),
Technical Records, the Technical Libracry and Publications. Other
zesponsibilities, accerding to the ALD Alr Carrier Manual, include
the relliability aspects of the continuing analysis and surveillance
progranm,

The ALD inspection function is psrforwed by the participstion of
fnspecteors in maintenance chscks. All incpections per task cards
and service bulletins are carried out by fnspectors. All icems
written up by 4mspociors faz correction are re-inspested and
szzapred by thes afrer rectification of the discrepsncies by
mechanics (inspecter buy-back). This prectice of 100 inspection
and buy back by inspsctors indicates ths commitment in primciple by
ALD management to have well maintained airplanes. hereas the teix
spplauds this practice, and the high ajrpiane reliability plus
sxcellent condition of the airplane systeas have proven to be
& standing, thare $s some qQuestion regarding the dateriorated
atiupture of the high cycle alrplanes. The lack of a corrosisn
pravantion and control program iz & factor, but there is also the
pensibility that specialized Inspestor training and more
assertivensss on the part af inspection is reguired.

© It 1s recommendsd that all ALD frspectors be rorated through a
craining progrom on inspection techniques with special auphasis
om corrogion datection. In the future, inspectors should also
goceive sporislized training (as listed in Iz%ex 12 - TECHNICAL
TRAINIRG).

Share have hesn cases in the past where the Alreraft Services
dapartment, in an offort to mest schedulssr, had painted over eor
elose? up aveas of ths airplane prior to inspaction. This supgests
that this ®ay bs an area vhure the QC inspectorr should be more
assertive snd whure the Afrerafr Sarvice gapasrtsent should be made
svare of UC fmportance. On The othar hand, in an effort te net
affect production schedules, QC inspecters should review their
dnitial fnspection pricrities dufing the early part of thelr
saintenance chocks to cover theds opened up rreas.

APPENDIX I
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Thars B¢ met sppaar to de ary involvement by inspection in ihe
Shops. Built-up angines and cverhauled components had tags vwith mpo
Sagpaction appreval indicsted.

e it 1v Tscoumended that sdditicnal inspectors be assigned & sover
the Shops or appropriate shop personnel be delsgated {(in writirg)
dnspection and appreval authority by Q.

41D inspsctore were Dot involwed with Line saintsnance sctivitiss at
Bonolulu or st othar atations.

¢ It is Tecommendsd that the GA department conduct Terdem euwdits
(unannounced spot checks) of Bonolulu linc maintenance (both ALD
ené contract flight lines), cowporent shops &nd PteTe: oOn &
froquant basis and the sutstations at least unce & Fear.

The responsidilitiss of the QC (Inspection) section shovn iIn
Appendicas D & E covering Stores/Recelving includas inspection eof
incoming materisls and compeoents, hldden danage inspectien, propsr
attention to storage of flasmable mstverials, and parts thelf 1ife
limits control. It would be baneficisl 4f this sectien could also
assume seme limited responsibility for audits of vandor qualicy and
sake recommserdations to Technical Supply for the ALD spproved vendor
list.

In the absence of an Engineering department, Qi parforms most of tha
funcrions wsually accomplishud by engineszs (ses Igem § -
ENCINEERING). Thess funztions conflict with the generally sccepted
ole of & QA/QC department. It is analogeus to & student writing
his owm sxasination text and then grading his owvn peper.

A part of G vhich naeds some sttantion concerns the HDT, borasscope,
and calibration eguipment (instrusents &nd mechznical tvesr). This
is important considering the prasent amoun:t of fn-house hesvy
ssintenance. It should be GC's responsibility to econtrel and
oparats all NDT and borescope squipment, as well as to check and
sonitor when all calidratieons are <ue throughout the Tachnicsl
Divisgion. <Consolidation of these aspects Tegquires & dust free,
tsapsrature eentrelled laboratery feor this sansitive squipment. The
laboratery sbould be located sdjocent to, of within the hangar.

e It i3 racomaendsd that a labozatery be constructed for ¥DI,
borsscops and calibration equipment.

RELIABILILY:

The ALD Air Carrisr Mamual otates thar the reliabilicy prograv is
sdainirteved by Quality Assurance and that Tevicions are made te the
airplane aaintonsance Operzations Specifications and the Comporant
Nsinterance Bchadule.
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QA alzo has responsidility for the ALD Propuision Systas Relisbiliry
Conzrol Program (MSRCP), the Hydreulic Internal Leakage Tast {HILT)
systas and 3 Comtinuing Surveillamcs & Analysis program eonsisting
of:

« Dats Colluction & Survelllance;
~ Data Aralysis;

~ Corrsctive Action (baseld on excesdance ©f "slsrt walust® and
Teviav by oonthly Reliasbility Centrel Board msetings).

The present AlD Componant Naintenance Schedule has most components
incorrectiy listed «s "on condition* (OC) when they should bs aither
“tord tima® (HT) or *condition monitored® (). To eclaseify a
component as OC, there zust ba soms scheduled inspection, theck, or
tests which ensurs that the component will function properly umril
the dext scheduled check.

e It 55 yecoemnended thet ALDC consider re-svalusting all 737
componants as Tegards the malintenance control process that would
be best suized ¢o each (HI, OC, or €4). Dats will then meed to
be ecollected and analyrsd for- CM compoments. Schedulsad en-
airplane chacks should be idantifisd for OC components.

An sffective progran sdninistersd by & reliability seccion under GA
should bte &n place in order ¢ realire the full sdvanteges of
adepting tondition monitoring for component contzel. Alse, this
section should consider the use of cowputerized relisbility softvare
prograas.

e It is recoamended that a Reliability saection be formed roperting
te the Quality As urance sesction.

The organizetion of Quality Assurance and the proper managemsant of a
Telizhilicy pregras ar Just described will provide an effective
systax for continuing aralysis end surveillance of maintenance and
inspection prograns.

ENCINLERIEG:

The respansidilities of an Enginesring department include svaluation
and isplementatior of manufacturer’s Servies Bullietins,
Alrvorthiness Directives, airline origirated wmedificatiens and
Tepair action, design, research, stulies, yepsrts and
invescigations. preparation of specifications, dravings And
stendards, establishesnt and conctrol of the airplane, engine and
componant saintenance schecule specificatiens, and providing
technicsl sssistance (for example, $n treuble shooting) as required
by Maintemance, Shops and Flight Operatfens. The mamufscturer
Sexvice Bulleting voceive s thorough S-sesEBENT &5 To BeTits, Ppay-
back, snd vhether thay provide practicsl isprovasents or sffective
eolutions to problems.

AFPPENDIX 1
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It sppears the st urgest mesd at AlD is for a structural sngineer.
Tias daterieratsd esnditi n of the slider, high cycle ALD 737c and tiw
four 737-200Cs which hué besn previeusly epereted I Alssks and
Tenots Tegions of Cannda or rough, wnisproved runways, Tequires that
opacial stzention ohoul . bs given to their structural fLzmtegriry.
This should feclud: ;-epar eeofrosion prevention and central,
cesplets definitiva :f structural repsirs and tersinating
sertection, as well a5 Taviev for incorporsticn eof selected
structural wervice bulletinsg recomrended by Boeing te exztend
airplane 1ife. The to.a discussed and left & complots list of these
sslected atructuval .arvice Bulletins apyplicadle to sll tan AlD
737a. These Bulletiins reflect the Influsnce of sparator service
srpeTiencs, regulecory autherity asction, nev saterisls and
procasses. They privide estimsted incrosental structural life and
racommended incerpo. ation threshold dats.

In the »rasent risence of sn ALD Engineering Cepartment, Bosing
Custemer Suppor. Service Engimeering fs studying the 1ists of
selected “exzerid 1lifx” service bulletine (58s) spplicedls te all
ALD sirplanss and will be wmovifying ALD through the Bosing Field
Service offic: of o priofity categery for each 5B applicabic te
Al0’s eperstions end suviror@ent. These lists say be supplesentsd
by other 535 considersd beneflicial to ALD 7373

Three of the 737-300Cs will become “*Supplemental Structural
Inspection Docvmont ($SID) candidate sirplanes™ this year. Mowvever,
the $SID [tems which wilil need te ke incorporated inte these
sirplanss’ ssintensnce progras will only Snvolve significant
structural itess sossocisced with the individual cerge airplane
festures.

ZLANEING ARD FPRODUCTION CONIROL:

Operators ganarally have their Plamning & Production Coenurel (Frl)
sections responsille for the plarning, scheduling of maintenance
sperations &nd srtadlishment of appropriata centrols. This assures
production schedules weet the tise limitazions as specified in the
airplane, engine and componment Eaintenance wperations pchedule
ssction in the Technical Policies & Frocedures Nemual.

