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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 explosive decompression 
and structural failure at 24,000 feet, while en route from Hilo, to Honolulu, 
Hawaii. Approximately 18 feet from the cabin skin and structure aft of the 
cabin entrance door and above the passenger floorline separated from the 
airplane during flight. There were 89 passengers and 6 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 o f  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-1OL and 
the separation o f  the fuselage upper lobe. Contributing to the accident were 
the failure of Aloha Airlines management to supervise properly its 
maintenance force; the failure of the FAA to evaluate properly the Aloha 
Airlines maintenace program and to assess the air1 ine'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 quality of air carrier maintenance programs and 
the FAA survei 1 1  ance of those programs. 

o The engineering design, certification, and 
continuing airworthiness o f  the 8-737 with 
particular emphasis on multiple site fatigue 
cracking of the fuselage lap joints. 

The human factors aspects of air carrier maintenance 
and inspection for the continuing airworthiness of 
transport category ai rpl anes , to i ncl ude repai r 
procedures and the trai ni ng , cert i f i cat i on and 
qualification of mechanics and inspectors. 

o 

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

V 



NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 20594 

AIRCRAFT ACCIDENT REPORT 

ALOHA AIRLINES, FLIGHT 243 

NEAR MAUI , HAWAII 
APRIL 28, 1988 

BOEING 737-200, N73712 

1. FACTUAL INFORMATION 

1.1 H is tory  o f  t h e  F1 i g h t  

On A p r i l  28, 1988, an Aloha A i r l i n e s  Boeing 737, N73711, based a t  
the Honolulu In te rna t i ona l  A i rpo r t ,  Hawaii, was scheduled f o r  a ser ies of 
i n t e r i s l a n d  f l i g h t s  t o  be conducted under T i t l e  14 Code of Federal 
Regulations (CFR) P a r t  121. A captain and f i r s t  o f f i c e r  were assigned for  
t he  f i r s t  s i x  f l i g h t s  of the day w i t h  a planned f i r s t  o f f i c e r  change t o  
complete the  remainder o f  the d a i l y  schedule. 

The f i r s t  o f f i c e r  checked i n  w i t h  the  dispatch o f f i c e  about 0500 
Hawaiian standard t ime a t  t he  Aloha A i r l i n e s  Operations F a c i l i t y .  Af ter  
f a m i l i a r i z i n g  h imsel f  w i t h  the f l i g h t  operations paperwork, he proceeded t o  
the Aloha A i r 1  ines parking apron and performed the  p r e f l i g h t  inspect ion 
requi red by company procedures before the f i r s t  f l i g h t  o f  t he  day. He s tated 
t h a t  t he  a i rp lane  maintenance l o g  release was signed and t h a t  there were no 
open discrepancies. He prepared the cockpi t  f o r  the external  p o r t i o n  o f  the 
p r e f l i g h t ,  e x i t e d  the a i rp lane i n  predawn darkness, and performed the v isual  
e x t e r i o r  inspect ion on t h e  l i g h t e d  apron. He stated t h a t  he found nothing 
unusual and was s a t i s f i e d  t h a t  the a i rp lane was ready f o r  f l i g h t .  

The capta in  checked i n  f o r  duty about 0510; he completed h i s  
predeparture du t i es  i n  the dispatch o f f i c e  and then proceeded t o  the 
a i  r p l  ane. 

The crew f l ew  three round t r i p  f l i g h t s ,  one each from Honolulu t o  
H i l o ,  Maui, and Kauai. They reported t h a t  a l l  s i x  f l i g h t s  were uneventful 
and t h a t  a l l  a i rp lane  systems performed i n  the normal and expected manner. 
F1 ightcrew v i sua l  e x t e r i o r  inspect ions between f l i g h t s  were no t  required by 
Federal Av ia t i on  Admin is t ra t ion (FAA) accepted company procedures, and none 
were performed. 

A t  1100, a scheduled f i r s t  o f f i c e r  change took place f o r  the 
remainder o f  the day. The crew f l ew  from Honolulu t o  Maui and then from Maui 
t o  H i l o .  As w i t h  the  previous f l i g h t s  of the day, no system, powerplant, o r  
s t r u c t u r a l  abnormal i t ies were noted dur ing these operations, and the f l  i g h t s  
were uneventful.  Nei ther  p i l o t  l e f t  the a i rp lane on a r r i v a l  i n  H i l o ,  and the 
crew d i d  not ’perform any v i sua l  e x t e r i o r  inspect ion nor were they requi red t o  
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 

The first officer conducted the takeoff and en route climb from 
The first officer 

at flight level 240. 

Hilo. 
did not recall using the autopilot. 

Maui was listed as the alternate landing airport. 

The captain performed the nonflying pilot duties. 

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 "clap1' 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 
control s felt "1 oose. I' 

Because o f  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) o f  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 
level, she could not hear any radio transmissions, and she was not sure i f  
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 without success. 

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

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

At the Maui Airport, ambulance service was available from the 
nearby community when notified by control tower personnel through the local 
119111' telephone number. Tower personnel did not consider it necessary at 
that time to call for an ambulance based on their understanding of the nature 
of the emergency. 

