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EXECUTIVE SUMMARY

On April 28, 1988, at 1346, a Boeing 737-200, N73711, operated by .
Aloha Airlines Inc., as flight 243, experienced an exp]os1ve 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 crewmembers 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 Island of Maui.

The National Transportation 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 ultimately led to failure of the lap joint at S-10L 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 proper]y the Aloha
AirlTines 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 cold bond lap joint
which resulted in low bond durability, corrosion, and premature fatigue

~cracking.
The safety issues raised in this report include:

o . The qda]ity of air carrier maintenanée programs and
the FAA surveillance of those programs.

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

0 The human factors aspects of air carrier maintenance
and inspection for the continuing airworthiness of
transport category airplanes, to include vrepair
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. A :
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NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C. 20594

‘-AIRCRAFT ACCIDENT REPORT

ALOHA AIRLINES, FLIGHT 243
BOEING 737-200, N7371],
NEAR MAUI, HAWAII
APRIL 28, 1988

1. FACTUAL INFORMATION

1.1 History of the Flight

On April 28, 1988, an Aloha Airlines Boeing 737, N73711, based at
the Honolulu International Airport, Hawaii, was scheduled for a series of
interisland 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 off1cer 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 apron and performed the preflight inspection
required by company procedures before the first flight of the day. He stated
that the airplane maintenance log 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 flights, one each from Honolulu to
Hilo, Maui, and Kauai. They reported that all six flights were -uneventful
and that all airplane systems performed. in the normal and expected manner.
Flightcrew visual exterior inspections between flights were not required by
Federal .Aviation Administration (FAA) accepted company procedures, and none
were performed.

At 1100, a scheduled first 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. Neither pilot left the airplane on arrival in Hilo, and the
crew did not ‘perform any visual exterior inspection nor were they required 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 Aloha flight 243 was from Hilo to Honolulu
at flight level 240. Maui was listed as the alternate landing airport.

o The first officer conducted the takeoff and en route climb from
Hilo. The capta1n performed the nonf1y1ng pilot duties. The first officer
did not recall using the autopilot. :

The flight was conducted in visual meteorological conditions.
There were no 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 climbout. 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 observed 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
controller 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.

When 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 flight 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 Control Center
(ARTCC) that the flight was diverting to Maui. Because of the cockpit noise
Tevel, she could not hear any radio transmissions, and she was not sure if
the Honolulu ARTCC heard the communication. _

Although Honolulu 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. Starting at 1348:15, the controller attempted to
communicate with the flight several times w1thout 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 local controller’s direction, the specia1ist 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 ature 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 control tower personnel through the local
"911" telephone number. Tower personnel did not consider it necessary at
that time to call for an ambu]ance based on their understand1ng of the nature

of the emergency.

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

The local 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 controller 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 slowing the airplane as the flight
approached 10,000 feet mean sea level (msl). 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 Tower the flaps. Initially flaps
1 were selected, then flaps 5. When attempting to extend beyond flaps 5, the
airplane became less controllable, and the captain decided to return to flaps
5 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 captain, the first officer lowered the
landing gear at the normal point in the approach pattern. The main gear
indicated down and locked; however, the nose gear position indicator 1light
did not illuminate. Manual nose gear extension was selected and still the
green indicator 1light did not illuminate; however, the red landing gear
unsafe indicator light was not illuminated. After another manual attempt,
the handle was placed 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 descent profile was established 4 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 1landed on runway 02 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 reverser and brakes to stop
the airplane. During the latter part of the rollout, the flaps were extended
to 400 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 Crew Passenqers Others Total
Fatal 1* 0 0 1*
Serious 1 7 0 8
Minor . 0 57 0 57
None 3 25 1%* 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 flight 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 of the
wings and from the left side -of the cabin at the floor level to the right

side window level.

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

1"Explosive decompression” in this case indicates’ a violent expansfon
and noise from cabin air released under pressure rather than the effects of a

chemical explosive device.
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Figure 2b.--General view, right side of forward fuselage,
N73711. Arrow marks fragments of S-4R lodged
in the leading edge flap.




1.3.2 Fuselage Sepafation Area

The fuselage structure consists primarily of skin, frames,? and
stringers.3  Skin panels are joined 1longitudinally at lap joints where the
sheet ‘metal of the upper skin panel overlaps the sheet metal of the lower
skin panel about 3 inches. When manufactured, this overlapped area was
bonded and riveted with three rows of countersunk 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 floor 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 below the floor level, the skin had peeled off the structure in

large V-shaped areas.

Five consecutive floor beams® at BS 420, 440, 460, 480, and 500
were broken. all the way through. Also, the adjacent floor beams at BS 400
and 500A were cracked nearly all the way through. The fractures and cracks
were slightly to the left of the airplane centerline. The frames at these
same seven stations were broken on the left side just below the floor beams.
Most of the center floor panels from BS 360 to BS 947 were displaced upward
except in the overwing area. The right side cabin floor panels had not been
displaced and 1ittle if any distress had occurred at the fastener locations
for these panels. However, on the left side of the airplane between BS 400
and BS 500 along the inboard seat track, there was extensive floor panel
displacement. The floor panels had displaced upward and had reached their
maximum displacement of 4 inches at BS 440 (matching the displacement of the
broken floor beams).

A fuselage section ffom BS 365 to BS 420 between S-4R and S-8R was
trapped between the leading edge flap and inboard side of the right engine
strut.  This was the only significant piece of structure from the damaged

2Frames are the circumferential structural members of the fuselage.

3Stringers (S) are the longitudinal structural members of the fuselage.
Stringers are identified by sequential numbers from the centerline of the top
crown of the fuselage and by left (L) and right (R) letters as viewed forward
from the rear of the airplane. '

béody station (BS) refers to a point along the fuselage measured
longitudinally (in inches) from a zero reference point near the nose of the

airplane.

5Floor beams are transverse structural support members for the floor,
spaced 20 inches apart, running horizontally below the cabin floor at the S§-

17 ltevel.
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area that was recovered. The recovered piece contained two skin repairs
along S-4R. This section and several samples cut from the remaining fuselage

skin were submitted to the Safety Board’s Materials Laboratory for further
analysis. (See 1.16.3 Materials Laboratory Analysis.)

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

) Left side, BS 360 to 540--The skin was peeled from the
structure in a down and aft direction.

Y Right side, BS 360 to 540--The skin was peeled from the
structure 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 S-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
Tocations where the separation was in the butt splice
strap.

0 Circumferential break at BS 540, Teft 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 rivet Tine. At the S-10L 1lap Jjoint, 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 Tine. From S-10L to the floor 1line, 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 S-10R the fractures 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, and in lap joint rivet holes in a piece recovered from the right wing.
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A11 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 bulged 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 the

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 Tlocated 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 control 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 retained 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 bundles, and a number of circuit breakers in the cockpit were tripped.
Most of these circuit breakers were related to passenger service unit and
lavatory wiring. The potable water line was leaking and its conduit was
broken. The pitot line 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 empty, and both of the engine fire extinguisher switches in the
cockpit had been activated, per the airplane emergency evacuation procedures.

épisbonded indicates the  separation of previously 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 leading edge devices were fully extended, the
spoilers were retracted, and there was no 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 outflow 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"
position. The flight position causes the cabin altitude controlier to
conform to the selected flight profile and also to modulate the main outflow
valve toward the closed position to pressurize the cabin slightly (0.1 psi)
during ground operation. The switch is normally set to flight after engine
start to pressurize the airplane; the switch is set to "ground" to
depressurize after the landing rollout.

Cont1nu1ty checks showed normal system operation. A1l relevant
system components were removed from the airplane for further functional
tests. (See 1.16.1 Pressurization System.)

1.4 Other Damage
None.
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 B-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 Alcha Airlines on June 4, 1979, as a
B-737 first officer. She possessed a current first-class medical certificate
with a Timitation for corrective lenses. - She holds an airline transport
certificate without type ratings. At the time of the accident, the first
officer had 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 all relevant flightcrew 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 1ine number 152. It 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
aerodynamic 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. (1andings), the second highest number

of cycles in the worldwide B-737 fleet. Due 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 to the Safety
Board revealed one previous mishap “involving N73711. On February 21, 1979,
the airplane was operated into clear air turbulence that resulted 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)
B-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
investigation. 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 corrosion penetrated
through pits, holes and cracks due to intergranular corrosion
and skin 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 Tlandings), interaction of these defects and the damage
had so deteriorated that rapid fracture occurred at a certain
flight altitude and pressure differential resulting rapid
decompression and sudden break of passenger 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 Tower 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 CAA report was consistent with an initial failure in the Tlower

lobe of the FEAT airplane.

A review of N73711’s discrepancy 1logbook, the flight attendant
cabin log, the line 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 360 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

7Aircraft Accident Investigation Report (translation), Far Eastern Air

Transport, LTID., Boeing 73772b0, B-2603, August 22, 1981, Civil Aeronautics
Administration, Ministry of Communications, Taipei, Taiwan, Republic of
China.

Brhe wording of this probable cause has been excerpted, verbatim, from
the translated copy of the official Aircraft Accident Investigation Report.
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underlying structure. Each skin panel in the upper Tobe 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 Tlap joint to a stringer
underneath the skin, which, in turn, is attached to the circumferential
frames by riveted clips. Below the window belt and in the lower lobe, the
skin is ‘connected to the frames between the stringers using riveted L-shaped
brackets (shear ties). In section 43, the skin panel lap joints exist at
S-4L and S-4R, S-10L and S-10R, and S-14L and S-14R in the upper lobe and at
S-19L and S-19R and S-26L and S-26R in the lower lobe.

The upper lobe skin panels in section 43 are fabricated from two
complete 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 before bonding. Since the epoxy hot bonding material

is nonreactive at room temperature, the bond is cured at 250°F at 45 psi

(hot-bond process). 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 longitudinal double thickness at each

stringer location.

On the early model airplanes (through production line number 291),
the doubler sheet was milled away chemically at the lap joint locations; for
production line 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 bond
surface pretreat process using a phosphoric acid anodize was employed.

For B-737 production line numbers 1 through 291, the fuselage skin

lap 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 skin 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
shortly 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 1loads) were intended to be transferred
through the bonded joint, rather than through the rivets, allowing the use of
lighter, thinner fuselage skin panels with no degradation in fatigue 1life.

)
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LINE NUMBER 1-291

HOT BONDED
TEAR STRAP

HOT BOND
CURED ADHESIVE

CHEMICALLY
MILLED
WAFFLE
CUTOUTS

COLD BOND
.— SCRIM CLOTH

HOT BONDED
TEAR STRAP
EXPOSED CURED ADHESIVE

“NOTE: SINGLE THICKNESS AT BOTTOM OF PANEL

LINE NUMBER 292 8 AFTER

- HOT BONDED
; TEAR STRAP

TEAR STRAPS o

e RIVETS

HOT BOND

CURED ADHESIVE
CHEMICALLY MILLED

WAFFLE CUTOUTS

FAY SURFACE
SEAL {CHROMATED
POLYSULFIDE)

HOT BONDED

~EXPOSED TEAR STRAP

CURED ADHESIVE

NOTE: PRODUCTION CHANGE, DOUBLE THICKNESS AT BOTTOM OF PANEL

. Figure 3.--B-737 Lap splice configuration
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LINE No. 1-291 LINE No. 292-AND AFTER

"~
OUTER (UPPER) . §— OUTER (UPPER)
SKIN SKIN
STRINGER
LAP JOINT FAY SURFACE
SEALED LAP JOINT

NOTE: SKIN THICKNESS DIMENSION 0.036 in.
NOT TO SCALE - SKIN THICKNESS IS ENLARGED TO SHOW DETAIL

Figure 4a.--Lap joint section between tearstraps
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LINE No. 292-AND AFTER

g——— HOTBOND

TAPERED -
SHIM

COLD BONDED
| LAP JOINT

LOWER HOT BONDED

[FAY SURF
ﬂuwoumpwf
NM%&OMT/J

Figure 4b.--Lap joint section at tearstraps
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Laboratory ‘"coupon" tests? of the bonded joints, as well as the "quonset
hut"1% full scale fuselage section fatigue test were performed by the Boeing
Company and were used to assess cold bond durability. According to Boeing,
the results indicated that certification requirements were met.

The early service history of production B-737 airplanes with
cold-bonded 1lap 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 low environmental durability, with susceptiblity to corros1on, and with
some areas of the lap 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 corrosion 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 Tlap 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 contains no bonding. Production of B-727 line number 850
and subsequent numbers and B-747 line number 201 and subsequent numbers also
included fay surface sea]ed lap joints.

According to Boeing engineers, when disbond occurs in the bonded
lap joint, as designed for the B-737, the hoop load transfer through the
joint is borne by the three rows of countersunk rivets that mechanically
fasten the skin panels together. Because of the single thickness skin
surface that was facilitated by the bonded construction, the countersink 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 fatigue cracking ultimately occurred at the site.

In a cylindrical fuselage like the B-737, the circumferential
pressurization stresses are twice as large as the 1ongltud1na1 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 simutating the joint
configuration.

10"Quonset 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 underlying 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 Tlap Jjoints (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 Jjoint 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
location 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, lap joint corrosion, disbond and repair, and lap joint
fatigue cracking inspection. The earliest of these was SB 737-53-1017 dated
May 13, 1970, "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 joint
corrosion and repair on the first 291 airplanes produced. This SB received a
minor revision in October 1972. A revision/reissue 1in February 1974
reported lap joint disbond and corrosion on 30 airplanes and stated "in most
instances these areas could be positively identified only after corrosion
caused exterior skin bulges, cracks or missing fastener heads," and
"prolonged operation with Tlarge areas of delamination (disbonding) will
eventually result in fatique cracking." The SB program outlined "the
minimum requirements for maintaining the structural integrity of the Tlap
joints." Corrosion and fatigue inspection details and intervals and repair
instructions were presented. Operator compliance was not made mandatory by
the FAA. :

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, S-10 right and S-14
right, between Body Stations 360 and 907.

Therefore, Revision 3 was issued to 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 I of SB 1039 Revision 3 dealt with "Corrosion Inspection" and Part II
addressed "Fatigue Damage and Repair." The subject areas were lap joints at
S-4, S-10, S-14, S-19, S-20, and S-24. = Part III covered "Tear Strap
Inspection and Repair" in the same structural areas as Part II.

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

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

The AD made the ihspection for fatique cracking referenced in SB °

737-53A1039 Revision 3 mandatory for S-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 Boeing 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 is 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 History

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 (MPD) (Document number D6-17594),
recommended that aircraft maintenance. inspections 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

C 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
eliminated. However, no maintenance items were deleted and many airlines,
including Aloha, continued with the original terminology.

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

Boeing Industry Average Aloha
Check Recommendation (1987) Schedule
A 125 150 175
B 750 650 750
o 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 C
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 Supplemental 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 (SSI) that have damage or fatigue
characteristics that could affect the airplane’s structural integrity.
Should cracking occur, the examination of SSIs 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 items for which no
maintenance entry could be found. These SSID items were F-20, F-22B, F-24B,
F-29A, and F-29B 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

11Boeing, with assistance from the operating airlines, developed and
presented to the FAA, programs to extend the operating Llife of older
airplanes and to ensure the continued safe operation of those airplanes. The
FAA issued AD 84-21-06 effective November 1984 to plece the program in effect
for the 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 28, 1988. Aloha Airlines aircraft 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
blocks (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 accomplished sequentially, one block at a time. A one-time heavy
maintenance hanger visit for a D check was not scheduled. A -complete
interior removal at any one time was not required nor was it accomplished.

‘The maintenance records review indicated that the previous cycles
of A, B, C, and D checks were recorded as accomplished within the prescribed
intervals. The most recent scheduled maintenance checks were: A--April 25,
1988; B--March 31, 1988; C-4--March 31, 1988; D (block 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 1/4
sampling progranm. 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, with no
adverse findings, another 1/4 was to 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 the inspection time or area,
(3) Determine if a change in frequency of the time
interval and/or the fraction needs to be accomp11shed
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 (piliowing), dished

fastener heads, pulled and popped rivets, 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 internal treatment at
2-year intervals, washing the aircraft at 15-day intervals, plus regular
buffing and brightening of the wunpainted surfaces. Aloha Airlines
maintenance D check instructions for structural inspection addressed
corrosion with an introductory note. This notation defined the inspection as
a rigorous visual examination for condition (damage, cracks, 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 all 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)

OO0 o0oo0OOo

Nine SBs provided guidance for maintenance or information otherwise
applicable to section 43. Of these nine SBs, entries referring to the
following 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

SB 737-53A1042 Lower Lobe Skins

-SB 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 of inspections could not be
determined. Also, entries for the following four SBs were not located in the

records:

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

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

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

SB 737-53-1089  Fuselage Skin Crack At Stringer 17
Inspection and Preventive Modifi;ations

S Aloha Airlines personnel stated that the information contained in
these particular SBs had been incorporated into Aloha 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

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 operators 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'3 of the
skin around the upper row of lap joint rivets for the full Tength of the
panel. Compliance with the AD was required before the accumulation of 30,000
landings or within 250 landings after the effective date, whichever occurred
later. The AD was based on Boeing Alert Service Bulletin (ASB) 737-53A1039,
Revision 3, dated August 20, 1987. The ASB required an ‘inspection of the
skin around the upper row of .rivets along the lap joints at S-4, -10, -14,
-19, -20, and -24 left and right. An FAA employee testified at the public
hearing that the decision to Timit the scope of the mandatory inspection- was
based on analysis of statistical information available to them and th
recognition of the scope 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

127he Safety Board was wunable to locate an industry definition of a
"close visual inspection.”

3an eddy current inspection is & nondestructive test (NDT) method in
which an induced electrical eddy current is generated in the test object. A
material deviation such as a crack or difference in skin thickness causes the
eddy current to change and allows the anomaly to be detected. '
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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 accordance
with AD 87-21-08; however, the record contained no evidence that the required
eddy current 1nspect1on 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 Airlines director of
quality control and the staff vice president for quality assurance and
engineering stated that a Nondestructive Testing Report (Form No. 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 inspection report of the

S-4R lap joint.

The inspector who performed the initial AD inspection on N7371l
stated that he did not believe that documenting the eddy current inspection
was necessary or required. During the investigation, Aloha Airlines did not
produce a written maintenance po]icy 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 1nspectors had made
such entries during 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 were taken to the work site.
The first inspector started on November 12, 1987, and visually detected the
cracks on S-4L. This inspector stated that after visually detecting the
cracks, he performed an eddy current inspection of the lap joint upper rivet
‘holes along the length of the panel (BS 360 to BS 540) and found no
additional cracks.

After maintenance personnel accomplished two sheet metal repairs,
‘the first inspector inspected the work and signed the log book. The second
inspector stated that he performed a complete visual inspection of the
airplane, including the area inspected by the first inspector and the two
repaired areas, and he signed off the completion of the AD in the maintenance
log on November 14, 1987. The related inspections on the lap joints at S-10,
-14, -19, -20,. and -24, which were recommended by SB 737-53A1039 but not by
the AD, were not accomplished. 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 and
ATC shortly after the explosive decompression. At 280 to 290 knots IAS and
with a part of the forward cabin structure and the cockpit door missing, high
noise levels impeded air/ground communications briefly. There were no other
communication anomalies. :

1.10 Aerodrome Information

After the explosive decompression, the airplane proceeded to the
nearest suitable Tlanding field, Kahului Airport, a 14 CFR Part 139
certificated Index D airport on the island of Maui, 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 Flight Recorders

The airplane was equipped with a Fairchild model 5424 foil type
analog 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 and sent to the Safety Board’s Flight Recorder Laboratory 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
acceleration (G) excursions recorded as a result 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 decompression, loud wind noise from the opening in the fuselage
prevented normal cockpit conversations. Hand signals were used to
communicate. When the airspeed and related wind noise had beén reduced to a
level where conversations were intelligible, the flightcrew discontinued
using the oxygen masks. Cockpit conversations then continued to be recorded
in the normal manner.

1.12 "Wreckage and Impact Information

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

1.13 Medical and Pathological Information

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

Two passengers who were 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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lacerations and electrical shock burns to the face and hands. Passengers
seated in seats 4A and 4F (window seats) sustained serious injuries including
cerebral concussions and multiple lacerations to their heads and faces.
Passengers seated in 4B, C, D, and E (center and aisle seats) sustained
multiple 1lacerations 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 a
skeletal system fracture. The passenger seated in 6A sustained a broken
right arm, multiple facial lacerations, and blood effusion in both ears.

The majority of the passengers seated in rows 8 through 21 received
minor injuries 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.
There 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 from the airplane and passed through an opening of jagged metal.
There were blood stains on seat cushions at seat 5A on the left side of cabin
near BS 500 and on the exterior left side of the fuselage where the flight
attendant was standing when the decompression occurred. Passengers who
observed her during the explosive decompression stated that they saw the

flight attendant pulled 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
airplane-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 manifolds were part of the material lost during the
structural separation, and thus, there was no supply of oxygen to the
first-class and coach cabins.

1.15.2 Sea Search

At 1430, the FAA 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, airborne 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 Response

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

airplane in 25 minutes.
1.15.4 Ambulance Response

The flightcrew initially communicated the nature of the emergency
as a "rapid decompression." 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’l1l need assistance for the passengers when we land,"
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 radioed. for ass1stance Other ambulance
vehicles arrived at 1411.

1.16 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 components were removed from the
airplane after the accident and subjected to standard acceptance test
procedures for new units. There were no significant anomalies discovered.

1.16.2 Eddy Current and Visua]llnspection

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 rivets (the area of highest stress). The
inspected areas included the left and right lap joints at S-4, -10, and -14
from BS 540 to BS 1016.

Initially, the skin around 53 rivets exhibited crack indications
along S-4L and S-4R, some visually detectable by paint cracks. To make the
rivet heads more discernible, the paint 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 normal
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Aloha Airlines or industry practice to remove paint by sanding.) Two samples

of the lap joint were cut from 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 revealed 17 cracks
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 1ayers (Appendix F provides
‘details of these inspections.)

~

There were 25 locations where previous fuselage skin repairs or

rework had been performed Most of these areas consisted of external doubler
patches at various stringer and frame Tocations. In several areas,
countersunk rivets had been replaced with universal buttonhead rivets in lap
joints, mostly in the lower lobe. (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 lap 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
airplane, 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 1light to
moderate corrosion with severe corrosion (unrepairable depletion of meta]) in
some areas. Nearly all of the hot-bonded tear straps were disbonded in the

vicinity of the Tap joint.

The 1ap joint samples, S-4L from BS 727 to BS 747 and from BS 847
to BS 867, each contained 18 columns of lap joint rivets. The laboratory
examination revealed fatigue cracking in the skin adjacent to nearly every
hole in the upper rivet row with the larger crack lengths located in the
mid-bay areas (half way between two adjacent circumferential tear straps). A
comparison of the final results of the postaccident on-scene eddy current
inspection conducted by Aloha Airlines technicians and the Safety Board
laboratory findings revealed that the on-scene eddy current inspection only
successfully identified cracks larger than 0.08 inch. The 1laboratory
examination found five cracks that measured 0.08 inch (+/-.005). - The
postaccident inspection had identified only one of these five cracks. This
crack-length inspection threshold of 0.08 inch varies from the Boeing NDT
Manual which states, - "This inspection can find cracks 0.040 or 1longer
beneath the countersunk fastener heads...."

L
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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 bonded 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 the Tap joints along S-4R and S-10L

Specimen Estimated number Crack Tength
location of cycles (+/-20%) in _inches
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-10L 23,628 0.161
S-10L 36,379 0.145

An examination of the butt strap section from BS 360 at S-7R
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 ends 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 relatively unaffected.
Many of the strands exhibited corrosion damage through most of the wire
diameter. ‘

1.17 Additional Information
1.17.1 General Inspection of Other Aloha Airlines Airp]anes

The Safety Board reviewed 2-year maintenance records of three other
high-cycle B-737s operated by Aloha Airlines--N73712, N73713, and N73717.
A1l of the required A, B, C, and D checks had been signed off at the
appropriate intervals. The supplemental structural inspections were
accounted for with the exception of SSID items pertaining to bulkheads and
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door or hatch frames which also 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 87-21-08, N73712 had been inspected on
November 5, 1987. At the time of the inspection, the airplane had
accumulated 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
90,051 cycles, the airplane was hangared for heavy maintenance. It was the
highest cycle B-737 in the world fleet. Following the N73711 accident, the
N73712 airplane received a thorough corrosion/fatigue inspection and
evaluation of the structure. It was determined that the airplane was beyond
economical repair. It was dismantled on the site and sold for parts and

scrap.

On April 14, 1988, N73713 had accumulated 32,026 hours and
.85,409 cycles and received its last A check. No discrepancies were noted
during that inspection. The inspection required by AD 87-21-08 had been
accomplished on December 15, 1987, at 83,488 cycles. In 1984, Aloha Airlines
submitted a Service Difficulty Report (SDR) to report a 7 1/2-inch crack on
this airplane. The crack was located along the top row of rivets along the
lap joint at S-10R. The discrepancy log entry referred to SB 737-53-1039.
Following the N73711 accident, N73713 received a thorough corrosion/fatigue
inspection and evaluation of the structure which indicated that this airplane
was also beyond economical repair. The airplane also was dismantled on the
site and sold for parts and scrap. .

On April 27, 1988, N73717 had accumulated 39,986 hours and
68,954 cycles and received its last A check. No discrepancies were noted
during that inspection. The inspection required by AD 87-21-08 was
accomplished on January 12, 1988, at 67,429 cycles. The MIB maintenance form
stated that both a visual and an eddy current inspection had been
accomplished. The entry showed that the fuselage crown from S-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, N73717 remained parked for almost
6 months awaiting final disposition. It was then flown on a ferry permit to
an independent aircraft overhaul facility for refurbishment. During initial
inspection after paint stripping, fatigue cracking was found visually at
multiple rivet locations on the S-14R lap joint at BS 380 and numerous
tearstrap disbonds and skin corrosion sites were 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 1life"'4 of
20 years and to include 51,000 flight hours and 75,000 cycles. At the time
the B-737 was certificated in 1967, Federal Air Regulations required that the
airplane’s structure be capable of sustaining 80 percent of 1imit load'> with
any complete or obvious partial failure of any single structural 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 in the fuselage skin in both directions (longitudinal. and
circumferential) to redirect running cracks from external damage in a

direction perpendicular 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
manner 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 located 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
longitudinally the test fuselage section within two adjacent frame bays while
it was under full pressure. The guillotines produced an instantaneous
40-inch 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.

‘1‘Boeing's definition for "economic service life" requires the airplane
to attain these values (51,000 flight hours and 75,000 cycles) without
structural fatigue cracking which would cause significant operator
maintenance expense. '

15“Limit load" 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 slightly less than that of the B-727 (0.040 inch).
However, fatigue testing of a complete B-737 was not accomplished as it was
on the B-727. That is, the complete B-727 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 a
representative crown-to-keel half section of the fuselage. The test section:
for the B-737, or "quonset hut," was cycled 150,000 times to full
pressurization d\fferent1a1 (two t1mes the 75,000-cycle economic design life
goal). No fatigue cracks developed on the test section and no disbonding
occurred. These test results were used to verify the B-737 fatlgue 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 Safety Board public hearing, Boe1ng personnel
stated that the a1rp1ane 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;
and also to run some damage tolerance testing of the aft
fuselage, since the aft body was in good condition, 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) Tlocated around BS 780 were
discovered in August 1987 by NDT at 79,000 cycles. 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 test
article 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 added 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 release 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.



36
1.17.4  Service Difficulty Report Information

The FAA SDR data base was queried by the Safety Board 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 lap joints in the upper lobe, while the
remaining 4 reports indicated cracks from the lower Tobe of the fuselage.
(See Appendix H.) One report was submitted after the effective date of
AD 87-21-08, November 2, 1987. Al1 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 Aloha
Airlines fleet. Three reports were on lap joint cracks/corrosion previously
cited, and two reports were about upper Tobe skin cracking where lap joint
involvement could not be established from the information given. Three of
the reports pertained to lower 1lobe skin corrosion; an additional three
reports cited corrosion at cargo door frames and the nose. gear wheel well
structure. The remaining seven reports involved cracks in fuse]age structure

other than skin or lap joints.
1.17.5 Supplemental Structural Inspection Program (SSIP)

As the high-time airplanes in the world fleet of jet transport
category airplanes began to approach their original 1lifetime design
objectives, the industry questioned the continued airworthiness of the aging
fleet since many of the airplanes would continue in service beyond design
objectives. This concern ultimately led to a requirement for a 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 airplane’s structure.

In 1978, the portion of 14 CFR 25.571 dealing with fail-safe
requirements was revised to reflect state-of-the-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 damage tolerance concept.

Boeing’s approach to the aging fleet problem for the 727/737/747
(which were certificated under the pre-1978 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

e .
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with the presence of multiple active cracks, extensive analysis 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
implementation of the program by an AD. For the B-737, the program was to be
in effect no later than November 1985.

Using a probabilistic approach which assumed that fatigue cracking
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 1nspected 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 to Boeing, where the discrepancy would be evaluated. If
the problem was applicable to the rest of the fleet, an SB for. inspection or
repair would be issued and subsequently mandated by the FAA through AD
action. Since the program was devised to detect instances 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 SSIs ultimately would be included 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 supplemental inspections was that of "damage
obvious or malfunction evident." An example of a structure that meets this
classification is wing skin, where surface cracks are evident through fuel
leakage, and fuselage minimum gage skin that annunciates a failure by
controlled decompression through flapping. Other manufacturers include
fuselage skin in their structural inspection requirements.

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

Aloha Airlines’ incorporation 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
inspection program by utilizing directed supplemental inspections. Aloha
Airlines 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 maintenance, 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
applicable regulations. A portion of the PMI’s position description reads as

follows:

Provides guidance to the assigned air carrier in the
development of required maintenance manuals 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 revisions comply
with regulatory requirements, prescribe safe practices, and
furnish clear and specific instructions governing maintenance
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 organized and effectively conducted, 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 air carrier inspector and had been assigned to Aloha Airlines since
January 1987. He attended a recent course in maintenance planning; however,
he had not received any specific training in corrosion control, multiple site
fatigue damage, or management of high time "lead the fleet" aging aircraft.
He stated that he was not aware of an FAA course devoted specifically to PMI

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 were reviewed for aircraft records examinations and
spot and ramp inspections accomplished on N73711 and N73712, for 6 months
before the accident. The review of these records disclosed that all required
WPMS activities had been accomplished and that the PMI maintained a
continuous surveillance of the airline. In addition, the PMI had been
informed when skin cracks on S-4L and S-4R were found on N73712 on
April 26, 1988. No record was found nor required indicating that the PMI
examined 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 PMI. In a few cases, the PMI
visited the Aloha Airlines maintenance facility early in the morning to
assess maintenance practices. In most cases, his visits took place after the
majority of the 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 observe Aloha Airlines maintenance program impossible. The PMI was
responsible for nine 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, modernized, getting the program 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 management" and was
concentrating his efforts at Aloha Airlines to resolve this issue. The PMI
believed that improving management would also result in improvements in A]oha
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 request of the operator. The time increase was based on the "excellent
reliability of the airframe structure and inspections (which) disclosed no
significant findings...." The Aloha Airlines Maintenance Manual containing
the D check program'é had been established in 1972. _

Further, the PMI was not familiar with Aloha Airlines prior to his
assignment as PMI. 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 was not made aware of the
high-time status of some Aloha Airlines aircraft, nor did he receive any
information regarding the in-service model testing of the B-737 conducted by
the manufacturer in the fall of 1987.

16The PMI does not formally approve the airline manuat or changes, but
the PM]I has the responsibility to review the manual and promptly advise the
operator when any portion is found unacceptable. (Reference, Airworthiness
Inspectors Handbook, Department of Trensportation, federal Aviation
Administration, Order 8300.9 July 25, 1985, Chapter 6, Section 4, Maintenance
Manual Requirements.)
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'1.17.7 . Boeing Commercial Airplanes Customer Visits

As an adjunct to the Aging Fleet Program required by the SSID,
Boe1ng initiated a 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, 737, and
747 airplanes by observing selected airplane structures, systems, and
maintenance programs. The program also provided Boeing with information on
problems encountered by the operators during maintenance. The objectives of
this program were to observe the effectiveness of maintenance programs,
observe the effectiveness of -corrosion prevention and 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 agreed to host team visits.

Aloha 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 fleet and the fact that several of Aloha Airlines
B-737s had exceeded 75 percent of the airplane’s design life objectives.

The Boeing team’s first visit to. Aloha Airlines maintenance
facility occurred from September 17 to 23, 1987. During this visit, the team
surveyed N73712 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
Airlines’ president and chief executive officer and its vice president of
operations to discuss the findings of the survey team. At this meeting,
Boeing personnel voiced their concern about the corrosion and skin patches
found on the two airplanes. At that time, Boeing personnel recommended,
among other 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 Maintenance and Ground Operations Systems (MGOS) organization to
evaluate 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
facilities and evaluated its maintenance 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
a.S-4 body skin lap splice while the airplane was in for heavy maintenance.

The MGOS report on maintenance operations was delivered to Aloha
Airlines January 30, 1988, and contained 37 recommendations. (See

appendix I.)

On April 14, 1988, Aloha Airlines met with Boeing to discuss the
findings of the aging aircraft survey team and the MGOS recommendations with
Aloha Airlines management. Boeing personnel ‘stated they were under the
impression that Aloha Airlines was planning to delay the recommended
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structural overhaul of its high-time airplanes. In faCt, at that time, a
high-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

customer airlines." The following recommendations were. made by Boeing to
Aloha: .

Reinstate plan to conduct complete structural inspection on at
least 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
action on any discrepancies found.

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

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

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

A package of briefing notes and related material pertaining to the
Boeing team visits 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
organizational 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 Assurance and Maintenance
departments, have been accomplished. The remaining
recommendations, including a new heavy maintenance program
currently being written by Boeing, are in the process of
being 1mp1emented This program will tailor Aloha’s current
corrosion control practices to Boe1ng s recommended. corrosion
control procedures.