Effective maintenance eontrel is schieved by scheduling saintenance
action in the proper sequence and at the proper time. Jt 13
desirsble that cowupetant personmel, equipment, facilieies, tosle,
spites and materfisls be zvellstle to ccomplish the assigned
meintenance task. This sectisn actc 45 ¢ rsgulster fer the
asintstance eycle providing safeguards to prevant:

-

= Excseding approwsd tiye Interval limitations:

- Backlog sccumulation sf work, pessibly resulting in Joss of
- sirplare avalladilicy;

« Erzers vesulting fros urplanned ans hastily performed work:
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« Manpower shortages;

= Spares/material shortags: for acjor checks;

« Facility evericed;

o Falilure to comply vith Tegulatory suthority reguletionx.

Zoms naiantensnce gctions are performed on & bvon-routines
{unscheduled) basis. In such zeses, thiz saction should provide the
raquired flexibliity te componsate for warlations fn workicads and
still control the production schedule. Opsrators ususlly have thelr
PPC coordinate the afforts of Engimsering, Qualisy Contrel,
Maintanance, Overhaul Bhope and Tachrieal Supply.

In gonarel, the ALD PPC steff acconmplish cthe following:

= Keep track of airplene utilization (zceuwulsted flign: bours and
eycles):

- Scheduls airplane paintenancs taeks by making sure that intervals
or thresholds are noet excesded for any time controlled
maintanance reQuiramsnt;

- Assembls the paparwork for airplane checks;

» Yrack the hard time controlled components by lecation, talendar
tine, hours, or cyclss.

+« Parfors sazeriel pilamning:

-~ Undertzke specisl projocts which would nersally bds acenmplished
by ar Enginesring dspartment at other operatoers;

- Arvange for the repair or overhaul of 737 coepensnts at vendors
sr-other outsids repalr agencies,

At many eperators, sffectiwe pisnning for e meintenancs check
{ncludas 8 thorough reviev 2f the work packags, estimating the
worklovad and elapsed time roquiresants for sech task snd preparing a
work fiov ehart that schedules each irtam of work at the optimuc
tise. %o ba adls te do this, sn sdaquate data bass of manhour
stacistiecs hes to be esteblished ever s poried of time. ALD's
Alreraft Bervices maintenance department wis ot Fecording manhours
sxpended to perform maintenance tasks. It also appeared that
personnel in PPC wers se sccupied with daily probless and expeditimg
papeswork that thare was hardly onough tice for affsctive plamting.

The falloving recomsendstions are sade yegarding FP{:

» Consider developing achisvable long, sediun and short Tange
preduction plans (ssch containing the appropriste level of
detail) taking into considerstison evailability end requirementzs
for sanpover, facilicies, oquipment and materisl.

APFENDIX 1
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o By recording nanhours for all eschedulsd snd unscheduled
paintenance toaks carrisd eut st the airplanar sver a peried of
tise, morss can be establighsd apeinst which futurs perforsance
can b miasured. Such dats willl assist fIn aschieving owre
zealistic preduction plenning and batter sstiastes of airplans
Sovr:imes for schedule checks. Nanhour trends could also ke used
i a paTamiter to be used in the reliabllity progras.

¢ Consider initiating the practice of preparing & plamming ehart te
be used by the maintenance department as & guide ir ssquencing
the items of woTi to be sccomplished. By indicating the
completed work, this flow thart woulé gprovids an effectivs means
of monitoring the progress of a chack.

The ALO PPC has & computer list showing the part aumbers and
quantizies »f rotable compomants in the ALD fmventorv. Nowover,
oxcept for basd time coaponents and units sant out on ropair orders,
the PPC does not knov whether & specific unit is Inztalled on an
airplane, is a servicesble spare, or is waiting to be repaired In
some RLD shop. aAccusulsted hours and cycles on thess units ars not
kept. MNechanics removing coaponsnts from airplanesr take thex
dizectly to the spplicable compomant shop. By this practice, the
compenent doas not go through the afores oY &4 quarantine ares snd
tht accempanying papsrverk 4z not sent to the FPC.  Eech shep
dacidas vhether a specific unit should be rTepaived or sent to an
sutside everhaul agency.

The following Tecommendations ars: made:

¢ It is desirable that all shop preduction plamning and eontrol
activitias be assigned to the FIC. Fo shop should carry out any
tasks on hardvare until & vork erder is Teceived frem PPC. PIC
should establish priorities for thess shop work erdars by clesely
monizoring shop work loads and stockroom zeguiremsnts for
servicesble components.

o ALO should develop a comprehensive cosponent tracking systes
(including these cowponants on OC and O which are currsntly not
tracked) covering their lecation from stores to airplans, through
the zepair shops. and back to stores. This would help to reduce
the unusvally high pusber of unserviceable spares vhich have
accumulated in cartain shops over the part years (soe Itay 8 -
SHOPS). This tracking system could ideally be computerized (ses
Ivan 12 - COMPUTERIZATION).

Tha ALD PPC alse has rvespencibility for material glamning.
Initially, zoorder levels for the expandable parts were assigned by
PPC. These valuas were sntcred into the inventory comtrol tesputer
progran. The Purchasing depattwent nov erders parts sutomstically
Based on thess Teorder levels, Tesulting in no fevolvement by PPC
sxcept when thars is a probles. Kotable eomponant purchasss and
zepalr erdars are handled by PPC. The total i{mventery of spares
incxecsed from §7.8 willion te $0.5 million in the first six months
of 1987. Appreximately $5 million wozth of the total spares
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inventory consists of rvetable componsrts. The tsax was informed
that it wvas & vare sccurrence for am ALO 737 fiight ts ka dalayed
dus to the lack of a spare part. 1t appears thetr ALO eeuld fave &
substantial sacunt of meney by implamencing an effsctive ssaponant
sentrel and tracking cysten as discursed earlier. This would persitc
mere efficient usy of ths accusulated spares inventory.

&t present, the ALD PPC ic staffed by three planners and & manager
who zeports to the Directer, Maintencnze. It sppesrs ¢that this
deparmaent 15 understaffed even to sffsctively carry cut its present
rosponsibilitics. If recommendarion: frea This report sre
implensntcd, thers may be & teed far additiomne] sanpower. Kowever,
savings thit ctan be achieved by s Dbetter functioning PPC should
Justify thi extIs personnal acquired.

It appesarad that tha ALD PPC staff had been introduced to working in
this typs ef work with minimal preparation or prior training in PPC
akills. Even though the mesbers of the stalf are vary conscientious
and hard vorking. they have had to "rediscover the wheel®™ on their
own:, Consaguently, they are not quite fully aware of the state-of-
the-art In sizline PPC,

© It is Zecommended that the PPC manager and senicr meabers of the
staff be given the opportunitiass to visit PPCs of other overaters
&nd join avistion Industry orgenizations on this sudject.

The sdditionsl responsibilities yecommendsd in this section
encompassing not only aircraft asintenance sctivitiss, but also the
shop compoment PPC, indicates that it would be praferabls for the
PPC function to be Iindependent from the maintenance departmant.
Either a separate Planning & Production Contzel (PFC) group sheuld
be formed veporting to the Staff Vice Presidenc, Maintenance & QA,
sx the FPFC should report to the Manager, Technical BServices {(as
proposed in Item 3 - ORGANIZATION and shown in Appendix E). The
sspartate PPC could then hancle the carry sver discrespancies and
unseheduled work more efficiently on a priorzity basis and keep sach
to an absolute minimus due to the effective amvnitoering and
schedulsing.

SHQPS :

The ALU shops consist of those assoclated with sireraft ewverhaul,
accessories (components) and electrical & electrenics. Those
supporting aircraf: everhaul ecensist of shest mectal, painting,
wsléing, upholscery and emergency equipsent. The sccessaries shops
sonsist of engine systes componants, pover plant build-up =mnd
tesrdovn, APU and comporents, landing gear sverhaul, cod{ficstions,
repalr and sarvico, wheals, tirsz & brakes. and machine shep. The
radic, Srstrument and slectrizsl shops maintain, repair, and bench
ehack radios and navigation equipment.

APPENDIX I
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A large portion of the shest metal persomml bad besn hired In the
iast fov months and approximately a third of the electricgl &
olactronis pervormel have been hirsd during the last ysar. Om the
Job rairaag (OJT) was baing carried out in the shops by supervision
duzring the teas’s visit to irpreve the skill level.

Whersas sems of tha sccessovrias skops such as wheasls, tires &
brekes, pover plant and AFU were adsquatsly supporting the
operationsl needs of the airiine, thers vors somr deficlencies with
ather component shops. Corsiderable investssnt ia many couponents
13 being wasted with many parts lyin; around svaiting repair,
eraating ascess speres and ottupying vcluable shop space. Exaxples
includsd oumerous AFU solencids awaiting repair in one shop, and in
anothar, s forward support ficting, part mambar 65-3555C7-1, ramoved
from airplane 573711 en Fadruary 25, 1972, had & gresn unsarvicesdle
tag vhich bad become yallow with age.

o It 3 recommended that ALO considar changing to red tags for
unssrvicesble components and green tags for servicesble
CONpPODINLS .