At 1349 : 00, emergency coordi nation began between Honol ul u 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 Control then advised Honolulu 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'll 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. 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. 

The captain gave the command to lower the flaps. 

Because the captain found the airplane becoming 1 ess control 1 ab1 e 
below 170 knots IAS, he elected to use 170 knots IAS for the approach and 
1 andi ng . 

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 light 
did not illuminate. Manual nose gear extension was selected and still the 
green indicator light 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. l.(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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F l i g h t  243 landed on runway 02 a t  Maui's Kahului A i r p o r t  a t  
1358:45. The capta in  sa id t h a t  he was able t o  make a normal touchdown and 
landing r o l l o u t .  He used the No. 2 engine t h r u s t  reverser and brakes t o  stop 
the a i rp lane.  During the l a t t e r  p a r t  o f  the r o l l o u t ,  the f l a p s  were extended 
t o  40° as requi red f o r  an evacuation. An emergency evacuation was then 
accomplished on the  runway. 

A f t e r  the accident, a passenger s ta ted t h a t  as she was boarding the 
a i rp lane  through the j e t  br idge a t  H i l o ,  she observed a l o n g i t u d i n a l  fuselage 
crack. The crack was i n  the upper row o f  r i v e t s  along the S-1OL l a p  j o i n t ,  
about halfway between the cabin door and the edge o f  the j e t  br idge hood. 
She made no mention o f  the observation t o  the a i r l i n e  ground personnel o r  
f l  ightcrew, 

1.2 I n j u r i e s  t o  Persons 

I n j u r i e s  Crew Passenqers Others Total  

Fatal  1* 0 0 I* 
Serious 1 7 0 8 
M i  nor 0 57 0 57 

3 - 25 - 1 ** - 29 
5 89 1 95 

None 
Tota l  

- 

*Lost i n  f l i g h t ;  a sea search was unsuccessful. 
* * A i r  t r a f f i c  c o n t r o l l e r  seated i n  the observer seat i n  the cockpi t .  

1.3 Damage t o  Airp lane 

1.3.1 General 

A major p o r t i o n  of the upper crown s k i n  and,s t ructure o f  sect ion 43 
separated i n  f l i g h t  causing an explosive decompression' o f  the cabin. (See 
f i g u r e s  1 and 2.) The damaged area extended from s l i g h t l y  a f t  o f  the main 
cabin entrance door, rearward about 18 f e e t  t o  the area j u s t  forward of the 
wings and from the  l e f t  s ide o f  the cabin a t  the f l o o r  l e v e l  t o  the r i g h t  
s i  de window 1 eve1 . 

The value o f  t he  a i rp lane was estimated a t  about $5 m i l l i o n .  As a 
r e s u l t  o f  t he  accident, the a i rp lane was determined t o  be damaged beyond 
r e p a i r .  It was dismantled on the s i t e  and so ld f o r  p a r t s  and scrap. 

' t t E x p l o s i v e  d e c o m p r e s s i o n "  i n  t h i ' s  c a s e  i n d i c a t e s '  a v i o l e n t  e x p a n s i o n  
a n d  n o i s e  f r o m  c a b i n  a i r  r e l e a s e d  u n d e r  p r e s s u r e  r a t h e r  t h a n  t h e  e f f e c t s  o f  a 
c h e m i c a l  e x p l o s i v e  d e v i c e .  



-.FLOOR LEVEL 

LEFT RloHT 
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Figure 1.--Boeing 737-200--Body Stations, 
Stringers, and Section Locations. 
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Figure 2a.--General view, l e f t  side of forward fuselage, N73711 

Figure 2b.--General view, right side of forward fuselage, 

i n  the leading edge flap. 
N73711. Arrow marks fragmerds of  S-4R lodged 
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1.3.2 Fusel age Separation Area 

The fuselage structure consists pr imari ly  of skin, frames,' and 
 stringer^.^ S k i n  panels are joined longitudinally a t  lap jo in ts  where the 
sheet metal of the upper skin panel overlaps the sheet metal of the lower 
skin panel about 3 inches. When manufactured, t h i s  overlapped area was 
bonded and riveted with three rows of countersunk r ive ts .  (See 1.6.2 Lap 
Joint Design and Bonding History.) 

The area  where the structure was missing extended from body 
s t a t i o n 4  (BS) 360 a f t  t o  about BS 540, and circumferentially from j u s t  above 
the f loor  on the l e f t  side of the airplane ( a t  S-l5L), across the crown and 
down the r ight  side t o  a position above the window belt  ( a t  S-1OR) .  The 
structure from the t o p  of the window belt  t o  the floor on the r ight  side was 
distorted severely and bent outward more t h a n  90°. The skin had peeled i n  
t h i s  area leaving the frames, s t r ingers ,  and window forgings i n  place. On 
the l e f t  side below the floor level,  the skin had peeled off the structure i n  
1 arge V-shaped areas. 