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

Regarding the aging aircraft evaluation, Aloha Airlines noted

Boeing did not present their briefing (and slide presentation) until as
as 6 months after their initial visits. Aloha further stated:

1.17.8

guidance material."

Boeing’s reference to "the deteriorated condition of high
cycle 737’s" is. illustrative. When discussing the condition
of these aircraft following the commencement of Boeing’s aging
fleet analysis with (officials) of Boeing, Aloha’s President
and Vice President . of Operations were assured that the
aircraft 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 airlines, Aloha had relied upon FAA designated
engineering representatives and engineers from Boeing’s
Customer Support group to. assure structural integrity. In
addition, Boeing has maintained an on-site customer support
office manned by a Boeing customer service representative
since 1969. Aloha has an effective program of structural
repair. All required structural terminating actions have been
accomplished. Aloha has 42 years of corrosion control
experience in a harsh environment. In fact, Boeing visited
Aloha 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 lower altitudes
and pressure differentials than other air carriers.

The National Aviation Safety Inspection Program

that
much

As part of the FAA’s National Aviation Safety Inspection Program
(NASIP), a notice published by the FAA on April 13, 1987, "Interim Guidance
For Conducting Indepth Inspections", states, "The objective of indepth
inspections is to determine air carrier compliance with the FARs, including
company procedures and policies that are FAA approved, and with written FAA

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 quality 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
regional director because the airline had not had a recent indepth
inspection. FAA personnel, 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 Aloha, was
conducted in September 87. Trending up to that point demanded
-‘that we look at management, that we look 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 Tists] 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 leader" aircraft, aging
aircraft, or specific condition of the aircraft on the ramp.

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

Aloha Airlines Maintenance Management 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 as Continuing Analysis and
Surveillance, Reliability Programs, development and control of
its policy manual, recordkeeping systems and compliance with
its operations specifications.

This inspection reveals that the 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 [Aloha] 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 Maintenance Reliability.

A selection of representative NASIP findings follows:

S 2.2.4 Operations Specifications, Page 11 of 15
' authorizes "Reliability Programs" based on the

following:

a. Propulsion System Re]iabi]ity Control Program Pratt
and Whitney JT8D-7, JT8D-9, and JT8D-17, document
dated July 2, 1971.

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

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

testing.

2.4.2. Training records for 3 Supervisors 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 program and discussion
with individuals verified the fact that Aloha
has no training program for composite material
repair.

2.4.4 The Aloha Training Manual states that a minimum
average grade of 70% must be attained on all
formal classroom training. In a conference
with the person who schedules training and
maintains training records, he stated ‘that
written examinations are not conducted;
therefore there are no procedures for 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 For 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 response was evaluated by the
local 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"
letter 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 Subsequent FAA Action

The day following the Aloha Airlines accident, the FAA issued AD
T788-09-51 applicable 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 T88-09-51 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 inspections 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 airplanes had multiple site cracking (cracks emanating from s1x 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 compliance 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 88-22-12 was effective on
December 1, 1988, requiring the inspections of bonded doublers and
circumferential splices. In addition, the mandatory replacement of the
rivets along the upper rows of the lap splices was proposed by a new Notice
of Proposed Rulemaking (NPRM) signed on October 27, 1988. The final rule was
published as AD 89-09-03 and became effective May 8, 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 mechan1cs 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 areas
affected will include lap Joints 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 actions)
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 completion of the modifications listed in
the Boeing documents when an airplane reaches its economic design goal, or
within 4 years, whichever occurs later. Other airplane manufacturers’ older
"model airplanes are also under review with similar proposals for consolidated

service documents

3

In additvon, the FAA Flight Standards Service created an ongoing
"Aging Fleet Program. Aging fleet evaluation teams were formed with
specialists, district office inspectors, and certification engineers. These
teams are visiting airlines to evaluate, through over-the-shoulder
inspection, the effectiveness of the airline’s corrosion control programs,
structural inspection techniques, and AD accomplishment. The goal of the
Aging Fleet Program is to recommend methods, policy, or regulatory changes to
improve the maintenance program for operators of aging fleet aircraft to
ensure 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.
7
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2. ANALYSIS

2.1 GeheraI

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 were 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 decompre551on occurred, and a large portion
of the airplane cabin structure comprising the upper portlon 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 failure
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/high cycle B-737s specifically, and the "aging aircraft" fleet in

general.

Finally, due to concerns about the continuing airworthiness of
aging transport category aircraft under existing policies, practices, and
regulations, 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 1locate 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 separation. 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 BS 540 and that the skin at these butt joints 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
floor 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 the left engine and leading edge damage to the
left 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 more
than 900. 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 1ifted.

The right side cabin floor panels were not displaced, and 1little 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 the 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 deflected upward during decompression, and floor panel failures
allowed release of the pressure in the lower 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 also 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
-failure, and the size of the opening in the fuselage.

17turkish Airtlines Accident, DC-10, TC}JAV, Ermononville Forest, France,
March 3, 1974.




49

The point of maximum floor deflection on N73711 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 floor that is strengthened to sustain cabin
seat . loads. Therefore, the Safety Board concludes that the initial failure
occurred on the left side of the fuselage in section 43, probably near BS

440.

: Because of the damage pattern on N73711 and the service history of

the lap joints on earlier B-737s, the most probable origin sites were the
three upper lobe lap joints on the left side of the airplane--S-4, S-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 1ine
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 of at least seven adjacent rivet
holes in the skin along the lap joint at S-10L. Although this was not the
failure origin, such cracking is indicative of the type of preexistent
cracking that probably was present along random areas of the lap joint at
S-10L.

Further, a passenger had noted and later reported a skin crack aft
of the forward entry door near a top row of lap joint rivets for S-10L while
boarding the airplane. (The passenger later was escorted to a similar
airplane and verified the observation.) The Safety Board believes that the
top rivet row was cracked at -the S-10L Tap joint 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 missing flight attendant immediately before
the decompression was in the aisle at seat row 5. During the decompression,
evidence indicates that the flight attendant was ejected from the airplane at
a location corresponding to S-10L near BS 440.

Consequently, the Safety Board determines that the fuselage of
N73711 most probably failed . catastrophically along S-10L, initially near
BS 440, allowing the upper fuselage to rip free. The reason for this
catastrophic failure, rather than the intended fail-safe "flapping" of the
skin as designed, was evaluated by the Safety Board.




50

2.3 Fuselage Separation Sequence

The redirection 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 crack tip. If tear straps are
disbonded, they become ineffective because stiffening is lost, and the crack
can propagate as if the tear straps did not exist. In that case, controlled
(safe) decompression may not occur.

Multiple site damage (MSD) describes multiple fatigue cracks along
a rivet line. MSD can range from a few fatigue cracks among many rivet holes
to the worst case of small, visually 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 also tends to negate the fail-safe capability of the
fuselage. An FAA report on the subject of MSD is included as appendix J.

The. MSD found during service on other B-737 lap joints in the

worldwide fleet was in random areas along the lap joints. The initial

occurrence of disbonded Tap Jjoints in random locations leads to fatigue
cracking in random areas. Inspections and examinations of the remaining
portion of the accident airplane in the upper. lobe aft of the fuselage
separation area revealed that the MSD was most prevalent 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 S-10L near BS 520.
The section of S-4R recovered from the right wing leading edge contained
numerous fatigue cracks that stemmed from disbonding of the cold-bonded 1lap
joint and disbonding of the hot-bonded tear straps.

The ‘intended function of the bond (to carry the hoop stress and
fatigue loads through the lap joint) is lost when the joint is disbonded and
the rivets must carry the 7load. Because the 1lap Jjoint rivets are
countersunk, the knife edge created by the countersink produces a stress
concentration that leads to fatigue cracking from the rivet hole. Therefore,
while a disbonded lap joint can withstand the pressurization cycles that a
properly bonded joint is intended to carry, the lap joint becomes more
- - susceptible to fatigue cracking. ’

It is probable that numerous small fatigue cracks along S-10L
joined to form a large crack (or cracks) similar to the crack at S-10L that
the passenger saw when boarding the accident flight. The damage discovered
on the accident airplane, damage on other a1rp1anes in the Aloha Airlines
fleet, fatigue striation growth rates, and the service history of the B-737
lap Jo1nt disbond problem led the Safety Board to conclude that, at the time
of the accident, numerous fatigue cracks in the fuselage skin 1ap joint along
S-10L linked up quickly to cause catastrophic failure of a large section of
the fuselage.

The Safety Board believes that sufficient fatigué cracking or tear
strap disbond (or a combination of both) existed in the lap joint at S-10L
to negate the design-intended controlled decompression of the structure.
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The Safety Board further believes that Aloha Airlines had
sufficient information regarding lap Jjoint problems to have implemented a
maintenance program to detect and repair the lap Jjoint damage. The
information available to Aloha Airlines on lap joint problems included the
following:

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

) Aloha Airlines operated in a harsh corrosion
environment;

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

0 Boeing had issued, and records indicate that Aloha
Airlines was aware of, a SB covering lap Jjoint
inspection and repair in 1972, revised in 1974, and
upgraded to an ASB in 1987; and

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

2.4 | Aloha 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 between structural inspections, an extended time period between
inspections that . allowed the related effects of lap joint disbond, corrosion,
and fatigue to accumulate, and the manner in which a highly segmented
structural inspection program was implemented.

The Aloha Airlines structural D check inspection interval for the
continuing airworthiness of their B-737 fleet was approved by the FAA at
15,000 hours. The selection of 15,000 hours appears to have been more
conservative 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 Aloha ‘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 cycles 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 airplanes 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 accumulation of cycles on Aloha Airlines airplanes remained
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high and continued to outpace the other B-737 airplanes in the world f]eet
~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
development of fatigue cracking in pressurized fuselages and the accumulation
of damage as a result of flight and landing loads. The Aloha Airlines
maintenance program allowed 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 Aloha 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 corrosion, to allow
damage repair, and to implement corrosion control/prevention with the maximum

use of inhibiting agents.

Of 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 precluded 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
a1rp1ane and effect comprehens1ve repairs because of the potentia] for air
carriers to hurry checks in order to keep airplanes in service. Further, the
fact that the FAA found this practice to be acceptab]e without analysis is a
matter of serious concern.

The effectiveness of Aloha-Airlines inspection programs was further
Timited 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 airplanes 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 Board believes that the FAA should include in its
procedures for the approval of airline maintenance 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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calendar cap for Tlow-flight hour operators and a maximum cycle limit for
short 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 D check interval. The Safety Board recognizes the concept that the
D check, as outlined in the MPD, for each aircraft is accomplished in a
reasonable time period such as 3 to 5 weeks. A true heavy maintenance
inspection involves extensive work which may take several days.
Comprehensive structural inspections for aging airplanes, likewise, can best
be accomplished 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 efficient to use yearly block C checks with a phased 1/4 D check
inspection. Any deviation from this “"full airplane" inspection at "seasonal
scheduling intervals" should be evaluated carefully before approval.

Operator initiated changes to maintenance manuals and operations
specifications are approved by the PMI. Many PMI decisions require knowledge
of airplane engineering and human 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 of input, the sources for both airworthiness and flight standards
information and the conditions under which such input should be used, need to
be reviewed and guidance developed by the FAA so the PMI can perform his
duties more effectively. Therefore, the Safety Board believes that the FAA
should develop and provide guidance to the PMI for the approval of airline
maintenance plans which are modified significantly from that outlined in the

MPD.
2.4.1 Effectiveness of Inspections

An examination —of the remaining portion of the S-4R fuselage
structure of N73711 indicated that the S-4R lap joint had been inspected and
repaired as a result of AD 87-21-08 in November 1987. At that time, cracks
were detected visually and two repairs .were accomplished. Although Aloha
Airlines maintenance personnel stated that an eddy current inspection of the
remaining rivets in the panel was conducted to comply with the requirements
of the AD, no mention of this inspection was found in the maintenance

records.

Initial examination of the lap Jjoint between the two repairs
disclosed visually detectable fatigue cracks that emanated from the fastener
holes 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 st11] contained the or1g1na1 configuration
countersunk r1vets
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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 0.13 inch.

Eddy current inspections performed 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 above 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 or that the quality of the
inspection was such that the cracks were not found.

There are several poss1b111t1es why the 1nspectors when complying
w1th the AD, failed 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. First, the
human element associated with the visual inspection task is a factor. A

person can be motivated to do a critical task very well; but when asked to

perform that same task repeatedly, factors such as expectation of results,
boredom, task 1length, isolation during the inspection task, and the
environmental conditions all tend to influence performance reliability.

Another factor that can affect the human element involved in
maintenance and inspection pertains to the effect of circadian rhythms on
human behavior. Airline maintenance is most often performed at night and
during the early morning hours; the time of day that has been documented to
cause adverse human performance. Maintenance programs are 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 joint rivets along the entire panel in which defects
were found. This 1imposed considerable demands on the inspector if the
results of the inspection were to be reliable. The AD required a "close
visual inspection" 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 needed a probe, a meter, and a light. -At times, the inspector
needed ropes attached to the rafters of the hangar to prevent falling from
the airplane when it was necessary to inspect rivet lines on top of the
fuselage. Even if the temperatures were comfortable and the Tighting was

—




55

good, the task of examining the area around one rivet after another for
signs of minute cracks while standing on a scaffolding or on top of the
fuselage is very tedious. After examining more and more rivets and finding
no cracks, it is natural to begin to expect that cracks will not be found.
Further, when the skin is covered with several layers of paint the task is
even more difficult. Indeed, the physical, physiological, and psychological
limitations of this task are clearly apparent. ,

The difficulties in conducting visual inspections was discussed by
Dr. Colin Drury, a professor of Industrial Engineering, at the State
University of New York at Buffalo, during the Safety Board’s public hearing.
He indicated that in the inspection process, it is not easy for the human
being to perform a consistent visual search because (1) the area the searcher
can concentrate on at any 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
enough; therefore, the searcher is prone to miss areas that were thought to
have been covered.. Further, there is the vigilance decrement during long
inspection periods that have low event rates and to some extent involve
social isolation. Dr. Drury testified that humans tend to detect fewer
"signals" as time goes on, but also they give fewer "false detection alarms."
What is happening in those cases is that inspectors will change the criteria
of what they will report to the extent that an increasingly larger defect is
needed before they will judge it to be reportable. Such vigilance decrements
occur during very long and isolated inspection duty times in which there is a
low probability of finding a defect. In such cases, the human being tends to
proceed through the task by saying no when a decision is to be made.

Another factor that may have affected the performance of Aloha’s
maintenance and inspection personnel 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
an adequate working environment, sufficient aircraft down time to perform the
tasks (i.e. flexible scheduling), and an understanding of the importance of
their duties to ensure the airworthiness of the airplanes. Aloha Airlines
training records revealed that little formal training was provided in NDI -
techniques and methods. The inspector who found the S-4R lap joint cracks
requiring repair stated that only on-the-job training (0JT) had been
provided since he became an inspector in August 1987; his training records
show formal NDI training on September 17, 1987, when a 2-hour training
session was given by a Boeing representative. Records indicate the inspector
who provided the initial OJT had only 2 hours of formal NDI training, during
the same 2-hour training session on September 17,. 1987, provided by Boeing.
Thus, the Safety Board is concerned about how much knowledge the inspector
- staff may have possessed about disbonding, corrosion, and fatigue cracking at
the time that they were required to perform the critical AD inspection task.
In fact, during deposition proceedings, the inspector who performed the first
AD inspection on N73711 could not articulate what he should look for when
inspecting an airplane for corrosion signs.

Also, Aloha’s flying schedule. involved full utilization of its
airplane fleet in a daytime operation. Thus, the majority of Aloha’s
maintenance was normally conducted only during the night. It was considered
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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
maintenance personnel were reluctant to keep airplanes in the hangar any
longer than absolutely necessary. v

- Inadequate guidance and support from Aloha management to its
“inspectors was evident also when the Production and Planning department sent
to the inspector’s mail box, the AD and SB on the inspection requirements of
the lap joints along S-4 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
Aloha’s management failed to provide adequate guidance and support to its
maintenance personnel and this failure contributed directly to the cause of

this accident.

While the foregoing indicates that there were deficiencies in the
training, guidance, and support provided by Aloha Airlines management to its
maintenance personnel, there are indications that, had these deficiencies not
existed and the inspection task been well defined and structured properly,
the inspection error rate would still not have been totally eliminated. This
belief is, in part, supported by the reports received by the FAA after this
accident as a result of AD-T88-10-11 which required inspection and reports on
positive indications of -cracks and corrosion found in early model B-737
airplanes. The FAA received 49 reports of corrosion or cracks not previously
found; 14 of these instances involved multisite cracking. No matter how
well organized a corrosion detection and crack detection program may be and
no matter how dedicated and vigilant the NDI work .force, the inspection
process is inherently susceptible to some error rate. Therefore, the Safety
Board believes that the terminating action of AD-T88-10-11, which consisted
of drilling out the existing rivets and replacing them with protruding head
. rivets, an action adopted immediately by a number of airlines, was superior
to the option in the AD that permitted repeated inspections and patching of
cracks; a process that included substantial potential for human performance
error. The Safety Board fully concurs with recent FAA terminating action for
B-737 lap joints that requires installation of protruding head rivets as the
mandatory solution to the lap joint disbonding and fatigue problem.

The Safety Board believes that exacerbating the difficulty in the
inspection tasks of airline maintenance personnel is the fact that FAA
approved training for aircraft maintenance technicians contains material that
is largely irrelevant to the tasks that licensed personnel .will actually
perform in an airline environment. For example, 14 CFR 147, which governs
the certification of maintenance personnel, requires that students- in FAA
approved maintenance schools be knowledgeable in such topics as wood
airframes, airframe fabric repair, and application of paint and dope. In a
time when the FAA is certificating air transport aircraft with fly by wire
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technology, composite materials construction and computer self mon1tor1ng
capabilities, the words "computer” and "composite" do not appear in the 1ist
of required curriculum subjects among airframe systems and components in
14 CFR 147, Appendix C. The Safety Board believes that current requirements
for training aviation maintenance personnel fail to address the tasks that
such personnel will actually perform following their licensure. The Safety
Board is concerned about how well the FAA approved 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 of aviation maintenance technican schools and the licensure
of airframe and powerplant mechanics and revise the regulations to address
contemporary developments in airplane maintenance.

Another area of Safety Board concern arises from the fact that
there are no FAA requirements for formal training or licensing of NDI
personnel. The Safety Board is aware that the United Kingdom Civil Aviation
Authorities and those 1in other countries have formally recognized the
importance of NDI skills and have required in-depth training, skill
demonstration, licensing and recurrent certification of NDI personnel. While
NDI technology and techniques in some industries in the United States are
quite advanced and personnel certification follows the American Society for
Nondestructive Testing (ASNT) guidelines, the aviation industry has not
applied such advanced techniques or.practices. For instance, in the current
environment any mechanic, including those designated as inspectors, could be
assigned to perform detailed and critical NDI inspections on airplanes with
little or no training and with tools that have not been technologically
improved for some time.

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

inspectors.

Selection of inspection personnel was another issue raised during
the investigation of this accident. The concern was expressed about what
kinds of characteristics are appropriate to consider when selecting persons
to perform an obviously tedious, repetitive task such as a protracted NDI
inspection. Inspectors normally come up through the seniority 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 ask a technically
knowledgeable person to perform an obviously tedious and exceedingly boring
task, rather than to have him supervise the quality of the task, may not be
an appropriate use of personnel; persons who have demonstrated a capability
to move up to supervisory duties may not necessarily perform well at
repetitive tasks. In light of the critical importance of the maintenance
inspection task, as demonstrated by this accident, the Safety Board believes
that the FAA should sponsor, as part of its recently initiated human factors
program 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 1is 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 structures involving Tlarge 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. According to airplane maintenance
records, lap joint and other areas of corrosion were detected, but corrective
action was frequently deferred without recording the 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 control of the whole airplane was not evident. It appears
that even when Aloha 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 function, 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 Aloha Airlines fleet
indicated that pilots and 1line 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.

v Since the point. of maximum upward floor 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 lacked the unraveling that is
characteristic of cables that fail in tension overload. When the appropriate
cable sections were removed from the airplane and inspected more closely,
there were indications of corrosion. These observations were confirmed by
laboratory 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 ‘1ikely weakened the cables so that they
separated at a lower than designed Tload 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 sequence only because of the much smaller amount of floor beam
deflection 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 were also corroded, and the corrosion was present on
the entire length of that portion of the cable routed through the wing

leading 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 1977. Boeing recommended that
operators 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 is concerned that Aloha 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. This leads the Safety
Board to conclude that economic 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 functions that
are usually performed by engineers at large airlines were accomplished by
Aloha Airlines Quality Assurance (QA) department.

The responsibilities of an airline engineering department generally
include evaluating and implementing manufacturer’s SBs and ADs, evaluating
airplane accidental or corrosion damage, designing or evaluating repairs,
establishing aircraft maintenance 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 cyc]é B-737’s in the Aloha 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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and knowledgeable evaluations of aircraft condition by qualified engineering
staff. ,

Aloha Airlines management could have recognized the importance of
Alert SB 737-53A1039 in light of their own experience with the previous crack
along the lap joint at S-10R and could have inspected all the lap joints
called out in the referenced SB while they -accomplished the requirements of
AD 87-21-08. The same concept applies to the SL recommending replacement of
engine control cables which were recognized by Aloha as susceptible to
‘corrosion. o

In addition, a qualified engineer should have 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 evident 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 majority were
skin repairs using doubler patches. This condition illustrates the extent to
which aging airplanes may continue to be repaired (patched) in accordance
with existing manufacturer’s and FAA requirements.

A large repair or the cumulative 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
QA and maintenance departments and must be addressed by qualified engineering
personnel.

The Safety Board believes that the continued airworthiness of
airplanes as they age would be enhanced by including qualified 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 airworthiness directives with particular respect to
the fleet aircraft and operating conditions. The assistance of these
qualified engineers may be available through an industry group or the
manufacturer. The Safety Board, therefore, recommends that the FAA require
airline operators that do not have a functioning engineering department to
maintain a formal alternative to provide engineering services.

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

2.5 FAA Responsibilities
2.5.1 Issuance and CIarfty 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). Then in April 1987, a
foreign operator reported several cases within his fleet. Boeing acted by
revising the existing lap joint disbond information,” SB 737-53-1039, Revision
2 (wh1ch 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 fatigue testing of a B-737 aft body section. Within

the same time frame, the FAA issued AD 87-21-08 which required mandatory

inspection for fatique cracking.

The Safety Board considers it unfortunate that the Boeing Alert SB
to inspect all Tlap Jjoints was not issued after the first instance of
cracking, and that the intent of the Alert SB 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 lap joints been
mandated, the likelihood of this accident occurring may have been reduced.
Therefore, the limited AD requirements imposed by the FAA precluded the
continuing airworthiness of the aging B-737s and the reduced inspection
criteria is considered a contributing factor to the cause of this accident.

When Aloha Airlines accomplished the inspections and repairs
associated with the AD, they omitted inspections of lap joints other than
those along S-4 and they did not replace the remaining fasteners in the upper
row of the S-4R lap joint with protruding head rivets, as outlined in Boeing
ASB 737-53A1039. The AD pertaining to the Tap joint inspections states, in

part;

Repair all cracks and tearstrap delaminations found as a
result of the above inspections prior to further flight
in’ accordance with Boeing Alert Service Bulletin
737-53A109, Revision 3, Dated August 20, or later
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 53-30-3,
Figure 16, and replace all remaining upper row flush
joint-fasteners in. that panel Jjoint with oversized
protruding head solid fasteners per Part IV - Repair
Data. :
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While operators have interpreted the repair instructions listed in
the AD note 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

cracking was found.

Repairs of the S-4 joint by Aloha Airlines were accomplished using
the procedure in the Structural 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

deficiency.

However, laboratory examination of the S-4R 1ap joint sample from

the accident airplane revealed another area of concern with early line number

B-737 airplanes. Fatigue cracks were found emanating from the fastener holes
of a significant number of rivets 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 row on the inner (lower) skin panel eventually will be a location
for fatigue cracks 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 middle and lower row of lap joint fasteners.

2.5.2 Needed Research on Corrosion Control and NDI

While it 1is the responsibility of the operator to develop and
implement a proper and complete maintenance program applicable to the

operating environment, the Safety Board believes that the FAA should define

acceptable corrosion control program parameters and provide them as a 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 airworthiness of an aging airplane fleet.

The Safety Board also believes that the FAA should assume the lead
role in encouraging further research into improved corrosion detection and
prevention methods. Many areas of an airplane are difficult to inspect for
corrosion. 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 1mproved
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 on the accident airplane and the fact that some portions of
the cables can be difficult to inspect. The Safety Board believes that the
FAA should issue an Airworthiness Directive to the operators of the affected
B-737 airplanes advising them of the corrosion potential of carbon steel
engine control cables and directing them to the 1nformat1on contained in
737-SL-76-2-A regarding cable replacement.

2.5.3 FAA 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
identified areas for surveillance program improvement. 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 1levels 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 nine other operators and seven repair
stations throughout the Pacific rim area. He also was assigned 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
adequate1y effective.

As a result of the FAA sponsored Safety Activity Functional
Evaluation (Project SAFE) in 1984, the FAA Flight Standards System is now in
a 5-year program to improve 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 additional
personnel will improve the staffing situation, the Safety Board is concerned
about the qualifications 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 FAA has had to hire people with
general aviation or military backgrounds or transfer inspectors from general
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aviation assigments. As a result, the new inspectors are not fully familiar
with air carrier maintenance programs and practices. Although the FAA
provides a 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 stay ahead of the operators and quickly
advancing aircraft technology.

. Increased FAA inspector staffing Tevels should help with the
manpower requirements necessary to review paperwork that ensures that
airlines have complied with Federal regulations. However, without proper FAA
inspection of actual airplane condition, less responsible or knowledgeable
operators 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 Safety Board sought to identify existing boundaries of
responsibility of the PMI regarding regulatory compliance and the level of
maintenance quality demonstrated by the assigned air carrier. Evidence of
accountability 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 air carrier, and
the in-house evaluation of PMI performance 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 areas
of air carrier maintenance 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 lack of PMI
accountability. The negative findings of an airline maintenance program are
placed into the oversight of the PMI to promote and monitor corrective
action. That is, a negative situation may occur under the jurisdiction and
surveillance of a PMI and yet he is responsible to evaluate and followup on
corrective action. Therefore, the accountability for the on-going quality of
the PMIs work performance does not appear to exist.

It appears that the current surveillance system can lead to "rubber
stamp" approvals and endorsement of an air carrier’s operations and
maintenance programs. Improvements are needed to encourage and support the
~PMI’'s efforts to secure -.compliance and to promote upgraded 1levels of

performance by the assigned air carrier in both safety and reliabiliy areas.
‘Without such improvements, the system of program approval can be driven by
the momentum and interests of the air carrier. It appears the present system
is sustained by the personal integrity and dedication of the concerned FAA
inspector personnel rather than by an FAA system that includes adequate
oversight and internal review. With the current environment, only the most
motivated PMIs will maintain their sense of responsibility to ensure maximum
"efficiency and safety. The Safety 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 also- 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 PMI for
approval of airlines procedures and operations specifications 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 tool 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 creates
administrative 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
management systems and that the information is wused to ensure that
inspectors perform the required inspections. However, at present, the
information plays only a limited part to enhance the quality of airline
surveillance. The Safety Board suggests that further improvements can be
made to streamline the system and perhaps to gain more qualitative
information about 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 several
areas of concern including the deteriorated structural condition of the Aloha
Airlines’ high-cycle airplanes and Aloha Airlines’ immediate need for a
structures engineer. The Boeing inspection provided a convenient yardstick
by which the 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 condition.

The Safety Board also believes that routine surveillance and the
NASIP concept should be adjusted toward a 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
compliance with regulations, and some negative findings (violations) result
in enforcement actions for which there are clear guidelines. However, many -
negative 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 1987 NASIP report of Aloha Airlines, the FAA team stated,
"Aloha Airlines’ Maintenance Management has been remiss in their
responsibilities by not being able to recognize their own deficiencies, as

‘this report will indicate." "Responsibilities" apparently refers to
regulations under which Aloha Airlines is charged with maintaining its
airplane in an airworthy condition (FAR 121.363). "Deficiencies" in this

case apparently refers to items which the FAA believes Aloha Airlines should
correct to operate safely. There was no national FAA program to evaluate and
verify the quality of the corrective actions, nor to determine the timeliness
of such actions. For example, 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 analysis and surveillance
of 1its 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 program.

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 without having to set deadlines 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 Aloha
Airlines in January 1988. Although several corrective actions were taken by
Aloha Airlines in early 1988 .and several others were in process at the time
of the accident, Aloha Airlines continued flight operations uninterrupted
during this period, despite the negative nature of many of these findings.

‘The Safety Board is concerned that an airline that is charged by
regulation to conduct operations in a 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 unwilling to develop and
maintain 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 Tap 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
thereafter 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 Tifetimes
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 two 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 Tlife. The effectiveness of these
~inspection programs as the airplane ages would be enhanced by the early
identification 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 susceptible 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 airplanes are being used beyond the
economic service Tlife 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 joint disbonding. Additionally, although the
entire airplane was tested in each case, only one service life 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 to
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 FAA 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 to 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, all of the remaining SSIs in the damage
obvious category should be reviewed in 1light 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 responsibi]ity 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
lead 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 is important to maintain
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 Aloha Airlines PMI from attending a meeting at which
Boeing presented the results of its evaluation, Boe1ng stated that it was
motivated by a corporate concern to preserve the privacy of commun1cat1on
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
not taken and preferred to discuss the findings exclusively with Aloha

Airlines.

Title 14 CFR 21.3, "Reporting of Failures, Malfunctions, and
Defects,” 1is intended to ensure that the FAA becomes aware of service
difficulties that are not reported through the existing service difficulty
system. The Tlap joint 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 Aloha Airlines to the FAA, the
Safety Board considers it a potential benefit to report such information.
Therefore, the Safety Board believes 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 well beyond any anticipated
emergency scenario. The flightcrew’s actions were consistent with simulator
training situations which minimize the exposure to physiological effects.
The f11ghtcrew s success in managing the multiple emergency situations and
recovering the aircraft to a safe landing speaks well of their training and

a1rmansh1p

The cabin crew also performed in a highly commendable manner when
faced with a totally 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-flight 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 decompression. The Safety
Board notes that speed brakes and 280 to 290 KIAS were used without first
assuring the structural 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 dynam1c
pressure from the wind force.

The Operators Manual, Emergency Descent procedure (and emergency
checklist) states that if structural integrity is in doubt, "limit 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
airplane 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 frequency 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 confirmation 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 workload of a crew during an emergency. Further, an
error during the handoff could result in lost communications and a possible
loss 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
services to be aware of the circumstances and possibilities of each
scenario. '
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3. CONCLUSIONS

Findings

1.

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 according to the FAA
operating certificate and operations 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
electrical systems that could have contributed to the fuselage
failure. '

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 tension caused by
cabin floor deformation, coupled with corrosion found in the
area of cable separation.

The fuselage failure initiated in the lap joint along S-10L;
the failure mechanism was a result of multiple site fatigue
cracking of the skin adjacent to rivet holes along the lap
joint upper rivet row and tear strap disbond which negated the
fail-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 originated 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 Tow environmental durability or a lack of bonding.

Although a representative fuselage section of a 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, corrosion, and fatigue cracking in
the lap joints as experienced in airline service.

Disbonding of B-737 1lap joints,'with resulting corrosion and

probable fatigue cracking, was explicitly defined in Boeing
Service Bulletin 737-53-1039, Revision 2 dated February 8,
1974; however the serious implications 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 it 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 lap
joints per Boeing ASB 737-53A1039, Revision 3, instead of
1imiting the inspection of only the lap joints at S-4.

It was not determined whether Aloha 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 November 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

nondestructive inspection which <can degrade inspector
performance to the extent that theoretically detectable damage
is overlooked.

Aloha Airlines management failed to. recognize the human
performance factors of inspection and to fully motivate and
focus their inspector force toward the critical nature of lap

-joint inspection, corrosion control and crack detection.

However, reports of fleet-wide cracks received by the FAA
after the Aloha Airlines accident indicate that a similar lack
of critical attention to 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, Aloha
Airlines maintenance personnel 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.

The 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 Aloha
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 1loop regarding Boeing aging aircraft
inspections of Aloha airplanes and not apprised of the
program between the FAA Aircraft Certification Service and
Boeing regarding structural testing of an in-service airplane.

Principa1‘ Inspectors have difficulty initiating safety
improvements -in air carrier operations and maintenance

“programs outside the "regulatory compliance" 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 operated
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
airplane issue must be continued to prevent accidents caused
by structural failure.

3.2 Probable Cause

The National Transportation 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 ultimately led to failure of the lap joint at S-10L and




74

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 maintenance 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 .cold bond lap joint
which resulted in low 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:

--to the Federal Aviation Administration:

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

Identify operators whose airplane use differs
significantly from the flight cycle versus flight
time vrelationship wupon which the Maintenance
Planning Document 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
licensing of airframe and powerplant mechanics to
require that the curriculum and testing requirements
include modern aviation ' industry technology.
(Class II, Priority Action) (A-89-55)

Require formal certification and recurrent training
of aviation maintenance 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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periodfca]]y 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 splices) to
detect any fatigue cracking that may develop in the
middle 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
continuing a1rworth1ness (Class II, Priority

Action) (A-89-58)

Develop a model program 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 1is 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-89-61)

Revise the National Aviation Safety Inspection
Program objectives to require that inspectors
evaluate not only the paperwork trail, but also the
actual condition of the fleet 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 activity when less
than satisfactory fleet condition is identified.
(Class II, Priority Action) (A-89-63)
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Evaluate the quality of FAA surveillance provided by
the principal inspectors as part of the National
Aviation Safety Inspection Program. (Class II,
Priority Action) (A-89-64)

| Integrate the National Aviation Safety Inspection
Program team leader in the closeout of the team
findings. (Class II, Priority Action) (A-89-65)

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 II, Priority Action) (A-89-66)

Require that all turbojet transport category
airplanes 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 turbojet
transport category airplanes that have not been
fatigue tested to 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 Operations Bulletin for all air
carrier flight training departments to review the
accident scenario 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-89-69)
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--to Aloha Airlines:

Revise the maintenance program to recognize the
high-time high cycles nature of the fleet 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)

Initiate a corrosion prevention and control program
designed to afford maximum protection from the
effects of harsh operating environments (as defined
by the airplane manufacturer). (Class II, Priority
Action) (A-89-71)

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

-- to 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 1II,
Priority Action) (A-89-73) :

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ James L. Kolstad
Acting Chairman

/s/ Jim Burnett

Member

/s/ John K. Lauber
Member

-/s/ Joseph T. Nall
Member

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

While I concur with most of the majority’s findings, I 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
" inspected 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 knowledge at the
time of the accident, have reasonably foreseen this accident was about to
happen? I 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 systems, programs or decisions of all the participants. But I emphasize
these are simply contributing factors, not the probable cause of the
accident. :

The maJor1ty s probable cause is too narrow and I therefore cannot
agree that Aloha’s maintenance program was the probable cause of the
accident. I would have supported the following probable cause:

The National 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 Aloha 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 87-21-08 to require inspection of all the lap joints as proposed by
Boeing Alert Service Bulletin 737-53A1039; and the Tlack of a complete
terminating action (neither generated by Boeing nor required by the FAA)
_ ?fteg the discovery of difficulties in the early production B-737 cold bond

ap Jjoint.