The excess of parts Iin the component shops suggests that there are
problsus vith the tracking or proper zentrel of cowponents through
the shop or else it could be due to the ghortage of perscnnal.

o It is recommandsd tha: ALD conduct an inventory exercise o
dotermine hov many psrts &re presantly in the component shops. A
decision should then be made as te whether they should e
scrapped, disposed of, or repaired as part of the overall spars:
inventory. Subssguent te this stock taking. & system siouls be
implemantud to track and control the flov of components through
the shops (see Item 3 - FLANKING & PRODUCTIOR CORTROL).

During the shop wisits, many items of test squipuent were tagged
*¢alibration nct Teguired®. ir many cazsez, thaze pleces of
equipment would beve to be calibrated pricr te sach use Iif walid
gesults are to be obtaimed. This results in excessive amounts of
time beirg wasted on calibration.

o It %c recommendsd that ALO review and expand the Gguipssnt
calibration prograz.

BALSTENARCE :

The ALD Afrcraft Services department, which reports te ths Kanager,
Hainter-nca, consists of the following maintenance ersws: Cyfle
Check Czew: ALD Fiight Line; Contract Flight Lira; and Afrplane
Ovazhaul.

The Cycle Chetk Crev sccomplizbes the schadulad A, B and Quarcer C
chetks. This crav vorks nights with a shift starting at 2100 hours.
The sirplenes fly only during the deytime and eycle checks are
accomplished on several mights In s rov during the week.
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The ALO Flight Line mechanics are responsible for preparing and
turning sround ALD airplanes st the Homolulu f£1ighc lime. Their
shift starts at 0645 bhours. ‘

Tha Contract Flight Lins mechanics carry eut 411 line saintensnce
sctivities on the airplanes belongzing te ALD's contract Customers.
Seversl major United States and forelign opsrators have contracted
their line saintensnce at Honolulu to ALD. “This group provides 24
hour coverage.

The Airplans Overhaul mechanics work a ®Fall Project® cvary year
accomplishing ths D check blocks on several airplanes. This greup
1s made up of mechanics vho are borroved from the other trews. %wo
shifes are vorksd during the day starting at 0645 and 1500 hours,

In addition teo the sbeve groups, sn Alzcraft Creoming dapartment
also raports to the MHansger Naintenante. This decpartment ic
responsible for the airplane extoricr and interfor cleaning and all
raEp service perscnnel. WVork accomplished by this department lef: a
favorabla fmpression en the tean smesbarz, however, it is ner
intended to cover this dapartzent’s activities in this reper:.

Of the four Afrcraft Services meintenance groupe. the Contract
Flight Line and ALD Fiight Line crevs appearsd co have the highest
prierity for tsking the best, more experienced mechanics. This
cbservation i{s supported by the fact that the ALD 737s achieve $9.63
msechanical dispatch reliability. Also, the tean vas infermed that
the contract custossTs are wvesry satisfied with ALO's support.
Nowavar, thiz puccess at ths flight line seems to be schisved st the
skpanse of the airplane hangar maintsnance. It is difficult to keep
a steady workforce on the achoduled chack airplanes in the hangar
when almost on a daily basiz mechanics are reassigned to satisfy the
more pressing nesds of sither ALO or Contract Flight Lines. As will
be discussed fn lcem 16 - MANPOVER, ALD does nor have sufficient
sanpover in the Aircraft Services dapariment. As an exasple, the
musber ¢f sechanics which ALD expected to assign to the cycle checks
was eix. This nuaber i3 lov to complets a B plus guarter C checs in
a Tessonable asmount of time, Yot sometimes this nusber would be
whittled down to as lov as tve sachanics as personnel were
reassigned to suppert the flight line operations.

The tess was ispressed to laarn that prectically all sechanics
(except for & few "old timers”) posssss A & P licenses. JNowever,
the teasn determined that in general moxt sechanics @id mot receive
adsquate training sfter jeining Aircrsft Maintsnance. This aspect
15 wot helped by the fact that almost two thirds ef the ALD Aircraft
Maintenance sechsrics &Te relatively mev, young personmel, whareas
the zest censist of sachanics with ever 20 years experience. The
abundance of sechanicc nev te ALO end the lack of effective
gocurrent training for ths slder sechanics result in & wvorkforce
with an overall lov skill level (this is sddrassed §n Jtem 12 -
TECWRICAL -TRAINING) .

APPENDIX 1



APPENDIX I

10.

235

Attachmant to
N-7360-87-3169
Page 20

Tha tess mesbers had the fapression that thers were instances of &
lack of motivstion and "espric de corps™ amongst the wmeintemancs
persennel. Our maintensnce evaluatiorns sxclude szialyses of
esplayer/employss 7eslationx, howavar, tha baraful sfZsct on
saintenance quality snd performsnces cannct be ignoted. The tesa
assumes that ALD mansgenent is well sars of this sizustion and is
addressing this problem. Xmprovement in employse satisfaction and
work spirit would belp to retain the highly qualified mechanics and
sttract nev racrults.

Actual manhours expendsd teo accemplish specific maintanance tasks
avs not recordsd by ALL wechanics or fnspectors. There were me work
Plans or flow charts for sequencing. prioritiring end Jisrributing
the sehedulsd werk to be sceomplished during a safntenance check.
The maiztenance suparvisers knev what wes going on, bur wisibility
aids were mot en display which could provide sn effactive means of
monitering check progress (ses Ites 7 - PLAXNING & PRODUCTION
CONTROL). & boaréd with glots on which task cards eould M groupad
by aircraft zome, skills required snd wvork pregress stotus, would
provide thiz nesded visibilivy.

ALD keeps twe ssparats Seferred item logs for each airplane. Due s
tha Jist of pilot write-ups that are deferred. The teaz vas
{apressed that this list had po more thaon ens or two itsas per
airplane. The other Geferred ivem log ctontalng those ftems whose
correction has besn deferred untfil the next eycle (B pius Quar=sr C)
check. A> an sxanmple, there were 40 iteas on the deferred fter list
observed regarding alirplen: N73713 some of which had been
outgtanding for some months,

Storing and controlling the use of on-sizplane asintenance teols and
CSE were the zZespomsidility of the spare Dartc store. 4 vigble
calibration control and wonitoring systam vas not in existenze (rthis
was alsc discussed in Item § - SHOPS).

® It is recommended that thers be better control and sccountadiliey
of sp0ls. It $s daairsbls to have a separate tool erib ares.

BAZNTERANCE FROGRAN -

The Inftial ssintenance vequiresents for tiw 737 wzre astablished by
the FAA 737 Maintenance Beview Board (MRB) in 1967. At that tise.
the inftial inspection ané everhaul intervals ware stastod in flight
bours haved on 0.8 flight hours per flight ss the average stapc
Jengeh. While this MR3 paraitted epiretors to davele) o maintenange
progran compatible with their ovn basic meintetance requirements, it
waz envisaged that eperszors would use their sethods of centimuing
snalysis and surveillance to adjust thuse Intervols based on their
own sxperiencs and individusl opetating snvirommernc.

In general, this precess ssems to b working well to the desirved
effect amongst Bost eperators. Movevar, in AlD's cass. as evident
by the Seterioreted zounditior of the high cycle 7378 in the fleet,
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the intent of this meintanancs concept has not besn met. This has
resultes from such factors as tha lack of a corresior prowantion and
sentrol program, the umusually bigh rate of £1light eycles, the
faproper methods of struciural sawpling, seme misinterprevation of
ke 251D program, Incomplete reporting eof osignificant structural
daficiencies to the manufacturer, mot pccomplishing structural
tsrminating action and incorrect listing of many components as “on
esndition”.

ALD recognizes there are daficiencies with the present mainterunce
progrea ané resguasted technical essistance from Bosing Customer
Support .- deaveloping & 737 saintenance progras applicable to ALD's
eurrent oparation and enviropment.

The present ALD 737 meintenance check intervals (in flight hours)
ars -

- —r— £ 1
150 150 3,000 15,000

Various maintenence progrox concspts bessd on calandar tiee
intervals wsTe discusied with ALD during this evalustion. One of
thoss suggested Included the concept of a five year struetursl
inspestion program with s yearly "C" check phassd inte four parts
and accomplished in conjunction with the "3* check. The *A* check
would be performed st approximatsly ons quarter of the *"3* check
interval.

Ancther concept which was discussed suggested a yearly *C" check as
@ block including & quarter of & "D” check at the seme tise. 1In
this scheme, the *D" chick would be completed at the end of the
fourth year. giving an sffective "D" check interval of approximately
22,000 f£light cyclies, which is 8 realistic and scceptabls interval.
If two wssks ware schedulsd for each 737 airplans svery ysar in
erder to sccomplish the Bleck "C* chack plus gQuarter *D* ehactk, it
weuld take 2C wesks for the 10 airplane fleet. During the remsining
52 wesks when thers would be mo *C* plus quarter *D" gheck, an
additional sirplane could be interjected finto revenue service.
Maintenance schodules zould de arranged to sake the 32 weeks with an
extra airplane coincide with ALL’s peak passenger treffic seazon.