Five consecutive floor beams5 a t  BS 420, 440, 460, 480, and 500 
were broken a l l  the way through.  Also, the adjacent floor beams a t  BS 400 
and 500A were cracked nearly a l l  the way th rough .  The fractures and cracks 
were s l igh t ly  t o  the l e f t  o f  the airplane centerline.  The frames a t  these 
same seven s ta t ions were broken on the l e f t  side just below the f loor  beams. 
Most of the center f loor panels from BS 360 t o  BS 947 were displaced upward 
except in the overwing area. The right side cabin f loor  panels had n o t  been 
displaced and l i t t l e  i f  any d is t ress  had occurred a t  the fastener locations 
for  these panels. However, on the l e f t  side of the airplane between BS 400 
and BS 500 along the inboard seat track, there was extensive f loor  panel 
displacement. The floor panels had displaced upward and had reached the i r  
maximum displacement of 4 inches a t  BS 440 (matching the displacement of the 
broken f l  oor beams). 

A fuselage section from BS 365 t o  BS 420 between S-4R and S-8R was 
trapped between the leading edge f lap and inboard side of the r i g h t  engine 
s t r u t .  This was the only significant piece of structure from the damaged 

' F r a m e s  a r e  t h e  c i r c u m f e r e n t i a l  s t r u c t u r a l  me,  m b e r s  o f  t h e  f u s e l a g e .  

' S t r i n g e r s  ( S )  a r e  t h e  l o n g i t u d i n a l  s t r u c t u r a l  members o f  t h e  f u s e l a g e .  
S t r i n g e r s  a r e  i d e n t i f i e d  b y  s e q u e n t i a l  numbers f r o m  t h e  c e n t e r l i n e  o f  t h e  t o p  
c r o w n  o f  t h e  f u s e l a g e  a n d  b y  l e f t  ( L )  a n d  r i g h t  ( R )  l e t t e r s  as v i e w e d  f o r w a r d  
f r o m  t h e  r e a r  o f  t h e  a i r p l a n e .  

4 B ~ d ~  s t a t i o n  ( B S )  r e f e r s  t o  a p o i n t  a l o n g  t h e  f u s e l a g e  m e a s u r e d  
l o n g i t u d i n a l l y  ( i n  i n c h e s )  f r o m  a z e r o  r e f e r e n c e  p o i n t  n e a r  t h e  n o s e  o f  t h e  
a i r p l a n e .  

5 F l o o r  beams a r e  t r a n s v e r s e  s t r u c t u r a l  s u p p o r t  members f o r  t h e  f l o o r ,  
s p a c e d  2 0  i n c h e s  a p a r t ,  r u n n i n g  h o r i z o h t a l l y  b e l o w  t h e  c a b i n  f l o o r  a t  t h e  S -  

17  l e v e l .  
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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. 

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

(See 1.36.3 Materials Laboratory Analysis.) 

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

0 Riqht 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. 

0 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 
locations where the separation was in the butt splice 
strap. 

o Circumferential break at BS 540, left side--From the top 
center of the fuselage to S-lOL, 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 line. At the S-1OL lap joint, the 
fracture followed the upper rivet line of the skin lap 
joint from a position 20 inches forward of BS 540 to a 
position about 6 inches forward of BS 540. There were 
indications o f  preexisting fatigue cracks associated with 
seven consecutive, rivet holes along this portion of the 
rivet line. From S-1OL to the floor line, the skin 
generally had separated several inches forward of 
station 540. 

o Circumferential break at BS 540, riqht side--From the top 
center o f  the fuselage to S-1OR the fractures in the 
stringers and deformed rivets indicated that the 
separated structure was pulled directly forward. In the 
vicinity of S-llR, a small area o f  structure had been 
pulled forward and up. Below S-llR, 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 f3S 360 butt strap near 
S-7R, and in lap joint rivet holes in a piece recovered from the right wing. 
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All 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 surfaces6 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 located in the leading edge of the left wing immediately 
inboard of the engine strut. The broken start lever cable prevented motion 
of the fuel control to the start position; the broken thrust lever cable 
prevented any power increase on the engine. The left engine fuel 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 
Anal ys i s . ) 

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 fl ightcrew oxygen system was undamaged. The fl ightcrew 
and passenger oxygen cy1 i nders were ful ly di scharged. 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. 

'Disbanded i n d i c a t e s  t h e  s e p a r a t i o n  o f  p r e v i o u s l y  j o i n e d  ( g l u e d  
t o g e t h e r )  s u r f a c e s ;  i n  t h i s  c a s e ,  a l u m i n u m  f u s e l a g e  s k i n  p a n e l s .  
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The hydrau l i c  system was no t  damaged. A l l  t he  land ing  gear were 
down and locked, t he  f l a p s  and leading edge devices were f u l l y  extended, the  
spo i l e rs  were re t rac ted ,  and there  was no loss o f  hydrau l i c  f l u i d .  An 
examination o f  t he  nose gear p o s i t i o n  i n d i c a t o r  l i g h t  module revealed t h a t  
one o f  t he  two bulbs was burned out  and t h a t  the  module was s l i g h t l y  loose i n  
i t s  housing. No o ther  discrepancies were found i n  the  nose gear p o s i t i o n  
i n d i c a t i n g  system. 