/s/ Joseph T. Nall
Member

June 14, 1989
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APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The Washington Headquarters of the National Transportation Safety
Board was notified of the Aloha Airlines accident within a short time after
the occurrence. A full investigation team departed Washington, DC at 0800
eastern daylight time the following morning and arrived in Maui 1400 Hawaiian
standard time on the same day. The team was composed of the following
investigative groups: Operations, Structures/Systems, Maintenance Records,
Metallurgy, and Survival Factors. In addition, specialist reports were
prepared to summarize findings relevant to the CVR and FDR.

Parties to the field investigation were Aloha Airlines, the FAA,
the State of Hawaii Department of Transportation Airports Division, the
Boeing Commercial Airplane Company, the Air Line Pilots Association, the
International Association of Machinists, and the Association of Flight

Attendants.
2. Public Hearing

A 4-day public hearing was held in Seattle, Washington, beginning
on July 12, 1988. Parties represented at the hearing were the FAA, Aloha
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 Airlines

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, 1988, the captain completed recurrent ground training
on the Boeing 737. On February 17, 1988, the captain received a proficiency
check in a B-737 simulator at another major airlines facility. The captain
had flown a total of 8,500 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 had flown 4 hours and 26 minutes and had a total duty time of 8 hours

and 50 minutes.
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 1907395, 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
airman 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 and 20 minutes.

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

‘Airlines on August 1, 1951 and she had completed recurrent emergency training
on 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 Aloha
Airlines on December 1, 1969 and she had completed recurrent emergency"
training on January 5, 1988. She was assigned exit R-1 for takeoff and

landing.
Inspector Wilfred Y. K. Soong

Inspector Wilfred Y. K. Soong was employed by Aloha Airlines in
June, 1966 in the Tline maintenance department. He has served as an Aloha
Airlines maintenance supervisor. He holds FAA Airplane and 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 lnspector Edward Matsumoto
Senior Lead Inspector Edward Matsumoto was employed by Aloha

Airlines in January, 1960, as a mechanic. He has served as an Aloha Airlines
inspector and foreman. He holds FAA Airplane and Powerplant License 1450079

-and has more than 33 years experience in aircraft maintenance.

Mr. Matsumoto’s Aloha Airlines Formal Training Record is silent from 1968
until 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 -~
S S A

TRANSMITTAL SHEET

Boeing Service Bulletin 737-53-1039

This sheet transmits REVISION 2 dated February 8, 1974
to Service Bulletin 737-53-1039, BODY SKIN LAP JOINT

INSPECTION AND REPAIR.

NOTE: This revision constitutes a complete reissue.

SUMMARY

This revision is issued to add a specific corrosion and
fatigue damage inspection program, expand the effectivity
to include airplanes sealed in production, delete ultra-
sonic void and feeler gage inspections, delete several
ultrasonic thickness measuring instruments and incorporate
outstanding status change notices.

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

Airplanes on which joints were refastened per previous
issues of this bulletin or "the methods detailed in
Structural Repair Manual, 53-30-1, Figure 5, 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: October 11, 1972
Revision 2:

BOEING COMMERCIAL AIRPLANE COMPANY
CUSTOMER SUPPORT
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LBOEING

THE BOEING COMPANY COMMERCIAL AIRPLANE GROUP
P.0. BOX 3707 SEATTLE, WASHINGTON 98124

SERVIGE  BULLETIN

ATA - NO: 737-53-1039

SYSTEM: 53 DATE: July 19, 1972
7 37  REVISION 2: F:biuary 8, 1974

SUBJECT:  BODY SKIN LAP JOINT INSPECTION AND REPAIR

I. Planning Information

A. Effectivity
1. Airplanes Affected

This change is applicable only to the airplanes
listed below.

CUSTOMER & MODEL &
CUSTOMER NO. SERIES MFG. SERIAL NU. KEGISTRY NQ.

AF (AIR FRANCE)
PG2046PG222 737-247 15601 AND 20126 N4504W AND N4522W

Jul 19/72

REV. 2:Feb 8/74 737-53-1039

Page 1 of 29
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CUSTCMER & MODEL €
CUSTOMER NO. SERIES
AH (AIR ALGERIE)

PLT16 737-2D6

AP

AQ

AR

BU

cp

EZ

FL

Jul 19/72
REV. 2: Feb 8/74

(AIR CALIFORNIA}

PG271-PG274 737-293
PG275LPG276 737~293
PG277&PG278 737-293
(SOUTHWEST AIRLINES CO.)
PG279 737-293
PG705 137-297
PX071 737-297C
( ARGENTINAS)
PHT05-PHTCS8 737-287
PHT41E6PHT42 737-287
PYOOT7&PYO08 737-287C
(BRAATHENS)

PJOOLEPJOO2 737-205
PY3sl 737-205C
PLBO3 T37-2A6

(CANADIAN PACIFIC)

PG501-PG504 737-2117
PG505 137-217
PJ0O316PJ032 7371-217
(ESSEX INTL)

PLBO2 1737-2A6
(FRONTIER)

PG6216PG622 737-2C0
PG623EPG6H24 737-2C0
PG625 737-2C0
PG626-PG630 737-291
PG431 737-214
PG442 737-214
PLT11 737-212
PGO37 737-222

MFG. SERIAL NO.

20544

19306
19713
20334

20336
20345
20346

20403
20523
20407

19408
20456
20412

19884
19888
20196

20195

20070
20072
20074
20361
19681
20369
20492
19075

THRU
AND
AND

THRU
AND
AND

AND

THRU

AND

AND
AND

THRU

19309
15714
20335

20406
20537
20408

19409

19887

20197

20071
20073

20365

737-53-1039

REGISTRY NO.

77T-VEC

N461GB THRU N464GB
N465GB AND N467GB
N468AC AND N469AC

N22SW
N21SW
N23Sh

THRU LV=-JMZ
LV-JT0
LV=JNE

LV=JMW
LV-JTD AND
LV-JND AND

LN=SUS LN=-SUP
LN-SUA

LN-SUG

AND

CF-CPB THRU CF-CPE
CF-CPU

CF-CPV AND CF-CPZ

N12838

NT379F
N7370F

N7378F AND
N7372F AND
N7371F
N7373F
N7380F
N7381F
NT7382F
NT383F

THRU N7377F

737-53-1039

2

——
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CUSTOMER & MODEL &
CUSTOMER NO. SERIES MFG. SERIAL ND. REGISTRY NO.

Ixc {INDIAN)
PH709~PH714 737-2A8 20480 THRU 20485  VT-EAG THRU VT-EAL
IN (IRISH INTERNAT)
PG251EPG252 737-248 19424 AND 19425 EI-ASA AND EI-ASB
PG2536PG254 737-248 20221 AND 20222 EI-ASF AND EI-ASG
| PG255 737-248 20223 EI-ASH
PY321-PY323 737-248QC 20218 THRU 20220 EI-ASC THRU EI-ASE

IR (IRAN)
PH7316PH732 737-286 20498 AND 20499 EP-IRF AND EP-IRG
PYOZ21 737-286C 20500 EP-IRH

LH (LUFTHANSA)
PAOO1-PAOO4 737-130 19013 THRU 19016 D-ABEA THRU D-ABED
PAOOS-PAOOS 737-130 19047 THRU 19020 D-ABEF THRU D-ABRE!
PAOO9-PAO21 737-130 19021 THRU 19033 D-ABEK THRU D-ABEW
PAD22 737-130 19794 D-ABEY
| PY341-PY346 737-230QC 20253 THRU 20258 D-ABBE THRU D-ABHE

MD (AIR - MADAGASCAR)
PG375 737-282 20231 5R-MFA

MI (MARITIME INV & SHIPPING)
PL8BO1 T37-2A6 20194 VR=-BEH

MT (MEY-AIR) ‘
PG3136&PG314 737-2H5 20453 AND 20454 LN-MTC AND LN-MTD

ND (NORDAIR)
| PL712 737-212 20521 CF-NAW
PY3016PY302 737-242C 19847 AND 19848  CF-NAB AND CF-Na&H
| PY3036PY304 737-242C 20455 AND 20496  CF-NAQ AND CF-NAP

NH (ALL NIPPON)
PG5716&PG572 737-281 20226 AND 20227 JA8401 AND JAB402
PG5736PG574 737-281 20276 AND 20277 JAB403 AND JAB4OS
PG5756PG576 737-281 20413 AND 20414 JAB406 AND JAB407
PG577-PG580 137-281 20449 THRU 20452 JAB408 THRU JAB411
I PG5816PG582 737-281 20506 AND 20507 JAB412 AND JAB413
PG583 737-281 20508 JAB414 ' ’

737-53-1039

Jul 19/72
3

REV, 2: Feb 8/74
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APPENDIX C
CUSTOMER & MODEL &
CUSTOMER NO. SERIES
NV (N.A.S.A.)
PAO99 727-130
NZ (NEW ZEALAND)
| PG199 737-222
PG401-PG403 737-219
| PG436 737-214
PGT04 737-297
P1 (PIEDMONT)
PG301-PG305 737-201
PG306&PG307 ~ 737-201
PG308-PG312 737-201
PG035 737-222
PGO416PG042 737-222
G049 737-222
PS (PACIFIC SOUTHWEST) -
PG4326PG433 737-214
PG435 737-214
PG437-PG440 737-214
| PG441 737-214
PU (PLUNA)
PJOT1 737-243
PV (EASTERN PROVINCIAL)
PG651EPG652 737-2€1
PJOT2 737-2E1
PW (PACIFIC WESTERN)
PG434 737-214
] PHTO1EPHTO2 737-2175
PXT01 737-275C
SA (SOUTH AFRICAN)
PG351LPG6352 737-244
PG353 737-244
| PG354=-PG356 737-244
Jul 19/72

REV. 2: Feb 8/74

MFG. SERIAL NO.

19473

16758
19929
20156
20344

19418

19423
20212
19073
16547
19555

16682
20155
20157
20368

20299

20366
20300

19921
19742
16743

19707
20229
20329

THRU

THRU
AND
THRU

AND

AND

THRU

AND

AND

AND

THRU

19931

19422
20211
20216

16548

19920

20160

20357

20142

19708

20331

REGISTRY NO.

N515NA

*

ZK~NAC THRU ZK-NAE
LK~NAK

IK-NAJ

NT34N THRU NT38N
N740N AND N741IN
N743N THRU N747N
N752N

N749N AND N751IN
NS0Q49U

N379PS AND N380PS

N382PS (
N984PS THRU N9BTPS

N988PS

CX=BHM

CF-EPL AND CF-EPR
CF-EPC

CF=PwWM
CF-PWD AND CF-PWC
CF=PWE

IS-SBL AND ZS-S8M
IS-SBN
15-SB0 THRU ZS5-S8R

737-53-1039 =

“ (
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CUSTOMER & MODEL & )
CUSTOMER NO. SERIES MFG. SERIAL NO. REGISTRY NO.

SQ (SINGAPORE AIRLINES LTD. } :
PCOO1&PCO0O2 737-112 19768 AND 19769 9V-BFD AND 9V-88C
PCO0O3E6PCO0O4 737-112 19770 AND 19771 9V-BFE AND 9V-BBE

PCOOS 737-112 19772 9V~BFF
TM (DETA)
PHTO3LPHTO4 737-281 20280 AND 20231 CR-BAA AND CR-BAB
| Ppvo3l 737-2B1C 20536 CR-BAC _
TS (ALOHA)

| PA2316PA232 737-159 19679 AND 19680 N73715 AND N723717
PGTO01&PGT02 737-297 20209 ANO 20210 N73711 AND N73712
PG703 T37-297 20242 N73713

TZ (TRANSAIR LTD.) . .
| PYD04&LPYOOS5 T737-2A9C 202C5 AND 20206 CF-TAQO AND CF-TAN

UA (UNITED) . ‘
PGOO1~PGOO& 137-222 19039 THRU 19042 NS001U THRU N9OD4U

PGO06-PGO34 737-222 19044 THRU 19072 . NSQO&U THRU N90O34U
PG038-PG0O40 737-222 19076 THRU 19078 N9038U THRU NSG40U
PG043~PGO48 737-222 19549 THRU 16554 N9043U THRU N9048U
PGO50 731-222 19556 NSC50U

PGO51-PGO75 737-222 19932 THRU 19956 N9051U THRU N9OO75V

VP (VASP SAQO PAULO) ) :
PG471-PG475 . 737-~2Al 20092 THRU 2€096 PP-SMA THRU PP-SME

WA (WESTERN)

PG201-PG203 737-247 19598 THRU 19600 N4S501W THRU N45C2W

APPENDIX C .

PG205-PG22C = T37-247 19602 THRU 19617 N4505W THRU N4520wW

PG221 137-247 20125 N&S21W
PG223-PG230 1371-247 20127 THRU 20134 N45234 THRU N4530W

WE (WIEN CONSOLIDATED)

PYOO1 737-202C 19426 N2711R
PY0026PY003 737-210C 19594 AND 20138 N4907 AND N4SO06
| PYOO6 737-210C 20440 N4902W

Jul 19/72
REV, 2: Feb 8/74

737-53-1039
5
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CUSTOMER &
CUSTOMER NQ..

Z0

Jul 19/72
REV.

(BRITANNIA)
PG331&PG332
PJ101&PJL02
PJL103EPILO4
PY361EPY362
PGO36

88
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MODEL &
SERIES

737-204
T737-204
737-204
737-204C
737-222

* Number not available.

MFG.

19709 AND
19711 AND
20236 AND
20282 AND
19074

SERIAL NO.

19710
19712
20417
20389

REGISTRY NO.

G-AVRL AND
G-AVRN AND
G-AWSY AND
G-AXNA AND
G-AINZ

]

The following operators included in the original issue
this service bulletin are no longer affected and therefore
have been deleted from the effectivity:

GERMAN REPUBLIC and MALAYSIA-SINGAPORE AIRLINE,

2: Feb

8/74

G-AVRM
G~-AVRO
G-AXNC
G-AXNB

of

737-53~1039

6
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2. Spares Affected

No Boeing supplied spares.

B. Reason

The longitudinal lap joints on affected 737 airplanes were
manufactured by placing a room temperature curing epoxy
adhesive (BMS 5~10) between the overlapped skins prior to
flush riveting the skins together. The purpose of the bbnd
was to improve fatigue l1life,

Seven operators have reported instances of deterioration
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 varied from small
isolated pockets to areas six feet or more in length. 1In
most instances these areas could be positively identified
only after corrosion caused exterior skin bulges, cracks
or missing fastener heads., Airplanes operating in warm
‘moist climates are the most susceptible to aches.v2
deterioration, :

In all instances of joint deterioration reported to date,
none of the joints had developed fatigue cracks, Some of
the airplanes with 1large areas of delamination, had
accumulated in excess of 20,000 cabin pressuriztion
cycles, Prolonged operation with™ large areas of
delaimination will eventually result in fatigue cracking.
The time at which fatigue cracks will occur depends on the
degree of delamination and the presence of corrosicn. Any
effective bond, especially in the upper portion of the
joint, will delay cracking. It is emphasized that fatigue
crack vulnerability exists only where there are liac-ge
areas of delamination.

Laboratory tests have shown that for the lightest gage
skins (.036 4inch) the theoretical fatigue life of a lap
joint with a large area of delamination would be 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 delaminated areas exhibit higher fatigue
strength because the edge at the base of the countersink
is not as sharp. Lap joints with outer skin gages ,035
inch and greater have patisfactory fatigue life even ir a
completely delaminated condition. However, these joints
are still subject to corrosion damage,

Jul 19/72

737-53-1039
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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 adhesive. Recent service
experience with both factory sealed and operator sealed
joints indicates that sealing has not been successful in
preventing adhesive deterioration. There is some evidence
that moisture may enter the joint around the external head
of Jjoint fasteners, Because of this, the effectivity is
expanded to include all airplanes with bonded lap joints.

This bulletin revision (Revision 2) is issued to describe
the minimum 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 external visual inspection for sgkin
bulges, cracks or missing fastener heads indicating
substantial corrosion, and an external LPS-3 application.
The frequency of corrosion inspection 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 outer skin adjacent to the
head of the upper row of joint fasteners for cracks., This
inspection is applicable only to joints in which the outer
skin gage is less than ,056 inch and should commence upon
accumulation of 30,000 cabhin pressurization cycles.
Although fatigue crack vulnerability exists only in joint
areas with large delaminations, this inspection is
recommended at all joint areas where the outer 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 delamination 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 sealed 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
damage inspection. 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.

737-53-1039
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The ultrasonic void and feeler gage inspections are
deleted because, although gomae operators have used them
with satisfactory results, many operators have experienced
difficulty because of confusion and misunderstandings
concerning inspection 1limitations. and interpretation of
results. Several ultrasonic thickness ‘measuring
instruments are deleted because operators have reported
that the depth of moderate to severe corrosion could not
be determined using these instruments.

Aggroval

The repair described herein has been approved by the FAA
Designated Engineering Representative at The Boeing

Company.
Manpowerxr

Approximate man~hours and crew size for individual tasks
are as followsi

Airplane.
Crew Size : Down-Time
. Operation (Men) Man-Hours {Hours)
Corrosion Inspection 2 40 20
Fatigue Inspection 2 40 20
Fatigue .and/or
Corrosion Repair . . .

F.

Jul 19/72

REV., 23 Feb 8/74

. Dependent on number, location and size of repairs
required,

Material -~ Price and Availability

It is recommended that the parts and materials didentified
in paragraph 1II,A. be furnished or fabricated from
operator's existing stock or purchased directly from
industry sources. Accordingly, price and delivery data is
not included in support of this bulletin,

737-53-1039
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Tooling - Price and Availability

Special ultrasonic or 1low frequency eddy-current testing
equipment, Visu-Lok installation tools and Unisink Head
Bulbed Cherrylock installation tools may be  needed
depending on operator's course of " action. If such
equipment is desired, it is recommended that it be
furnished from operator's existing inventory or purchased
directly from industry sources. Accordingly, price and
delivery data is not included in support of this bulletin,

Weight and Balance

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

applied.
References
1. Existing Data:
a. Structural Repair Manual D6-15565, Subject 51=-10-2,
$3-30-1, 53-30-2, 53-30-3 and 53-30-4.
b. Boeing Non-Destructive Test Manual, Document
‘D6-7170, Part 1 and Part & '

-c. Boeing Service Bulletin 53-1017, Sealing of
Cold-Bonded Structure For Corrosion Protection

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

None

Publications Affected

The modification described herein affects the following
publication:

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

737-53~10139
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II. Material Information

A, Parts Required Per Airplane

NOTE:  All or a portion of the following iélrequired
‘ depending on operator's course of action.

Quantity Part Number Nomenclature
As Required See Structural Repair SQalani

Manual, Subject 53-~30-4

I As Required LPS-3 ' Water Displacing
Corrosion Inhibit-
ing Compound

As Required NAS1398D8-( ) Blind Rivet
As Required PLT1007=6-( ) Visu-Lok Blind
) Fastener
As Required CR 2235-6~( ) ‘ Unisink Head Bulbed
Cherrylock

Vendor Information

Boeing Part No. Vendor Part No. , Vendor

- LPS-3 LPS Laboratories, Inc.
2050 Cotner Ave.
Los Angeles, Calif, 90025

- PLT1007=6~( ) The National Screw an
Mfg. Co. '

3423 s. Garfield Ave.

Los Angeles, Calif. 90022

- CR 2235-6=~( ) ‘Pownsend Co.

Cherry Rivet Div.

1224 E, Warner Ave,
Santa Ana, Calif. 92707

B, Parts Required to Modify Spares

None

C. Resmoved Parts

None

Jul 19/72

737=-53~-1039
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D. Special Tools and Equipment Required

1. One or more of the following test instruments,
suitable for corrosion detection and thickness
measurement, may be required depending on operator's
course of action and may be obtained from the
following manufacturers:

Instrument Vendor Information

Application Instrument Vendor

Corrosion EM-1500 Automation Industries

detection and Shelter Rock Road

thickness esti~ Danbury, Conn.

mation - low

frequency - NDT=3 C Nortec Inc.

eddy-current ‘ 3001 George Wash. Way

method ) Richland, Wash,
Phasemaster Laser Systems §

Electronics Inc.
Tullahoma, Tenn.

Corrosion Nanoscope 412 Van Waters & Rodgers Co,
detection and 1363 So. Bonnie Beach Pl.
thickness : Los Angeles, Calif,
measurement -

ultrasonic

method

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

3. Reference standards are required for use with low
frequency eddy-current inspection instruments.
Reference standard number one and two are required
for passenger airplanes. All three standards are
required for cargo airplanes., Fabricate per
Figure 1,

737-53-10139

Jul 19/72
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| T

|/

SECTION A-A

GURE 1.
o .
Jul 19/72
REV. 2:Feb 8/74

[L> parer .008 T0 010 INCH
THICK 7O SIMULATE CURED

ADHESIVE.

REF SHEET THICK-
STANDARD | NESS*
NO.

1 .036
2 .040
3 .070

SPOTFACE LOCATION ,

AND DEPTH

(:) 103 (:)zox (:)Joz
.004 .008 012
.004 .008 .012
.007 014 | 021

* MAKE FROM 2024-T3 OR -T4 CLAD AL ALLOY SHEET,

LOW FREQUENCY EDDY-CURRENT REFERENCE STANDARDS

737-53-1039
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4.

S,

Jul 19/72
REV, 2:Feb 8/74

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

~ Pull Gun: : G~684
Flush Fastener
Pull Head: H681-6C
Vendor: Townsend Co.

Cherry Rivet Div.
1224 E. Warner Ave.
Santa Ana, Calif. 92707

The following equipment has been tested and found
satisfactory for blind application of LPS-3 and is
to be operator fabricated., Equivalent operator
designed equipment may also be used as long as it
is designed to apply only the minimum amount of
LPS=3 required to saturate the void and to prevent
LPS-3 contamination of insulation materials. This
equipment is for use with the one row blind
fastener joint refastening method detailed in Part
IV - Repair Data.

Equipment - Method I (Optional to Method II)

1., Four ounce pump type oilcan modified to
: incorporate a stop, sStop screw, spring and
. special nozzle, Fabricate per Figure 2,

2, Lap joint sample for practice and stop
adjustment. Fabricate per Figure 3.

737-53-1039
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ue UPABRIcaTe
0 INBDCD PER DETAIL 1)

SPRING

sTOP

IHSULATION
4 02,, PUNP STRINGER BLANKET
TYPE OILCAN (REF) (RET)

END OF NOZZLE SHOULD CONTACT SKIN
© FOR PROPER APPLICATION.

ADJUST STOP SCREW SO THAT ONE PUMP
STROKE WILL DISCHARGE .10 TO .1$
CUBIC CENTIMETERS OF LPS-3,

APPLY A MAXIMUM OF .15 CUBIC
CENTIMETERS OF LPS-3 TO UPPER

EDGE OF JOINT AT EACH UPRER ROW
FASTENER HOLE WHERE A BLIND -
FASTENER WILL BE INSTALLED.

RATE OF APPLICATION SHOULD APPROXI-
MATELY EQUAL RATE AT WHICH LPS-3
FLOWS DOWN THE SKIN ONTO THE JOINT
FOR MAXIMUM JOINT SATURATION. CORRECY
APPLICATION RATE IS ESTABLISHED BY
TRIAL APPLICATION USING A JOINT
SAMPLE FABRICATED PER FIGURE 3.

E::> SPLATTERING OF LPS~3 OR INSULATION
BLANKETS IS NOT TO BE ALLOWED.

i::» SPRING AIDS IN CONTROLLING APPLICATION
' RATE.

FIGURE 2, BLIND LPS-3 APPLICATOR - METHOD I

737-53-1039

Jul 19/72
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[
BRASS TUBING . .047 8
3/32 .094; 0.0., I
1/16 (.062) 1.D. .60

(ANY OTHER SUITABLE
NATERIAL NAY BE USED) |

Jul 19/72
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DETAIL I

|
FIGURE 2, BLIND LPS-3 APPLICATOR - METHOD T
—
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DRILL NO. 21 (.159 INCH DIA.) WOLE AND
INSTALL RIVET BACR1SCESD( ).

.¢. DRILL MO. 5 (.205 INCH DIA.) MOLE,

.040 TO .063 INCH
THICK AL ALLOY

SHEET (TYP) §.00

YpP)

STANDARD
STRINGER
SECTION

FIGURE 3. LAP JOINT SAMPLE FOR BLIND LPS-3 APPLICAYTOR
ADJUSTMENT AND PRACTICE - METHOD I

Jul 19/72
REV. 2:Feb 8/74
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Equipment - Method II (Optional to Method I)

NOTE: To reduce application time, it is suggested
that this equipment be made in quantity so
that several upper row fastener holes in the
repair area may be treated simultaneously.

1. Applicator tip, stop collar and a length of clear
plastic tubing, Fabricate and assemble per Figure
L

2. A device or method for determining outer skin
thickness. :

Jul 19/72

737-53-1039
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Accomplishment Instructions

The following program outlines the minimum requirements for
maintaining the structural integrity of lap joints. The
inspection for corrosion will detect severe corrosion
requiring repair by installing repair doublers. The
inspection for fatigue damage will detect large fatigue cracks
(.25 inch in length and greater) emanating from upper row
fastener holes. These cracks will be large enough to require
repair by installation of repair doublers. In the following

inspections each panel is treated as a separate entity and the
inspection results of one panel cannot reliably be used to

indicate the condition of another.

Part I - Corrosion Inspection and Repair

On all airplanes, accomplish  the following corrosion
inspection and LPS-3 application at six month intervals on
lower lobe joints and one year intervals on upper lobe joints.

A. Visually inspect external surface of 1lap joint for
skin bulges adjacent to fasteners, 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 corrosion damage for full length
of the panel joint. Extent of damage may be
determined using: the 1low frequency eddy-current
inspection in Part III or by any other suitable means.
Corrosion may be removed by local blend out if the
blend out depth does not exceed 10 percent of the skin
thickness except that in small local areas not
exceeding 3 inches in length in any 20 inches of joint
a skin thickness reduction of 20 percent is acceptable
and in small local areas not exceeding 1.5 inches in
length in any 20 inches of joint a skin thickness
reduction of 40 percent is acceptable. 1In areas where
skin thickness is reduced by 40 percent it is
suggested that a faying surface sealed shim and
oversize protruding head fasteners be installed if
there are existing fastener holes in the rework area.
After corrosion removal refasten the joint per Part IV
or Structural Repair Manual, Subject 53-30-1, Figure
S, Method I or 1II. Corrosion exceeding the above
limits should be repaired' per Structural Repair

Manual, Subject 53-30-3,

Jul 19/72
REV. 2: Feb 8/74
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In panel joint areas where no corrosion indications
are found, apply LPS-3 to joint external edge and
fastener external heads . in joint per operator's
standard procedure (Ref, Structural Repair Manual,
Subject 51-10-2). For maximum penetration, it is
suggested that LPS-3 be applied to the joint edge
under pressure using equipment such as an airless

paint spray pump.

NOTE: Fillet seal along the edge of the lap joint
. prevents LPS-3 application to the joint edge
but need not be removed unless deteriorated.
Reestablishment of deteriorated fillet seal is

optional.

After LPS-3 becomes tacky,excess may be removed per
operator's standard procedure (Ref. Structural Repair
Manual, Subject 51-10-2).

Part I1 - Fatigue Damage Inspection and Repair

A.

C.

D.

R

Jul 19/72

REV. 2:Feb 8/74

On all airplanes upon accumulation of 30,000 cabin pressuriza-
tion cycles, accomplish the following inspection for fatigue
cracks annually in joint areas where the joint outer skin gage
is less than .056 inch.

With the aid of a bright light, visually inspect the
body skin forward and aft of the head of the lap joint
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 cracks were
found. See Nondestructive Test Document D6-7170, Part
6, Subject 53-30-00 for inspection equipment and

technique.

.Repair fatigue cracks using.a repair similar to that

shown 1in Structural Repair Manual, Subject 53-30-3,
Figure 16, and replace all remaining upper row f£lush
joint fasteners in that panel joint with oversize
protruding head fasteners per Part 1V - Repair Data.

Areas where no fatigue cracks are found should be
reinspected annually. Reinspection for fatigue cracks
may be terminated be replacing the existing upper row
of joint fasteners with standard protruding head solid
fasteners per Part Iv. However, a corrosion
inspection program should be maintained.

737-53-1039
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TYPICAL FATIGUE
CRACK LOCATION OUTER OR UPPER SKIN

ADHESIVE

STRINGER

INNER OR LOWER SKIN

FIGURE 5. FATIGUE CRACK LOCATION

737-53-1039
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| Part 11l-Low Frequency Eddy-Current Corrosion Damage Inspection

Eddy-current instruments with low frequency capability provide
a rapid method of locating moderate to severe corrosion on
inner and outer joint skin faying surfaces. Instruments of
this type provide an estimate of skin thickness loss by the
comparison method. Although a precise measurement 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 skin faying surfaces
simultaneously.

Technical information on low frequency eddy-current inspection.
will be published in Boeing ilondestructive Test ilanual,

Document D6-7170.

A. Equipment

1. The following instruments, or equivalent, may be used.

a. EM-1500 : N

b. iDT-3

€. Phasemaster

NOTE 1: These instruments should have frequency
capabilities or modules listed in
Table I.

2: See paragraph II.D.1 for instrument vendor
information.

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

B. Prepare surface for inspection by removing dust and dirt
per operator's standard procedure.

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

1. Set up 1nstrument to operate on correct frequency for
applicable skin thickness. See Table I.

Jul 19/72 737-53-1039
©723
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Adjust for 1lift-off per instrument manufacturer's
instructions.: ‘

Using reference standard, check instrument response to
a 10 percent loss in inner skin thickness. It is

-suggested that instrument sensitivity be set such that

a 10 percent thickness reduction will cause a 10

" percent change in meter reading.

Inspect area in question per Step D.

Inspect area in question as follows:

1.

2.

Place probe on lap joint between fasteners and adjust
meter to approximately mid scale.

Scan area in question for indications of corrosion.
Severity of corrosion will be indicated by magnitude
of meter change.

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

2: This inspection will not discriminate
between corrosion on outer and inner skin.
If it 1is desired to determine in which
skin the corrosion is located the
instrument should be set up on correct
frequency per Table I to inspect outer
skin only.

. 737-53-1039
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TABLE I.

Low Frequency Eddy-Current Frequencies

Skin Thickness [{i> Frequency (KH2)

Outer Skin Inner Skin | Simultaneous Inspection of
inspection of | outer skin
outer and faying surface
inner skin only.
faying
surface,

.036 .036 & Up 25 31
.040 .036 & Up 10 25
M ‘ .
.045
071 > .036 6§ Up 2To5 > 10 >~

> See Structural Repair Manual Subject 53-30-2
for skin thickness in a particular area.

E:>-Minimum frequency selection required for locating
and estimating corrosion damage, . ]

> Applicable to 737-200C airplanes only.

Jul 19/72
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Part IV - Repair Data

The following repairs are used to restore the fatique life of
a delaminated joint area or to refasten a joint separated for
corrosion removal. The one row standard fastener repair is a
permanent repair which replaces the existing flush fasteners
in the joint upper row with oversize protruding head rivets.
This repair may be used as a preventive modification and is
optional to those detailed in Structural Repair Manual Subject
53-30-1 for joint refastening, The one row blind fastener
repair .is similar to the one row standard fastener repair
except blind fasteners are used. This repair is life limited
depending on the type of fastener used and the gage of the
outer skin at the joint, After installation, the blind

' fasteners should be regularly inspected . for looseness or

working., After they have been in service for  the stated

period, a fatigue crack inspection as detailed in Part II

should be initiated in the repair area or the blind fasteners
should be replaced by standard rivets in which case fatigue
crack inspection is not necessary.

NOTE: The following repairs may not be used in corroded
areas where the skin thickness would be less than ,032
inch after corrosion removal. For repair of corroded

" areas exceeding this 1limit, see Structural Repair
Manual, Subject 53-30~1, Fiqure 5 Method I or II.

One Row Standard Fastener Repair

A, If joint was separated, remove loose adhesive, apply brush
on chemical £ilm treatment (Alodine or Iridite) and one
coat of chemical and solvent resistant primer to metal
faying surfaces. After primer has dried, apply sealant to
faying surfaces. See Structural Repair Manual, Subject
53-30-4 for faying surface sealants.

B. If joint was not separated, inject as much LPS-3 as
possible into the joint. See Structural Repair Manual,
Subject 51-10-2 for LPS-3 application.