These conceptual programs ars assumsd to Include an aggressive
eaTTeRivN Proventien ané cenirel program, imcerporation of a 1U0Y
structural iaspectien pregras {(that is, no sampling) and
teplemsncation of the Supplesentsl Structural Inspection Progfix.
Sampling 1s et practical wvhen the corrozion progras is in place
becausc $t is sasier to inspsct the structurs at the same time
zather than keaping records ef & sampling progres.

It 4z dazirable before any mev Beintenance program §s implemented,
thet all .ALD sirplates undargo & complete structural {mspection,
incorporate Tecommendsd extendsd life aervice Bulletins, and carry
sut Terminating structural sction so that each airplanc s in the
best possible Tondition.
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1. SERPLRMENTAL STRUCTURAL INSPECIZON PROCRAM:

o Bamsge Tolerance Raving (DTR) chetk forms incivied in thée 737
Supplewental Structural Inspectien Document (SSID), DE-37083, are
intendad for use by sperators to demcnutTate compliance with the JAL
Alrvorthiness Diractive (AD) 84-21-06. Coples »f completed ALD DTR
sheck forms dated $/10/87 were providad for Teviev by the Beeing
Toam.

s It is Tecommended that ell ALD DIR check forms shov the original
date in 984 when they were eriginally prepared and indicate the
$/10/87 date us & rvevimion. The reeson for this 1s that AD
84-21-06 reguired operators to incerporate the chscks specified
in the $SID into their maintensance program by Noveaber, 1985,

The ALD DTR check forms are well prepared (typed) anl essy to
follev. Mowever, tha papervork useé to recerd the scheduled,
coupleted and deferred inspections and rwecording/reperting of
discrepancies found is wague and subject to possibie errors. The
formx contained a mmber of arrors ranging from typographicsl and
sisrsading ¢f the charts to complete misintarpretation of the nota:
and instructions provided i(n the SSID. . In addition, thare was sobe
misuse of the avsilable visual inspection methods defined in Section
3 of the SSID. For sxample, "General Visual® checks by mechsnics
during "A" checks wer* assumed equivalent to "Detailed” inspesctions.
This isplies that an lngpector conducting an intansive wisual
inspeciion of & detall during an intersediate ¢r major check has no
more chance of datecting & fatigue ersck than & mechanic has lioking
4% the same det2i) during an *A® check. The DIR curve normally used
to represent frnspections by & mechanic during minor checks i3
fdentified as *GEN" (Ceneral Visual).

In soms cases, specisl Inssections are stipulated in the ALD DIR
check forms that are ever «nd above those required to sest the
required DPTR. For exampls, the use of more than ens Nondsstructive
Inspection (ND1) method for an ltem when a single methed s
sdequate. This again could be due to misinterpretation of the
progran requirements. The inspections deiined by the DIR system are
the minisus required to assure cimely detection of fatigus damage in
the 737 flset, should 1t eccur. It shouls be notad that somse
eparators cheose to inspect items mere frequantly than s peeded to
saet the rsquirsd PTR. The ressen for this {5 that he cost of the
oxtra inspections {s lev compared to the cost of repairicy extensive
fatigue damags.

A list of errors and anomalies found during the reviewv gf the AZD
DIX check forms vas discussed with and left with ALD personnel (this
15st has beens Included $n Appendix F). Corrections and slternative
spproaches ware provided for soms of the mors significant errors
that eould be readily changed.
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The DPTR chack dorms hava besn cswpletsd on an ftea-b? -iter batis
with 1little er mno cross-refersncing made in terss of geccess
requirewesnts, insulstion removal, et¢. While this is scceptable, it
is pot the most economic progrem. Shests ara provided in the $5ID
abhoving the 1tom mumberz and DPIR check forms in relation to
inspection gones. Thess are intendsd &s an aid to plan the progran
in tarsm: of mininizing sccess requirements, insulation removal, stc.
For exasple, thke °best availsble” inspsction program should bde
daveloped for the DIR check form in each fnapsction arsa wequiring
the wost frequent: sccess. This in twrm determines the repeat scceis
interval feor all the echer itemsz asnd, with the appropriste
inspection methoda, will previde mors than tha required DTR.

The check Sntarvals used to complete the &i0 DIR check forms, the
coryesponding "typicsl” waiuss used for the exampls progras in the
737 $5ID, end the current 737 fleet aversge valuss are as follows:

CHECR DEPEAT CMECK JFTERVAL XK FLICHT CYCLES
LEYEL -ALOEA.. 237 3210 132 RLEET

A 860 250 160

3 2,100 .- €30

c 8,100 3,000 2,970

» 40,500 24,000 20,500

As can be ssen, the ALD intervals sre such higher than the fleer
average and the typical valuss wsed to dsvelop che exanple prograc
in the $5ID. Conssquently, ft 4s aiffievit to achieve the requirsd
DTR within the existing tegularly schiduled maintenance prograz for
& nusber of items, and soms rpecial supplsaental inspections
{generally internal inspactions and/or NDI) will de regquired.

Escht completed IR eheck form fs included in the ALD Air Carrier
Marual snd is used &s the basis for the Iirspection instructions.
Each "incpection package® alsc includas the appropriats pagc from
the $5ID showing the genersl location of the Structural Significant
Item ($51I) to ba inspected. The finsl page(s) In eech packsge
includss fnstructiens for access, eclean-up, inspection and slecse-
out. Esch step Tequires a sign-off by a wechanic and for inspector.
It was noted that this same procadure i3 used even vhen ths existing
ssintenance program Sesets the required DIR. Altbhoush this is
acceptable, it could possibly lead to some Auplication of inspaction
fustructions ani effert. The inspection packages 4id mot fnclude
any procadure »r fnstructions for reporting discrspancies found,
which ars Tequired as defined in Sactien 6 of the S5ID.

Besing will be providing sssistance te completely restructure the
ALD 737 saintonance psagram (some concepts are detailed in Ices 10 -
KAINTENARCE PROCRAM), {ncluding integration of the $SID
zoquireasnts. Therefers, mo extansiva recommandstions vegarding the
S5ID pregrams will be made in this ropoert. Movever, until the nav
progran becomes availadle, the following is vecommsndad:
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® Engurs that personnel ruspeneibls for planning, develepivg.
checking, ioplesenting snd cenducting the ALO SSID pragran.
fanilisrize themselwes with tha guidslimes, exeapldh and
precedurss yrevided in the 737 851D, Fucticular attentien should
Be paid to the motes and Lfmstructiens assotfszed with the DIX
shezk forms.

® Corzesct #ll uxisting DPTR check ferms etrere and
sisintevpretations (liasted in Appendix F). [Fota, thave mey be
additional srrors on thas axisting DPIR check forms thst srs ot
lgsced in Appandix F.

© Add & procedure €5 the ALD Afr Carrier Mamusl Zor raperting
structural 4dfiscrspanciss 4in accordance with fection & of the
$310. Emsurs that all erscks and previsusiy unreperted
oceurrences of significant corresien invelving & $51I that ware
dotected during sarifer 3SID inspsctions be reported to Bosing.

12. ZECHNICAL TRAINIRG:

Techrical Craining %55 an imporzant and distinct fumction of an
eirlinz‘s technicel eorganizstion whish provides for systidsestic
deveslopasnt »f personnel knovliedge, ablility snd competence in
meintaining the airverthiness of the sirplanes, saintaining
associated fiight equipsent, and ground support squipment. It is
sssentisl that technicsl persomnel kesp pace with the development of
nev and comrlex squipsent as well as with the rapid changes in
concepts and procedurer applied to airplere maintensrce. A well-
planred technicel training pregrea 1s Tequirsd 2o meel curfrent and
future meeds. Training s an expensive (nvestment, hovever. Zhe
lack of it can be even mors expensive.

To ensure that the minimus stendsrds are met and constantly
msintained, it is mecessery to pericdically raview the syllabus.
snnovate effective methods of examinations, rationally sentrcl the
issue of competency licensing/spprovals and saintain a systes of
sandstery recurrant training.

The adverse aflects of lack of suflicient technical training are
letiger elepssd times to complets mainTensance tasks and less
effective troubls shooting. Peresmnel in cesponent sheps, hanger,
1ins maintenance and outstations, lack oufficient technicsl troudle
shooting knovledge and are wmot groficient In wsing warieus types of
test sguipment. This results in unnecessary romoval of servicestls
components and erders of repair parts vhich msy not be reguired.

The high mumber sf nev hires within the last year in the ALO
ssintenance saction and Technical Pivision managemsent macessitatas &
therosgh 737 technical trainicg progras. Emphasis shoull be placed
te includs femiliarity with the Technicel Policies & Precedures
Manual. Rscurrent or gefresher couraes are required for the
experienced personnel. Nansgement Development and leadership
training would be beneficial to nev supervisien.
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fhe prasant lecstion of the Technicel Training classrooms az part of

e maintensnce bass 1s most convenient for conducting the practical

“hands-en" aspscts in the bangir and shops.

o It ir Técommendsd that plitic he wade to yrovide 737 tzalning co
81l saintenance Sechanics whe have not yat rsceived training for
this podel airplame.

e it {s racomaindsd that ALD adept a policy requiring all technizel
parsenral Lo receive a ninimm of one wsek of refresher training
esch year. To be sffective, this trairing prograe should require
mandstory attendance, written teating and minimux test scores fer
ecupletion of eredit. Fpeclal emphasis or even extrz training
sheuld be given eo foromsi and incpecters.

o 3t iz rvecommanded that pansgenent develepment and lsadarship
training courses be given tc all Tecently appoincted aupsrvision.