1.3.4 Pressur iza t ion  System 

The main ( a f t )  ou t f low valve and the  forward ou t f low valve were 
f u l l y  closed. The forward ou t f low valve receives p o s i t i o n  s igna ls  from the  
main outf low valve. The pressur iza t ion  c o n t r o l l e r  was found i n  "automatic" 
and the  f l ight /ground mode se lec tor  swi tch was found i n  the  " f l i g h t "  
pos i t i on .  The f l i g h t  p o s i t i o n  causes the  cabin a l t i t u d e  c o n t r o l l e r  t o  
conform t o  the  selected f l i g h t  p r o f i l e  and a lso  t o  modulate the  main ou t f low 
valve toward the  closed p o s i t i o n  t o  pressur ize the  cabin s l i g h t l y  (0.1 p s i )  
dur ing  ground operation. The swi tch i s  normally se t  t o  f l i g h t  a f t e r  engine 
s t a r t  t o  pressur ize the  a i rp lane;  t he  swi tch i s  se t  t o  "ground" t o  
depressurize a f t e r  t he  landing r o l l o u t .  

Con t inu i t y  checks showed normal system operation. A1 1 re levant  
system components were removed from the  a i rp lane f o r  f u r t h e r  func t iona l  
t e s t s .  (See 1.16.1 Pressur izat ion System.) 

1.4 Other Damage 

None. 

1.5 Personnel In fo rmat ion  

The f l i g h t c r e w  consisted of the  captain, f i r s t  o f f i c e r ,  and th ree  
f l i g h t  attendants. (See appendix B.) 

The captain was h i r e d  by Aloha A i r l i n e s  on May 31, 1977, as a €3-737 
f i r s t  o f f i c e r .  He was upgraded t o  captain on June 1, 1987. He possessed a 
cur ren t  f i r s t - c l a s s  medical c e r t i f i c a t e  w i t h  no l i m i t a t i o n s .  He he ld  an 
a i r l i n e  t ranspor t  c e r t i f i c a t e  w i t h  a type r a t i n g  f o r  t he  B-737. A t  t he  t ime 
of t he  accident, t he  capta in  had accrued about 8,500 t o t a l  f l i g h t  hours w i t h  
6,700 hours i n  the  B-737. His  pilot-in-command t ime w i t h  Aloha A i r l i n e s  was 
400 hours, a l l  i n  t he  8-737. 

The f i r s t  o f f i c e r  was h i r e d  by Aloha A i r l i n e s  on June 4, 1979, as a 
B-737 f i r s t  o f f i c e r .  She possessed a cur ren t  f i r s t - c l a s s  medical c e r t i f i c a t e  
w i t h  a l i m i t a t i o n  f o r  co r rec t i ve  lenses. She holds an a i r l i n e  t ranspor t  
c e r t i f i c a t e  w i thout  type ra t i ngs .  A t  t he  t ime o f  t he  accident, t he  f i r s t  
o f f i c e r  had accrued about 8,000 t o t a l  f l y i n g  hours w i t h  about 3,500 hours i n  
the  B-737. 

A dispatch records review ind ica ted  t h a t  t he  crew had complied 
w i t h  a l l  re levant  f l i g h t c r e w  duty t ime l i m i t a t i o n s .  
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F1 ightcrew training records included documentation of normal and 
emergency procedures training. The Aloha Airl ines fl ightcrew training 
program outline required emphasis on cockpit resource management (CRM) 
concepts; however, the training program did not include a specific CRM 
course, and 1 ine oriented flight training (LOFT) programs were not conducted, 
nor were they required by regulation. 

1.6 Ai rpl ane Informat i on 

1.6.1 General 

The accident airplane, N73711, a Boeing 737-297, serial number 
20209, was manufactured in 1969 as production line 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 limits for this gross weight were 
4 .0  percent and 30.5 percent MAC, respectively. 

The Aloha Airlines fleet consisted of eleven airplanes, all 8-737s. 
Four of the airplanes were considered high time, in excess of 60,000 cycles; 
one was the worldwide fleet leader. 

At the time of the accident, the N73711 had accumulated 35,496 
flight hours and 89,680 flight cycles (landings), the second highest number 
of cycles in the worldwide B-737 fleet. Due to the short distance between 
destinations on some Aloha Airl ines 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 o f  China registration B-2603, experienced an explosive 
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decompression and in-fl ight 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 o f  China. The Safety Board, Boeing, and the FAA participated in the 
investigation. The Republic of China CAA determined that the probable cause 
o f  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 o f  the great 
number of pressurization cycles of the aircraft (a total of 
33,313 landings), 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 lower lobe as cited by the CAA. 
Testimony of Boeing and FAA experts at the Safety Board's public hearing 
(See appendix A.) on the Aloha Airlines accident revealed that the evidence 
cited in the CAA report was consistent with an initial failure in the lower 
lobe of the FEAT airplane. 