C. Install fasteners per Figure 6,

737-53-1039
26




~—

109
APPENDIX: C

BOEING SERVICE BULLETIN NO, 737-53-1039

One Row Blind Fastener Repair (life limited)

This repair is life limited. The following fatigue lives were
established by testing which assumed the absence of bond,
fatigue cracks and corrosion and are to be calculated from the
time blind fasteners are installed in the joint. If blind
rivet NAS1398D8~( ) is installed, a fatigue 1life improvement
of approximately 15,000 additional cabin pressurization cycles
may be expected if the outer skin is less than .056 inch
thick, If the outer skin is .056 inch thick or greater a life
improvement of approximately 30,000 cabin presssurization
cycles may be expected. If Visu-Lok blind rivet PLT1007-6-( )
or Unisink Head Bulbed Cherrylock CR 2235~6-( ) 1is installed
a fatigue life improvement of approximately 30,000 additional
cabin pressurization cycles may be expected, After
installation, the blind fasteners should be inspected for
looseness or working at regular major maintenance intervals to
ensure that the indicated fatique life is achieved. After the
fasteners have been in service for the above stated period,
inspection for fatigue cracks per Part II at these fastener
locations should be initiated unless replacement with standard
protruding head rivets is accomplished.

A. Remove existing wupper row rivet if it is 3/16 inch
diameter or smaller.

NOTE: If existing fastener is steel or a rivet larger
than 3/16  inch diameter, removal is not regquired
as this location will have a satisfactory fatigue
life,

B. Enlarge existing hole with Size F (.257 inch diameter)
drill if blind rivet NAS1398D8-( ) is to be installed, No.
3 (.213 inch diameter) drill ' if Visu-Lok blind rivet
PLT1007-6-( ) is to be installed or No. 5 (.205 4inch
diameter) drill if Unisink Head Bulbed Cherrylock CR 2235-
6-( ) 4is to be installed. Careful hole drilling is
advised to keep hole diameter . as close to minimum. as
possible.

NOTE: Visu~Lok blind rivet PLT1007-6-( ) or Unisink Head:
: Bulbed Cherrylock CR 2235-6-( ) may be wused to
replace 5/32 inch diameter rivets only. For
replacement of 3/16 inch diameter rivets use blind

rivet NAS1398D8-( ),

737-53-1039
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T0o achieve the maximum service life associated with blind
fastenar installation, it is essential that no corrosion
be present., It is suggeated that LPS-3 be applied to

- Joint faying surface through each open fastener hole using
equipment similar to that detailed in paragraph I11.D.5.

De

Jul 19/72

After application, remove all traces of LPS-3 from
external skin surface using a 1:1 mixture of methyl ethyl
ketone and toluene.

NOTE 1t Contamination of insulation blankets with LPS~
3 is not to be permitted.

23 LPS=3 npplication restrictions detailed in 737
Structural Repair Manual, Subject 51-10-2
concerning application in the vicinity of’
oxygen systems must be observed during blind
application of LPS-3.

3: For full width delaminations both external and
blind internal application of  LPS-3 is
suggested.

4: Application by aerosal can has been found to
be unsatisfactory for blind application due to
the 1likelihood of over-saturation from an
uncontrolled spray and possible contamination
of insulation blankets. However, it is
satisfactory for external application where
full width delaminations are found and excess
amounts of LPS-3 may be wiped up.

Install blind rivet NAS1398DB-( ), Visu-Lok blind rivet
PLT1007~6~( ) or Unisink Head Bulbed Cherrylock CR 2235-6~-
( ) as applicable with wet sealant PR1431G or PR1436G
under rivet head.

737-53-1039
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4;? IF EXISTING FASTENER 1S LARGER THAN 3/16 INCH DIA, OR MADE OF STEEL,
REMOVAL 15 NOT REQUIRED. HOWEVER, IF FASTENER WAS REMOVED, INSTALL
FASTENER OF SAME TYPE AMD STZE. IF EXISTING FASTENER IS A RIVET 3/16
JNCH DIA. OR SHALLER, REMOVE EXISTING FASTENER. IF EXISTING RIVEY
MAS 5/32 INCH DIA., ENLARGE HOLE WITH NO. 2 (.221 INCH DIA.) DRILL,
INSTALL RIVET MS20470AD7-( ). MINIMUM DIA, OF DRIVEN. HEAD TO BE ,312
INCH. IF EXISTING RIVET -WAS 3/16 INCH OIA,, ENLARGE HOLE WITH SIZE f
(.257 INCH DIA.) DRILL, [INSTALL RIVET MS20470AD8-( ). MINIMUM DIA,
OF DRIVEN HEAD TO BE ,350 INCH, SMALL AMOUNT OF COUNTERSINK REMAINING
AFTER OVERSIZING IS SATISFACYORY, INSTALL FASTENERS DRY.

[I::D.JXZ INCH IF RIVET MS20470AD7- 1S INSTALLED.
© 350 INCH IF RIVET MS20470ADB- 1S INSTALLED.

REMOVAL OF EXISTING FASTENER NOT REQUIRED. 1IF EXISTING FASTENER WAS
REMOVED, INSTALL NEW FASTENER OF SAME TYPE AND SIZE.

]
!
=

1 OINBDCD

SKIR
/(um

U

TYPICAL LAP JOINT

FIGURE 6. MECHANICAL JOINT FASTENING METHOD

737-53-1039
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US Department AVIATION STANDARDS NATIONAL FIELD OFFICE
of . _ P.O. 80X 26460

. OKLAHOMA CITY, OKLAHOMA

73125

Administration
ml%mmvaMthMAm - ‘ v it the v of Fodersl u—mr pphie sircrad
el of which our reverds inducntr vou e be the segistered owner. Airworth o iy lﬂm-n-mdn Ty e _“ i “.hun'
Continewd thet 0o rron mes eprvate an sircvalt 10 which en Airwerthines Directive appliss, except in acverd with the ray dﬁ._' rih D FAR 3.

87-21-08 BOEING: Amendment 39-5752. Applies to Model 737
series airplanes 1listed in Boeing Alert Service Bulletin
737-53A1039, Revision 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 visual inspection for cracking of
the skin adjacent to the upper row of longitudinal lap splice
fasteners, at stringer 4, both 1left and right side of the
fuselage, from stations 360 to 1016, 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 regquired 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 options 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 1nspect1on of
the skin adjacent to the upper row of longitudinal lap splice
fasteners at stringer 4, both 1left 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, prior 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 1016. 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 of the above inspections, and at
- intervals thereafter not to exceed 6,000 landings, perform a
detailed visual inspection for skin c¢racks of the areas
previously inspected by eddy current.
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3. Perform a high frequency eddy current inspection of
the skin adjacent to the upper row cof longitudinal lap splice
fasteners at stringer 4, both left and right side of fuselage,
from 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 1nspect10ns prior to further flight in
accordance with Boeing Alert Service Bulletin 737-53A1039,
Revision 3, dated August 20, 1987, or 1later 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 1longitudinal 1lap 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 complyxng with this AD, the number
of landings may be determined to egual the number of
pressurization cycles where the cabin pressure differential was
greater than 2.0 PSI,

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
FAR 21.197 and 21.199 to operate airplanes to a base for the
accomplishment of inspections and/or modifications required by
this AD.

All persons affected by this directive who have not already
received the appropriate service ' information from the
manufacturer may obtain copies upon request to the Boeing
Commercial Airplane Company, P.O. Box 3707, Seattle, Washington
98124. This information may be examined at FAA, Northwest
Mountain Region, 17900 Pacific Highway South, Seattle,
Washington, or Seattle Aircraft Certification Office, FAA,
Northwest 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: FAA, Northwest Mountain Region, 17900 Paczfic Righway
South, C- 68966 Seattle, Washington 98168.
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REVISION TRANSMITTAL SHEET
Boeing Service Bulletin 737-53A41039

This sheet transmits REVISION 3 dated August 20, 1987
‘of Service Bulletin 737-53A1039, "BODY SKIN LAP JOINT INSPECTION
AND REPAIR".

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 experience that
warrants changes to the inspection cycle frequency after initial
inspection at the 30,000 flight cycle threshold.

Airplane effectivity is updated to reflect current airplane ownersbip.

Airplanes inspected per the previous releases of this service bulletin
require additional fatigue inspection.

Airplanes on which lap joints were refastened per previous issues of
this bulletin or the methods detailed in Structural Repair Manual,
§3-30-1, Figure 5, require corrosion inspection only per this revision.

All pages of this revision contain new, revised, or reformated
‘information, therefore the revision bars- in the left nargin have been

omitted.

REVISION HISTORY

Original Issue: July 19, 1972 @@PV

Revision 1: . October 11, 1972
Revision 2: February 8, 1974
Revision 3: August 20, 1987
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SERVICE BULLETIN

SUMMARY

BOEING COMMERCIAL AIRPLANE COMPANY  P.O. BOX 3707 SEATTLE, WASHINGTON 98124

SUBJECT: BODY SKIN LAP JOINT
: INSPECTION AND REPAIR

BACKGROUND

The 1longitudinal skin 1lap Jjoints on
affectea airplanes were assembled With
a room temperature curing epoxy
adhesive strip between the overlap.
Prior to Revision 2 operators reported
deterioration of the aahesive causing
delamination and providing a place for
corrosion to form. Revision 2 was
released to proviae 1inspection, repair
and terminating action for
aforementioned condition. Since issue
¢f Revision 2 an operator has reported
multiple fatigue cracks in the outer
skin of delaminated lap joints where
no corrosion had formed. Therefore
Revision 3 1is 4issued to revise the
repeat inspection cycles for fatigue
crack inspection.

ACTION

Per Revision 3, all airplanes should
receive a close .visual inspection of
each skin lap Jjoint for corrosion not
to exceed semi-anually for lap Jjoints
in lower 1lobe and annually for upper
lobe lap Joints. There is no
terminating action for this inspection
for corrosion damage.

ATA: 5330 NO: 737-53A1039
DATYE: July 19, 1972
REVISION 3: August 20, 1987

Upon accumulation of 30,000 flight
cycles or if this threshold has been
exceeded, the aforementioned lap
Joints should receive a visual fatigue
damage inspection and an eddy current
inspection under one of the options

described in the bulletin.
Termination of the fatigue damage
inspection is . accomplished by

incorporation of the preventive
modification consisting of 4installing
universal head rivets in the upper row
of lap Jjoint fasteners in conjunction
with ensuring that [failsafe tear
atraps are functional.

.EFFECTIVITY

All 737 airplanes Line Numdber 1 thru

291
MANPOWER
Elapsed
Total Time
Applicability Man-Hours  (Hours)
Inspection
Part 1 60 18
Part II
Type 1 40 10
Type II1
Opt A 148 37
-Opt B (a) 260 65
Opt C (a) 260 65

(a) Time quoted does not include the
removal of airplane interior.

MATERIAL INFORMATION

Operator-furnished parts

Summary.Page l of 2
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FAIL SAFE
TEAR STRAP
CONNECTION

TYPICAL SKIN LAP JOINT .

Summary Page 3
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=‘ALERT“

- SERVICE | BULLETIT

"""‘§==:51=ir""" O: 737-53a1039
SYSTEM. 5330 DATE

+ July 19, 1972

7 37 REVISION 3: August 20, 1987

SUBJECT: BODY SKIN LAP JOINT INSPECTION AND REPAIR

THIS SERVICE BULLETIN IS BEING SENT ‘TO EACH AFFECTED OPERATOR. IF THE
OPERATOR HAS LEASED AIRPLANES, THIS SERVICE BULLETIN SHOULD BE FORWARDED TO
THEE LESSEE. IF THE OPERATOR HAS SCLD AIRPLANES OR TRANSFERRED AFFECTED SPARES
wi7HIN THE LAST SIX MONTHS, THIS SERVICE BULLETIN SHOULD BE FORWARDED TO THE
NEW OWNER, UNLESS CONFIRMATION HAS BEEN RECEIVED THAT BOEING HAS INCLUDED THE
NEW OPERATOR ON THE DISTRIBUTION LIST.

I. PLANNING INFORMATION
A. Effectivity
1. AirplaneS Affected

See Service Bulletin Index Part 3 for cross reference of
Variable Number to Airplane Serial Number.

This change is applicable only to airplanes listed below.

LISTING BY CUSTOMER CODE AND VARIABLE NUﬂﬁER

. ALO PGO4é PG629 PG701-PG703 PG705 PYO001

PY003 PY005
AMW PGO036 PG331 PGS577 PJ102 PL8OL

ANA PG578-PGS581 PG583

Jul 19/72 ' 737-5341039
REV. 3: Auz 20/87 Page 1 of 33
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LISTING BY CUSTOMER CODE AND VARIABLE NUMBER (CONTINUED)
ANS PL802
ARG PH705-PH708 PH741-PH742 PY007-PY008
ARL PG251-PG255 PG573 PGS7S PY321-PY323
AWW PCO04G |
AZE PA0O1 PACO3-PADOG PCODS
BRI PJ103-PJ104 PY361-PY362
BRT PJ001-PJ002 PLBO3
CGA PG22¢
CHI-PGS72 PG574
CLF PA231-PA232 PGO34 PG201 PG204 PG217
PG222 PG271-PG276 PG278 PG4O3 PGG3S
CNV PG351
COP PCOO1
CPA PG651-PG652 FJO31-PJ032 PJOT72
DAL PG202-P6203 PG205 PG207 PG209 PG211-PG216
PG216 PG218-PG221 -
DLH PY345-PY346
EAG PY381
EGN PGO37 PG208 PG210 PG215 PEG31
ERA PGO26 PG028-PG029
FAT PA002 PADDS  PGOSS PG226 PG228
PG230
FCT PCO02
' FRO PGOS6 PGO&G PG199 PG225 PG229
PG432-PG433 PGG41-PGGG2 PG621-PG628 PG630 PG7046
PL711
IND PH709-PH713
Jul 19/72 737-53‘103:




120

APPENDIX C ‘ -
BOEING SERVICE BULLETIN 737-53A1039 (

LISTING BY CUSTOMER CODE AND VARIABLE NUMBER (CONTINUED)

IRN PH731  PY021

LAM PH703 - PYD31

LNK PH701
' MAD PG375

MAL PL716

MID PG279

MXG PCOO5 PG223

NAS PAC99

NKA PG582

NOR PY301-PY304

PAA PG020-PG021 PGOG3 PGO4G7-PG0GB PG43& PY006
PEX PA006-PAO22 PG501-PG505 | '

PIE PG041-PG042 PGO4Y PGO73 PG206 PG301-PG314 , (
PG474 PG576

PRS PG332 PG4D1-PG402 PG436 PJ101 PX701
PY341~PY344 .

PWA PL712
QUE PY002 o _ ;

SAA PG353-PG35é6

SBG PY004

TAC PGO59 PG352

TAN PJO71

TAV PGO74 | ‘
UAL PGOD1-PG004 PGO06-PGO19 PGD22-PG025 PGO27 . PG030 |

PG032-PG033 PG038-PG040 PG044~PG045 PGO51-PGO054 PGOS?
PGO60-PG063 PGO65-PG0O72 PGO7S

VSP PG435 PG437 PG439~-PG440 PG471-PG473 PX071

Jul 19/72 737-53A1039 ( ;
REV. 3: Aug 20/87 : . 3 ;
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LISTING BY VARIABLE NUMBER

PACD1~PAD22
PG199
PG331-P6332
PG471-PG4T75
PG701-PG705
PJO31~PJO32
PL801-PL8O3
PY031
PY381

Jul 19/72

PADYY
PG201-PG230
PG351-PG356
PG501-PG505
PH701-PH71S
PJO71-PJOT72
PX071

PY301-PY304

PA231-PA232
PG251-PG255
PG375

PG571-PG583
PH731-PH732
PJ101-PJ104G
PX701

PY321-PY323

2. Spares Affected

None

Aug 20/87

PCO01-PCOOS
PG271-PG279
PG401~-PG403
PG621-PG630
PH741-PH742
PL711-PL712
PY001-PYOO0S8
PY341~PY346

APPENDIX C

PG001-PGO75
PG301-P6314
PG431-PG4a2
PG651-P6652
PJ0O01-PJOO2
PL716

pYO21

PY361-PY362

737-53A10

39
y
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B. Reason

Jul 19/72
REV. 3:

Aug 20/87

The longitudinal lap Joints on affected airplanes were assembled

'vby placing a room temperature ocuring epoxy adhesive (BMS 5-10)
between the overlapped skins prior to flush riveting the skins

together.

Prior to Revision 2, seven operators had reported instances of
deterioration of the adhesive used to bond the 1lap Joints
resulting 4in Joint delamination and corrosion on thirty
airplanes. This condition was found on airplanes with as low as
3,000 flight hours. The deteriorated areas varied from small
isolated pockets to areas six feet or more in length. In most
instances these areas ‘were positively identified after corrosion
had caused exterior skin bulges, cracks or missing fastener
heads. Airplanes operating in warm moist climates were more
susceptidble to adhesfve deterioration.

In all 4instances of Joint deterioration reported prior to
Revision 2, none had developed fatigue cracks. Some of the
airplanes with large areas of delamination, had accumulated in
excess of 20,000 flight cycles. Prolonged operation with large
areas of de;amination'will eventually result in fatigue cracking.

Laboratory tests have shown that for the thinnest gage skin (.036
inch) the theoretical fatigue life of a lap joint with a large
area of delamination is recuced. This reduction is attributed
to the sharp knife edge of the countersink for the fastener
head. Thicker gage skins exhibited a higher (fatigue strength
because the edge of the countersink is not a sharp edge.

Subsequent to the original issue of this bulletin the bdonded lap
Joints were sealed in production to prevent moisture contact with
the cured adhesive. Service experience with both factory sealed
and operator sealed Jjoints (Ref, Boeing Service Bulletin
737-53-1017) indicates that sealing has not been successful in
preventing adhesive deterioration. -Therefore, the effectivity
was expanded to include all airplanes with factory sealed bonded
lap joints.

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, S-10 right and S-l14 right, between Body Stations
360 and 907.

Therefore, Revision 3 is issued to 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.

737-53A1039
- 8
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 Description

The inspection and repair of specified skin lap joints per this
service bulletin is divided into twe parts. Part one 1is for
corrosion and Part two 1.3 for fatigue.

Part 1, corrosion inspection and protection calls for a close
visual external inspection of skin lap Jjoints for skin bulges,
cracks and/or missing fastener heads indicating substantial
corrosion, and from the airplane exterior an application of a
corrosion inhibitor (Ref. BMS 3-23). The frequency of Part I
inspection should be based on operator's own experience -but
should not exceed six month intervals for lower lobe lap Jjoints
and one year intervals for upper lobe lap Jjoints. There is no

- terminating action for Part I inspection.

Pirt II fatigue damage inspection of the lap joints at Stringers
4, 10, 14, 19, 20, and 24 is to commence upon the accumulation of
30,000 rlight cycles as indicated below.

Two types of inspection are called for:

Type I - An external close visual inspection of the critical
upper row of fastener holes for cracks at each lap
joint where the outer skin gage is less than 0.056
inCh . . !

Type II - A high frequency eddy current inspection (NDT) of -the
skin adjacent to the fastener heads of the critical
upper row of lap joint fasteners at each lap joint for
cracks where the outer akin gage is less than 0.056
inch and a visual inspection of the tear astraps, as
noted in the options bdbelow.

For affected airplanes which have accumulated 30,000 flight
cycles or more, perforn the Type I inspection .at next 'C' check,
but not to exceed 4,500 flight cycles after receipt of Revision 3
of this service bulletin. If no cracks are found, repeat Type I
inspection at 4,500 flight cycles intervals until the threshold
for Type 11 inspection 1is reached. Type 1I inspection consists
of three options, all with initial thresholds at the next Major
Structural Maintenance Period (D check) after reaching 30,000 -
flight cycles but within 10,000 cycles of receipt of Revision 3
of -this service bulletin.

737-53A103z
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PLEASE REPORT YOUR PLANNED ACTION AND INSPECTION RESULTS TO
BOEING CUSTOMER SUPPORT AS SOON AS EACH INSPECTION IS COMPLETE.

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

NOTES: 1. Contact Boeing for instructions if any damaged areas
exceed the specified 1limits. To expedite Boeing
response, be specific when defining and locating the
damage. Circumstances leading up to the damage and
any secondary effects, when known, should be included
in the communication and followed up by sketches and
photographs when appropriate. In addition, vwvhere

- corrosion 1as involved, length, width, and greatest
depth of clean-up are required.

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

2. Prior or concurrent incorporation of Service Bulletin
737-53A1042, ‘"Lower Lobe Hot-Bonded Skin Panel
Inspection, Repair, and Panel Replacement™, is
recommended on commonly affected airplanes.

L.  Approval

This service bulletin has been reviewed by the Federal Aviation
Administration (FAA) and the (repairs and) modifications herein
comply with the applicable Federal Aviation Regulations (FAR's)
and are FAA approved.

Jul 19/72 737-53A1039
REV. 3: Aug 20/87 : 7
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E.  Manpower
Approximate man-hours and a crew size for individual tasks are as
follows:
Elapsed.
Crew Size Time
Operation (Men) Man-Hours (Hours)
Inspection :
Part I ) 60 : 15
Part II
Type I e 4 40 10
Type 11
Option A y 148 37
Option B (a) i 260 65
Option € (a) y 260 65
Fatigue and/or
Corrosion Repair (a) (a) (a)

(a) Time quoted dJdoes not 4included the removal of airplane
interior. :

(b) Dependent on number, location and size of repairs required.

) F. Material - Price and Availability

i It is recommended that the parts and materisls 4identified in
! Paragraph II.A be furnished or fabricated from operator's
existing stock or purchased directly from industry sources.
Accordingly, price and delivery data is not included in support
of this bulletin.

G. Tooling - Price and Availability

1. = Eddy current testing equipment, Visu-Lok installation tools
and Unisink Head Bulbed Cherrylock installation tools may
be needed depending on operator's course of action. 1If
such equipment is desired, it is recommended that it be
furnished from operator's existing inventory or purchased
directly from industry sources. - Accordingly, price and
delivery data is not included in support of this bulletin.

2. The tool identified in Paragraph 1I.C.5 may be obtained’
" through: - Monarch Marking Systeas
P.O. Box 608
Dayton, Ohio 45401

Part Number . Quantity Price
PRY-1 ( 1 tool per Package $2.95
PRY-U 4 tools per Package $9.50
Jul 19/72 - f ' 737-53A193g

) REV. 3: Aug 20/87
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H. Weight and Balance

Change in weight and balance will depend on number, type and size
of repairs and amount of sealant (Ref. BMS 5-95) and/or corrosion
inhibitor (Ref. BMS 3-23) applied.

I.  References
1. Existing Data:

a. Structural Repair Manual D6-15565, Subjects 51-10-2,
53~30-1, 53-30-2, 53-30-4 and 53=30«4

b. Boeing Nondestructive Test Manual, Document D6-37239,
Part 1 and Part 6

C. Boeihg Service Bulletin 737-53-1017, *“Sealing of
Cold-Bonded Structure For Corrosion Protection®

d. Boeing Service Bulletin 737-53A1042, “"Lower Lobe
Hot-Bonded Skin Panel Inspection Repair, and Panel

Replacement®
e. Boeing Corrosion Prevention Manual Part 1, Section
20-60-00
2. New or revised data supplied in support of this service
‘bulletin:

None

J.  Publications Affected

The modification described herein affects the following
pudblication:

Publication Chapter-Section

737 Structural Repair Manual........... 53-30

Jul 19/72 . 737-53A1039

REV. 3: Aug 20/87 . | 9
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'II..  MATERIAL INFORMATION

A. Parts Required Per Airplane

NOTE: All of the following may be requibed depending on
operator's course of action.

Quantity Part Number Nonengllture
As Required See Structural Repair Sealant
Manual, Subject 53=30-4
As Required BMS 3-23 or equivalent Water Displacing
* : " Corrosion Inhibiting

Compound

As Required NAS1398D8-( ) Blind Rivet

As Required PLT1007-6-( ) Visu-Lok Blind
Fastener

As Required CR 2235-6-( ) . Unisink Head Bulbed
Cherrylock

As Required MS20470D5-5 Rive*

) As. Required BMS 5-95, Class B Sealant

Vendor Information
Boeing Part No. Vendor Part No. . Vendor

- PLT1007=6-( ) The National Screw and Mfg.
Co. '
3423 S. Garfield Ave.
Los ‘Angeles, Calif. 90022

- CR 2235«6=( ) Townsend Co.
‘Cherpry Rivet Div.
1224 E. Warner Ave.
Santa Ana, Calif. 92707

B. Parts Required to Modify Spares

None

Jul 19/72 . 737-53A1039
) _ REV. 3: Aug 20/87 10
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C.  Special Tools and Equipment Required

1.

2.

3.

Jul 19/72

Low frequency eddy current inspection instruments for corrosion
loss measurezment are listed in the Boeing Nondestructive Test
Manual D6-37239, Part 6, 51-00-00, Figure 5.

Two corrosion referénce standards fabricated from 0.036 inch
and 0.040 inch clad aluminum sheet are required to perform
corrosion loss measurements.

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

The following toold may be used to install Unisink head Bulbed
Cherrylock fasteners:

Pull Gun: . G-684
Flush Fastener Pull Head: H681-6C
Vendor: Townsend Co., Cherry Rivet Div.

1224 E. Warner Ave.
Santa Ana, Calif. 92707

The following equipment has been tested and found satisfactory
for blind application of corrosion inhibitor and is to be
operator fabricated. Equivalent operator designed equipment
may also be used as long as it is designed to apply only the
minimum amount of corrosion inhibitor required to saturate the
void and to prevent contamination of insulation materials.
This equipment is for use with the one row blind fastener joint
refastening method detailed in Part 1V - Repair Data.

The following tool is suitable for use in Part III - Tear
Strap Inspection for disbond.

Nomenclature Part Number
Econo-Pry PRY-1 or
PRY-U

An equivalent tool may be used at operator's discretion.

737-53A1039

REV. 3:. Aug 20/87 ‘ 1
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Equipment - Method I (Optional to Method II)

1.

2.

Pour ounce pump type oilcan modified to 1néorponto a stop,
stop screw, aspring and special nozzle. Fabricate per
Figure 3.

Lap Jjoint sample for practice and stop adjustment.
Fabricate per Figure 4.

Equipment - Method II (Optional to Method I)

NOTE:

1.

2.

To reduce application time, it is suggested that this
equipment be made in quantity so that several upper row
fastener bholes in the repair area may be treated
sinultaneously.

Applicator tip, stop collar and a length of clear plastic
tubing. Fabricate and assemdle per Figure 5. .

Determine outer skin thickness (737 Structural Repair
Manual Subject 53-30-2, Figure 2 and Figure 3).

Existing Parts Accountability

None

Aug 20/87

737-53A1039
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I11I. ACCOMPLISHMENT INSTRUCTIONS

NOTES:

1. The following program outlines the minimum requirements for
maintaining the structural integrity of skin lap Jjoints.
The inspection for corrosion will detect severe corrosion
requiring repair by installing repair doublers. The
inspection for fatigue damage will detect large fatigue
cracks (0.25 inch in length and greater) emanating from
upper row.- fastener holes. These cracks will be large
enough to require repair by installation of repair
doublers. In the following inspections each panel 1is
treated as a separate entity and the inspection results of
one panel reliably cannot be used to indicate the condition
of another. ‘

2. On the figures, unless otherwise specified:
- All linear dimensions are in inches

- Tolerance on 11nea} dimensions other than rivet and
bolt edge margin is plus or minus 0.03

- Tolerance on rivet and bolt edge margin is plus or
minus 0.05 :
t - Angular tolerance is plus or minus 2 degrees
- Hole size for standard solid rivets is per 737

Structural Repair Manual Chapter 51

Part I - Corrosion Inspection and Repair

On all airplanes, accomplish the following corrosion inspection and

application of corrosion inhibitor BMS 3-23 or equivalent (Ref.

Corrosion Prevention Manual Part 1, Section 20-60-00) at six month

intervals on lower lobe Jjoints and one year intervals on upper lobe
- Joints.

A.

Jul 19/72
REV. 3: Aug

Visually inspect external surface of each lap Joint for skin
bulges adjacent to fasteners, skin cracks caused by severe
corrosion, dished fastener heads or missing fastener heads
between Body Station 178 and 1016 (See Figure 1).

If corrosion indications noted in Step A are found, determine
extent of corrosion damage for full length of the panel Jjoint.
Extent ‘of damage may be determined using low frequency eddy
current inspection (Ref. 737 Nondestructive Test Manual D6-37239,
Part 6, 51-00-00 Figure 5) or by any other suitable means.

_ 737-53A1039
20/87 13
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Ce Corrosion may be removed by local blend out 1if the blend out

‘depth does not exceed 10 percent of the skin thickness except as
follows: .

1. In smell local areas not exceeding 3 inches in length in
any 20 inches of Jjoint, a skin thickness reduction of 20
percent is acceptable,

2. In smaller areas not exceeding 1.5 inches in length in any
20 inches of joint a skin thickness reduction of 40 percent
is acceptable. In areas where skin thickness is reduced by
40 percent it is suggested that a faying surface sealed
shin and oversize protruding head fasteners be installed 1if
there are existing °fastener holes in the rework area.
After corrosion removal refasten the Jjoint per 737
Structural Repair Manual Subject 53-30-1, Figure S5, Method
II or III. _

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

D. In panel lap Joint areas where no . corrosion indications are
found, apply corrosion inhibitor to Jjoint external edge and
fastener external heads in Jjoint (Ref. 737 Structural Repair
Manual Subject 51-10-2). For maximum penetration, it s
suggested that corrosion inhibitor be applied to the Joint edge
under pressure using equipment such . as an airless paint spray

pump.

NOTE: Fillet seal along the edge of the lap Jjoint prevents
corrosion inhibitor application to the joint edge, but need
not be removed unless deteriorated.

E. After corrosion inhibitor becomes tacky, excess may be removed
(Ref. 737 Structural Repair Manual Subject 51-10-2).

Part II - Fatigue Damage Inspection and Repair

On all airplanes accomplish the following Type I and Type II
inspections for fatigue cracks in lap Joints at Stringers 4, 10, 14,
19, 20, and 24 where the joint outer skin gage is léss than .056 inch
at the initial thresholds indicated in Paragraph 1.C. Description.

Type I Inspection

A. With the atd of a bright light, visually inspect the lap Jjoint
exterior body skin, forward and aft of the fastener heads in the
upper row fasteners for fatigue cracks (See Figure 1).

B. If any crack is found, eddy current inspect the skin adjacent to
all joint upper row fastener heads the full length of the panel
in which crack(s) were found. See 737 Nondestructive Test Manual
D6-37239, Part 6, Subject 53-30-03 for inspection equipment and
technique. ) ’ »

Aug 20/87 14
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Repair fatigue cracks using a repair similar to that shown in 737
Structural Repair Manual Subject 53-30-3, Figure 16, and replace
all remaining upper row flush joint fasteners in that panel joint
with oversize protruding head solid fasteners per Part IV -
Repair Data. This in conjunction with Part III - Tear Strap
Inapection and Repair 41s terminating action for Part 1II
inspections for the affected panel.

In skin panels where no fatigue cracks are found, repeat
inspection every 4500 flight cycles until the threshold for Type
11 inapection is reached. Panel reinapection per Part II for
fatigue cracks may be deferred for the fatigue life increment
stated for the particular fastener by accomplishing blind
fastener installation per Part IV - Repair Data or may be
terminated by replacing the existing upper row of flush Jjoint
fasteners with standard protruding head solid faateners per Part
IV <« Repair Data and accomplishing Part III - Tear Strap
Inspection and Repair. However, Part I - Corrosion Inspection is
to be continued. )

Type 11 Inspection

A.

Jul 19/72

REV. 3: Aug 20/87

Accomplish a high frequency eddy current inspection (NDT) for
cracks in the lap Jjoint exterior body skin, forward and aft of
the fastener heads in the upper. row of fasteners (See Figure 1)
using one of the following three options. See 737 Nondestructive
Test Manual D6-37239, Part 6, Subject 53-30-3.

NOTE: After accomplishment of first high frequency eddy current
inspection, notify Boeing Customer Support of inspection
results. This information 1is requested to- aid in
determination of future changes to this service bulletin.

Contact: Boeing Commercial Airplane Company
"Attention: Manager, Airline Support

Option A - 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 the service bulletin and at
20,000 flight cycles intervals thereafter, accomplish the

following: : :

1. Accomplish NDT dinspection of the critical upper row of
fasteners for each skin lap Jjoint.

737-53M1039
: 15
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2. If no cracks are found, accomplish Type I inspection after
6,000 flight cycles and thereafter at 3,000 flight oycle
intervals until next NDT. Panel reinspection per Part I1I
Day be deferred for the fatigue life increment stated for
the particular fastener by accomplishing blind fastener
installation per Part IV - Repair Data or may be terminated
by replacing the existing upper row of fasteners with
protruding head solid fasteners per Part IV - Repair Data

. and accomplishing Part III - Tear Strap Inspection and
Repair.,

3. If cracks are found, accomplish repair similar to that
shown in 737 Structural Repair Manual Sudbject 53-30-3,
Figure 16 and replace all remaining upper row fasteners in
that panel joint with protruding head solid fasteners per
Part IV - Repair Data and accomplish Part III -~ Tear Strap
Inspection and Repair. This constitutes terminating action
for Part II Fatigue Damage Inspection for the affected
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 20,000 flight cycle 4intervals thereafter, - accomplish the
following:

1. Accomplish NDT dinspection of the critical upper row of
fasteners for each skin lap joint, and accomplish Part IIIX
~ Tear Strap Inspection and Repair.

2. If no cracks are found and tear strap bond is intact,
accomplish Type I 4inspection at 6,000 flight cycle
intervals until next NDT inspection at prescrided
threshold, or defer inspection for the (fatigue 1life
‘increment stated for the particular fastener by
accomplishing blind fastener installation per Part IV -
Repair Data or terminate inspection by replacing the
existing upper row of fasteners with protruding head solid
fasteners per Part IV - Repair Data.

3. If cracks are found in the fastener row, accomplish a
repair similar to that shown in 737 Structural Repair
Manual Subject 53-30-3, Figure 16 and replace all remaining
upper row fasteners in that panel Joint with protruding
head solid fasteners per Part IV - Repair Data. This in
conjunction with functional tear straps is terminating
action for Part 11 inspections for the affected panel.