© It is recoumended that cassertes on varfous specializzd training
aspectc be acquired vo b2z used in the bangar or the ahops to
sssint with “en-the-job" training.

© It 4= recommendad thst specielized training couzses be considerad
such &8 structutal repair. c¢orrosion prevention & contrel,
rigging and nondestructive testing.

Training should mot be iInferred vo mean formcl classroom coursss
only. The effective sxposure of key personnel may taks the fore of
seminars, conferences, meetings. or even just & purposeful visit to
an equivealent operator's facllity. Such exposure &lsc ssrves to
breaden the person’z outiock snd makes the personnal sppracfate the
isportence of control systess, procedurss, feedbsck and
comsunication.

Cosputar applicstions are being gradually introduced into the ALD
Technical department. Xasch additional task that can be placed on
the computer Jan halp to imcrease productivity and create
utilization improvemen:s.

“he teaw was Informed that AILD has been using a computarized spere
parts inventory control systes for several years. This systss use:
the A0 mainframe tomputer. ALD's technicsl managemant apprared to
be satisfied with this systea.

Apart from this inventory centrol system, the enly ether wventure
into sosputerization by the technical ds;:oTtment was inm June, 1987
with the purzhzes of sne module from the DASH software package
(daveloped by & Cancdian company). The DASH module currently being
faplesented {5 the "Rotablc Farts Naintenance®. During the teaz’s
wisit, cosponent history dats was in the process of heing entered
inte the computer.

APPENGIX !
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The Zolleving recommendations ure msde:

s Conaider the formulaticn of s master plan for the Cavelopment of
computerization in the technical dfvisiem utilizing iapute fram
£l1l potential users. Compatibilivty of the differsant user
requirsments should be rovieved as well us bow they cemplemsnt
each athar. The plan should contain the reguiremcnss ané
fchedulad timing for sach potential user group, the intsgretien
of sach rvoguirspent fnto £he ovarsll plon with apprepriste
analyses and options (such as whother to continus with the DASH
system a7 conzider cthar softvars packages which msy bive mere
capadilicy}. 1The mastar plan sheuld be pericdically rveviewes by
top managemant znd medified to reflect changing needs.

¢ By contacting other oparators, & determineticon can e mada of hovw
and to vhat dsgrse they have Smplemented the use of cowputers in
theit technical operetions. Beeaing Customer Support has in the
past also sssisted operators under contrsct in the planning and
ixplesenczation of computerizaction.

As wantioned in Iten 7 - PRODUCTION PLAMRING & CONTROL, the entire
couponent trscking and concrol systam fs & prime candidate for
computerizstion. Although the teas was not able €2 detersine the
full capsbilities of the DASE syctem, the type of informsiien that
would be expected from £n offectiva stato-of-the-art computerised
componant data base would include: all relevant informatiom for esch
eomporant, including part numbder, serisl rmber, nomenclature, total
accuzulated hours and cycles, shelf life, naimtonarce zomtrol
process, sn-airerafr Snspection requirasmente for OC components, HI
component removal and life lisirs, stors fasue dats, Instailatien
and romovsl dzta, lecation within the component rotatisn cycle at
any time, shop leadings and findings, sunhours, sedification seatus,
intsrchengasbility, snd indication of in-house copability er rspaizr
egency. Such information is vitsl in perforsing a eredidble
reliability analysis progran and parformance forscast. The oystex
will alsc support ahep vork planning and scheduling, wanpover
planning, piecs palt and component inventery adjustssnt and
budgating snd cost sonurol.

Whan the tean membars wanted to check some tachmical records (awch
as service ullstin Incorperation lists by Individual airplame) the
response Teceivad was that the pequestsd duts would pot ba sveilable
in the dexired format until the systos 2 compucerizsd. The ters
feels that fspending computsrizstion ir mot sufficient ressen for
Selaying ths preparzation of certsin racerds 3amually. Io the
present sgituatlen, ths required inforsation Tegarding serv¥ice
bulletin Incorporation on & specific ALD alrplane ceuld probadly v
antracted by tha reviev of warfous diffarent racorde but it would be
& leng and arduvous process. Recognizing thiz, ALD hed alrsady begun
ts mamally prepara sn AD complicnce list por airplane. The maxt
osep sheuld be the preparation of ssrvice dulletin accosplishment
Y4sots for rach alrplam.
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& It is recommands? that cortain technical records, such a8 sorvice
bullstin accomplishment on each airplane, bs prepared marually.
Initial puriority should be given to recording the status cf the
structursl service bulletins. Thess parcicular Tezords should
grova te be especlally usaful to ALD while operating ssversl
flost leader high tycle sirplenss and whare airplames ara being
olded or Tomoved froa the flest due to the varfous leazing
STEADSERETITS .

i6. IECIICAL EUPPLY

The Techaiecal Supply secfion is presently part of ‘the ocawe
departasnt as Production Plavning. &c shown 4n Item 3 -
CRCANIZATION and Appendix Z - PROPOSED ALD TYECHNICAL ORGANIZATION,
it is recommerded that Technical Supply be a separate daparmment
reporting to the Staff Viee President, Maintenance & QA

Significant progress has baen made in the storss &rea 4n the last
fev months, but much further devalopument zemains to be sccomplished.

Tha maju stores ares has dasn ¢laaned wp ané 3 cataloging ené
scorsge system iepplesented. A computerized inventery eontrol
program is used and a rotabls parts saintensnce moduls bas gecently
boon scquired o3 part of the DASE computer system {seoe¢ Item 1} -
COMPUTERIZATION). S$Stock levels sppesasr t: be adaguate with vary fev
complaints from the hangar fleor.

Ehipping and receiving fs accomplished from the aisle.-vs of the
storercos. On some days, this causes extreme congestion.

e It Sis zacommeandod that ALD establish a saperates arss Ssvoted
exclusively to the shipping and receiving of parts.

Coxponents vhich have baen removed from the sizplane ave often sunt
dirsetly to the applicable shop. Er i desirable that these
eomporents ba first sent to Stores wvhare cthey ahould be placed in s
quorastine #res until it can be dersrmined LI the Teplacemsn: part
eoTreztes the prodlem. If the replacemsnt part does hot sol~s the
proebien, the rsmoved comperent can be tagged 8 servicesdbls and
returned To stock.

Cambustidle flaameble materialsr wero Intersixoed with sther pares iIn
the stezsrose despits o statenent in the Alohs Carrier Nanual,
Sectien J-4%, "Storsge s essbustidble flammable matyrials (for
sxsople, Paint thimmer solvents, lubricants, etc.) should B¢
enclesad Iin airtight metsl comtainars®. This iz & Sangrrous
practice which could zesult in mot enly the lcss ef the storesoom
and 1o contents, Dut possidly the hangser as well).

Teol starage appoarsd to be dote in a hephazard samner throughout
the stercreom and ewut on the hangar floor. This ceuses comgeption
and rasted timo when s speclal tool mus: b2 located. It appsared
that secucity and teol chetk-out procafuras would ba wemeficial (&
Tecommndation on & SepATETC tool yoom s made fn ltee ¥ -
MATWTINANCT Y
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1%. JEDUSTRIAL SAFETY:

Alrplans maintenance irn hangars and shops brings tsgsther many
diaciplines of every trade and skill. This ecncentration of
porsonmwl, tha linites of gpace in which thoy work, and the wariety
of sctivivies, provide a real challenge 2o safe working practicss.
Safzty directly affects operstional efficiency anéd airplans
dispatch. Not euly do unsafe practices and conditions zesuit in
fajuriez te persommel and damage to squipmont, dut they zlso cause
eestly delays. Caroful adherence to adopted safety standards and
pracaucions will greatly zeducs, or slisinsts hazards pressnt in

shop, hangar ard rsap areas and operations.

It is racommindsd that the pesition of Safery Crordinator be
assipwd unde: the Quality Assurance department.

It is recommendsd thst the technical division smployess be
sncouraged to taks an interest in sufsty by forming an ampioyee
safezy committse and appointing "safety monitora®. They can
conduct safety walk-through fxaspections, suggest wmev interest-
aresusing approaches and procedures, and act ar 8 pipeline to
handle safety suggestions £zom ether employees. Mezbership of
the safety committes should ba rotated {r erder to get the
oaxisue mmber of exployess frvolved. Comaictes newbers could be
given Lizat aid, CPR anud othar special training to increase their
walus and also add to their feeling ef invoivoment fin the
program. Once trained, some fdentification of zheir skill, such
as & "first ald or CPR" sigr above tholir work ares, car sler:
peTsonel in an emergency situation.