A review of N73711's discrepancy logbook, 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 Des i gn 'and Bonding H i  story 

The 8-737 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 

' A i r c r a f t  A c c i d e n t  I n v e s t i g a t i o n  R e p o r t  ( t r a n s t a t i o n ) ,  F a r  E a s t e r n  A i r  
T r a n s p o r t ,  L T D . ,  E o e i n g  7 3 7 - 2 0 0 ,  E - 2 6 0 3 ,  A u g u s t  2 2 ,  1981 ,  C i v i l  A e r o n a u t i c s  
A d m i n i s t r a t i o n ,  M i n i s t r y  o f  C o m m u n i c a t i o n s ,  T a i p e i ,  T a i w a n ,  R e p u b l i c  o f  
C h i n a .  

'The w o r d i n g  o f  t h i s  p r o b a b l e  c a u s e  h a s  b e e n  e x c e r p t e d ,  v e r b a t i m ,  f r o m  
t h e  t r a n s l a t e d  c o p y  o f  t h e  o f f i c i a l  A i r c r a f t  A c c i d e n t  I n v e s t i g a t i o n  R e p o r t .  
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underlying structure. Each skin panel in the upper lobe of section 43 is the 
length o f  the entire section - -  about 18 feet. 

Adjacent skin panels are joined longitudinally by overlapping the 
edge of the upper panel about 3 inches over the edge of the lower panel. The 
overlap (joint) area is fastened with three rows of rivets and a bonding 
process. The center row of rivets secures the lap joint to a stringer 
underneath the skin, which, in turn, is attached to the circumferential 
frames by riveted clips. 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-1OL and S-lOR, 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. 

8 

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 25OoF 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 8-737 production line numbers 1 through 291, the fuselage skin 
ap joints were "cold" bonded. A cold-bonded process used an epoxy 
mpregnated woven "scrim" cloth to join the longitudinal edges of the single 
,hickness 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 loads) 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 life. 
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LINE NUMBER 1-291 

HOT BONDED 

I 

CURED ADHESIVE 
CHEMICALLY 

SCRIM CLOTH 

EXPOSED CURED ADHESIVE 

NOTE: SINGLE THICKNESS AT BOTTOM OF PANEL 

LINE NUMBER 292 & AFTER 

HOT BONDED 
TEAR STRAP 

CURED ADHESIVE 
CHEMICALLY MILLED 
WAFFLE CUTOUTS 

FAY SUR FACE 
SEAL (CHROMATED 

HOT BONDED 

CURED ADHESIVE 

Figure 3. --8-737 Lap splice configuration 
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LINE NO. 1-291 LINE NO. 292-AND AFTER 

NOTE: SKIN THICKNESS DIMENSION 0.036 in. 

NOT TO SCALE * SKIN THICKNESS IS E N W D  TO SHOW M T A k  

Figure 4a. --Lap joint section between tearstraps 
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LINE NO. 1-291 LINE NO. 292-AND AFTER 

Figure 4b.--Lap joint section at tearstraps 
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Laboratory "coupon" tests9 of the bonded joints, as well as the "quonset 
hut''lo 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 lap joints (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 corrosion, 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 joints, and the freeze-thaw cycles. The cold-bond lap 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 8-747 line number 201 and subsequent numbers also 
included fay surface sealed lap joints. 

According to Boeing engineers, when disbond occurs in the bonded 
lap joint, as designed for the B-737, the hoop load transfer through the 
joint is borne by the three rows o f  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 cycl ic with pressurization loads, 
and fatigue cracking ultimately occurred at the site. 

In a cylindrical fuselage like the 8-737, the circumferential 
pressurization stresses are twice as large as the longitudinal stresses. As 
fatigue effects take place, cracks propagate longitudinally, perpendicular to 
the dominant pressurization (hoop) loads. In the B-737, fatigue cracking 

9 1 8 C ~ ~ p o n a 1  d e s c r i b e s  s m a l l  s e c t i o n s  o f  s k i n  s i m u l a t i n g  t h e  j o i n t  
c o n f i g u r a t i o n .  

1 0 u Q u o n s e t  h u t "  r e f e r s  t o  a f u l l  s c a l e  1 / 2  s e c t i o n  o f  f u s e l a g e  c o n t a i n i n g  
b o t h  t h e  u p p e r  a n d  l o w e r  l o b e .  
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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 lap joint 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 in this skin panel are not 
countersunk, fatigue cracking is not as likely to initiate at this location. 

Random cracking at lap joints (See Section 1.17.4,  Service 
Difficulty Report Information) on individual B-737 airplanes has occurred 
over time, related to the original quality of the joint bond and the 
environment in which the airplane operated. The rate of crack propagation 
has been dependent on, among other things, the degree of disbond at the given 
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 in 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 large areas of delamination (disbonding) will 
eventually result in fatigue cracking." The SB program outlined "the 
minimum requirements for maintaining the structural integrity of the lap 
joints." Corrosion and fatigue inspection details and intervals and repair 
instructions were presented. Operator compl iance 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 1 1  
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 I 1 1  covered "Tear Strap 
Inspection and Repair" in the same structural areas as Part 11. 