Jul 19/72 ' ’ " 737-53A1039
REV. 3: Aug 20/87 16
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Option C - 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 10,000 flight cycle intervals thereafter, accomplish the
following: )

1. Accomplish NDT inspection of the critical upper row of
fasteners for each skin lap Jjoint and accomplish Part I1II -
Tear Strap Inapection and Repair at alternate NDT
inspection, for panels with no cracks or tear atrap disbond
or with repaired tear straps. ’

2. If cracks are found in the fastener row, accomplish repair
similar to that shown in 737 Structursl Repair Manual
Subject 53-30-3, Figure 16 and replace all remaining upper
row fasteners in that panel Jjoint with protruding head
solid fasteners per Part IV -~ Repair Data. This in
conjunction with functional tear straps 1is terminating
action for Part II inspecticns for the affected panel.

3. If no cracks are found, Part Il inspection for the affected
panel may be terminated by replacing the upper row of
fasteners in the panel joint with protruding head solid
fasteners per Part IV - Repair Data and ensuring functional
tear straps. '

B. If blind rivets are installed or have been previously installed
for fatigue life improvement, these lap Jjoints are subject to the (
above Type 1 and Type II Inspection when the life improvement
intervals stated in Part IV of this service bulletin are exceeded.

In addition, 4if blind rivets are installed or bhave been
previously installed, accomplish a one-~time tear strap inspection
and repalir per Part III - Tear Strap Inspection and Repair at
next Major Structural Maintenance Period (D check).

c. Part I = Corrosion Inspection is to be continued per this service
bulletin regardless of actions taken per Type II Inspections.

Part II1 - Tear Strap Inspection and Repair

On' all airplanes, accomplish the following delamination and/or
corrosion inspection as required per the instructions in Part Il -
Fatigue Damage Inspection and Repair.

A. Gain access to the interior side of the airplane skin.

Jul 19/72 | 737-53A1039
REV. 3: Aug 20/87 17 . %
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B. Visually inspect the bond edge of the doubler/tear strap for.
©  signs of delamination and/or corrosion (See Figure 2).

NOTE: If disbond is suspected, insert tool (ST . ) between skin
and strap. Pushing out on akin panel may be required for
tool 1insertion. Twist tool to confirm disbond and to
1nspect'for_corroaion.

Ce 1r corrosion is found, remove. per Part I.

D. In strap areas where disbond &and/or corrosion has been found
and/or removed, refasten strap per Figure 2, Detail I.

‘ Part IV - Repair Data

The following repairs are used to restore the fatigue 1life of a
delaminated joint area or to refasten a Jjoint separated for corrosion
removal. The Method III fastener repair per 737 Structural Repair
Manual Subject 53-30-1 is a permanent repair which replaces the
existing flush fasteners in the lap Joint upper row with oversize
protruding head rivets and may be used as a preventive modification.
The one row blind fastener repair is similar to the aforementioned
fastener repair except blind fasteners are used. This repair is life
lizited depending on the type of fastener used and the gage of the
outer askin at the Jjoint. After installation, the blind fasteners
. should be regularly inspected for looseness or working. After they
. have been in service for the stated period, a fatigue crack inspection
as detailed in Part II should dbe initiated in the repair area. The
blind fasteners may be replaced with protruding head solid rivets in
conjunction with fatigue crack inspection and Part III -~ Tear Strap
Inspection and repair for terminating action for Part II inspections.

When accomplishing the Method III fastener repair per 737 Structural

Repair Manual (SRM) Subject 53-30-01 as a preventive modification on

airplanes that have exceeded 40,000 flight cycles, perform a high

frequency eddy current inspection of the lap Jjoint open holes before

oversizing for protruding head rivets. If cracks are found, repeat .
eddy current inspection of hole after oversizing to assure crack

removal. Airplanes previously modified per SRM, Method III solid. rivet

fastener repair, received terminating action and do not require further

Fatigue Damage Inspection.

NOTE: The following repairs may not be used in corroded areas where the
skin thickness would be 1less than .032 inch after corrosion
removal. For repair of corroded areas exceeding this limit, see
737 Structural Repair Manual SubJect 53-30-1, Figure 5, Method II
or III.

Jul 19/72 ' 737-53A1039
REV. 3: Aug 20/87 ‘ : " 18
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One Row Standard Fastener Repair

1. If joint was separated, remove loose adhesive, apply brush
on chemical film treatment (Alodine or Iridite) and one
coat of chemical and solvent resistant primer to metal
faying surfaces. Afte primer has dried, apply sealant to
faying surfaces. See 737 Structural Repair Manual Subject
53-30-4 for faying surface sealants. :

2. If Joint was not separated, inject as wmuch corrosion
inhivitor as possible into the Joint. See 737 Structural
Repair Manual Subject 51-10-2 for corrosion inhibitor
application.

3.  Install fasteners, see 737 Structural Repair Manual Subject
53-30-1, Figure 5 Method III, and 1qspect tear strap.

One Row Blind Fastener Repair (life limited)

This repair is life limited. The following fatigue lives were
established by testing which assumed the adsence of dbond, fatigue
cracks and corrosion and are to be calculated from the time blind
fasteners are 1installed in the Jjoint. If blind rivet
NAS1398D8-( )} is installed, a fatigue 1life improvement of
approximately 15,000 flight cycles may be expected. If Visu-Lok
blind rivet PLT1007-6-( ) of Unisink Head Bulbed Cherrylock CR
2235-6-( ) is installed a fatigue 1life inprovement of
approximately 30,000 flight cycles may be expected. Blind
fasteners should be inspected for looseness or working at regular
ma jor maintenance intervals to ensure that the indicated fatigue
life is achieved. Inspect fastener locations for fatigue cracks
per Part II after flight cycle extension has been reached, unless
replacement with standard fasteners per Part IV.A is accomplished.

1. Remove existing upper row rivet if it is 3/16 inch diameter
or smaller. ’

NOTE: 1f exiiting fastener 1is steel or, larger than 3/16

inch diameter, removal 4is not required, as this
location will have a satisractory fatigue life.

737-53A1039
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2. Enlarge existing hole with, Size F (0.257 inch diameter)
drill 1if blind rivet BAS1398D8-( ) is to be installed, No.
3 (.213 inch diameter) drill if Visu-Lok blind rivet
PLT1007-6=-( ) 1s to be installed, or No. 5 (.205 4inech
diameter) drill 4if Unisink Head Bulbed Cherrylock CR
2235-6-( ) 1s to be installed. Careful hole drilling is
advised to Kkeep . hole diameter as close to minimum as
possible. .

NOTE: Visu-Lok blind rivet PLT1007-6-( ) or Unisink Head
Bulbed Cherrylock CR 2235-6-( ) may be used to
replace 5/32 inch diameter rivets ' only. For
replacement of 3/16 inch diameter rivets use bdlind
rivet NAS1398D8-( ). ’

3. To achieve the maximur service life associated with blind
fastener installation, it 1is essential that no corrosion be
present. It 1is suggested that corrosion inhibitor - be
applied to Jjoint faying surface through each open fastener
hole using equipment similar to that detailed in Paragraph
II.D.4. After application, remove all traces of corrosion
inhibitor from external skin surface using a ‘1:1 mixture of
methyl ethyl ketone and toluene.

NOTES: 1. Contamination of 4insulation blankets with
corrosion inhibitor is not to be permitted.

2. Corrosion inhibitor application restrictions
detailed in 737 Structural Repair Manual
Subject 51-10-2 concerning application in the
vicinity of oxygen systems must be observed.

3. For full width delaminations both external and
blind 4internal application of corrosion
inhibitor is suggested.

4. Application by aerosol can has been found to be
unsatisfactory for blind application due to the
likelihood of over-saturation froa an
uncontrolled spray and possidble contamination
of 4insulation Dblankets. However, it 1s
satisfactory for external application where
full width delaminations are found and excess
amounts of corrosion inhibitor may be wiped up.

4. -Install blind rivet NAS1398D8-( ), Visu-Lok blind
rivet PLT1007-6-( ) of Unisink Head Bulbed Cherrylock
CR 2235-6-( ) as applicable with wet sealant (Ref.
BMS 5-95) under rivet head. :

Jul 19/72 - 737-53A1039
REV. 3:  Aug 20/87 20 .
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\ BS
\ N\ ' 1016

SEE DETAIL 1

FIGURE 1. LAP JOINT INSPECTION 4 . ‘

Jul 19/72 : 737-5341039 -
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FRAME
STATION
\

MIDWAY
TEAR STRAP

STRINGER

UPPER \ -
SKIN \ r */'/
i | "/: /
FAIL SAFE b + -7 N ]
TEAR STRAP ) P S Ad b
CONNECTION _ ( { \ 7 ‘
(SEE FIGURE 3) L ~ e 7 \
.
| + 4
+ 4
P
+ r
P 4
SKIN _
kSZA CRITICAL UPPER
. ROW OF FASTENERS
<OLD BOND . (REPLACE)
\DHESIVE STRAP —
‘D1SBOND) y SEE DETAIL 11
LOWER
SKIN ——e
-
DETAIL 1 ,
TYPICAL SKIN LAP JOINT
FIGURE 1. LAP JOINT INSPECTION
19/72 73768341039
3: Aug 20/87
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TYPICAL FATIGUE
CRACK LOCATION

©

OUTER OR
CRITICAL UPPER UPPER SKIN
ROw OF FASTENERS .
/ ADHESIVE

S

Q@
© ©
0 R
P ®

STRINGER

INNER DR
LOWER SKIN

DETAIL 1I

Accomplish Part I Visual Inspection of skin panel lap joints for
corrosion and/or delamination, located at Stringers 4, 10, 14, 19, 20,
and 24,

(:) Accomplish Part II Inspection of the lap Joiht upper row of fasteners.

FIGURE 1. ‘LAP JOINT INSPECTION

Jul 19/72 737-5341039
REV. 3: Aug 20/87 25
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€ STRINGER

¢ STRINGER

bo

UPPER ROW OF
///FASTENERS

TYPICAL
LAP JOINT
STRINGER

.-h~““-7~—ses DETAIL 1

~¢ STRINGER

FIGURE 2. TEAR STRAP INSPECTION AND REPAIR

737-53A1039
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0.32 TYPICAL

;i;:p\\él\ BONDED AREA
"~ N |
1.50—1% | l () rerasTen

OUTER SKIN

R

\ g

4

. . \\\\
STR ’"%EN \j
|

DETAIL 1

Perform close visual inspection of the bonded edge of the tear strap
for disbond and/or corrosion, over a minimum tear strap length of 2
stringer bays above and 1 stringer bay below the lap joint.

If corrosion or disbond is suspected, insert tool (ECONO-PRY or
equivalent) between skin and strap to determine if strap is disbonded
or if corrosion has occurred. An outward push on skin while inserting
tool will aid in 1identification of weak or disbonded tear strap
connections.

(:) Drill 0.159-0.171 diameter hole at locations shown and install fastener
MS20470D5-5 wet with sealant (Ref. BMS 5-95).

FIGURE 2. TEAR STRAP INSPECTION AND REPAIR

Jul 19/72 737-53A1039
REV. 3: Aug 20/87 ' . 27
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NOZZLE
f] (FABRICATE 1
& PER DETAIL 1)
OINBD %°
APPROX

TRINGER
TYPE OILCAN STRINGE (j;XNSULATION

BLANKET

—0.20

BRASS TUBING .

3732 (0.0%94) 0.D.,
1716 (0.062) 1.D.
(ANY OTHER SVUITABLE
MATERIAL MAY BE USED)

DETAIL 1

FIGURE 3. BLIND CORROSION INHIBITOR APPLICATOR - METHOD 1

Jul 19/72 737-53A1039.
REV. 3: Aug 20/87 ’ 28
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(:) End of nozzle should contact skin for proper application.

Adjust stop screw so that one pump stroke will discharge 0.10 to 0.15
cubic centimeters of corrosion inhibitor.

(:) Apply a maximum of 0.15 cubic centimeters of corrosion inhibitor to
upper ‘edge of Joint at each upper row fastener hole where a blind
fastener will be installed. Rate of application should approximately
equal rate at which corrosion inhibitor flows down the skin onto the
joint for maximum Jjoint saturation. Correct application rate 1is
established by trial application using a Joint sample fabricated per
Figure 4.

<:) Splattering of corrosion inhiditor on insulation blankets is not to be
allowed.

<:> Spring aids in controlling application rate.

FIGURE 3. BLIND CORROSION INHIBITOR APPLICATOR - METHOD I

Jul 19/72 737-53A1039
REV. 3: Aug 2C/87 29
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-k DRILL NO.21 (0.159 INCH DIAMETER) HOLE AND
"INSTALL RIVET BACRISCESD( ). .

@ DRILL NO.S (0.205 INCH DIAMETER) HOLE.
,0.50 TYPICAL
e

AL~

$.00 TYPICAL

pff%?lCAL
00

’

.|0.50
TYPICAL

0.040 TO 0.063 INCH
THICK AL ALLOY
SHEET (TYPICAL)

STANDARD ////’ L
STRINGER

SECTION

1.50 |-

\ Y
¢

D
c
AN
—

\

o\ P

Fabricate 'Lap Joiht Sample' as shown (used for adjustment and practice
of applying corrosion inhibitor by Method I).

FIGURE - 4. LAP JOINT SAMPLE

Jul 19/72 ' 737-53A1039
"REV. 3: Aug 20/87 : . ' 3
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CLEAR
- PLASTIC
TUBING
INSULATION
BLANKET
SET SCREW
W,CHAMFER
0.50 DIAMETER

APPLICATOR
TIP

STOP COLLAR

DISCHARGE
HOLES

SKIN

i

UP
OJINBDD

STRINGER

FIGURE 5. BLIND CORROSION INHIBITOR APPLICATOR - METHOb 11

Jul 19/72 - : 737-53A1039
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TOOL FABRICATION INSTRUCTIONS

Make applicator tip from any convenient non-metallic material either
solid or hollow. If solid material 4s used, drill a hole for the
pajority of its length as shown. If hollow material is used, suitably
plug one end, )

Diameter of tip dependent on hole size in skin and tip material. Fit
of tip in hole should be a 1light interference fit to preclude an
appreciable amount of corrosion inhibitor flowing past the tip and down
the inner surface of the skin. The intent is to hold the corrosion
inhibitor supply at the faying surface. Correct tip diameter is best
determined experimentally.

Drill four 0.03 dia. dischargg holes 90 degrees apart.

Make stop collar froz any suitable metallic or non-metallic material
and install set screw.

TCCL USAGE INSTRUCTIONS

Deterecine outer skin thickness at hole and adjust stop collar so that
distance from center of discharge holes to stop collar equals outer
skin thickness.

Insert tip into fastener hole until stop contacts skin.

F1l1l1 clear plastic tubing with corrosion 4inhidbitor to a level
approxirately 0.5 inch above discharge holes. i

Allow tool to remain in place for approximately 5 minutes to achieve
maximum penetration. A visually apparent drop in fluid level may or
may not occur depending on void size and gsp between the skins. It the
gap between the skins is very small the fluid level may not appear to
drop. However, tests indicate that the void area is nevertheless
saturated with corrosion inhibitor and therefore the lack of a visual
drop in fluid level is unimportant.

FIGURE. 5. 'BLIND CORROSION INHIBITOR APPLICATOR - METHOD II

Jul 19/72 737-53A1039
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BOLfING

) SERVICE BULLETIN
REFERENCE: - 5341039

LONNWERLIAL ST
EFFECTIVITY
NONDESTRUCTIVE TEST
MODEL: ALL

PART 6 - EDDY CURRENT

LONGITUDINAL LAP JOINTS ~ WITHOUT FASTENER REMOVAL

1. Purpose

A.

To find cracks in the critical (upper) row of fasteners of
longitudinal skin lap joints using high frequency eddy current,
without removal of fasteners.

B. The cracks usually start on the inner surface of the outer skin at the
edge of the countersink. From there they propagate out along the
faying surface. See Fig. 3 for an illustration of a typical ecrack.
This inspection can find cracks 0.040 inch or longer beneath the
countersunk fastener heads in skin of 0.036 inch and 0.040 inch thick.
NOTE: A procedure for use with fasteners removed is Part 6, 53-30-00,

Fig. 1.
) 2. Equipment

NOTE: Refer to Part 1, 51-06-00 for information on equipment

A.

c.

D.

737 NDT
Oct 15/87

manufacturers.
Any eddy current instrument that can operate at 100 kHz and satisfy -
the performance requirements of this procedure may be used. The
following equipment was used in the development of this procedure:
(1) Magnatest ED-520 Magnaflux Corp.
(2) MIZ-10A, MIZ-10B, Zetec Inc.
(3) Locator UH, Hocking Instruments

Probe-=Use one of ﬁhe following or similar probe:

(1) 0.125 inch diameter, 3 inch long shielded pencil probe, P/N
MP-30, NDT Product Engineering

(2) 0.187 inch diameter, 3 inch long unshielded pencil probe, P/N
UP-30, NDT Product Engineering

(3) Unshielded locator probe, P/N 29P101, Hocking Instruments
Reference Standard -- Refer to Fig. 1.

Probe Guide ~« Draftsman Circle Template. Refer to Fig. 2.

Part ¢
53-30-03
‘ Page )
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3. Preparation for Inspection

b,

S.

6'

A. Make sure the inspection area is clean.

B. Locally remove thick paint as necessary only to find the rivet heads.
Paint removal is not required to do the inspection.

Instrument Calibration

A.. Do the initial calibration. Refer to Part'6, 51-00-00, Fig. 4. Set
Locator UH to inspect aluminum.

B. Put the probe guide on the'rererencé standard.

C. Visually center one of the holes around the rivet head. Choose a hole
that positions the pencil probe to scan the edge of the countersink.
Refer to Fig. 2. The.hole chosen should give the best detection of
the artificial crack in the countersink of the reference standard.
Identify the hole selected on the probe guide.

D. With the probe guide held firmly in place, scan around the
eircumference of the rivet head. Monitor instrument response. The
operator should be able to clearly identify between the sudden
instrument response from the reference standard crack and the slow
instrument response from an off center condition.

E. Set the'inatrument sensitivity to clearly identify the reference

standard crack but so the needle does not move suddenly off scale as
the probe is moved around the fastener head.

Inspection Proceduge
A. Identify the faatener location to be inspected.

B. Center the probe guide hole around the rivet head.

C. Scan around the head with the pencil probe while monitoring the eddy

chrent instrument :

D. Identify on the fuselage any locations which givé an instrument
~ response that is equivalent to the reference standard crack response.

JInspection Results

A. Refer to Pt. 6, 51-00-00, Fig. 4.

Part 6 737 NDT
53-30-03 Oct 15/87
Page 2
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SOEING
EONNENLIAL Y
NONDESTRUCTIVE TEST
20
l
| 1.0
1.0
A = A
t (’ \ 1 |2
N
= 2.0
383
—] | 0 .044 ‘
0.038
t = —
e T |
. SECTION A—A 0040 0.040
NOTES :
@ ALL DIMENSIONS ARE IN INCHES D FOR $/32 CRACK STANDARD
. DRILL NO. 20 {0.181 INCH DIA.)
® MATERIAL: 2024-T3 OR T4 AL CLAD HOLE ANO COUNTERSINK 1000
® TOLERANCE: X.X % 0.6 i
X0 =000, > ETCH OR STEEL STAMP
EXCEPT AS NOTED :
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BOEING SERVICE BULLETIN 737-53-1076

BOFNG 777

BERVICE BULLEXETIN

SUMMARY

BOEING COMMERCIAL AIRPLANE COMPANY  P.0, BOX 3707 SEATTLE, WASHINGTON 98124

SUBJECT: PUSELAGE - BONDED SKIN PANEL ATA: 5330 NO: 737-53-1076
INSPECTION AND REPAIR . DATE: oOctober 30, 1986

BACKGROUND EFFECTIVITY

Since 1970, 20 operators have reported Line Number l-464

52 occurrences of delamination or

corrosion of bonded crown or side MANPOWER

skins on 41 airplanes with from 10,100
to 49,100 flight hours and from 7,700 Total Man-Hours - 30

to 46,600 flight cycles. Of these (External Inspection Only)
occurrences, 3 were in the forward

crown, 14 in the forward aide, 10 in MATERIAL INFORMATION

the aft crown, 15 in the aft side, 1

in the body crown over the wing center None

section, and 9 in locations not
identified.

Inspection per this bulletin will
‘determine the structural condition of
the bonded crown and side skin-doubler
assemblies, one belly akin between BS
259.5 to BS 360, and a portion of a
belly skin from BS 1016 to BS 1026. AFT ENTRY
Bond ‘separation, corrosion and skin \ 2 \ AND GALLEY
cracking which is not detected could < AREA

result in expensive repairs, or cabin s

pressurization difficulties.

ACTION

At the next ascheduled D check, or
within & years from receipt of
bulletip} whichever occurs first,
accomplish a wvisual external and
internal inspection for corrosion and
delamination of - bonded skin-doubler
assemblies. Selectively inspect per FORWARD ENTRY

this bulletin the ‘trown and side skins AND GALLEY AREA

from Body Station (BS) 259.5 to BS

1016, belly skins from BS 259.5 to BS AREAS OF INSPECTION
360, a ten inch strip frém BS 1016 to

BS 1026, and the edges of the fuselage

door cutouts. Reinspect areas at each

subsequent D check. Permanent repairs

may be accomplished per 737 Structural

Repair Manual. Temporary repairs pmay

be accomplished per this aservice

bulletin.

Summary Page 1 of 1
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SPECIALIST’S FACTUAL REPORT OF INVESTIGATION, CVR
FLIGHT DATA READOUT REPORT OF INVESTIGATION

BY

JAMES R. CASH
AIR SAFETY INVESTIGATOR

WARNING

The reader of this report is cautioned that the transcription of a CVR
tape is not a precise science but is the best product possible from an NTSB
group investigative effort. The transcript, or parts thereof, if taken out of
context, could be misleading. The attached CVR transcript should be viewed as
an accident investigation 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 CHAIRMAN'S FACTUAL REPORT OF INVESTIGATION

COCKPIT VOICE RECORDER
DCAMAB88054

ACCIDENT

Location: Near Maui, Hawaii

Date : April 28, 1988

Time t 1346 Hawa11 Standard Time (HST)
Aircraft: Aloha Airlines, Boeing 737, N73711
GROUP

James R. Cash, National Transportation Safety Board Chairman
Quentin J. Smith, Federal Aviation Administration Member
Barry A. Kane, Airline Pilots Assoc., Aioha Airlines Member.

SUMMARY

A Collins Model 642C-1 Cockpit Voice Recorder (CVR) SN
54 was brought to the audio laboratory of the National
Transportation Safety Board. A transcript was prepared of
the final 16 minutes of the fair quality 32 mlnute recording
(attached).

DETAILS OF INVESTIGATION

The CVR Recording starts at 1328:11 Hawaiian Standard
Time (HST) just as the flight crew is receiving their
takeoff information from dispatch 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 no conversations on 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 noise recorded on the cockpit area mike increased
drastically at 1345:43 HST. After the increase in the
background noise there were no inter-cockpit conversations
identified 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 after the
structual failure. Once the aircraft descended and slowed
down on final 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 suggested the following corrections and

additions:
TIME NTENT

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 allright

1353:27 CAM-2 allright

1355:09 - CAM-1 pull the manual*

1356:54 CAM-1 figure a * 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

1358:07 CAM-1 one fifty bug

1358:23 CAM-2 want me to go flaps forty - 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-1 * * okay shut put it down

1358:50 CAM-1 (Delete s;atement)

1358:52 CAM-1 no.-*** the left engine

1359:05 CAM-1 okay *** the emergency evacuation

1359:07 ((sound similar to ACM seat noises))

1359:18 CAM-1 okay everybody who * get out I‘11 go

through it you go
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1359:29 *how do you get this up

1359:49 CAM-1 the APU I had running so we might as well
fire that one too

1359:53_ CAM-2 fire extinguishers are discharged.

ames R. Cash

Electronics Engineer

;-
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TRANSCRIPT OF A COLLINS MODEL 642C-1 COCKPIT VOICE RECORDER S/N
54 REMOVED FROM ALOHA AIRLINES BOEING 737 WHICH WAS INVOLVED IN
AN ACCIDENT ON APRIL 28, 1988, NEAR MAUI, HAWAII

CAM Cockpit area microphone voice or sound source

RDO Radio transmission from accident aircraft

-1 Voice identified as Captain

-2 Voice identified as First Officer

-3 Voice identified as Jumpseat Passenger

-? Voice unidentified

THR Kahului Local Air Traffic Control (Tower)

UNK Unknown

* Unintelligible word

e Nonpertinent word

) # Expletive deleted

% Break in continuity

) . Questionable text
(¢)) Editorial insertion

' Pause
NOTE: A1l times are expressed in Hawaii Standard Time only

those radio transmissions to and from the accident
aircraft were transcribed.
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NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technology
Washington, D.C.

May 18, 1988

GH ¢ R_READOUT REPORT OF INV
DCA 88-MA-054

ACCIDENT

Location: Near Maui, Hawaii

Date. : April_ 28, 1988

Time : 1347 tocal

Afrcraft: glgna Airlines, Boeing B-737-297, N73711, Flight
GROUP.

Not Applicable

SUMMARY

The afjrcraft was equipped with a flight data recorder,
Fairchild Model 5424, S/N 7274. The recorder was removed
from the aircraft and was brought to the Safety Board’s
Flight recorder Laboratory in Washington, D.C. for
examination and readout of the pertinent flight record. Side
2 of the foil was in use, Side 1 having been used previously.
Examination of the foil indicated that the recorder had been
operating in 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, 1t was necessary to use the standard calibration
for this model recorder with adjustménts. The values thus
derived, particularly those of altitude and airspeed, may not
be as accurate as they would have been.

AMINATION

It was reported that the aircraft was climbing to
cruise and was passing through the area of 24,000 feet
pressure altitude when the ceiling area of the forward
passenger cabin burst open in explosive decompression. The
aircraft was kept under control by the flight crew and an
emergency landing was made in Maufi.
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Examination of the recorded traces showed the flight to
be relatively smooth from the point of liftoff to the
occurrence. The airspeed trace ceased abruptly and dropped
to a position below zero KIAS and remained there unti)
electric power was removed. The other parameter stylt
appeared to operate in the normal manner; however, they were
affected by the vibration as shown on the graph attached.

The airspeed trace, in its bottomed-out position, showed the
effects of this vibration also. The "G" force measured at
the emergency landing was 2.4g which is only a change of 1.4g
from an at rest position.

The readout results and a graphic display of those
results are attached as part of this report.

<=§f¢¢€;<37<2F4%/“1

Billy M. Hopper
Air 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 MIC
FEET KTS DEG GS

00:01. 0.99
00:04.
00:07.
00:07.
00:08.
00:12.
00:14.
00:15.
00:16.

00:21.3 294.
00:25.5  18963. :

00:25.7 284.1

00:28.7 291.

00:29.9  19062.

00:30.6 284.4 (
00:33.1  19177.

18628.
283.8 s

1.0

293.

294.
283.5
18788.

.
& Db W OO N =D

00:37.3 283.9

00:38.0 19252.

00:40.9 292,

00:43.2 19308.

00:45.8 283.7

00:52.4 292.

00:57.5 283.1

00:59.3 19600.

01:03.8 1.00
01:04.2 282.9

01:04.5 19727.

01:08.5 291.

01:11.6 19883.

01:12.5 ' 1.00
01:14.3 290.

01:17.0 0.98
01:18.6 281.9

01:21.5 20107.

01:25.3 281.6

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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FDR 13-MAY-88
BLOWER

TIME

01:39.5
01:41.8
01:45.5
01:51.6
01:52.1
01:52.6
01:56.4
01:58.2
02:00.5
02:03.5
02:03.9
02:04.4
02:06.3
02:07.0
02:09.2
02:11.4
02:14.0
02:16.0
02:20.2
02:21.6
02:25.9
02:28.9
02:33.5
02:34.1
02:37.6
02:39.0
02:40.8
02:42.1
02:43.8
02:47.0
02:47.6
02:48.8
02:54.7
02:55.9
02:56.8
03:01.7
03:03.9
03:06.7
03:06.8
03:08.4
03:11.1
03:13.3
03:14.4
03:16.3
03:17.6
03:20.3

09:37:25

ALT
FEET

20833.

21150.

21433.
21580.

21757.

21963.

- 22333.

22417.
22543.

22650.

183

A/S
KTS

284.

285.

285,

286.

288.

295.

299.

299.

299.

296.

297.

HDG
DEG

283.3

283.6

283.2

282.4

281.2

280.5

281.4
282.2

PAGE

VACC
Gs

0.97

0.95

0.98

o

.97

.96

.01
.99

.01

- O+ o

.00
.01
.99
.00

R R T I

0.98

1.00
1.03

.01

MIC



DR 11-MAY-88
BLOWER

TIME .

03:22.1
03:23.7
03:26.2
03:28.5
03:30.7
03:32.9
03:33.8
03:36.0
03:36.7
03:40.6
03:43.6
03:45.3
03:45.7
03:46.1
03:47.3
03:49.4
03:51.5
03:55.6
03:58.7
04:00.3
04:05.3
04:05.7
04:07.4
04:08.6
04:10.9
04:11.3
04:14.0
04:14.6
04:15.5
04:19.1
04:21.9
04:25.2
04:26.9
04:28.7
04:33.2
04:36.2
04:40.1
04:42.6
04:43.9
04:46.1
04:49.1
04:50.0
04:51.0
04:53.6
04:54.3
04:55.3

10:44:33

ALT
FEET

22807.

23017.
23207.

23460. |

23567. .

. 23870.

23943,
24057.

24133,

24223,

184

A/S
KTS

289.

286.

283,

283.

282.

. 284.

285.

289.

297.
301.

302.

HDG

DEG
231.{
- 280.2

280.6

281.9

283.2

203.6

283.3

283.7

284.0

PAGE

VACC
GS

4 1,01
1.02

1.00
1.02

1.0

MIC

- APPENDIX E
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FDR 11-MAY-88 10:44:33

BLOWER

04
04
04
05
05
05
05
05
05
05
05
05
05
05
05
05
05
0S
05

05:
05:
05:
05:
05:
05:
05:

05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
- 05
05
05

TIME

:57.1
:57.7
:59.9
:01.5
:03.1
:04.5
:04.6
:04.9
:05.0
:06.2
:06.7
:07.3
:07.6
:07.8
:08.2
:08.6
:09.8
:09.8
:10.0
10.2
11.3
11.8
12.4
12.5
12.7
13.0
:13.3
:13.6
:14.3
:114.4
:14.6
:15.2
:15.5
:116.2
:16.9
:17.1
:18.1
:18.4
:18.6
:19.4
:20.8
:121.1
:121.3
:121.7
:22.5

:22.9 -

ALT A/S
FEET KTS

242177.

303.
24317.

24450.

23683.
24373.
24397.
23967.
24450.
24057.

24380.
24157.
24347.
23967.
24063.

23837.

24073.
23870.

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

-0.99

0.96
0.93
~0.48
2.95
-0.31
2.94
-0.42

1.22
-0.44

1.37
0.66
1.36
0.87

1.13
0.57
1.07

0.81

MIC
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FDR 11-MAY-B88 10:44:33 PAGE 5
BLOWER
TIME ALT A/S HDG VACC MIC
FEET KT8 DEG GS

05:23.0 1.56
05:23.5 23980.

05:23.8 270.6

05:24.2 1.06
05:24.5 23620.

05:25.1 1.34
05:26.4 23740. 1.03
05:26.5 271.0

05:27.5 1.19
05:27.8 : 270.3

05:28.3 23383. .
05:29.0 1.01
05:29.6 - 23010.

05:30.0 271.3

05:30.0 271.3

05:30.6 1.30
05:31.0 23433,

05:32.4 270.8

05:32.6 . 1.08
05:33.1 23093.

05:33.7 1.28
05:34.4 271.8

05:34.8 23243.

05:35.5 1.01
05:35.9 22783.

05:36.4 1.27
05:36.5 23030.

05:37.0 0.99
05:37.6 271.4

05:37.9 22617.
05:38.3 22790.

05:38.5 1.22
05:39.8 22310. 270.4

05:39.8 22710.

05:40.0 0.95

05:40.5 22620.
05:41.5 22850.
05:41.9 1.10
05:43.1 22477.
05:43.7 22813.

05:44.0 0.95
05:44.9 270.8
05:45.3 1.07

05:45.6 22333,
05:46.3 22840. :
05:46.4 0.93
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FDR 11-MAY-88 10:44:33 PAGE
BLOWER
TIME ALT A/S HDG VACC
FEET KTS DEG GS
05:47.8 22530.
05:47.9 : 1.12
05:48.7 0.97
05:48.9 22890. :
05:50.2 : 267.4
05:50.8 1.10

05:51.2 22713.
05:51.9 22980.

05:52.3 0.74
05:52.9 22613.

05:53.1 1.01
05:53.3 22313. .
05:53.9 0.85

05:54.1 21900.

05:54.7 22477.

05:55.5 1.08
05:55.7 22257.

05:56.8 22823,

05:57.5 22247.

05:57.6 0.91
05:58.6 266.2

05:58.7 22310,

06:00.2 22180.

06:01.0 22827.

06:03.8 22270.

06:04.1 22610.
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: rchild Model 5424 N 7274

Ground Measurements

Altititude Correction (")
Airspeed (0 KIAS)

Vertical Acceleration
Airport Elevation (FT MSL)
Altimeter Setting (Inches Hg)

ordin 1i Offse Horizon

Altitude

Indicated Airspeed

Magnetic Heading

Vertical Acceleration
Microphone Keying

Magnetic Heading N/S Binary
Time .

1

189

-0.0110
1.7501

Attachment 3

4.2594

54.0000
29.92

-0.0068"
0.0025"
0.0023"
0.0040"

-0.0048"
0.0117°
0.0000"



190

CASE NO. DCA 88-M-AD54

EDR: Fairchild Mode) 5424, S/N 7274

-1000

1000
2000
3000
4000
6000
8000
10,000
12,000
14,000
16,000
18,000
20,000
22,000
25,000

St bt et et O OO0 O0O0O0O0OOO
e e 6 o e 0 & e 0 e e e o .