A tepy of Posing’s Accident snd Fire Prevention mamual (Appendix F)
is to be supplicd wvier Beparats cower.

16. EARPOVER:

Qualified, experisnced, tochnical percomnel are in high demand in
he svistion Sndustry, are cestly to train and davelop. thay take
Ieng 1ssd tires te stiain preficiency in thair fields, but arc less
ssatly to retain than to rveplace with mev recruits that must be
trained and davelepad swvar long perivds inm erder to regain a
satisfactery atats of praductivity.

The wages, seluriss snd frings Senefits should b2 soopetitive with
othay eparate.s and veflsct the market valuss applicsbls to their
skills. 3t &5 preferabls for the technical porsormel to stay _ju
thaiyr same fobs and wequire the pesnoning and expertise that come
with time, szpesrisnce, continuous practice and professional

Sovelopuent.

Although Rawaii is a desivable plece tc spend a wacetien, it is
wnfertunately s felatively expensive place to live. ALD hos hed
ditficeicy In recruiting technical parsommel. Bome considoration
was being given te finitisting sn apprentice training schese. The
tees concurs that the cereicicon of an spprenticeship progran is an
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Attachment to
M-7360-87-3169
Page 29

The totsl mumber of ALD tochmical parsomnel (dilsregardiag these
associated with Tseimical Supply end ueility servicas, for exapple,
airpiene cleening] is about 165 or spproxisstely 17 per aitpleme. &
eoaparacive study Zome a fev Jeits age indicetsd chat ths svarage
mumber eof technicel personnel for operators withir the Unicod Brtater
eotels about 27 gar airpless. Yha teom’s observaticms eordire the
nead for pddivional Zanpower at ALD in apecific srsas as €iscussed
througheut this report. Also, sdditional persommel would be nesded
ts izplemont the proposed resrganization as shown in Appendix E.

e It is rvecormended that an intensive sffort be made to hire more
personnie]l 2i needed in eich dopartmeoni {n tha taochnical division.
For all supervisory and msnagessnt positions, it is desiradle to
assign svicable underscudiss who can be trained to cssume the
:gutmn of the opplicadls supervisor or asnagsr in their

SENCE .

RO GATIRN -

With all the sforementioned fectors ir wlace, airworthiners and
profitability novw vequize the Organization to work fm hacrsony and in
unison both intarnally and externaily. around the clock and around
the metwork, ir thw gir end on the grovnd. This &8s eniy pcssible
with the estebliskment of an sxtensive and relisble tommunicatien
notwork and the cultivatien of proper ecommmicative aptituss and
actitude among ataff.

The netvork ashould work whan end &5 Tequired gnd the subssquent
Inceraction should corvey the Dessage in the right context and
atoaspherez. The comsunicaticm nors should be cthat eorioct Zessages
be convayed on Time, im he right manner, by the right means «- sach
time ond evary tiae, with acknovlsdgsment.

On tachnical and operationsl mazters, it s recomsendcd that & very
good rapporr {with comstarnt diaslogue) exist betwosn the Flight
perstione and Technicsl divisiens toc make sure thatr each
apprecziazes the other’z probleas and constraints, end Lizghlight vhat
the Technical Division &5 doing to find solutiens. Flighc
zarions zon provide waluskle Inpare on actual sperating coadition
and tochnfesl dofecte. This in ZTuzn can contribute te qore
sffsctive trcuble ghootiny, timely rectification, airimizing delays,
dapreving dispateh roliabilicty end tedecing tosts. Abeve all, it
should promote the camaraderic of the Tochnical Division end Fiight
Cperations as partmare $m 8 zempiete team, to nalintain and eperate
safe airplanes en the ground and in the afr.

The sams sopliss wizh the airplane, enjine gad component
wermfactureats. ‘The charmalis of comsunication should ba established,
Papr open 2nd made swailslle st sny time. Iu This regard, Boaing is
pleased to dove sur Field Xorvice Eopresenzstive Jocstsd on site,
and we welcose any racussts for further informesction regarding this
soport. er othez (n-sarvice problems, to e directed through his
office.

APPENRIX 1
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I. poRpesE.

This report sete forth the concluaions and racommendaticons of a tean whoue
Furpose was o cevicw the large transporti catsgory sirplane manufacturers

approach to Multiple Sites Damege (MSD) and the safe decoapression Iuilure mode
for the structures of their various models.

APPINDIX J
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IT. XYNTRODUCTION.

The preseat rulse for the structural dezign of eircruft have evolved from
successful expariences & well as Trom lassor.s learncd in service. MNost of
the sarly propeller/reciprocating engine trasuport satagory alrplanes were
retired for reasons of techniczal obscleserce end hence for these airf{remes,
geriatrics never became & structural integrity iszssue. Airframe integrity hus
boent achieved with philoscphles such as safle-life, fail-zafe, sad most
Tecently, damage tolsrance. In 1978 the Federal kvistion Administration (FAR)
recognized the probleas of gerlatrics by requiring the preparsticn of a
Continued Airworthiness Document/Supplemental Ynspection Document (SID) to
assure the atructural integrity.

it bas becone a concern of the FAk shat the initial geriatric assecsments did
not adequetely consider Multiple Site Damage {MSD). Multiple Site Dazage s
defined ar a condition which occurs after sztanded service use wherein a
structure has sufficlent cracking in adjecent or neighboring fastener holes
ot (1} precipitate s ret section yisld failure mode; and/or {2) degrude its
fali-oafe capability.

Thae basic concern involvipng MSD is that current inapection prograss ure not
srisnted to interrogate the structure for the small cracks associated with cne
o¢ls of BSD. Tris mode occurs when these smoll uninzpectable eracks suddanly
Join together into s large critical crack. It may be lapractical to find
%hese smzll flauws {spproriretely 0.2 inch in length) on opersticnal airplanes.

Thare s considerable evidence that MSD can and has developed in airplane
structure. For exasple, a terrdown inspsction of the BAC 1-11 feotigue test
article indicated a possible 100-irch strip of MSD. However, thire are some
ancazlies, dizcusred later in this report, concerning .his exazple. The DC-3
has had BSD occur ir service at ssaveral locations, including the fuselage
crown skin and aft presaure bulkhesda. The catastrophic destructisn ef zach
of the £-307 fuselage fatigue test sections wesz attridbuted, at least in part,
to MSD, Fatigue tests on the B-767 aad 3-T47 aft pressure buikheads exhibited
patches nf MSD as did the cockpit c-own skin on the B-767. An KSD crack in
the B-747 fuselage crown akin: was found in service. Thir phenossnon has been
observed also in wing structu.es. HKultipie Site Damage in the lower su:face
of the EC-135 wing lowersd the pervice life of that cosmponent froa 18,00C tc
8,500 hours. A& teardown inspection of & 707-300 ajirplanc with 13,500 flights
revealed XD in the lower wving splice =tringers. The teardoun inepection
perfomsd in the late seventies on the C+51 wing thowed that fail-salety of
this wing would have been significantly ispaired by MSD at approximately 7200
£1ight hours. MNany more ciymples would no doubt be evidant if more teardown
inspectiona had been perforwed.

Ths B-T47 sccident of August 12, 1985, gave cause for an cdditional concerm.. |
It was Delieved that cracking in the 7t pressure bulkhead vould lsad to &
osontrolled decom reusion failure mode. This, however, did not appwar to
Rapgen. Subsequent crack growih end residusl strength tests &1 BeT47 end
}-757 aft presgure doses indizated that the controlled decompression fallure
iy was not reliable. Since the supplessntal inspection decuments for soge
airplenes rely on controlled decompression, thw validity 5f these docusentis
was 1n question.
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Based on the concerns expressed above, the Mansger of the FiAA Afzcreft
Cartification Divigion (ANM-100) directed that a team be assenbled to assess
large t-arsport category airplanes relative to their potential for fSD end
their capabilizy to accommodate controlled decompression. Recoumendations for
actiona to meintain eefe’.y on operational sirplanes were to be develcped. The
Kanager of the Airfrome Branch, Zeettle Alrcraft Certification Office
(AMM-1205) wes tasked with heading the team, conducting the review, and
providing the appropriate reccmaendstions.