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 inspection for fatigue 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 0.) 

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 Mai ntenance 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 
fol 1 ows : 

A Check--Primary inspection to disclose general 
condition 

B Check- - Intermedi ate check to determine general condition 
C Check--System and component check, airworthiness 

eval uat i on 

D Check--Structural inspection, determine airworthiness 
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A Boeing study o f  early MPD documents revealed overlap between C 
and D check items. Revision A o f  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 termino 

Table 1. --Frequency o f  Inspect 
(by fl ight hours) 

Boei ng Industry Average 
Check Recommendation (19871 

A 125 3 50 
B 750 650 
C 3,000 3,000 
D 20,000 21,000 

OgY 

on. 

A1 oha 
Schedule 

175 
750 

3,000 
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 0 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 
accompl i shed in overnight segments. 

Aloha Airl ines 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 Airl ines personnel reported that these inspections had 
been incorporated into its letter check maintenance program. However, the 

"Boeing, with a s s i s t a n c e  f r o m  t h e  o p e r a t i n g  airlines, d e v e l o p e d  and 
p r e s e n t e d  to t h e  F A A ,  p r o g r a m s  to extend t h e  o p e r a t i n g  life o f  older 
a i r p l a n e s  a n d  t o  e n s u r e  the c o n t i n u e d  s a f e  o p e r a t i o n  of t h o s e  airplanes. T h e  
F A A  issued A D  84-21-06 e f f e c t i v e  November 1984 to p l a c e  t h e  program in effect 
for t h e  8 - 7 3 7 .  
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Component Historical Record card for these inspections showed no such 
maintenance entries to indicate that the inspections had actually been 
accompl i shed. 

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 
fl ight 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 cycl es 
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 fusel age at BS 400 and BS 520 areas). 

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

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

After the accident, the Safety Board conducted visual inspections 
of the exterior of the airplanes in the Aloha Airlines B-737 fleet. 
Considerable evidence of corrosion on the fuselage of the airplanes in the 
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fleet was seen. Swelling and bulging of the skin (pillowing), dished 
fastener heads, pull ed and popped rivets, and bl i stering , scal i ng , and 
flaking paint were present at many sites along the lap joints of almost every 
ai rpl ane. 

Aloha Airlines did not produce evidence that it had in place 
specific severe operating environment corrosion detection and corrosion 
control programs employing the techniques out1 ined in the Boeing Commercial 
Jet Corrosion Prevention Manual (Boeing Document D6-41910). Program 
requirements in the manual include extensive application o f  water displacing 
corrosion inhi biting 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 unpainted surfaces. A1 oha Ai rl i nes 
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 Air1 ines 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 eval uated a1 1 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 o f  
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 8-737 fuselage structure, 
including section 43: 

o Structural Item Interim Advisories (SIIA) 
o Service Bulletins (SB) 
o Service Letters (SL) 
o In-Service Activity Reports (ISAR) 
o Significant Service Items (SSI) 

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 Fusel age-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 Rep1 acement 

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

Aloha Air1 ines 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.. . .I1 The AD required operators to 
perform a "close visual inspection"12 of S-4L and R, and if cracks were 
found, operators were required to perform an eddy current inspectionl3 o f  the 
skin around the upper row o f  lap joint rivets for the full length of the 
panel. Compliance with the AD was required before the accumulation of 30,000 
landings or within 250 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 limit the scope of the mandatory inspection was 
based on analysis of statistical information available to them and the 
recognition of the scope of work required. 

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

1 2 T h e  S a f e t y  B o a r d  was u n a b l e  t o  L o c a t e  a n  i n d u s t r y  d e f i n i t i o n  o f  a 
lac l o s e  v i s u a l  i n s p e c t  i o n . "  

13An e d d y  c u r r e n t  i n s p e c t i o n  i s  .a  n o n d e s t r u c t i v e ,  t e s t  ( N D T )  m e t h o d  i n  
w h i c h  a n  i n d u c e d  e l e c t r i c a l  e d d y  c u r r e n t  i s  g e n e r a t e d  i n  t h e  t e s t  o b j e c t .  A 
m a t e r i a l  d e v i a t i o n  s u c h  a s  a c r a c k  o r  d i f f e r e n c e  i n  s k i n  t h i c k n e s s  c a u s e s  t h e  
e d d y  c u r r e n t  t o  c h a n g e  a n d  a l l o w s  t h e  a n o m a l y  t o  b e  d e t e c t e d .  
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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 inspection had been accomplished. 

An Aloha Airlines inspector testified at the public hearing that it 
was company practice to perform an eddy current confirmation inspection 
whenever a crack was detected visually. Both the Aloha 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 N73711 
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 policy regarding the requirement for the entry 
of an eddy current inspection in the maintenance log. However, a broad 
examination of maintenance records revealed that other inspectors had made 
such entries 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 
addi ti onal cracks. 