Calibration Data

100
150
200
250
300

Airspeed

APPENDIX E

ATTACHMENT 4

1,7515"
1.7825"
1.8205"
1.8755"
1.9545"
2.0445"
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..,@_" AIR CARRIER MANUAL

VOLUME 2 MAINTENANCE
: Section VI
Page 7.186

Form No. M-86

10.

& w N

. X-Ray verified (2nd reading) by

NON-DESTRUCTIVE TESTING REIORT

Afrcraft N1 a\\\ : Date:_p45 - c€-Ff

Aircraft Total Airframe Hours:

Alrcraft Tctal Number Landings:

If other than 1l thru 3 above, idenzify unic.

jmnchture: SuL S Ssua \ap A\~ Manufacturer:_gc -....

Part Ro.: Serial No.:

" Time §£nce Last Overhaul Total Time (if available)

Type of Non-Destructive Testing method used:

a. Radiographic e. Magnetic . Type

b. Ultrasonic f. Dye-Penetrant

¢. Eddy Current v g§. Black Light

d. Visual - h. Magnifying Glass Power

Inspection accomplished in accordance with (i.e., Alert Service Bulletin,
A.D. Note, Inspection Special Project, Service Bulletin, Service Letter,
Special Instructions). _ 8 S ® 137 - T3 A 182G

Inspection (Item S) accomplished by € . yv.2 o &

Discrepancies found (If none, note "None Found"), wipiiw oo \ o

Dary waorced T Q- o oveng M- o\ e sy

Corrective action taken (If ncne, note “"None Taken").

Page 1 of 2
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..@_ AIR CARRIER MANUAL

VOLUME 2 MAINTENANCE.

Section VI
Page 7.186-1

11.

12.

16.

If any further informacion {s submitted, add o a separate sheet of paper
and attach to this report. )

Separate page attached YES | 0 -
Conteants of this report checked, further accion required.

YES RO+

Signed__ ¢  wAIN T L oaoX.
.Senior Inspector
cr
Quality Control Inspector

1f further action was taken, vhar were the findings

This report i{s consi{dered completed and accurate to the best of my knowledge
and requires no further actionm.

Date:

Signed:

Senior Inspector
or
Quality Control Supervisor

Page 2 of 2
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.,@,_ AIR CARRIER MANUAL
VOLUME 2 MAINTENANCE
Revised: April 12/68 Section VII
Page 7.;86

Form No. M-86

1.
2.
3.

7.
8.
9.

10.

NON-DESTRUCTIVE TESTING REZORT

Adrcraft N TG R Date:_ ¢ :1- ¢ 5 -

Afrcraft Total Afrframe Hours:

Atrcraft Total Number Landings:

If other than 1 thru 3 above, identify unicz.

Nomenclature: IR LAM _Lap Ao s Manufacturer: & .-, -

Part No.: Serial No.:

Time Since Last Overhaul : Total Time (if available)

Type of Non-Destructive Testing method used:

a. Radiographic e. Magnetic Type

b. Ultrasonic f. Dye-Penetrant

¢. Eddy Current z g. Black Light

d. Visual h. Magnifying Glass Power

Inspection accomplished in accordance with (i.e., Alert Service Bulletin,
A.D. Note, lospection Special Ptoject, Service Bulletin, Service Letter,

Special Instructions).

.

Inspection (Item 5) accomplished by ¢ ... & b

X-Ray verified (2nd reading) by,

Discrepancies found (If none, note "None Found"), @Qccyc -~ mpeic Solg <

Corrective action taken (If none, note "None Taken").

Page 1 of 2




194

APPENDIX F

nol,,, AR CARRIER MANUAL

VOLUME 2 MAINTENANCE

Revised: April 12/68 Section VII

Page 7.186-1

Porm No. M-86

11.

12.

13.

14.

If any further information is submitted, add to a separate sheet of paper
and attach to this report.

Separate page attached . YES, NO___

Contents of this report checked, further action required.

YES . ' N

Signed_§ oo &
Senior Inspector
cr
Quality Control Inspector

If furchcr sction vas taken, vhat were the findings

This report is considered completed and sccurate to the best of wy knowledge
and requivres no further action.

Date:

Signed:

Senior Imspector
or
Quality Control Supervisor

Page 2 of 2
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m@'_ " AIR CARRIER MANUAL

YOLUME 2 ' MAINTEMANCE

Revised: April 12/68 . : Section VII

Page 7.186

Form No. M-86

1.
2.

10.

NON-DESTRUCTIVE TESTING REXORT

Afrcraft N_ 273\ Date: O ~ -5 - &5

Aircraft Total Airframe Hours:

Aircraft Tctal Number Landings:

If other than 1 thru 3 above, identify unic.

Nomenclature:_tyo v &  Yae \ca T Msnufacturer: oo~ ..¢

Part Ro.: Serial No.:

Time Since Last Overhaul Total Time (if available)

Type of Non-Destructive Testing method used:

" a. Radiographic e. Magnetic -' Typé
b. Ultrasonic f. Dye-Penetrant
¢. Eddy Current e g. Black Light
d4. Visual h. Magnifying Glass Power,

Inspection accomplished in accordance with (i.e., Alert Service Bulletiﬁ.'
A.D. Note, Inspection Special Project, Service Bulletin, Service Letter,
Special Instructioas).

Inlﬁccuon (Item S) accmbluhed by ¢ m;_(’m o,

X-Ray verified (2nd reading) by

o: C& &

Discrepancies found (If none, note "None Found"). @egen @ary S.olm e

Corrective action taken (If none, note "None Taken").

- Pars 1 ~€ ]
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.,@_ AIR CARRIER MANUAL

VOLUME 2 MAINTENANCE

Revised: April 12/68 Section VII
Page 7.186-1

FPora No. M-86

11. If any further information is submitted, add to a separate sheet of paper
and attach to this report.
Separate page attached YES Yo___ v

12. Contents of this report checked, further accion required.

YES N

Signed_¢ X . G
Senior Inspector
cr i
‘Quality Control Inspector

13. 1f further action was taken, what were the findings

14. This report is considered completed and accurate to the best of my knowledge
and requires no further action.

Date:

Signed:

Senior Inspector
or
Quality Control Supervisor

Page 2 of 2
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,,,@,_ AIR CARRIER MANUAL
VOLUME 2 MAINTENANCE
Revised: April 12/68 Section VI1
Page 7.186
Form No. M-86 .
NON-DESTRUCTIVE TESTING REORT
o
1. Afrcraft N Q3w Date:_Cv -cB — €¢
2. Aircraft Total Airframe Heurs:
3. Aircraft Tctal Number iandings:
4. I1f other than 1 thru 3 above, identify unic.
Nomenclature: S \ci U5 121 ¢\ Manufscturer: g,
Part No.: Serial No.:
Time Since Last Ovcrhnul. Total Time (if available)
5. Type of Non-Destructive Testing method used:
a. Radiographic e. Magnetic Type
b. Ultrasonic v f. Dye-Penetrant
c. Eddy Curreﬁt N4 8. Black Light
d. vtluAI h. Magnifying Glass Power
6. Inspection accomplished in accordance with (i.e., Aleri Service Bulletin,
A.D. Note, Inspection Special Project, Service Bulletin, Service Letter,
Special Instructions). . :
7. Inspection (Item S5) accowplished by ¢ .=k . . S
8. X-Ray verified (2nd reading) by
9. Discrepancies found (1f none, note "None Found")._ @¢ige <Go ®acy s ¢ Y35
10. Corrective action taken (If ncne, note "None Taken").

Page 1 of 2
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-
o, AR CARRIER MANUAL
YOLUME 2 MAINTENANCE
Reviged: April 12/68 Section VII
. : Page 7.186
Form No. M-86
NON-DESTRUCTIVE TESTING REPORT
1. Afrcraft N_131711 Date: 77 - =7 - &G
2. Afircraft Total Airframe Hours:
3. Alrcraftr Tctal Number iLandings:
4. If other than 1 thru 3 above, identify unic.
Nomenclature: Sxg 1o g lin  14¢ )o, tManufecturer: _mc o .ic
Part No.: Serial No.:
Time Since Last Overhaul Total Time (if available)
S. Type of Non-Destructive Testing method used:
a. Radiographic : e. Magnetic Type.
) b. Ultrasonic f. Dye-Penetrant
c. iddy Current o 8. Black Light
d. Visual ~h. Magnifying Glass . Power
6. Inspection accomplished in accordance with (i.e., Alert Service Bulletin,
) A.D. Note, Inspection Special Project, Service Bulletin, Service Letter,
Special Instructions).
T
7. Innpeét_ion (Item S) sccomplished by ‘g‘ Weia E,,Mﬂ‘t’-
8. X-Ray verified (2nd rending{’b& ’
9. Discrepancies found (If Qone, ;ote “"None Found"), K CPITT A P PTeY. |
10. Corrective sction taken (If none, note “None Taken").

Page 1 of ?
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.@,@_ AIR CARRIER MANUAL

VOLUME 2 MAINTERANCE

Revised: April 12/68 " _Section VII

Page 7.186-1

Torm No. M-86

11.

12,

13.

14.

1f any further information is submitted, add to a separate sheet of paper
and attach to this report.

Separate page attached YES NO o

Contents of this report checked, further action required,

YES NO Z

Signed_ v o NT. . Q
Senior Inapector

cr
Quality Control Inspector

If further action was taken, what were the findings

This report is considered completed and accurate to the best of wy knowledge
and requires no further action.

Date:

Signed:

Senior Inspector
or
Quality Control Supervisor

Page 2 of 2
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.,,@-_"_ AIR CARRIER MANUAL

VOLUME 2 MAINTENANCE

Revised: April 12/68 Section VII
) Page 7.186

Form No. M-86 :
NON-DESTRUCTIVE TESTING REZORT

RS -CL-&y

1. Aircraft N a2y - Date:

2. Aircraft Total Airframe Hcurs:

3. Afrcraft Tctal Number Landings:

4. If other than 1 thru 3 above, identify unicz.

Nomenclature:<..' Y49 a7 Manufacturer: sc g ..o

Part No.: . Serial No.:

Time Slnce Last Overhaul Total Time (L€ available) :

5. Type of Non-Destructive Testing method used:

a. la'diogrnphic e. Magnetic Type

b. Ultrasonic f. Dye-Penetrant

c¢. Eddy Current g. Black Light

d. Vuu; i h. Magnifying Glass  Power

6. Inspection accomplished in accordance with (i.e., Alert Service Bulletin,
A.D. Note, Inspection Special Project, Service Bulletin, Service Letter,

Special Instructions). 8 S .8 130 - SIA ACTS

7. 1nspection (Item 5) accomplished by ¢ .~ .+ A

8. X-Ray verified (2nd reading) by

9. Discrepancies found (1f none, note "None Found")., w-ovz eny’ —

—Ageg tpseectmd  §Ta 721 Te veng

10. Corrective action taken (If ncne, note "None Taken").

Page 1 of 2
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.,,@,_ 'AIR CARRIER MANUVAL

VOLUME 2 MRINTENANCE
' Section VII

Page 7.186-1

Form

il.

12.

13.

14,

1f further action was taken, wvhat were the findings

No. M-86

If any further informacion is submitted, add o a separste sheet of paper
and attach to this report. .

Separate page attached YES NO_ o
Contents of this report checked, further action required.

YES NO__ o~

signed o waX... ..o

Senior Inspector
N 4
Quality Control Inspector

This report is considered completed and accurate to the best of oy knoilidge
and requires no further action.

Date:

Signed:

Senior Inspector
or
Quality Control Supervisor

Page 2 of 2
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m@-_‘ AIR CARRIER MANUAL
| © VOLUME 2 MAINTENANCE
Revised: April 12/68 Section VII
Page 7.186
Form No. M-86 .
NON-DESTRUCTIVE IESTING REORT
1. Afrerafe N__ 1333\ Date:_e35 - ¢€ - ©F
2. Aircraft Total Airframe Hcurs: '
3. Aircraft Tctal Number Landings:
4. If other than 1 thru 3 sbove, idencify uni:z.
Nomenclature:gsy @ | 3¢ o nr Manufacturer: W.ozzyng
Part No.: Serial No.:
Time Since Last Overhaul Total Time (1f available)
5. Type of Non-Destructive Testing method used:
a. Radiographic e. Magneric Type
) b. Ultrasonic f. Dye-Penetrant
' ¢. Eddy Current v 8. Black Light
d. Visual - h. Magnifying Glass __ Power
6. 1Inspection accomplished in accordance with (i.e., Alert Service Bulletin,
A.D. Note, Inspection Special Project, Service Bulletin, Service Letter,
Special Instructions). . € o A3 - TAA N
7. laspection (Item 5) accomplished by & .aTor.. . >
8. X-Ray verified (2nd reading) by
9. Discrepancies found (If none, note "None Found").
10. Corrective action taken (If ncne, note "None raken"j.

Page 1 of 2
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.,@-_  AIR CARRIER MANUAL

VOLUME 2 MAINTENANCE

Revised: April 12/68 ) Section Vil

Page 7.186-1

Form No. M-86

11.

12.

13.

14.

!

1f any further information is submitted, add o a separate sheet of paper
and attach to this repore.

[

Scpa;a:c page attached YES No
Contents of this report checked, further sction required.

YES N

Signed T o 3
Senior lanspector
cr
‘Quality Control Inspector

1f €urther action was taken, what were the findings

This report is considered completed and accurate to the best of my knowledge
and requires no further action.

Date:

Signed:

Senior Inspector
or
Quality Control Supervisor

Page 2 of 2
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NATIONAL TRANSPORTATION SAFETY BOARD
Bureau of Technology
Washington, DC 20594

SUMMARY OF PREVIOUS REPAIRS ON N737]1}

The following summary of existing skin repairs or rework areas was derived
from the on-scene examination of the airplane in Kahului, Maui, Hawaii, from
April 29 to May 6, 1988.

LEET SIDE OF AIRPLANE

BS 540 -- Scab patch from S-1 to S-2L, using universal rivets. Replacement of
countersunk rivets on forward skin of the butt joint from S-4L to S-4R, and
forward along S-4L for the remaining short length (5-4R missing).

BS 580 -- Scab.patch with countersunk rivets between S-2L and §-3L.

BS 727A -- Scab patch with countersunk rivets, 6"x 7", just above S-17L
BS 927 -- Scab patch between S-2L and S-3L, universal rivets, 5" long.
BS lOl§ -- Scab patch with countersunk rivets above S$-19L, 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 S-20L lap jbint. 6" high,
countersunk rivets. Repair continued forward under the aft portion of the wing
to body fairing.

BS 747 to 1016 -- Top row of rivets at S 250 lap joint were replaced with
blind universal rivets.

gs 927 to 947.6 -- Blind universal rivets in the top row of the lap Jo1nt at
20L.

RIGHT SIDE OF AIRPLANE

gs ;go -- Scab 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 S-15R.

BS 727B -- Scab patch with countersunk rivets along S-17R, 2" aft of frame and
8" forward, 7" high centered around the stringer.

BS BOO -- Scab patch with countersunk rivets in forward frame of aft cargo




-

——

APPENDIX G

209

door, 3"x 5" starting below S-19R.

BS 840 -- Scab patch with countersunk rivets in aft frame of aft cargo door,
1"x 7" starting at S-19R; scab patch with countersunk rivets, 1"x 4", starting
above S-23R.

BS 960 -- Scab patch with countersunk rivets at forward edge of aft galley
service door, 3"x 4", at S-14R location.

BS 970 -- Scab patch with countersunk rivets at mid-span of aft galley service
door aft of the lower door hinge lower corner, 2"x 3", at S$-15R location.

BS 1016 -- Scab patch with countersunk rivets in top skin of lap joint at S-
16R, 4"x 4", centered about stringer.

BS 1104 -- Scab patch wfth countersunk rivets under second vortex generator,
8"x 7". :

BS 1121 -- Scab patch with countersunk rivets under third vortex generator,
8"x 7".

BS 1121 to 1138 -- Scab patch with countersunk rivets above APU access door

hinge 1ine, 9" high.

BS 767 -- three rows of rivets replaced in S$-20R lap joint, center row with
universal rivets, continued forward under wing to body fairing. :

BS 897 to 1016 -- top row of rivets at S-25R replaced by universal head
rivets. Replacement started again at BS 767 and continued forward under wing

to body fairing.

GENERAL

Several areas of rivets replaced by universal rivets around BS 747 to 807, S-
27L and R; S-25R at BS 787.
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SDR SUMMARY

NATIONAL TRANSPORTATION SAFETY BOARD
: Bureau of Technology
Washington, DC 20594

February 13, 1989

BOEING 737 FUSELAGE SERVICE DIFFICULTY REPORT INFORMATION

A. ACCIDENT
Location: Near Maui, Hawaii
Date: April 28, 1988
Time: 1347 Hawaiian Standard Time
Afrcraft: Aloha Airlines, Inc. Flight 243,

Boeing 737-297, N73711
Accident No.: DCA-88-M-A054

B. SUMMARY OF SERVICE DIFFICULTY REPORT INFORMATION

1. General

The Federal Aviatfon Administration’s (FAA) Service Difficulty Report
(SDR) data base was queried for information pertaining to the Boeing 737
fuselage. It was found that 3,387 records existed from the beginning of the
current data base (January, 1983) to February 7, 1989. This number was reduced
to 2,082 records by eliminating all models of the 737 that were not produced

as part of the first 291 airplanes.

Between January, 1983 and the date of the accident, a total of 1,352
records were found. Of these, 198 were reports of fuselage skin cracks, and
ten of these reports were of cracking at or near lap joints. Six of the ten
reports involved lap joints in the upper lobe, while the remaining four were
from the lower lobe of the fuselage. Six of the reports were submitted by
Piedmont Airlines, three by Aloha (including a lower 1lobe crack on the
accident airplane), and one by American Airlines. The report by American was
the only report submitted subsequent to the effective date of Airworthiness
Directive (AD) 87-21-08, November 2, 1987. A1l of the afrplanes cited in the
ten reports were manufactured within the first 291 airplanes.
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A summary of the information contained in the preceding cracking reports
is given below:

1. Upper Lobe Reports

September 8, 1983 -- Piedmont Airlines model -201. N734N (1ine no. 29), total
time 38,155 hours: "Found fuselage skin cracked at FS (fuselage station or
body station, BS) 727A between stringers 14L and 15L. Crack was one inch

Tong."

October 11, 1984 -- Aloha Airlines model -297, N73713 (1ine no. 222), total
time 24,814 hours: "Crack in the right side fuselage skin panel longitudinal g
lap joint along the fastener line of stringer 10R between BS 727A-727B".

March 16, 1987 -- Piedmont Airlines model -201, N744N (1ine no. 160), total
time 45,337 hours: "On walkaround, found fuselage skin cracked in skin lap
Joint below left cabin windows, station 370 to 435, a total of 2] cracks. 10 -
.375 inch, 4 - .5 inch, 1 - Y inch, 2 - 1.25 inch, 2 - 1.375 inch, 2 - 1.5

inch.”

July 17, 1987 -- Piedmont Airlines model -2Al, N767N (1ine no. 188), total
time 46,367 hours: "During C-check found fuselage skin cracked at lap joint

station 370 to 380 stringer 14R."

July 17, 1987 -- on line no. 188 above: "Found fuselage skin cracked atilap
Joint station 727 stringer 4R."

November 27, 1987 -- American Afrlines model -247, N470AC (1ine no. 140),
total time 45,185 hours: "During BC-3 check, found a 5.0 inch crack in
fuselage skin at stringer 14L, station 366."

11. Lower Lobe Reports

October 6, 1983 -- Piedmont Airlines model -201, N746N (1ine no. 207), total
time 36,267 hours: "Found 1.5 inch crack in fuselage skin on right side above
stringer 20R and aft of FS 727."

November 23, 1983 -- Aloha Airlines model -297, N73711 (line no. 152), total
time 26,049 hours: “Found multiple skin cracks approx 3 inches long above left
fuselage skin lap between stringers 20L and 2]L at FS 756.9 to 816.9."

December 16, 1983 -- Aloha Airlines model -297, N73712 (line no. 163), total
time 24,340 hours: "Fuselage skin bulged and cracked between S- 25R and S-26R

forward of FS 1016.

November 9, 1986 -- Piedmont Airlines model -201, N745N (1ine no. 172), total

time 44,521' "During C-check inspection found one inch crack in fuselage skin
at station 727 stringer 20R."

SE€.
i*l
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2. Aloha Fleet Report Summary

Of the 2,082 reports that were submitted prior to the accident, 18
pertained to airplanes in the Aloha fleet. Three were the lap Jjoint
crack/corrosfon reports previously cited, and two were upper 1lobe skin
cracking reports where lap joint involvement could not be established from the
information given. Three of the reports pertained to Tlower Tlobe . skin
corrosion, with an additional three reports citing corrosion at cargo door
frames and the nose gear wheel well structure. The remaining seven reports
involved cracks in fuselage structure other than skin or lap joints.

Ao S Al

Brian S. Richardson
Aerospace Engineer

APPENDIX H

s
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DEPARTMENT OF TRANSPORTATION

TEDERAL AVIATION ADMINSTRATION

RIS: FS 8020=}

Service Difficulty Report
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NI puring routine "C" check {nspection, observed a 7.5 long crack in the

of stringer 10R between stations 727A and 727B. The crack is typical of
Service Bulletin 53-1039. The discrepant skin was cut out and repaired with
reference to the Structural Repair Manual, Subject 53-30-3, Figure 16.
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BOEING MGOS ALOHA AIRLINES MAINTENANCE EVALUATION

Aloha*Airlines <%

MAINTENANCE

EVALUATION (

Attachment to

M-7360-87-3169

Prepared By: ,
Maintenance and Ground Operations Systems - Customer Support,
The BOEING Commercial Airplane Company. _
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January 30, 1988
M-7360-87-3169
File: 0100/AL0

Aloha Airlines ]
. Attention: Mr. Thomas F. Derieg

Vice President, Operations
P.0. Box 30028
Honolulu International Airport
.Honolulu, HI 96820 .

Subject: Boeing Maintenance Evaluation
Alohs Airlines (ALD), November 10 - 19, 1987

Reference: letter, Request for Evaluation,
T. Derieg to R. Oldani, 27 October, 1987

Gentlemen:

In response to the reference request, a Boeing tean consisting of Peter
Ansdell (team leader), Richard Fugate, Tibet Ciray and John Hall fron
our Maintenance and Ground Operations Systems (MGOS) organization
conducted the subject evaluation.

The purpeose of the Boeing team’'s visit was to conduct an evaluation of
Aloha Airlines’s Maintenance operations. Observations and
recommendations have been included in the attached report which should
be of assistance to improve productivity, enhance technical eperating
efficiency and assure effective maintenance standards.

Ve appreciate having had the opportunity to work with your technical
staff again and convey our thanks for the excellent cooperation and
courtesy shown to our team members during this visit.

Please confirm your receipt of this report and feel free to make any
comments, ©T request any additional information or assistance regarding

its contents.
Very truly yours,
CUSTOMER SUPPORT

A (0l

R. L. Oldani .
Manager, Maintenance and
Ground Operations Systems

Attachaent
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APPENDIX I
Attachment to
N-7360-87-3169
Page 1
TABLE OF CONTENTS
RAGE
PART I. INTRODUCTION.....evcvenvnrenncnancosannsnnse 2
PART 11. w ..... 3.2
1. General..... 3
2. Sunxary of Recommendations........ 3
3. ConeluBion. ....ivivieviarirtnconncnes 7
PART JI1. TECHNICAL DETAILS.....cccivvevnvennnsnns 8-29
1. General........cvvienneninnnnn. tessanass 8
2. Technical Policies and Procedures Manual.... 8
3. Organization......ic.ieivievrnnecacncncnanns 9
4. Quality ASSUTANCE......cocovveurneranncnnans 11
S. Reliability........... ceeene Ceeseens N 12
6. Engineering.............. 13
7. Planning and Production Control............. 14 (
. 8. Shops.....ivevevennns Cetesenenareannans 17 :
9.. Maintenance..... ereeeaecaane Cerrreeteeans ‘oo 18
10. Maintenance Program...:............... 20
11. Supplepental Structural Inspection...... 22
12. Technical Training........ Ceertrsareeaanaas . 24
13. Computerization............... Cerreienseiraen 25
14, Technical Supply.......... PN e 27
15. Industrial Safety............ciiinnenennnns . 28
16. M POVET . .o cetverersarnstosnssncnrssrsnssnsns 28
17. Communiestdon. .. ...coivuicnrirnoncacnrananns 29

PART IV SUPPORTING DATA AND CHARTS

Appendix A - Organization Chart - AlO Management

Appendix B - Organization Chart - ALO Technical Division
Appendix C - Typical Operator Technical Organization
Appendix D - Typical Quality Assurance Department

Appendix E - Proposed ALO Technical Organization

Appendix F* - Supplesental Structural Inspection Data
Appendix Gt - Boeing Safety Procedures, First A1d/CPR Manuals

* These docunents and data are being sent separately by
M-7360-88-0279, dated January 30, 1988.
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Attachment to
M-7360-87-3169
Page 2

PART 1. XFTRODUCTION

In responss to & request from Mr. Thomas Derfeg, Vice Presidint,
Operations, & team from the Boeing Coamercial Airplane Company,
Maintenance and Ground Operations Systems (MCOS) organization within the
Customer Support Division conducted an evaluation of Aloha Afrlines’s
(ALD) maintenance operations during November 10 - 19, 1987. The Boeing
tean consisted of Peter Ansdell (tear leader), Richard Fugate, Tibet
Ciray and John Hall. The teaz members visited the Aloha Airlines
maintenance facility located at Honolulu Internationsal Afrport.

The purpose of this wisit was to conduct an evaluation of Aloha
Afrline’'s technical operations by making observations and
Tecommendations to assist ALO to enhance technical operating efficiency,
improve productivity and assure a high standard of msintenance.

This report has been divided as follovs:

PART I - INTRODUCTION

PART I1 - EXECUTIVE SUMMARY

PART 111 - TECHNICAL DETAILS

PART IV - SUPPORTING DATA, CHARTS, ETC.

The tean nmenbers wish to sxpress their appreciation to the following
airline personnel for their cooperstion, assistance and courtesy
sxtended during this visic:

Thomas Derieg Vice President, Operations
Jazes Willianson Vice President, Development
Henry Arig Staff Vice President, Maintenance
Frederick Medina Director, Maintenance

Ralph Akutagava Manager, Production Planning
Bodb Takamine Manager, Quality Assurance
Gene Rodrigues Manager, Base Maintenance
Darvin Hammersley Manager, Maintenance Support
Ed Matsumoto Senior Inspector

Robert Okimoto Inspector

John Wade Supervisor, Shops

Special appreciation $s expressed to Mr. Henry Arii for making the
tean’s arrangenents for this visit. A suitable work area was provided,
the day-to-day sestings were sffectively coordinated and an excellent
tour was conducted of the Aloha Honolulu facility.

VoA

hn Hall
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Attachaent to
M-7360-87-3169
Page 3

PART JI. EXECUTIVE SUMMARY

1. GENERAL:

This svaluation by the Boeing teanm was conducted in accordance with
the roquest of Mr. Thomas Derieg. Vice Presideant, Operations.

PART 11 45 linited to highlights of signiffcant recommendations
Televant to this evaluation for executive consideration and a
conclusfon. PART IIl contains the detailed description of the
technical espects of the svaluation. PART IV includes appendices
consisting of charts and other supporting data. ’

2. BSUMMARY OF RECOMMENDATIONS:

The followving contains a summary efﬂ recommendations (these are
repeated {n PART III asccompanied by relsted background details of
the topics covered {n the various departments):

© Give high priority to completely revamping the Technical policies
& Procedures Manual (the Aloha Air Carrier Manual). It should be
maintained, kept current, and distributed throughout the
1 Technical Division. Any interin changes batween revisions which
do not roquire regulatory asuthority approval, such as
organization changes, etc., could be covered by °Temporary (
Revisions” or "Advance Information Notices”. .

o Institute an aggressive progran to assure that all copies of the
Aloha Air Carrier Manual, as well as all applicable manufacturer
end vendor technical manuals and documents distributed throughout
the Technical Division, are maintained up-to-date.

© Consider the proposed organizatfional changes shown in Item 3 of
PART 111 - TECHNICAL DETAILS (also shown in Appendix E). This
includes the forming of nev Engineering and Relisbility sections
&nd covers other areas such as Technical Library & Publications;
Technical Training; Quality Assurance; Planning & Production
Control; ‘and Technical Supply.

© Rotate all inspectors through a training program on inspection
techniques with special eaphasis on corrosion detsction.
Encourage inspectors to be more assertive in their dealings vwith
Afxcraft Services.

© Either sssign extra inspectors to cover the lhops. or have Qualfty
Assurance delsgate (in writing) appropriste shop personnel with
the necessary inspection approval authority.

© Assure that Quality Assurance conducts random sudits (unannounced
spot checks) of Monolulu Line Maintenance (both ALO and contract
flight ‘1ines); conponent shops and stores on a frequent basis and
the outstations at least once a year.

. ey
S
FE A
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Construct a dust free, temperature controlled laboratory fer KDT,
borescope, and calibration equipment.

Re-svaluate all 737 components as regards the maintenance control
process that would be best suited to sach (Hard Time - HI, On
Condition - OC, or Condition Monitoring - CM).

Consider dsveloping achisvadle leng, mediun and short range
production plans (each containing the appropriste level of
detall) taking into account asvailability and requirements for
manpover, facilities, equipment and material.

By recording msanhours for all scheduled and unscheduled
saintenance tasks carried out on the airplanes over a period of
tine, morms can be estadblished sgainst which future performance
can be messured. Such data vill assist in achieving more
realistic production planning and better estimates of airplane
dovntines for scheduled checks. Manhour. trends could also be
used as & parameter to be used in the reliability progran.

Consider initiating the practice of preparing a planning chart to
be used by the maintenance department as a guide in sequencing
the items of work to be accomsplished. By indicating the
conpleted work, this flov chart would provide an effective means
of monitoring the progress of a check.

Ensure that all shop planning and production control are the
responsibility of the Planning & Production Control (PF()
department. No shop should carry out any tasks on hardware until
a vork order 4is received from PPC. PPC should establish
priorities for shop work leoad based on stockroom requirements for
serviceable components.

Develop s comprehensive component tracking system covering their
location fron stores to airplane, through the repair shops, and
back to stores. This would help to reduce the unusually high
nunber of unserviceable spares which have sccurulated in certain
shops over the past years. This tracking system could $deally be
computerized.

Encourage the PPC manager and senior menmbers of the staff to
visit the PPC departments of other opeu:on and jein aviation
industry organizations en this subject.

Consider changing the color of the unserviceable components tags
to Ted and the servicsable coaponents tags to green.

Conduct an inventory exercise to determine hov many parts are
presently in the coumponent shops. A decisfion should then be made
as to whether they should be scrapped, disposed of, or repajred
as part of the overall spares inventory.

Reviev and expand the equipment calidbration pro;rin.
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Consider providing in the hangar, & board with slots on which
task cards can be grouped by aircraft gone, skills requireg and
work progress status. This will assist the maintenance foreman
4n {ssuing wvork to his mechanics and provide wisibility of

progress.

Establish better control and accountability of tools. A separate
tool crib area is recommended.

Reviev the maintenance prograz concepts detailed in Item 10, PART
111 and advise Boeing of the progran preferred by ALO so that
details can be developed by the Boeing Maintenance & Ground
Operations Systems (MCOS) organizatioen..

Before initisting the new 737 maintenance program, perform a
complete structural inspection and incorporate certain key
service bulletins on all ALO 737 airplsnes. In the absence of an
Engineering department at ALO, Boeing Customer Support Service
Engineering vill prioritize the "extended life” service bulletins
applicable to ALD's 737s.

Ensure that all personnel responsible for planning, developing,
checking, implementing and conducting the ALO Supplemental
Structural Inspection Document (SSID) program, familiarize

themselves with the. guidelines, examples and procedures in the’

737 SSID. Partfcular attention should be paid to the notes and
instructions associated with the DIR check forms.

Correct all existing DTR check forms errors and
misinterpretations (listed in Appendix F). Note, there may be
additional errors on the existing DIR check items that are mnot
listed in Appendix F.

Add a procedure to the ALO Air Carrier Manual for reporting
structural discrepancies in accordance wvith Section 6 of the
SSID. Ensure that all cracks and previously unreported
occurrences of significant corrosion. involving a Significant
Structural Item (S51) that were detected during earlier SSID
inspections be reported to Boeing.

Provide 737 training to all maintenance mechanics who h‘ve.not
Teceived training for this model airplane.

Consider adopting a policy requiring all technical personnel to
teceive a minimun of one week of refresher training each yesr.
The course should include reviev of the Aloha Air Carrier Manuil
and extra training should be given to inspectors and foremen.

Provide management development and leadership courses to all
recantly appointed supervision.

Obtain cassettes on various specialized training aspects to be
used in the hangar or shops to assist with on-the-job training.
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© Consider holding specialized training courses such as structural
Tepair, corrosion prevention and eontrol, rigging and
pondsstructive test (RDT) methods. ’

© Formulate s master plan for the development of computerization in
the technical division utilizing inputs from all potential users.

© Prepare certain technical records, such as service bulletin
accomplishment accountability for each airplane, by manual
methods until such time as a computerized data base is set up.
Initial priority should be given to recording the status of the
structural service bulletins. These should be particularly
useful to ALD while operating several fleet leader high cycle
airplanes and where airplanes are being added or removed from the
fleet due to the various leasing arrangements.

© Establish a separate area devoted to the shipping and recelving
of parts.

© Adopt a policy whereby components removed from the airplane are
first sent to Stores and placed in s quarantine area. Vhen it
can be determined that s replacement part does not solve the
airplane problem, the removed component can be tagged as
serviceable and returned to stock. )

o Consider assigning a Safety Coordinator under the Quality
Assurance departoent to cover the Technical Division.

© Encourage an interest in safety by forming an employee safety
committee and appointing "safety monitors".