APPENDIX J
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Janes W. Hart, Jr., Crairman

Willise Perrells

W. 4. von Brockdorff

Iven Conmally

Thomas Swift

Dr. Jaces W. Mar

Dr. John ¥, Lincoln

K. I. Leikach

Manager, Airframe Branch, Seattle Aircrafc
Certificetion Office, Aircraft
Certification Division, Federal Avistion
Adainistretion, Northwest Hountain Region

Supervissr, Airfrane Branch, Seattle
Afreraft Certification Office, Aircraft
Certificaiior. Division, Federal Aviation
Administration, Worthwest Mountsin Region

Mancger, Airframe Branch, Long Beach
Aircraft Certification Office, Aircraft
Certification Division, Federal Aviation
Administration, RKorthwsgt Mountain Region

Aerospace Engineer, Regustions Branch,
Transport Standards Staff, Alrcraft
Certification Division, Federal Aviation
Administration, Korthwest Mountain Region

Kational Resource Specialist - Fracture
Machanics/Metallurgy, Federal Aviation
Adainistration

Runsaker Frofessor of Aercapace Education,
Departaent of Aercnautics and Astronautics,
Kassachusetts Institute of Technology

Structura) Technical Expert -~ Aeronautical
Systews Division/Engineering Flights
Systeas, Wright-Patterson Air Force Ease

Head for Tactical Aireraft, Structures —
Kaval Air Systeas Command, Washington, D.Z.
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IV. D REVIEW,

Hultiple Site Damage is more acute for the fuselage of an sirplane than for
the wing because ssch flight applies approsimately two-thirds of the limit
pressurization condition, whereas the load cycles on the wing during each
flight msay bs relativsly benign. Thus, it appesr: that fuselages of the
present transports will accumulate fatigue dasage at a higher rats then will
the wings. Azcordingly, only the fuselage vas susessed.

Letters were asnt to Boeing, Douglas, and Lockheed citing the tean's purpose
and noting that & seeting with each mmnufacturer would be arranged. Similar
letters were pent toc the Civil Aviation Authority - Urited Kingdom (CAAUX),
the French Direction Ganerale de l'Aviation Civile (DSAC), and the Dutch
Rijicsluchivaartdienst {RLDj. The letters stated thrt a tean had been
appointed to detsrmine:

%. For the fuselage, including the pressure bulkheads, were inspection
intervals uinder the supplexantal structural inspection progras predicated on
eracks turning st tearstraps or franes?

a. If inspections sre pradizated on cracks turning, what test data
are available %o show cracks will turn?

b. If inspections are required, vhat are tie details of the
inspactions?

2. What is the thresheld for sultiple site cracking and what data
vaiidates this threshold?

3. What inspections/actions are recommended to maintain safety for the
siltiple site crecking prodlea?

Transpsrt crtagory sirplanes which exceed 75,000 pounds tax! weight and are in
extensive use by the airline industry were reviewed. Those reviewed were:

AU 1-1% D8 L=10%1 B-7%7 8-767
Ve W5 DC-9 B-707 B-T47 A=~300
DC=-19 B-727 B-757 A-31C

Discussions of the meetings with each manufacturer follew.

e 145 ara BAC 1-11

The team met with Dr. John Bristow of the CAAUK to discuss the BAL 1-11 and
the BAe 146. Dr. Bristow staied that neither the BAC 1-11 nor the Mie 145

conpidered controlled decomprearion of the structure as an obvious faliure.
Inspections of the structur: ar. required to preclude cstastrophic failure.

The Bta 146 is & relativelr new airplanc ond fatigue tssts are still in
progress. The fatigue test srticles will de ~ycled for at least two lifetises
of oupanted operstional use. The Bir 145 will be viewed in light of the
teoan’p recommendsticas.

APPENCIX J
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The AL 1-11 fatigue test sirplene wag cycled for 114,000 flights. There uas
oo teardown Inspection of the test article and it was subsequently destroyed.
4 structural fntegrity audit was conducted on the BAC 1-11 o ellow an
increase beyond its life limit of 60,000 flights. The audit was based on an
sngireszing sssessment of an Allsgheny Airlines airplane with 48,000 sarvice
ercles. A taerdown inspesction for MSD was performed. MNultiple Sits Dasage
vas found in the critical fuselage longitudinal and circumfersntial splices as
tell a3 in the wirg. It apreared that there may have beean a 100-inch strip of
BSp. Howevir, KSD tesm meusars were concerned since there wers several
instances ¥ aultiple crecks extanding Zrom fastener holes. Tkis cracking
sode did rot appear to be typical of fatigue but may have baen caused by
aanufacturing problams. Portions of the fuselauge skin were cut from the
airfrune and fatigue tasted. Additionsal anzslyses wers perforsed. The audit
resulted in 2 nev life limit of B% 000 flights and a suppliemantal inspecticn
progras for the sirplones bayond 50,000 flights. Should the 85,000 flight
iife limit be exceeded, the audit will nave to be continued %o support the
Jafety of the BAC 1~=11. Should the inspection progrem finé MSD in the sreas
of concern, a further resssesssent will be necessary to determine the next
critical aTeEs.

PC-8, 9, and 10

Hone of the Douglas models depend on contrelled decompreasion to announce a
structural problen. Inspections of critical clements are necassary.

Douglas believes that MSD thrasholds are in excess of current fleet cycles and
operatioral lives. They base thin belief on the vast nuaber of pressure
cycles sccumulated oo their full-scale fatigue test articles and the soall
sacunt of fatigue crscking found. idditionally, the longitudinal aplices of
the DC-10 are designed a0 the fatigue failures will be readily visidble.

Dougling agrees that NSD is & potential problex. They believe that sufficient
fatigue testing will provide assurunce that MSD will not occur in the
opersticnal life of ar airplane.

1-10%1

Lockbeed has not considared controlled decompression in their dasage tolerant
asvesgment of the L1011,

Lozkheed discusicd the fetigue test prograz acconplished on the L-1011. They
believe BSD threshelds ar» beyond lives denonstrated by cosponent and full-
scaie testa. All eritical paric have Deen subjecied to tests to show adeguaie
Iife. It is srpected that skin cracks il appear at the first rive:
attaching the fuselsge sikin %0 esach frame on either aide of mach stringer,
before RSD Lecomes 3 prodliem. This wes desonstrated o & component tes: of °
the crown skin and siringers. $ince thers are thousends of il>ee detalls in
the fusslage, Lockimed szpectis that the costs to rwpelr these ermcke « 1l
forse the retirewent of the sirplane and That KSD iderefore will wever de 2
prodiem. The 1~1011 longitudinal splices have been denigned and testel a3
that fatigus fallures wiil occur in resdily visible sreas.

Lockiwed belleres that XET i3 properly accounted for when suflicient fatigue
tasts are conducied to sdow thet the sirpiane hap acceptable fatigue
eharacteristics throughout the expected life of tre sirplane.
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Besing iirplanes

Soeing's danspe tolersnt soswsmment considers the lead crack growing ocut of ¢
fastener Bole, secondsry cracks out ¢f the same factsner hole, and independent
erucks 8t adjacent fastenor boles.

Boeing ias four cotsgories for structures.

Catagory 1 -~ Secondary strusture.

Category 2 - Structure that is sslfunction evident i it crecky or fails.

Catsgory 3 - Structure tast requires an inspection program to msintain
mfaty.

Category & ~ Safe life structyre.

Boeing’s position on KSD is that the currwnt inspection progran does account
for the posaidility of ESD. They strongly believe that MSD which could cause
net section yislding problems will not be & problem because theTe will always
be a lead ¢ruck that will be found by their current inspection progran.

Bosing's suppliesental inspeciion program for the pressure shell is besed On
eracks turning or gapping sufficiently to sllow ssle decompreszion {flapping «
Bosing's Category 2 structure). Boeing kas completed tests of & modified
7477757 aft pressur: bulkbead design Invoiving a reinforced center ring and
the addition of bheav: tsar straps. These tests hove demcnatrstad a fatigue
JiZs over three and a2 Exif tis-s the design life goali, and controlled
decompression for veasy .arge redial eracks in the lap splices. Structural
inspection documents wil. be changed, or other sction »roposed, to require
inspections for early sirilsnes with wwodified domes.

Jased on the Bowing presentations, it ix the concensus of the teas that Boeling
sy not have included all of the significant aspects and scenariss of MSD in
thelr damagey toisrant sssesmenis. The mejority ©f the teas beiisves that the
data base is not suflicient to supporti the lesd crack hypotbesis.

A300-4310

Br. Tisude Fruntzen of thwe French DGAC was coutactied to Zetersine if
repremntatives of the DOAC could cose to Seattl ., Washingion, %o fiscuss the
2300 st A315 airpiznes relstive %0 the tean’s #fforts. Mr. Frantzen sdvised
thet & simiisar tanm had Been creatad by tiw DCAC to conduct & similar revies
of thw 430G and AS1D. Ne noted thet sn exhange of reports sheald give esch
Autharity the dets mecessery %o sovs forvard on the probless of concern.

Toen Didcussios

1% was 2oted that of the four sarulec lurers shousr airiisenss Ded been reviewsl,
miy Beeing sonaiders snd accounts for contisiled decoapression in the'r
soppiesentai strweSursl Inspecilon progriwss.

In roriowing the reslis of t'w Initisl discussionz, the tsws detsirwine! the®
e pdditionn] wderytanding &f 2o mEeufaiturers’ approsch in demiing with A
s Beceranty. Letisrw were sent to Bowing. Deugiass, end Lockheed
{informaion copiew to SAATE, thwe Franch DA, aof the Puteh NLD] asking the
Loiiowlng:
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1. Inspecticas are & neceasary ingredient in maintaining the hwalth of the
fleet. Inspection intervals are based on finding & lesd crack before it
resches critical length. If MSD is present, it would eppesr tha¢ the critical
erack size could be adverssly affected resulting in the inspsctions being
inadeguate. Accordingly, how ia this sccounted for in the inspection progranms
for tha pressure shell.