After maintenance personnel accompl i shed 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, 
N737 1 1  had accumul ated 87,056 cycles. The accident occurred at 
89,680 cycl es . 
1.7 Meteorological Information 

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

1.8 Aids to Navi gati on 

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 anomal ies. 

1.10 Aerodrome Information 

After the explosive decompression, the airplane proceeded to the 
nearest suitable landing 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 F1 i ght 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 o f  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 %he 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 
comnunicate. When the airspeed and related wind noise had been reduced to a 
level where conversations were intelligible, the fl ightcrew 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 ejected 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 lacerations and were treated and released on the day of the 
accident. 

Passengers seated in rows 5, 6, and 7 also sustained cerebral 
concussions and mu1 tiple 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 o f  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 o f  the material lost during the 
structural separation, and thus, there was no supply o f  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. All occupants were removed from the 
airplane in 25 minutes. 

1.15.4 Ambulance Response 

The fl ightcrew 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'll need assistance for the passengers when we land," 
was confirmed by ATC personnel. Pol ice 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 assistance. Other ambulance 
vehicles arrived at 1411. 

1.16 Tests and Research 

1.16.1 Pressurization System 

All 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. 

1.16.2 Eddy Current and Visual' Inspection 

An Aloha Airlines inspector under supervision of the Safety Board 
conducted postaccident eddy current inspections on selected portions o f  the 
remaining fuselage lap joints to determine the extent of fatigue cracking of 
the skin along the top row o f  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. 

There were no significant anomalies discovered, 

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. (It is not normal Stripping of the paint layers was not attempted. 
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Aloha Airlines or industry practice t o  remove p a i n t  by sanding.) Two samples 
of the lap j o i n t  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-1OL and 2 cracks along S-14R. There were no cracks along S-1OR or  
S-14L. (Appendix F provides 
de t a i l s  of these inspections.) 

No attempt was made t o  s t r i p  the p a i n t  layers.  

There were 25 locations where previous fuselage skin repairs o r  
rework had been performed. Most of these areas consisted of external doubler 
patches a t  various s t r inger  and frame locations. I n  several areas, 
countersunk r ive ts  had been replaced w i t h  universal buttonhead r ive ts  in lap 
jo in t s ,  mostly in the lower lobe. (Appendix G provides a description of the 
repairs or reworked areas and t he i r  locations.)  

1.16.3 Materials Laboratory Examination 

Selected pieces of the fuselage s k i n  and associated structures were 
returned t o  the Safety Board's Materi a1 s Laboratory for  analysis. These 
pieces included l a p  j o in t  samples (S-4R, S-4L and S-IOL) and a section of a 
circumferential b u t t  j o in t  s t rap.  

The l a p  j o in t  sample, S-4R between BS 360 and BS 420 (found wedged 
i n  the r i g h t  wing area) ,  contained two external doubler patches. The patches 
were removed t o  examine the holes for  evidence of cracks. There was 
extensive fatigue cracking in the upper row r ive t  holes both under and 
between the patches. The examination found one of the longest cracks on the 
airplane,  0.27 inch, i n  t h i s  piece. This s t r inger  section (S-4R) contained 
three areas where the tear straps are riveted above the primary l a p  jo in t .  
There was extensive fatigue cracking present in a l l  three locations. Also, 
the en t i r e  cold-bonded lap j o i n t  had become disbonded. There was l i gh t  t o  
moderate corrosion with severe corrosion (unrepairable depletion of metal) i n  
some areas. Nearly a l l  of the hot-bonded t ea r  straps were disbonded i n  the 
vicini ty  o f  the l a p  j o in t .  

The lap jo in t  samples, S-4L from BS 727 t o  BS 747 and from BS 847 
t o  BS 867, each contained 18 columns of lap jo in t  r ive ts .  The laboratory 
examination revealed fatigue cracking in the skin adjacent t o  nearly every 
hole in the upper r ive t  row with the larger crack lengths located in the 
mid-bay areas (half way between two adjacent circumferential t ea r  straps). A 
comparison of the f inal  results of the postaccident on-scene eddy current 
inspection conducted by Aloha Airlines technicians and the Safety Board 
laboratory findings revealed t h a t  the on-scene eddy current inspection only 
successfully identified cracks larger than 0.08 inch. The laboratory 
examination found f ive  cracks t h a t  measured 0.08 inch (t/-.005). The 
postaccident inspection had identified only one of these f ive  cracks. This 
crack-length inspection threshold o f  0.08 inch varies from the Boeing NDT 
Manual w h i c h  s t a t e s ,  "This inspection can find cracks 0.040 or longer 
beneath the countersunk fastener heads.. . . It 
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The l a p  j o i n t  piece, S-4L, from BS 519 t o  BS 536, exh ib i t ed  fa t i gue  
cracking from 16 consecutive r i v e t  holes along the  upper row o f  l a p  j o i n t  
r i v e t s .  The l a r g e s t  s ing le  fa t i gue  crack i n  one d i r e c t i o n  measured 0.18 inch 
from the k n i f e  edge o f  the countersink. (See f i g u r e  6.) The longest t o t a l  
combined crack l eng th  i n  both d i r e c t i o n s  across a r i v e t  ho le (end t o  end o f  
t he  Both the cold-bonded l a p  
j o i n t  and the hot-bonded t e a r  straps i n  t h i s  area had disbonded. L i g h t  t o  
moderate corros ion was present on the prev ious ly  bonded surfaces. 

crack i nc lud ing  the hole) measured 0.53 inch. 