© Make an intensive effort to hire more personnel, as needed in
sach departaent in the Technical déivision, and bring manpower up
to industry levels. For all supervisory and management
positions, it is desirable to assign suitable understudies who
can be trained to assume the position of the applicadle
supervisor or manager in their absence.

© Ensure that there i{s & good rapport betwsen the Flight Operations
and Technical Divisions to make sure that each appreciates the
other’s problens and constraints, and highlight what the
Technical Division is doing to find sclutions. Flight Operations
can provide wvaluable inputs on actual operating condition and
technical defects. This in turn can contribute to more effective
trouble shooting, timely rectification, minimizing delays,
improving dispatch reliability and reducing costs.

LONCLUSION :

Masintenance Engineering evaluations by the airframe manufscturers
have the unique advantage of providing operators with an {ndependent
perspective which often avoids the "blind spots™ that internal
sudits possess due to "home bornm-and-bred cultures”. A feedback is
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provided of comparison of maintenance performance by a meutral party
which bhighlights strengths and weaknesses of the systemj and
sethods, the health of the airplanes and equipment, and the
effectiveness of ksy personnel and organizational structure.

The Boeing Customer Support Division welcomes this opportunity to
provide technical assistance to Aloha Airlines. It is sincerely
hoped that by adoption of some of the recommendations in this
report, Aloha Airlines technical personnel will be able to enhance
their standard of maintenance operations.
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PART 11I1. IECHNICAL DETAILS

SGENERAL :

This section, (PART 1I1) of the report provides details of
observations and recommendations which concern the operation of the
Aloha Airlines Maintenance Division. PART IV contains appendices to
this section with supporting data and charts.

At the tine of this visit, the AlLO fleet was as follovs:

AIRPLANE REG. FLIGHT FLIGHT ENGINE DELIVERY
—IXPE_. _ RO, = CYCLES HOURS DL —RATE
.~ 737-202C NBOlAL 47,632 39,935 JT8D-9 OCT, 19¢8
737-297 K731 85,300 33,726 JT8D-9 APR, 1969
737-297 R73712 86,493 32,200 JT8D-9 MAY, 1969
737-210C -R4906 47,200 38,995 JT8D-9 MAY, 1969
737-297 R73713 82,336 30,775 JT8D-9 ROV, 1969
737-2A9C N803AL 46,374 44,385 JT8D-9 APR, 1970
737-2H4  N73717 64,551 38,775 JT8D-9 JUN, 1971
737-285C N802AL 6,327 8,642 JTeD-9 MAY, 1980
737-297 R728BAL 29,948 11,598 JT&D-9 FEB, 1982
737-297 N730AL 28,098 © 10,830 JT8D-9 JUL, 1982

---------------------------- Ceemsscccacorersrrsnsscsrasnannrnens.

Total Airplane Fleet « 10

Seven of the ten airplanes are over 15 ysars old. Three of the
737s: N73711, N73712 and N73713, are the highest flight cycle
airplanes of all Boeing jets currently in operation in the world.

In 1987, the ALO 737 fleet averaged 15.56 flight cycles and 6.0
flight hours per airplane. Mechanical dispatch reliadility was an
iopressive 99.59%.

Alohs operates regional (Hawaiian Islands) routes in an environment
known to be highly susceptible to the effects of corrosion.

Appendices A and B shov the organization and management personnel at
the time of this wvisit. The total nuadber of Aloha Alrlines
employees throughout the whole operation was stated to be
approximately 1,188. Of these, spproximately 200 wers employed in
the Maintenance and Quality Assurance departsents as showvn on
Appendix 3. In comparfisen to similarly equipped operators, it
appears that ALD 4s short of technical personnel 4n the offices,
shops anéd hangar (this i{s discussed in Item 14 - MANPOVER).

IECHNICAL POLICIES & PROCEDURES MANUAL:

An airline’s Technical Policy & Procedures Manual (TPPM) provides
the means of establishing effective maintenance standards and
control a&s well as giving direction on all Technical Division
activities.
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Operators usually have their Quality Assurance department
responsible for ensuring adherance to this manual. The preparation,
zevision and upkesp of the manual and standard forms are usually the
responsibility of an Enginsering department and a Technical
Pudblications section (which may be grouped with the Technical
Library under Technical Services - see the recomrendation on this
aspect in Item 3 - ORGANIZATION).:

The ALO version of the TPPM is the ®"Aloha Air Carrier Manual®.
Although the contents in the varidus volumes are generally in 1line
with the FAR requirements, there appears to be gaps of no records of
revisions for several ysars, many of the contents do mot apply, some
procedures (for example, regarding corrosion control) are inadequate
and several sections have not been kept up-to-date. Strict control
of the distributed copiss 4is required. The "Inspection Alert
Pulletins® vhich are described to be oh blue paper and listed, were
not availadble in the copies of the manual which were examined.

o It is recommended that high priority be given to completely
revanping the Aloha Air Carrier Manual. The contents should. be
in accordance with all regulatory authority requirements. A
statement should be provided in the introduction describing the
policy of hov the manual is to be maintained, defining the
responsidble authorities, the extent of its distribution and who
is to keep {t current.

o It is recommended that interim revisions to the Aloha Air Carrier
Manual wvhich do mnot require regulatory approval, for example,
organizational changes, etc., should be covered by ®advance" or
"temporary” revisions.

ORGANIZATION:

For the Technical Diviszion to function smoothly, it is ipportant to
ensure that individual roles are clearly defined and the reporting
relationships are properly understood. Personnel should have a
clear understanding of the key responsibilities within the

" organization, be fully avare of who has the authority, and recognize
their owvn accountability, so as to automatically and correctly react
and interact to any necessary regquired action.

Many internal conflicts or bottlenecks can.be eradicated or reduced
to manageable levels by the careful and proper stresamlining of the
organizational structure. -In this respect, s continual reviewv of
the organizational structure may be necessary to cater for factors
such as increase in utilization, changes in operational strategies,
airplane leasing, mesting regulatory asuthority requiresents,
contract maintenance, workload "peaks® and ®valleys" and changes of
personnel, all of vhich also require continual upgrading of skills,
including technical and adeministrative development.

Several Technical Division -nﬁ;;cuent changes had recently taken
place within the six months prior to the visit by the tear and these
are reflected in Appeqdiccs A&D.

APPENDIX I




APPENDIX 1

225

‘Attachaent to
M-7360-87-3169
Page 10

The Alohs Alrlines Technical Division appears to have most of the
appropriate sections usually found in similar sized airlines. A

"typical operator organization 1s shown in Appendix C. The' tean

obsesrved that the folloving areas could benefit from wvarious
organizational improvements: Engineering; Technical Library &
Publications; Technical Training; Quality Assurance; Reliabiliry;
Production Planning & Control; and Technical Supply. Aloha Airlines
might consider these suggestions should any future technical
organization changes be planned (see Appendix E - PROPOSED ALOHA
TECHNICAL ORGANIZATION):

- Engineering:

Typical operator enginsering functions are shown in Appendix C.
As detailed in Item 6 - ENGINEERING and Appendix E, it {is
proposed that an Engineering section be formed as either a stand
alone departaent or as part of s nev °®Technical Services"
department including Production Planning & Control, Technical
Training and Technical Publications/Library.

- Zechnical Publications/Technical Library:

There appears to be a need to expand the Technical Library into a
Technical Publications/Technical Library section. By employing
some technical writers, revisions could be made to manuals
affected by dncorporation of service bulletins and other
engineering change action. The prime function should be
maintaining the Technical Policies & Procedures Manual, standard
forms and placards. This section should institute an aggressive
progran to assure that all copies of the TPPM as well as all
spplicable manufacturer and vendor technicsl sanuals and
documents distributed throughout the Technical Division are
uinuincd up-to-date.

- ZTechnical Training:

As detalled in Item 11 - TECHNICAL TRAINING, there {s a need to
form a dedicated Technical Training school and it {is proposed
that this be under a Technical Services department.

- ‘hll“ﬂ Assurance ‘QA!I ’

A typical ‘QA department and responsibilities are shown in
Appendix D. Proposed plans for phasing in various sections of -
this department are shown in Item 4 - QUALITY ASSURANCE.

- Relisbility:

It appears that an effective Reliability section mneeds to be
created (as recomnended in Jtem 5 - RELIABILITY). Depending on
the emsphasis of the reliablility program, operators usually have a
Reliabflity section under either Technical Services or QA (see
Appendix E - PROPOSED ALOHA TECHNICAL ORGANIZATION).
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Ischnical Supply:

In many operators, Technical S$Supply is a separate dspartament .

under the Technical Division (ses Appendix C). This 4s also
proposed in Appendix E.

4. QUALITY ASSURANCE (OA):

It vas observed that the ALO QA department, which is staffed by 12
personnel, has experienced and dedicated personnel. QA is
independent of the Maintenance department and the head of QA raports
to technical management at one level above that of the head of
Maintenance. This is satisfactory and is in conformance with the
accepted concept that work verification should not be influenced by
production demands. The responsibilities of QA should include
surveillance of the entire Technical Division f{ncluding Technical

Supply.

At present, the ALO QA has responsibility for QC (Imspection),
Technical Records, the Technical Library and Publications. Other
rvesponsibilities, according to the ALO Air Carrier Manual, include
the reliability aspects of the continuing analysis and surveillance

program.

The ALO inspection function is performed by the participation of
inspectors in maintenance checks. All inspections per task cards
and service bulletins are carried out by inspectors. All {tems
vritten up by inspectors for correction are re-inspected and
sccepted by them after rectification of the discrepancies by
mechanics (inspector buy-back). This practice of 100X inspection
and buy back by inspectors indicates the commitment in principle by
AlO management to have well maintained airplanes. Whereas the tearn
applauds this practice, and the high sirplane relfadility plus
excellent condition of the airplane systems have proven to be
- outstanding, there is some question regarding the deteriorated
structure of the high cycle airplanes. The lack of a corrosion

prevention and control program is a factor, but there is also the.

possibility that specialized .inspector training and more
assertiveness on the part of inspection £s required.

© It is recommended that all ALO inspectors be rotated through a
training program on inspection techniques with special emphasis
on corrosion detection. In the future, inspectors should also
greceive specialized training (as listed fn Item 12 - TECHNICAL

TRAINING).

There have deen cases in the past where the Afrcraft Services
departaent, in an effort to meet schedules, had painted over or
closed up areas of the airplane prior to inspection. This suggests
‘that this may be an ares where the QC inspectors should be more
assertive and vhere the Alircraft Service department sghould be made
svare of QC {mportance. On the other hand, (n an effort to not
affect production schedules, QC inspectors should reviev their
initial inspection priorities during the early part of their
saintenance checks to cover these openad up areas.

APPENDIX I
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Thers did not appear to be any involvement by inspection in the
Shops. Built-up engines and overhauled components had tags with no
inspection approval indicated.

© It is recomnended that additional inspectors be assigned to cover
the Shops or appropriate shop personnel be delegated (in writing)
inspection and approval authority by QaA.

ALD inspectors wsre not imvolved with Line maintenance activities at
Honolulu or at other stations.

o0 It 4z recompended that the QA department conduct random audits
(unannounced spot checks) of Honolulu Line maintenance (both ALD
and contract f£light lines), component shops and stores on a
frequent basis and the outstations at least once a year.

The responsibilities of the QC (Inspection) section shown in
Appendices D & E covering Stores/Receiving includes inspection of
incoming materials and components, hidden damage inspection, proper
sttention to storage of flammable materials, and parts shelf life
limits econtrol. It would be beneficial 1f this section could alsc
sssume some limited responsibility for audits of vendor quality and
make recommendations to Technical Supply for the ALO approved vendor
1ist.

In the absence of an Engineering department, QA performs most of the
functions wusually accomplished by engineers (see Item 6 -
ENGINEERING). These functions conflict with the generally accepted
zole of & QA/QC department. It is analogous to a student writing
his owvn examination text and then grading his own paper.

A part of QC vhich needs some attention concerns the NDT, borescope,
and calibration equipment (instruments and mechanical test). This
is important considering the present amount of in-house heavy
saintenance. It should be QC's responsibility to control and
operate all NDT and borascope equipment, as well as to check and
sonitor when all calibrations are due throughout the Technical
Division. Consolidation of these aspects requires a dust free,
tezperature controlled laboratory for this sensitive equipment. The
laboratory should be located adjacent to, or within the hangar.

© It 1s recommended that a laboratory be constructed for NDT,
borescope and calibration equipment. ’

RELIABILITY :

The ALD Air Carrier Manual states that the relisbilicy prograxr is
adninistered by Quality Assurance and that Tevisions are made to the
airplane maintenance Operations Specificetions and the Component
Maintenance Schedule.
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QA also has responsibility for the ALO Propulsion Systems Reliabilicy
Control Program (PSRCP), the Hydraulic Internal leakage Test (MILT)
systes and a Continuing Surveillance & Analysis program consisting
of:

« Data Collection & Surveillance;
- Data Analysis;

- Corrective Action (based on excesdance of “alert values” and
reviev by monthly Reliability Control.Board meetings).

The present ALO Component Maintenance Schedule has most components
incorrectly listed as "on condition® (OC) when they should be either
*hard time" (HT) or ®condition monitored® (CM). To classify a
compponent as OC, there must be soze scheduled inspection, check, or
tests wvhich ensure that the component will function properly until
the next scheduled check.

© It 4is recomanended that ALO consider re-evaluating all 737
components as regards the maintenance control process that would
be best suited to each (HT, OC, or CM). Data will then need to
be collected and anslyzed for CM components. Scheduled on-
airplane checks should be identified for OC components.

An effective progran administered by s reliability section under QA
should be {n place in order to realize the full advantages of
adopting condition monitoring for component control. Also, this
" section should consider the use of computerized reliability software
prograns.

o It {s recommended that a Reliability section dbe formed roporiing
to the Quality Assurance section.

- The organization of Quality Assurance and the proper management of s
reliability program as just described will provide an effective
syster for continuing analysis and surveillance of maintenance anc

inspection programs.
ENGINEERING:

The responsibilities of an Engineering department include evaluation
and {splenmentation of manufacturer’'s Service Bulletins,
Afrvorthiness Directives, airline originated modifications and
Tepair action, design, research, studies, reports and
investigations, preparation of specifications, dravings Bnd
standards, establishment and control of the airplane, engine and
conponent maintensnce schedule specifications, and providing
technical assistance (for example, in trouble shooting) as required
.by HMaintenance, Shops and Flight Operstfons. The manufacturer
Sarvice Bulletins receive & thorough assessment as to merits, pay-
back, and whether they provide practicsl improvements or effective
solutions to problems.

APPENDIX 1
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It sppears the most urgent need at ALD is for a structural engineer.
The dateriorated condition of the older, high cycle ALD 737s and the
four 737-200Cs which had¢ been previously operated in Alasks and
Temots regions of Canada on rough, unimproved runvays, requires that
special attention should be given to their structural integrity.
This should include proper corrosion prevention and econtrol,
complete definition of structural repairs anéd terminating
correction, as well as roviev for {ncorporation of aelected
structural service bulletins recommended by Boeing to:extend
airplane 1ife. The team discussed and left a coxplete list of these
selected structural service bulletins applicable to all ten ALO
737s. These bulletins reflect the influence of operator service
experience, regulatory authority action, nev materials and
processes. They provide estimated incremental structural life and
recommended incorporation threshold data.

In the present adsence of an ALO Engineering department, Boeing
Customer Support Service Enginsering is studying the lists of
selected *extended life” service bulletins (SBs) applicable to all
ALD asirplanes and will be notifying AlLO through the Boeing Field
Service office of a priority category for each SB applicadble to
AlO's operations and environment. These lists may be supplemented
by other SBs considered beneficial to ALO 737s.

Three of the 737-200Cs will become ®Supplemental Structural
Inspection Document (SSID) candidate airplanes® this year. MNowever,
the SSID items which will need to be incorporated into these
airplanes’ maintenance program will only involve significant
structural items associated with the individual cargo airplane
features.

PLANNING AND PRODUCTION CONTROL:

Operators generally have their Planning & Production Control (PPC)
sections responsidble for the planning, scheduling of maintenance
operations and establishment of appropriate controls. This assures
production schedules meet the time limitations as specified in the
airplane, engine and component maintenance operations schedule
section in the Technical Policies & Procedures Manual.

Effective maintenance control is achieved by scheduling maintenance
action in the proper sequence and at the proper time. It s
desirable that competent personnel, equipment, facilities, tools,
spares and materials be available to accomplish the assigned
maintenance task. This section acts as s regulator for the
maintsnance cycle providing safeguards to prevent: -

« Excesding approved time Snterval limitations;

- Backlog accumulation eof work, possibly resulting in loss of
airplane availabilicy; .

- Errors resulting from unplanned and huti'ly performed wvork;
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- Manpower shortages;

- Spares/material shortages for major checks;

= Facility overload;

= Failure to comply vwith regulatory authority regulations.

Sone maintenance actions are perforsed on a non-routine
(unscheduled) basis. 1In such cases, this ssction should provide the
zequired flexibility to conpensate for varfations {n workloads and
still control the production schedule. Operators usually have their
PPC coordinate the efforts of Engineering, Quality Control,
Maintenance, Overhaul Shops and Technical Supply.

In general, the ALO PPC staff accomplish the following:

« Keep track of airplane utilization (accumulated flight hours and
cycles);

- Schedule airplane maintenance tasks by making sure that intervals
or threshelds are not excesdsd for any time controlled
saintenance requirement;

- Assemble the papervork for airplane checks;

« Track the hard time controlled components by location, calendar
tine, hours, or cycles;

- Perform material planning;

- Undertake special projects which would normally be accomplished
by an Engineering department st other operators;

= Arrange for the repair or overhaul of 737 components at vendors
or-other outside repair agencies.

At many operators, effective planning for a maintenance check
includes & thorough reviev of the work package, estimating the
workload and slapsed time requiresents for each task and preparing a
work flov chart that schedules each item of work at the optisuz
time. To be able to do this, an adequate data base of manhour
statistics has to be estadblished over & period of time. AlLD's
Alrcraft Services maintenance department was not recording ssnhours
" expended to perforn maintenance tasks. It also appeared that
personnel in PPC were so occupied with daily problens and expediting
papervork that there vas hardly encugh time for effective planning.

The following recomnendations are made regarding PPC:

© Consider developing achievable long, medium and short range
production plans (each containing the appropriate level of
detail) taking into consideration availability and ragquirements
for manpover, facilities, equipment and material.

APPENDIX I
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© By recording manhours for all scheduled and unscheduled
ssintenance tasks carried out on the airplanes over s period of
time, poTms can be established against which future performance
can be measured. Such data will assist {n achieving more
Tealistic production plamning and better estimates of airplane
dovwntises for schedule checks. ' Manhour trends could also be used
as a paraneter to be used in the reliabdbility program.

© Consider initiating the practice of preparing a planning ¢hart to
be used by the maintenance department as & guide in sequencing
the items of work to be accomplished. By indicating the
conpleted work, this flov chart would provide an effective means

of monitoring the progress of a check.

The ALO PPC has a cooputsr list showing the part numbers and
quantities of rotable componsnts in the ALO inventory. However,
except for hard time components and units sent out on repair orders,
the PPC does not know whether a specific unit £s installed on an
airplane, ‘4s a serviceable spare, or is waiting to be repaired in
some ALO shop. Accumulated hours and cycles on these units are not
kept. Mechanics removing cooponents from airplanes take thex
directly to the applicable component shop. By this practice, the
component does not go through the stores or a quarantine area and
the accompanying papervork is not sent to the PPC. Each shop

) decides whether a specific unit should be repaired or sent to an
outside overhaul agency.

The folloving recozmendations are méde:

o It is desirable that all shop production planning and control
activities be assigned to the PPC. No shop should carry out any
tasks on hardvare until a work order is received from PPC. PPC
should establish priorities for these shop vork orders by closely
monitoering shop work loads anéd stockroom requirements for
serviceable components.

© ALO should develop a comprehensive component tracking systen
(including those components on OC and CM which are currently not
tracked) covering their location from stores to airplane, through
the repair shops, and back to stores. This would help to reduce
the unusually high nunber of unserviceable spares which have
accunulated in certain shops over the past years (see Item 8 -
SHOPS). This tracking system could ideslly be computerized (see
Item 12 - COMPUTERIZATION). ’

The ALO PPC alsc has responsibility for meterial planning.
Initially, reorder levels for the expendable parts were assigned by
PPC. These values vere entered into the inventory control computer
progran. The Purchasing department now orders parts automatically
based on these reorder levels, resulting in no {nvolvement by PPC
except when there is a problez. Rotable component purchases and
repair orders are handled by PPC. The total inventory of spares
increased from $7.8 million to §8.5 million in the first six months
of 1987. Approximately §5 million worth of the .total spares
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.

inventory consists of rotable components. The team was informed
that it wvas & rare occurrence for an ALO 737 flight to be dslayed
due to the lack of a spare part. It appears that ALO could fave a
substantial amount of money by implementing an effective coaponent
eontrol and tracking system as discussed earlier. This would permit
more sfficient use of the accumulated spares inventory.

At present, the ALO PPC is staffed by three planners and a manager
who reports to the Director, Maintenance. It appears that this
departoent 1{s understaffed even to sffectively carry out {ts present
Tesponsibilicies. If recommendations frox this report are
dwplensnted, there may be a need for addit{onal manpowver. However,
savings that can be achieved by a better functioning PPC should
Justify the extra personnel scquired.

It appeared that the ALD PPC staff had been introduced to working in
this type of work with mininmal preparation or prior training in PPC
skills. Even though the members of the staff are very conscientious
and hard working, they have had to "rediscover the wheel®" on their
own. Consequently, they are not quite fully avare of the sgtate-of-
the-art §n airline PPC. ' '

© It is recomrended that the PPC manager and senior members of the
staff be given the opportunities to visit PPCs of other operators
and join avistion industry organizastions on thisz subject,

The additional responsibilities recommended in this section
encompassing not only aircraft saintenance activities, but also the
shop component PPC, indicates that it would be preferadle for the
PPC function to be independent from the maintenance department.
Either a separate Planning & Production Control (PPC) group should
be formed reporting to the Staff Vice President, Maintenance & QA,
or the PPC should report to the Manager, Technical Services (sas
proposed in Item 3 - ORGANIZATION and shown in Appendix E). The
separate PPC could then handle the carry over discrepancies and
unscheduled vork more efficiently on a priority basis and keep sach
to an asbsolute mininum due to the effective monitoring and
scheduling.

SHORS

The ALO shops consist of those associated with afrcraft everhsul,
accessories (components) and electrical & electronics. Those
supporting aircraft overhaul consist of sheet metal, painting,
welding, upholstery and emergency equipment. The accessories shops
consist of engine system components, pover plant build-up wnd
teardown, APU and components, landing gear overhaul, modifications,
repair and service, wheels, tires & brakes, and machine shop. The
radio, {nstrusent and electrical shops maintain, repair, and bench
check radios and navigation equipment.

APPENDIX 1
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A large portion of the shest metal personnel had been hired in the

last fev months and approximately a third of the olocttic,l &
electronic persormel have been hired during the last year. On the
Job training (OJT) was being carried out in the shops by supervision
during the tean’s visit to improve the skill level.

Vhereas some of the accessories shops such as wheels, tires &
brakes, powver plant and APU were adequately supporting the
operational needs of the airline, there were sone deficiencies with
other component shops. Considerable investment in many components
is being wasted with many parts lying around avaiting repair,
creating excess spares and occupying valuable shop space. Examples
included nunerous APU solencids avaiting repair in one shop, and in
another, a forward support fitting, part number 65-555C7-1, removed
froz airplane K73711 on February 25, 1972, lud a green unserviceable
tag which had become yellow with age.

o It is recommended that ALO consider changing to red tags for
unservicesble components and green tags for serviceable
components.

The excess of parts in the cozmponent shops suggests that there are
problems with the tracking or proper control of components through
the shop or slse it could be due to the shortage of personnel.

o It is recommended that ALO conduct an inventory exercise to
determine hov many parts are presently in the component shops. A
decision should then be made as to whather they should be
scrapped, disposed of, or repaired as part of the overall spares
{inventory. Subsequent to this stock taking, a system should be
izplemented to track and control the flov of components through
the shops (see Item 8 - PLANNING & PRODUCTION CONTROL).

During the shop visits, many ftems of test equipment were tagged
*calibration not required". In many ceses, these pieces of
equipment would have to be calibrated prior to each use if valid
Tesults are to be obtained.. This results in excessi{ve amounts of
time being vasted on calibration.

o It 4s recommended that ALO reviev and expand the oquip-ent
calibration progran.

BAINTENANCE :

The ALD Aircraft Services department, which reports to the Manager,
Maintenance, consists of the following maintenance crews: CyZle
Check Crew; ALO Flight lLine; Contract Flight Line; and Afrplane
Overhaul.

The Cycle Check Crew accomplishes the scheduled A, B and Quarter €
cthecks. This crev works nights with s shift starting at 2100 hours.
The airplanes fly only during the daytime and cycle checks are
sccomplished on several nights in a rov during the week.
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The ALO Flight Line mechanics are responsible for preparing and

turning around ALO airplanes at the Honolulu flight line. fhcir

shift starts at 0645 hours.

The Contract Flight Line mechanics ecarry out all line maintenance
sctivities on the airplanes belonging to AlD’s contract customers.
Several major United States and foreign operators bave contracted
their line maintenance st Honolulu to ALD. "This group provides 24
hour coverage.

The Airplene Overhsul mechanics work a “"Fall Preoject" every year
sccomplishing the D check blocks on several airplanes. This group
1s made up of mechanics who are borroved from the other crews. Two
shifts are vorked during the day starting at 0645 and 1500 hours.

In addition to the above groups, an Aircraft Grooming department
also reports to the Manager Maintenance. This department is
responsible for the alrplane exterior and interior cleaning and all
ramp service personnel. Work accomplished by this department left a
favoradle impression on the team menbers, however, it is not
intended to cover this department’s sctivities in this report.

Of the four Aircraft Services maintenance groups, the Contract
Flight Line and ALO Flight Line crevs appeared to have the highest
priority for taking the best, more experienced mechanics. This
édbservation is supported by the fact that the ALO 7375 achieve 99.61
mechanical dispatch reliability. Also, the teanm was informed that
the contract customers are very satisfied with ALO’s support.
However, this success st the flight line seems to be achieved at the
expense of the airplane hangar maintenance. It is difficult to keep
a steady workforce on the scheduled check airplanes in the hangar
when almost on a daily basis mechanics are reassigned to satisfy the
more pressing needs of either ALO or Contract Flight Lines. As will
be discussed in Item 16 - MANPOWER, ALD does not have sufficient
manpover in the Aircraft Services department. As an example, the
nuzbey of mechanics which ALO expected to assign to.the cycle checks
wvas six. This nuzber fs low to complete a B plus quarter C check in
a reasonable amount of time, yet gonmetimes this nunber would be
wvhittled dowvn to as lov as two mechanics as personnel were
reassigned to support the flight line operations.

The tean was impressed to learn that practically all mechanics
(sxcept for a fev ®"0ld tiners”) possess A & P licenses. Hovever,
the tean determined that {n general most mechanics did not Teceive
adequate training after joining -Afrcraft Maintenance. This aspect
4is not helped by the fact that almost two thirds of the ALD Aircraft
Maintenance mechanics are relatively nev, young personnel, whereas
the rest consist of mechanics with over 20 years experience. The
sbundance of mechanics nev to ALO and the lack of effective
recurrent training for the older mechanics result in & wvorkforce
with an overall lov skill level (this 4s addressed in JItex 12 -
TECHNICAL - TRAIRING).
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The tean menbers had the impression that there wers instances of a
lack of motivation and "esprit de corps” amongst the maintemance
personnel. Our maintenance evaluations sxclude analyses of
employer/employee Telations, however, the haraful effect on
maintenance quality and performance cannot be ignored. The tean
assunes that ALO mansgenent is well awvare of this situation and is
addressing this problem. Improvement in employee satisfaction and
work spirit would help to retain the hlghly qualified mechanics and
attract nsv recruits.

Actual manhours expended to accomplish specific maintenance tasks
are not recorded by ALO mechanics or inspectors. Thare were no work
plans or flow charts for sequencing, prioritizing and distributing
the scheduled work to be asccomplished during s maintenance check.
The maintenance supervisors knew what was going on, but wvisibility
aids were not on display which could provide an effective means of
wonitoring check progress (see Item 7 - PLANNING & PRODUCTION
CONTROL). A board with slots on which task cards could be grouped
by aircraft zone, skills required and work progress status, would
provide this needed visibilicy.

ALD keeps two separate deferred item logs for each sirplane. Ome is
the list of pilot write-ups that are deferred. The tean was
dzpressed that this list had no more than one or two items per
airplane. The other deferred item log contains those ftems whose
correction has been deferred until the next cycle (B plus Quarter C)
check. As an example, there were 40 items on the deferred ftez list
observed regarding airplane N73713 some of which h-d been-
outstanding for some months.

Storing and controlling the use of on-airplane maintenance tools and
GSE were the responsibility of the spare parts store. A viable
calibration control and monitoring systez was not in existence (this
wvas also discussed in Item 8 - SHOPS).

o It is recommended that there be better control and accountability
of tools. 1t is desirable to have a separate tool crib ares.

BAINTENANCE PROGRAM:

“The initiasl maintenance requirements for the 737 were established by

the FAA 737 Maintenance Reviev Board (MRB) in 1967. At that time,
the initial {nspection and overhaul intervals were stated in flight
bours based on 0.8 £light hours per flight as the average stage
length. While this MRB pernitted operators to develop a maintenange
progran compatible with their own basic maintenance requirements, it
vas envisaged that operators would use their methods of continuing
analysis and surveillance to sdjust these intervals based on their
ovn experience and individual operating enviromment.

In general, this process seens to be working well io the desired
effect anongst most operators. However, in ALO’s case, as evident
by the deteriorsted condition of the high cycle 7375 in the fleet,
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the intent of this maintenance concept has not been met. This has
Tosulted from such factors as the lack of a corrosion prevention and
eontrol prograz, the unusually high rate of flight cycles, the
improper methods of structural sampling, sose misinterpretation of
the $SID program, incoaplete reporting of significant structural
deficiencies to the manufacturer, mnot accomplishing structural
terminating action and incorrect listing of many componsnts as “on
condition*.

ALO recognizes there are deficiencies with the present maintenance
progran and requested technical assistance from Boeing Customer
Support in developing & 737 maintenance progran applicadble to AlD's
current operation and enviromment.

The present ALD 737 maintenance check intervals (in flight hours)
are:

—A —i c )
150 750 3,000 15,000

Varfous maintenance program concepts based on calendar time
intervals were discussed with ALO during this evalustion. One of
those suggested included the concept of s five year structural
inspection program with a yearly "C" check phased into four parts
and accomplished in eonjunction with the °"B" check. The °*A" check
would be performed at approximately one quarter of the °*B" check
interval.

Another concept vhich was discussed suggested a yearly *C" check as
8 block including & quarter of a "D*" check at the same time. In
this scheme, the "D* check would be completed at the end of the
fourth year, giving an effective "D" check interval of approximately
22,000 flight cycles, which s a realistic and acceptable finterval.
If tvo weeks were scheduled for each 737 airplane every year in
order to accomplish the block *C" check plus quarter "D° check, it
would take 20 weeks for the 10 airplane fleet. During the remaining
32 weeks wvhen there would be no "C" plus qQuarter °D" check, an
additional airplane could be interjected into revenue service.
Maintenance schedules could be arranged to make the 32 weeks vith an
extra airplane coincide with ALO's peak passenger traffic season.

These conceptual programs are assumed to include an aggressive
corrosion prevention and control program, incorporation of a 1002
structural inspection program (that 4is, no sampling) and
implementation of the Supplemental Structural Inspection Progfix.
Sampling is not practical when the corrosion prograa s §n place
because it 4z easier to finspect the structure at the same time
rather than keeping records of a sampling program.

It s desirable before any nev smaintenance progran {s implemented,
that all .ALO afrplanes undergo a complete structural {inspection,
incorporate recomnended extended life service bulletins, and carry
out terminating structural sction so that each airplane is in the
best possible condition.

APPENDIX I



APPENDIX I

237

Attachnent to
M-7360-87-3169
Page 22

11, SUPPLEMENTAL STRUCTURAL INSPECTION PROGRAM:

The Dansge Tolsrance Rating (DTR) check forms included in thé 737
Supplenental Structural Inspection Document (SSID), D6-37089, are
dntendsd for use by operators to dsnonstrate compliance with the FAA
Airvorthiness Directive (AD) 84-21-06. Copies of completed ALO DTR
check forms dated 9/10/87 were provided for reviev by the Boeing
tean. :

© It is recommended that all ALO DIR check forms show the original
date in 1984 when they were originally prepared and indicate the
9/10/87 date as a rvevision. -The reason for this is that AD
84-21-06 required operators to incorporate the checks specified
in the SSID into their maintenance program by November, 1985.

The ALO DTR check forms ars well prepared (typed) and easy to
follov. Hovever, the paperwork used to record the scheduled,
conmpleted and deferred inspections and recording/reporting of
discrepancies found is wvague and subject to possible errors. The
forms contained a nunber of errors ranging from typographical and
misreading of the charts to complete misinterpretation of the notes
and instructions provided in the SSID. . In addition, there was some
misuse of the availadble visual inspection methods defined in Section
5 of the SSID. For example, "General Visual" checks dy mechanics
during *A" checks were assumed squivalent to "Detailed” inspections.
This implies that an inspector conducting an intensive visual
inspection of & detail during an intermediate or major check has no

‘'more chance of detecting & fatigue crack than s mechanic has locking

at the same detail during an "A® check. The DTR curve normally used
to represent inspections by a mechanic during minor checks is
{dentified as "GEN" (General Visual).