2. There say be casea where safety is saintained through controlled
decompression. Should KSS be present in such areas or in beys adjecent to
suck areas, it would seem that MSU may adversely affect the safety of tha
airplane. 7Please comment on how this affects the airplanes in your fiees.

3. The tean’s concern with MSD cracking is that reletively equal length
erecks propagating foos & long row of fastener holes may not arrest should the
cracks join. It is bDeifeved that <he critical crsck length for this sode is
very small due to pet section yielding Setween sdjacent crusk tips. 1¢ would
follow that sophisticated ¥or Destructive Inspection (MDI} technigues would be
required to find thase small cracks. The tean belisves that these cracks may,
in fact, be too smell tc have & sufficient probabdbility of detection. Please
sdvige the size of these cracks in the czitical erwas of the pressure gheil.

The mamufacturers’ responaes to the questions werv as follows:

Question 11 Douglas does not sxpect lesad crack residual strength to be
affected by KSD. With the exception of a few Cases, the lirge number of
oomponent and fuliescale tasts to lives well in excess of anticipated
operstional lives desonstrates that uSD thresholda are in excess of
operztional livss. Lockheed believes that MSD will not appsar in the pressure
shell until other obvious damage has Desn detected. This is based on low
stress lsvals, good Sstail design, and ihe extensive test trogris conducted
which substantistad this conclusion. Boeing believes their service and tast
svidece shows that NSO occurs nomuniforely with cracking in sesll groups of
fastarmr boles. Thair inspection progrias are estabiished to find erscking as
it davelops in these local aress.

Quention 21 Both Douglas and Lockheed noted that the question was not
spplicedle to thes s they & 8ot consider controlled decomprassion. Boeing
belisves that servioe sxperience and tert evidence substantiated thet WSO
scours in seell acncontiguous sreas. Thay scoounst for what they consider
resalistic MSD in the svaluation of all structure expectsd to provide safety by
sorrtrellsd decompression,

Suestion 3: Adzcording to Dougles, in Aighly losdad areas NSD ereck sizes
would be suall. They also beiieve that wide-spread, detailed inspections for
WD are oot fessidle, and for this reeson they test components and Jullescald -
articles for beyond the anticipated operstionsl iives of the sirplanes. Where
MED aas soourred in serrios, KBl inepections have been Cestamerdpd which will
datezt S arecks Mefore they becose s mfety probles. Lockheed delievss thet
tie resuite sl thels test pregres show “hat NSD will sot ecounr in the sbsence
of priar detectable crecks. Their Lospection progres s based en finding
thens prior arsaks rether thet the MSD tracks. DBoding belioves that a
eracking scenaric predlcated on small, sgml length crscks joining up to fors
¢ long orsok is neither resiistic nor predadle. They elisve it is pecdadle
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tkat locel areas will Mave aracka of similer eise which cen and will joln up

tc foru & detactable creck. All WSD cracks of which they are aware support

side belisf. Immpectien Lstervals are gsered to this and cracks will % found

i;: 3 bafore the remaining fastener bolas save rached their erack initiation
e,
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v. S

Multiple Site Damage (MSD} is defined as a crzeking phencmenon ~hich may cecur
in atructure along rows of fastener oles after extended sorvics usage. Thess
cerecks may lead to a net section fa'lure mode or degrade the structure’s fail-
safe capability. Bechuse thess crrcks sre simally undetectable, 1t may be
posaible to have ¢ long string of thege cracks join and cause a catastrophe
bafore crack detectiocn. It is, therefore, necessary to ecquire test and
sarvice data to support the culsfence nf this mode of MSD.

is Indicated in this report, there are consideruble differences in the
Ranufacturers' approsches to aidress MSD in their sircrafi. There appearzd to
be » zoncensua asong the sanufactursrs that 1 their sircraft wers flown long
snough, there would be cracking at multiple sitae; but not all agreed that
this would constitute MSD er defined fin this report. 7To restate % U.S.
sanufacturer's position; Bowing bslieves that the potential for %SD is slready
accounted for in their inzpection progras snd a lead crack will aluays procede
& condition wikre the structure will fzil frea net sestion yizlding. Douglas
believes that they design and test to ensure that MSD will not occur in tha
operational lifetime of %heir aircraft. Lockheed designe their ajircraft so
that detectable cracks precede the occurrence of MSD.

The teas in their deliberations cese to sevarsl goenzric conclusions regarding
MSD and its potential for occurrence on large tranaport category aircraft.
These are set forth in the conclusions portion rf this repert.

It is possible %o deaign pressurs structura %o feil in s controlled manner and
cause a controlled decompression rather then an ~xplosive decompression. Soae
supplemental structural ingpection progrzus are based on a controllad
decompression announcing structural ersciks rather than inapections. With the
failure of the JAL B-T47 aft pressure bulkhesd, the likelihood of controlled
decompression for that design of pressurc bulkhead came under Question.
Weither British Aerospacs, Douglasz, nor Lockheed considered controlled
decompression inw developing the structursl inspection prograns for their
airplanes; Bocing does take this factor into account.
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¥1. CONCLUSIONS.
The taan had the following conclusions:

1. At this time the tear sees no evidence that any of the aircraft
ineiuded in the assensasnt & v operating unsafely because of B5D. It is the
Judgenant of the tean that the aircraft have beer designed to sound damage
tolerance principles to ensurn ssfe cperation. The manufacturers aggressively
pursusd the devesiopbent of inspection programs and have been respensive to
modificstion naeds.

2. The previous geriatric assessments may not have sleguately considerec
the potential for MSD. Many of these assessments considered sultiple cracking
scenarios, but these were quite iimitad in scope. It appears that there may
be some important cracking scenarios omitted that would lead to significant
reductions in critical crack size and consequently sffect irnspection methods
and intarvals.

3. The atructursl integrity of older aircraft may in the future be
impeired by net section yielding or degradrtion of feil-safety. The teac has
observed encugh MSD in service and tests to feel confident that this cond:iion
is poasible.

4. Assessment of ¥SD on a given aircraft shouid be based on tests or
gervice axperience interpreted through teardown inspections. If one examines
the test datz in the literature, there is consideratle scatter in the
statistical conclusions that way be drawn. Some of the dsta supports the
Boeing clein that the detection of the lead erack will precede failure through
NS>, Other dats indicates that thia approach could lead to an uninspectatle
KSD condition. Consequently, to make a meaningful statement about a

particular model, one needs to examine test and teardown inspection data for
that aircraft.

S. For all mircraft examined in this sssessment, the existing data base
is insufficient to deterzine the onset of MSD. This uncertainty shouid be
reduced for th: DC-9 when the teardown inspection date has been analyzed.
Howevaer, for mosut of the other airrraft, the izck of good teardown inspection
information is preventing a good evaluation for the onset of MSD.

6. Depending on detail deaign for fuselage skins as thick as .035 inches,
Centrolled Decompression (LD) is an scceptable failure mode for the
cylindrical porticns of Boeing's current fleet of airpiares, even in the
piesence of MSD,
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VII. RECOMYENDATIONS.
The tess s the following recommendations:

1. As suggested by CAAEK, Service Bulletin 51/4/PH/5830 ashould be made
mandscory for all BAC 1-11 airplanes. If it appears s BAC 1-11 in service
will excaed 85,000 flights, another structrusl audit should take place. The
renponaible FAA Aircraft Certification Office (ACO) should follow through
accordingliy.

2. When the French DGAC reports become available on the AN0 and A310,
the responsible FAA ACO should review thwa in light of the recommendations set
forth in this report arnd take acticn as appropriate.

3. The aft pressure domes on the Boeing airplenes, except for the B=-T67,
were initially concidered Category 2 structure. Tests indicats thet this
structure should be identified as Category 5. The reaponsible FAL ACO should
require inspections to fingd the cracks before a sevarc prodles is encountsred.

4. Regarding MSD:

8. Each sanufacturer should establish a data base to detersine the
threshold and severity of MSD by at least one of the following.

1. Extended fatigue tests beyond the anticipsted service l1ife by
one iifetime mccompanied by teardown inspections.

2. Teardown iInspections of hightime service airplares augmented
by component tests, fatigue, and fracture analysis.

3. Other FAA-approved seens.

b. From the data base esch manufacturer should augnent the inspection
program as appropriate. He ghould &lso examine each case where
controlled decompression is used for possible MSD offects.

c. The FAA should sandate the inspection programs.

S. Revise Advisory Circular {AC) 25.571~1A, to clezify that the damage
tolerance assessaent must be large enough in scope to account for the likely
operational life of the airplane type. If the operational life exceeds the
initial life assunption, it will be necessary for the manufscturer to suitably
acoount for this fact.
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