In sone cases, special inspections are stipulated in the ALO DIR
check forms that are over and above those required to meet the
required DTR. For example, the use of more than one Nondestructive
Inspection (NDI) method for an item when a single method is
adequate. This again could be due to misinterpretation of the
progran requirements. The inspections defined by the DIR systen are
the minipun required to assure timely detection of fatigue damage in
the 737 fleet, should {t occur. It should be noted that some
operators choose to inspect items more frequently than £{s needed to
meet the required DTR. The reason for this is that the cost of the
extra inspections is lov compared to the cost of repairing extensive
fatigue danage.

A list of errors and anomalies found during the reviev of the AXLD
DIR check forms was discussed with and left with ALO personnel (this
143t has been included in Appendix F). Corrections and alternative
approaches were provided for some of the more significant errors
that could be readily changed.
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The DIR check forms have been completed on an item-by-item basis
with little or mno cross-referencing made in teras of gccess
requirements, insulation removal, etc. While this is scceptable, 1t
4s not the most econonic program. Sheets are provided in the SSID
showing the ften numbers and DTR check forms 4n relation to
dnspection zones. These ars intended as an aid to plan the progran
in terms of minimizing access requirements, insulation removal, etc.
For exanple, the ®best available® inspection program should be
daveloped for the DIR check form in each inspection area requiring
the most frequent accessz. This in turn determines the repeat access
interval for all the other 4items and, with the appropriate
inspection methods, will provide more than the required DIR.

The check intervals used to complete the ALO DTR check forms, the
corresponding “typical” wvalues used for the example program in the
737 $S1D, and the current 737 fleet average values are as follows:

CHECK \/
LEVEL -AlOHA__ 137 SSI1D 137 FLEET
A 00 250 160
) 2,100 —.e . 630 -
c 8,100 3,000 2,970
D 40,500 24,000 20,500

As can be seen, the ALO intervals are such higher than the fleet
average and the typical values used to develop the example progran
in the SSID. Consequently, it {s @ifficult to achieve the required
DTR within the existing regularly scheduled maintenance prograz for
a8 number of {items, and some specilal supplemental {nspections
(generally internal inspections and/er NDI) will be required.

Esch coxpleted DIR check form is included in the ALO Air Carrier

Manual and 4s used as the basis for the inspection instructions.
Each "inspection package" also includes the appropriate page from
the $SID showing the general location of the Structural Significant
Item (SS1) to be inspected. The final page(s) in each package
includes instructions for access, clean-up, inspection and close-
out. Each step requires a sign-off by a mechanic and for {nspector.
It was noted that this same procedure i{s used even when the existing
maintenance progran meets the required DTR. Although this is
acceptable, 4t could possibly lead to some duplication of inspection
instructiohs and effort. The {nspection packsges did mot include
any procedure or instructions for reporting discrepancies found,
which are required as defined in Section 6 of the $SID.

Boeing will be providing assistance to completely restructure the
ALD 737 maintenance prograz (some concepts are detailed in Item 10 -
MAINTENANCE PROGRAM), including integration ef the SSID
requirsnents. Thersfore, mo extensive recommendations regarding the
$SI1D program will be made in this report. Hovever, until the nev
progran becomes available, the following is recommended:
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o Ensure that personnel responsidble for planning, daveloping,
checking, Implementing and conducting the ALO 8SID program,
faniliarize thenmselves with the guidelines, examples and
procedures provided in the 737 $SID. Particular sttention should
be paiéd to the motes and instructions associated with the DIR
check forms.

© Correct all existing DTR check forms errors and
sisinterpretations (listed in Appendix F). Note, there may be
additional errors on the axisting DTR check forms that are not

" 14sted in Appendix F.

© Add a procedure to the ALO Alr Carrier Manual for rxeporting
structural discrepancies in accordance with Section 6 of the
§SID. Ensure that all cracks and previously unreported
occurrences of significant corrosion {nvolving a $S1 that were
detected during earlier $SID Iinspections be reported to Bosing.

12. IECHNICAL TRAINING:

Technical training is an important and éistinct function of an
airline’s technical eorganization which provides for systematic
developnent of personnel knovledge, ability and competence in
maintaining the airvorthiness of the airplanes, maintaining
associated flight equipment, and ground support equipment. It {s
essentisl that technical personnel keep pace with the development of
nev and complex equipment as well as with the rapid changes in
concepts and procedures applied to airplane maintenance. A well-
planned technical training program is required to meet current and
future needs. Training i{s an expensive investment, however, the
lack of it can be sven mors expensive. '

To ensure that the mini{sum standards are met and constantly
maintained, it 4s necessary to periodically reviev the syllabdus,
innovate effective methods of examinations, rationally control the
issue of competency licensing/spprovals and maintain a systep of
mandatory recurrent training.

The adverse effects of lack of sufficient technical training are
longer elapsed times to complete maintensnce tasks and less
effective trouble shooting. Personnel {n component shops, hangar,
1ine maintenance and ocutstations, lack sufficient technical trouble
shooting knovledge and are not proficient in using various types of
test equipment. This results in unnecessary removal of serviceadle
conponents and orders of repair parts vhich may mot be required.

The high nusber of mnev hires within the last year in the ALD
maintenance section and Technical Division management necessitates s
thorough 737 technical training program. Eaphasis should be placed
to include faniliarity with the Technical Policies & Procedures
Manual. Recurrent or refresher courses are required for the
experienced personnel. Management Development and leadership
training would be beneficial to nev supervision.
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The present location of the Technical Training classrooms as part of
the maintenance base 1is most convenient for conducting the practical
®*hands-on" aspects in the hangar and shops. ’

© It is recommended that plans be made to provide 737 training to -

all maintenance mechanics who have not yet received training for
this model airplane.

© It is recommended that ALD sdopt a policy requiring all technical
personnel to receive a minisum of one week of refresher training
each year. To be effective, this training progran should regquire

sandatory.attendance, written testing and minioun test scores for

completion of credit. Special emphasis or even extra training
should be given to foremen and inspectors.

© It is recommended that managenment development and leadership
training courses be given to all recently appointed supervision.

© It is recompended that cassettes on various specialized training
aspects be acquired to be used in the hangar or the shops to
assist with "on-the-job" training.

o It s rocémendod that specialized training courses be considered
such as structural repair, corrosion prevention & control,
-rigging and nondestructive testing.

Training should mnot be inferred to mesan formal classroom courses
only. The effective exposure of key personnel may take the form of
sexinars, conferences, meetings, or even just a purposeful visit to
an equivalent operator’s facility. Such exposure also serves to
broaden the person’s outlook and makes the personnel appreciate the
igportance of control systems, procedures, feedback and
comxunication.

COMPUTERIZATION:

Computer applications are being gradually {introduced into the ALO _

Technical department. Each additionsl task that can be placed on
the computer can help to increase productivity and create
utilization fmprovements.

The tean was informed that ALO has been using a computerized spare
parts inventory control system for several years. This system uses
the ALO mainframe computer. ALO‘s technical managepent appsared to
be satisfied with this systen. '

Apart from this {nventory control systez, the only other venture
into computerization by the technical department was in June, 1987
with the purchase of one module from the DASH softwvare package
(developed by s Canadian company). The DASH module currently being
{mplesented is the "Rotable Parts Maintenance®. During the tean's
wvisit, component history data wvas in the process of being entered

into the computer.
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The following recommendations are made:

© Consider the formulation of a master plan for the dcvolop:'mt of
computerization in the technical division utilizing inputs fron
all potential users. Compatibility of the different user
vequirements should be rTevieved as well as hov they complement
each other. The plan should contain the requirements and
scheduled timing for each potentisl user group, the integration
of each requirement into the overall plan with appropriate
analyses and options (such as wvhether to continue with the DASH
system or consider other softvare packages which msy have more
capadbility). The master plan should be periodically reviewed by
top management and modiff{ed to reflect changing needs.

© By contacting other operators, s determination can be made of how
and to vhat degree they have {mplemented the use of computers in
their technical operations. Boeing Customer Support has in the
past also assisted operators under contract in the planning and
implementation of computerization.

As mentioned in Item 7 - PRODUCTION PLANNING & CONTROL, the entire
copponent tracking and control system is s prime candidate for
copputerization. Although the tean was not able to destermine the
full capabilities of the DASH system, the type of information that
would be expected from an effective state-of-the-art computerized
component data base would include: all relevant information for each
component, including part nusber, serial number, momenclature, total
accunulated hours and cycles, shelf life, maintsnance control
process, on-aircraft inspection requirements for OC components, MT
copponent rezoval and life limits, store $ssue dats, installation
and removal data, location within the component rotation cycle at
any time, shop loadings and findings, manhours, modification status,
interchangeablility, and indication of in-house capability or repair
agency. . Such information is vital 4in performing a ecredible
Teliability analysis progran and performance forecast. The systex
will also support shop work planning and scheduling, manpower
planning, plece part and component inventory adjustsent and
budgeting and cost control.

When the tean members wanted to check some technical records (such
as service bulletin incorporation lists by individual airplane) the
Tesponse recaived was that the requested data would mot be svailadle
in the desired format until the system is computerized, The tean
feels that {mpending computerization is mot sufficient resson for
Gelaying the preparation of certain records manually. In the
present situation, the required information regarding service
bulletin incorporation on a specific ALD airplane could prodadly be
extracted by the review of various different records but it would be
a long and arduous process. Recognizing this, ALO had alresdy begun

.to manually prepare an AD compliance list per airplans. The next

step should be the preparation of service bulletin accomplishment
14sts for ‘each airplane.
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© 1t is recommended that certain technical records, such as service
bulletin accomplishment on each airplane, be prepared manually.
- Initial priority should be given to recording the status of the
structural service bulletins. These particular records should
prove to be especlally useful to ALD while operating several
fleest lesder high cycle afrplanes and where airplanes are being
added or removed from the fleet due to the various leasing
arrangenents.

14. JECHNICAL SUPPLY

The Technical Supply section is presently part of ‘the sare
departoent as Production Planning. As shown 4in Item 3 -
ORGANIZATION and Appendix E - PROPOSED ALO TECHNICAL ORGCANIZATION,
it is recommended that Technical Supply be a separate department
reporting to the Staff Vice President, Maintenance & QA.

Significant progress has been made in the stores area in the last
few months, but much further development remains to be accomplished.

The main stores arca has been cleaned up and a cataloging and
storage systez implenented. A computerized imventory control
prograz is used and 2 roteble parts maintenance module has recently
been acquired as part of the DASH computer system (see Itex 13 -
COMPUTERIZATION). Stock levels appear to be adequate with very few
complaints fron the hangar floor.

Shipping and receiving is accomplished froxm the aisle.:vs of the
storeroom. On some days, this causes extreme congestion.

© It is recommended that ALO establish a separate area devoted
exclusively to the shipping and receiving of parts.

Components which have been ramoved from the airplane are often sent
directly to the applicable shop. It is desiradle that these
components be f£irst sent to Stores where they should be placed in a
quarantine arca until it can be determined if the replacement part
corrected the problemr. If the replacement part does hot solve the
prodlex, the removed component can be tagged as serviceable and
geaturned to stock.

Coabustible flammable materials were intermixed with other parts in
the storsroon despite a statement in the Aloha Carrier Manual,
Section 3-46, °®Storage of combustible flammable materials (for
exanple, paint thinner solvents, lubricants, etc.) should be
enclosed fn afrtight metal containers”. This s a dangerous
practice vhich could result in not only the loss of the storeroonz
and its contents, but possibly the hangar as well.

Tool storage appeared to be done in a haphazard manner throughout
the storeroon and out on the hangar floor. This causes congestion
and wastes time vhen a special tool must be located. It appeared
that security and tool check-out procedures would be beneficial (s
Teconmendation on a separate tool room s msde in Itex 9 -
MATNTFNARCFY
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15. INDUSTRIAL SAFETY:

16.

Alrplane maintenance in hangars and shops brings together many
disciplines of every trade and skill. This concentration of
personnsl, the limits of space in which they work, and the variety
of activities, provide a real challenge to safe working practices.
Safety directly affects operational efficiency and airplane
dispatch. Not only do unsafe practices and conditions result {n
injuries to personnel and damage to equipment, but they also cause
costly delays. Careful sdherence to adopted safety standards and
precsutions will greatly reduce, or eliminste hazards present in
shop, hangar and raap areas and opsrations.

© It 4is recommended that the position of Safety Coordinator be
assigned under the Quality Assurance department.

o It §s recosnended that the technical division employses be
encouraged to take an interest in safaty by foruing an employee
safety committes and asppointing "safety monitors". They can
conduct safety walk-through inspections, suggest nev {nterest-
arousing approaches and proceduras, and sct as a pipeline to
handle safety suggestions from other employees. Menbership of
the safety committee should be rotated in order to get the
saximsun mmbder of employees involved. Committee members could bde
given first aid, CPR and other special training to fncrease their
value and also add to their feeling of involvement 4n the
progran. Once trained, some identification of their skill, such
as a °*first ajid or CPR" sign above their work area, can alert
personnel in an emergency situation.

A copy of Boeing’s Accident end Fire Prevention manual (Appendix F)
43 to be supplied under separate cover. .

HBANPOVER

Qualified, experienced, technical personnel are in high demand in
the aviation industry, are costly to train and develop, they take
long lead times to attain proficiency in their fields, but are less
costly to retain than to replace with mev recruits that wust be
trained and developed over long periocds in order to regain a
satisfactory state of productivity.

The wages, salaries and fringe benefits should be competitive with
other operators and reflect ths market values applicadble to their
skills. It is preferable for the technical personnesl to stay in
their same jobs and scquire the seasoning and expertise that come
with time, eupsrience, contfnuous practice and professional

dovelopment.

Although Hawail 4s a desirable place to spend a vacatfon, it is
unfortunately & relatively expensive place to live. ALO has had
aifficulty 4n recruiting technical personnel. Some consideration
was being given to initiating an apprentice training scheme. The
tean concurs that the creation of an apprenticeship progran is an



17.

244

Attachaent to
M-7360-87-3169
Page 29

The total nunber of ALO technical personnel (disregarding those -

associated with Technical Supply and utility services, for exapple,
airplane cleaning) 41s adbout 165 or approximately 17 per airplane. A
ooaparative study done a fev years age indicated that the average
mmber of technical personnsl for operators within the United States
totals about 27 per airplane. The tean’s observations confirm the
nsed for additional manpover st ALO in specific areas as discussed
throughout this report. Also, additional personnel would be needed
to implement the proposed reorganization as shown in Appendix E.

o It is recommended that an intensive effort be made to hire more
personnel as needed in each department i{n the technical division.
For all supervisory and management positions, it 4s desiradle to
assign suitable understudies who can be trained to assume the
position of the applicable supervisor or manager {n their
absence.

COMMUNT CATION :

Vith all the aforementionsd factors in place, airwvorthiness and
profitability now require the Organization to work 4in harmony and in
unison both finternally and externally, around the clock and around
the network, 4n the air and on the ground. This is only possidble
with the establishaent of an extensive and reliable communication
network and the cultivation of proper comnmunicative aptitude and
attitude anong staff.

The network should work when and as required and the subsequent
interaction should convey the message in the right context and
atzosphere. The communication norm should be that correct messages
be cornveyed on time, in the right manner, by the right means -- each
time and every time, with acknowvledgement.

On technical and operational matters, it is recoamended that a very
good rapport (with constant dialogue) exist between the Flight
Qrerations and Technical divisions to make sure that each
appreciates the other’s problens and constraints, and highlight what
the Technical Division 1is doing to find solutiens. Flight
Operations can provide valuable inputs on actual operating condition
and technical defects. This in turn can contribute to more
effective trouble shooting, timely rectification, minisizing delays,
iwproving d@ispatch reliadbility and rxeducing costs. - Above all, {t
should promote the camaraderie of the Technical Division and Flight
Operations as partners {n a complete tean, to maintain and operate
safe airplanes on the ground and in the air.

- The same applies with the airplane, engire and eo-pomnt’

manufacturers. The channels of communication should be established,
kept open and mads svallable at any tise. In this regard, Boeing is
‘Pleased to have our Field Service Representative locatsd on site,
and we welcome any requests for further information regarding this
report, or other in-service problems, to be directed through his
office.

t
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APPENDIX J

I. PURPOSE.

This report sets forth the conclusions and recommendations of a team whose
purpose was to review the large transport category airplane manufacturers
approach to Multiple Site Damage (MSD) and the safe decompression failure mode
for the structures of their various models. ’
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II. INTRODUCTION.

The present rules for the structural design of aircraft have evolved from
successful experiences as well as from lessons learned in service. Most of
the early propeller/reciprocating engine transport category airplanes were
retired for reasons of technical obsolesence and hence for these airframes,
geriatrics never became a structural integrity issue. Airframe integrity has
been achieved with philosophies such as safe-life, fail-safe, and most
Tecently, damage tolerance. In 1978 the Federal Aviation Administration (FAA)
recognized the problems of geriatrics by requiring the preparation of a
Continued Airworthiness Document/Supplemental Inspection Document (SID) to
assure the structural integrity.

It has become a concern of the FAA that the initial geriatric assessments did
not adequately consider Multiple Site Damage (MSD). Multiple Site Damage is
defined as a condition which occurs after extended service use wherein a
structure has sufficient cracking in adjacent or neighboring fastener holes
to: (1) precipitate a net section yield failure mode; and/or (2) degrade its
fail-safe capability.

The basic concern involving MSD is that current inspection programs are not
oriented to interrogate the structure for the small cracks associated with one
mode of MSD. This mode occurs when these small uninspectable cracks suddenly
Join together into a large critical crack. It may be impractical to find
these small flaws (approximately 0.2 inch in length) on operational airplanes.

There is considerable evidence that MSD can and has developed in airplane
structure. For example, a teardown inspection of the BAC 1-11 fatigue test
article indicated a possible 100-inch strip of MSD. However, there are some
anomalies, discussed later in this report, concerning this example. The DC-9
has had MSD occur in service at several locations, including the fuselage

“crown skin and aft pressure bulkheads. The catastrophic destruction of each

of the A-300 fuselage fatigue test sections was attributed, at least in part,
to MSD. Fatigue tests on the B-767 and B-747 aft pressure bulkheads exhibited
patches of MSD as did the cockpit crown skin on the B-767. An MSD crack in
the B-747 fuselage crown akin was found in service. This phenomenon has been
observed also in wing structures. Multiple Site Damage in the lower surface
of the KC-135 wing lowered the service life of that component from 18,000 to
8,500 hours. A teardown inspection of a 707-300 airplane with 13,600 flights
revealed MSD in the lower wing splice stringers. The teardown inspection
performed in the late seventies on the C-5A wing showed that fail-safety of
this wing would have been significantly impaired by MSD at approximately 7500
flight hours. Many more examples would no doubt be evidént if more teardown
inspections had been performed.

The B-747 accident of August 12, 1985, gave cause for an additional concern..,
It was dbelieved that cracking in the aft pressure bulkhead would lead to a
controlled decompression failure mode. This, however, did not appear to
happen. Subsequent crack growth and residual strength tests on B-747 and
B-767 aft pressure domes indicated that the controlled decompression failure
mode was not reliable. Since the supplemental inspection documents for some
airplanes rely on controlled decompression, the validity of these documents
was in question.
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Baged on the concerns expressed above, the Manager of the FAA Aircraft
Certification Division (ANM-100) directed that a team be assembled to assess
large transport category airplanes relative to their potential for MSD and
their capability to accommodate controlled decompression. Recommendations for
actions to maintain safety on operational airplanes were to be developed. The
Manager of the Airframe Branch, Seattle Aircraft Certification Office
(ANM-120S) was tasked with heading the team, conducting the review, and
providing the appropriate recommendations.

APPENDIX J
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IV. DHE REVIEV.

Multiple Site Damage is more acute for the fuselage of an airplane than for
the wing because each flight applies approximately two-thirds of the limit
pressurization condition, whereas the load cycles on the wing during eesch
flight may be relatively benign. Thus, it appears that fuselages of the
present transports will accumulate fatigue damage at a higher rate than will
the wings. Accordingly, only the fuselage was acsessed,

Letters were ssnt to Boeing, Douglas, and Lockheed citing the tean's purpose
and noting that a meeting with each manufacturer would be arranged. Similar
letters were sent to the Civil Aviation Authority - United Kingdom (CAAUK),
the French Direction Generale de 1'Aviation Civile (DGAC), and the Dutch
Rijksluchtvaartdienst (RLD). The latters stated that a tean had been
appointed to determine:

1. For the fuselage, including the pressure bulkheads, were inspection
intervals under the supplemental structural inspection program predicated on
cracks turning at tearstraps or frames?

a. If inspections are predicated on cracks turning, what test data
sre available to show cracks will turn? ’

b. If inspections are required, what are the details of the
inspections?

2. What is the threshold for sultiple site cracking and what data
validates this threshold?

3. What inspections/actions are recommended to maintain safety for the
multiple site cracking problem?

Transport category airplanes which exceed 75,000 pounds taxi weight and are in
extensive use by the airline industry were reviewed. Those reviewed were:

BAC 1-11 DC~-8 L~1011 B-737 B-767
Bie 146 DC-9 B-707 " B-747 A-300
DC-10 B-727 B-757 ' A~310

Discussions of the meetings with each manufacturer follow.

BAe 146 and BAC 1-11

The team met with Dr. John Bristow of the CAAUK to discuss the BAC 1-11 and
the BAe 146. Dr. Bristow stated that neither the BAC 1-11 nor the BAe 145

considersd controlled decomression of the structure ss an obvious failure.
Inapections of the structure are reqiired to prectlude catastrophic failure.

The BAe 146 is e relatively new airplane and fatigue tests are still in
progreass. The fatigue test articles will be cycled for at least tuo lifetimes
of expected operstional use. The BAe 146 will be viewed in light of the
teax's recommendations.
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The BAC 1~11 fatigue test sirplane was cycled for 114,000 flights. There was

- no teardown inspection of the test article and it was subsequently destroyed.

A structural integrity audit was conducted on the BAC 1-11 to allow an
increase beyond its life limit of 60,000 flights. The audit was based on an
engineering assessment of an Allegheny Airlines airplane with 48,000 service
cycles. A teardown inspection for MSD was performed. HMultiple Site Damage
was found in the critical fuselage longitudinal and circunferential splices as
well as in the wing. It appeared that there may have been a 100-inch strip of
MSD. Howeveor, KSD team mnabere were concerned since there were several
instances of multiple c. ack: extending from fastener holes. This cracking
mode did not appear to be typical of fatigue but may have dbeen caused by
aanufacturing problems. Portions of the fuselage skin were cut froc the
airfrane and fatigue tested. Additional analysea were performed. The audit
resulted in a new life limit of 85,000 flights and a supplemental inspection
program for the airplanes beyond 60,000 flights. Should the 85,000 flight
life limit be exceeded, the audit will have to be continued to support the
safety of the BAC 1-11. Should the inspection program find MSD in the areas
of concern, a further reassessment will be neceassary to determine the next
critical MSD areas.

None of the Douglas models depend on controlled déconpr-aaion to ennounce a
structural problem. Inspections of critical elements are necessary.

Douglas believes that MSD thresholds are in exceas of current fleet cycles snd
operational lives. They base this belief on the vast number of pressure
cycles accumulated on their full-scale fatigue test articles and the szall
amount of fatigue cracking found. Additionally, the longitudinal splices of
the DC-10 are designed so the fatigue failures will be readily visible.

Douglas agrees that MSD is e potential problem. They believe that sufficient
fatigue testing will provide assurance that MSD will not occur in the
operational life of an airplane.

L-1011

Lockheed has not considered controlled decompression in their damage tolerant
assessnent of the L-1011,

Lockheed discussed the fatigue test prograr accomplished on the L-1011. They
believe MSD thresholds are beyond lives demonstrated by component and full-
scale tests. All critical parts have been subjected to tests to show adequate
life. It is expected that skin cracks will appear at the firat rivet
sttaching the fuselage skin to sach frame on either side of each stringer,
before MSD becomes a problem. This was demonstrated on a component tes: of °
the crown skin and stringers. Since thr:re rre thousands of these details in
the fuselage, Lockheed expects t'at the c)rsts to repair these cracks will
force the retirement of the airplane and that MSD therefore will never be 3
probles. The L-1011 longitudinal splices have been designed and testeld so
that fatigue failures will occur in readily visidble areas.

Lockheed believes that MSD is properly accounted for when sufficient fatigue
tests are conducted to show that the airplane has acceptable fatigue
characteristics throughout the expected life of the airplane.
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Boeing Airplanes

Boeing's damage tolerant assessment considers the lead crack growing out of a
fastener hole, secondary cracks out of the same fastener hole, and independent
cracks at adjacent fastener holes.

Boeing has four categories for structures.

Category 1 = Secondary structure.

Category 2 -~ Structure that is malfunction evident if it cracks or fails.

Category 3 - Structure that requires an inspection program to maintain
safety.

Category 4 - Safe life structure.

Boeing's position on MSD is that-the current inspection program does account
for the possibility of MSD. They strongly believe that MSD which could cause
net section yielding problems will not be a problem because there will always
be a lead crack that will be found by their current inspection program.

Boeing's supplemental inspection program for the pressure shell is based on
cracks turning or gapping sufficiently to allow safe decompression (flapping -
Boeing's Category 2 structure). Boeing has completed tests of a modified
747/767 aft pressure bulkhead design involving a reinforced center ring and
the addition of heavy tear straps. These tests have demonstrated a fatigue
life over three and a half times the design life goal, and controlled
decompression for very large radial cracks in the lap splices. Structural
ingpection documents will be changed, or other action proposed, to require
inspections for early airplanes with unmodified domes.

Based on the Boeing presentations, it is the concensus of the team that Boeing
may not have included all of the significant aspects and scenarios of MSD in
their damage tolerant assessments. The majority of the team believes that the
data base is not sufficient to support the lead crack hypothesis.

A300-4310

Mr. Claude Frantzen of the French DGAC was contacted to determine if
representatives of the DGAC could come to Seattle, Washington, to discuss the
A300 and A310 airplanes relative to the team's efforts. Mr. Frantzen advised
that a similer team had been created by the DGAC to conduct a similar review
of the A300 and A310. He noted that an exchange of reports should give each
Authority the data necessary to move forward on the problems of concern.

Team Discussions

It was noted that of the four manufacturers whose airplanes had been reviewed,
only Boeing considers and accounts for controlled decompression in their
supplenmental structural inspection prograsms.

In reviewing the results of the initial discussions, .the team detérmined that
an additional understanding of the manufacturers' approach in dealing with MSD
was necessary. Letters were sent to Boeing, Douglas, and Lockheed
(information copies to CAAUK, the French DGAC, and the Dutch RLD) asking the
following:
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1. Inspections are a necessary ingredient in maintaining the health of the
fleet. Inspection intervals are based on finding a lead crack before it
reaches critical length. If MSD is present, it would appear that the critical
crack size could be adversely affected resulting in the inspections being
inadequate. Accordingly, how is this accounted for in the inspection programs
for the pressure shell. : '

2. There may be cases where safety is maintained through controlled
decompression. Should MSD be present in such areas or in bays adjacent to
such areas, it would seem that MSD may adversely affect the safety of the
airplane. Please comment on how this affects the airplanes in your fleet.

3. The team's concern with MSD cracking is that relatively equal length
cracks propagating from a long row of fastener holes may not arrest should the
eracks join. It is believed that the critical crack length for this wmode is
very small due to net section yielding between adjacent crack tips. It would
follow that sophisticated Non Destructive Inspection (NDI) techniques would be
required to find these amall cracks. The team believes that these cracks may,
in fact, be too small to have a sufficient probability of detection. Please
advise the size of these cracks in the critical areas of the pressure shell.

‘The manufacturers' responses to the questions were as follows:

Question 1: Douglas does not expect lead crack residual strength to.dbe
affected by MSD. With the exception of a few cases, the large number of
component and full-scale tests to lives well in excess of anticipated
operational lives demonstrates that MSD thresholds are in excess of
operational lives. Lockheed believes that MSD will not appear in the pressure
shell until other obvious damage has been detected. This is based on low
stress levels, good detail design, and the extensive test program conducted
which substantiated this conclusion. Boeing believes their service and test
evidence shows that MSD occurs nonuniformly with cracking in small groups of
fastener holes. Their inspection programs are established to find cracking as
it develops in these local areas.

Question 2: Both Douglas and Lockheed noted that the question was not
applicable to them as they do not consider controlled decompression. Boeing
believes that service experience and test evidence substantiated that MSD
occurs in small noncontiguous areas. They account for what they consider
realistic MSD in the evaluation of all structure expected to provide safety by
_controlled decompression.

Question 3t According to Douglas, in highly loaded areas MSD crack sizes
would be small. They also believe that wide-spread, detailed inspections for
MSD are not feasible, and for this reason they test components and full-scalé.
articles far beyond the anticipated operational lives of the airplanes. Where
MSD has occurred in service, NDI inspections have been recommended which will
detect the cracks before they become a safety problem. Lockheed believes that
the results of their test progrem show that MSD will not occur in the absence
of prior detectable cracks. Their inspection program is based on finding
these prior cracks rather than the MSD cracks. Boeing believes that a
cracking scenario predicated on small, equal length cracks joining up to form
a long crack is neither realistic nor probable. They believe it i{s probable

)
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that local areas will have cracks of similar size which can and will Join up
to fora a detectable crack. All MSD cracks of which they are aware support
this belief. Inspection intervals are geared to this and oracks will be found
long before the remaining fastener holes have reached their crack initiation
lives.

APPENDIX J
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V. SUouRY.

Multiple Site Damage (MSD) is defined as a cracking phenomenon which may occur
in structure along rows of fastener holes after extended service usage. These
cracks may lead to a net section failure mode or degrade the structure's fail-
safe capability. Because these cracks are visually undetectable, it may be
possible to have a long string of these cracks Join and cause a catastrophe
before crack detection. It is, therefore, necessary to scquire test and
service data to support the existence of this mode of MSD.

As indicated in this report, there are considerable differences in the
manufacturera' approaches to address MSD in their aircraft. There appeared to
be a concensus among the manufacturers that if their aircraft were flown long
enough, there would be cracking at multiple sites; but not all agreed that
this would constitute MSD as defined in this report. To restate the U.S.
manufacturer's position; Boeing believes that the potential for MSD is already
accounted for in their inspection program and a lead crack will always precede
a condition where the structure will fail from net section yielding. Douglas
believes that they design and test to ensure that MSD will not occur in the
operational lifetime of their aircraft. Lockheed designs their aircraft so
that detectable cracks precede the occurrence of MSD.

The team in their deliberations came to several generic conclusions regarding
MSD and its potential for occurrence on large transport category aircraft.

These are set forth in the conclusions portion of this report.

It is possible to design pressure structure to fail in a controlled manner and
cause a controlled decompression rather than an explosive decompression. Some
supplemental structural inspection programs are based on a controlled
decompression announcing structural cracks rather than inspections. With the
failure of the JAL B~747 aft pressure bulkhead, the likelihood of controlled
decompression for that design of pressure bulkhead came under question.
Neither British Aerospace, Douglas, nor Lockheed considered controlled
decompression inm developing the structural inspection programs for their
airplanes; Boeing does take this factor into account.
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VI. CONCLUSIONS.
The team had the following conclusions:

1. At this tine the team sees no evidence that any of the aircraft
included in the assessment are operating unsafely because of MSD. It is the
Judgement of the team that the aircraft have been designed to sound damage
tolerance principles to ensure safe operation. The manufacturers aggressively
pursued the development of inspection programs and have been responsive to
-oditication needs.

2. The previous geriatric assesaments may not have adequately considered
the potential for MSD. Many of these assessments considered multiple cracking
scenarios, but these were quite limited 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 affect inspection methods
and intervals.

3. The ltructural integrity of older aircraft may in the future be
impaired by net section yielding or degradation of fail-safety. The team has
observed enough MSD in service and tests to feel confident that this condition
.18 possible.

4. Assessment of MSD on a given aircraft should be based on tests or
service experience interpreted through teardown inspections. If one examines
the test data in the literature, there is considerable scatter in the
statistical conclusions that may be drawn. Some of the data supports the
Boeing claim that the detection of the lead crack will precede failure through
MSD. Other data 1ndi§atesxthat this approach could lead to an uninspectable
MSD condition. Consequently, to make a meaningful statement about a
particular model, one needs: to examine test and teardown inspection data for
that aircraft.

5. For all aircraft exarined in this assessment, the existing data base
is insufficient to determine’ the onset of MSD. This uncertainty should be
reduced for the DC-9 when tjie teardown inspection data has been analyzed.
However, for most of the other aircraft, the lack of good teardown inspection
information is preventingz a good evaluation for the onset of MSD.

6. Depending on detall design for fuselage skins as thick as .056 inches,
Controlled Decompression (CD) is an acceptable failure mode for the
cylindrical portions of Boeing's current fleet of airplanes, even in the
presence of MSD.

APPENDIX
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VII. RECOMMENDATIONS. .
The team has the following recommendations:

1. As suggested by CAAUK, Service Bulletin 51/A/PM/5830 should be made
mandatory for all BAC 1-11 airplanes. If it appears a BAC 1-11 in gervice
will exceed 85,000 flights, another structrual audit should take place. The
responsible FAA Aircraft Certification Office (ACO) should follow through
accordingly.

2. When the French DCAC reports become available on the A300 and A310,
the responsible FAA ACO should review them in light of the recommendations set
forth in this report and take action as appropriate.

3. The aft pressure domes on the Boeing airplanes, except for the B-767,
were initially considered Category 2 structure. Tests indicate that this
structure should be identified as Category 3. The responsible FAA ACO should
require inspections to find the cracks before a severe problem is encountered.

4. Regarding MSD:

a. Each manufacturer should establish a data base to determine the
threshold and severity of MSD by at least one of the following.

1. Extended fatigue tests Seyond the anticipated service life by
one lifetime accompanied by teardown inspections.

2. Teardown inspections of hightime service airplanes augmented
by component tests, fatigue, and fracture analysis.

3. Other FAA-approved means.

b. From the data base each manufacturer should augment the inspection
program as appropriate. He should also examine each case where
controlled decompression is used for possible MSD effects.

¢. The FAA should mandate the inspection programs.

5. Revise Advisory Circular (AC) 25.571-1A, to clarify that the damage
tolerance assessment 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 assumption, it will be necessary for the manufacturer to suitably
account for this fact.
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