A t  the request o f  the Safety Board, Boeing performed a s t r i a t i o n  
count on several o f  the l a r g e r  fa t i gue  cracks from the sk in  along S-4R and 
S-1OL t o  determine age and crack propagation ra te .  Although data could no t  
be obtained from a l l  the cracks examined, Table 2 provides the  estimated 
number o f  cycles o f  crack growth found on the  seven crack samples t h a t  
provided s u i t a b l e  data. 

Table 2 . - - S t r i a t i o n  counts on selected cracks 
from the l a p  j o i n t s  along S-4R and S-1OL 

Spec i men Estimated number Crack length 
1 ocat i on o f  cvcles (+/-20%). i n  inches 

S-4R 
S-4R 
S-4R 
S-4R 
S-4R 
S-1OL 
s -  10L 

28,670 
37,148 
28,656 
26,449 
24,056 
23,628 
36,379 

0.105 
0.130 
0.142 
0.154 
0.110 
0.161 
0.145 

An examination o f  the b u t t  s t rap  section. from BS 360 a t  S-7R 
revealed c i r c u m f e r e n t i a l l y  propagating f a t i g u e  cracks from both sides o f  a 
r i v e t  ho le j u s t  forward o f  the j o i n t  l i n e .  The f a t i g u e  regions extended 
0.09 inch above the  r i v e t  ho le and 0.03 inch below the r i v e t  hole. 

The separated ends o f  the No. 1 engine con t ro l  cables were a lso 
examined f o r  cond i t i on  and f a i l u r e  mode. The separation areas o f  the No. 1 
engine con t ro l  cables were cleaned and -examined. Each break exh ib i t ed  
corrosion; on l y  a few of the i nd i v idua l  wires were r e l a t i v e l y  unaffected. 
Many o f  t he  strands exh ib i t ed  corrosion damage through most o f  t he  w i re  
diameter . 
1.17 Addi t ional  Informat ion 

I 1.17 1 General I nspec t i  on of Other A1 oha A i  r l  ines A i  r p l  anes 

The Safety Board reviewed 2-year maintenance records o f  three other 
high-cycle B-737s operated by Aloha Air1 ines--N73712, N73713, and N73717. 
A l l  of t he  requi red A, B, C, and D checks had been signed o f f  a t  the 
appropr iate i n t e r v a l  s . The supplemental s t r u c t u r a l  inspect ions were 
accounted f o r  w i t h  the exception o f  SSID items pe r ta in ing  t o  bulkheads and 
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Figure 6a.--Typical lap joint 
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Figure 6b.--Cross section o f  a rivet and skin 
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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-1OR. 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 M1B 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 o.f 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 dispositdon. 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. 



34 

1.17.2 The 8-737 Fail-safe Design 

Boeing designed the B-737 for an "economic service life"14 of 
20 years and to include 51,000 flight hours and 75,000 cycles. At the time 
the 8-737 was certificated in 1967, Federal Air Regulations required that the 
airplane's structure be capable of sustaining 80 percent of limit load's with 
any complete or obvious partial failure of any single structural element. 
However, the 8-737 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 Ilflap" open, releasing internal pressure in a controlled 
manner without adversely affecting the residual strength of the fuselage as a 
who1 e. 

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 located 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 ikin with 
strap. As anticipated by the design, the 
circumferentially, produced a flap, and 
decompression. Similar results were obtained 
oriented circumferentially. 

a -break in the center tear 
separation redirected itself 
resulted in a controlled 
when the guillotine test was 

l 4 l o e i n g o s  d e f i n i t i o n  f o r  l leconomic s e r v i c e  t i f e l l  r e q u i r e s  t h e  a i r p l a n e  
t o  a t t a i n  t h e s e  v a l u e s  ( 5 1 , 0 0 0  f l i g h t  h o u r s  a n d  75,000 c y c l e s )  w i t h o u t  
s t r u c t u r a l  f a t i g u e  c r a c k i n g  w h i c h  w o u l d  c a u s e  s i g n i f i c a n t  o p e r a t o r  
m a i n t e n a n c e  e x p e n s e .  

1 5 1 1 L i m i t  l o a d a 1  i s  t h e  maximum f l i g h t  Load e x p e c t e d  i n  s e r v i c e .  
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During the  c e r t i f i c a t i o n  program fo r  the  8-737, some o f  the  
knowledge gained on the  8-727 f u l l - s c a l e  c e r t i f i c a t i o n  t e s t i n g  was used by 
Boeing t o  va l i da te  fa t i gue  performance on the  B-737. Skin th ickness of the  
B-737 (0.036 inch) was s l i g h t l y  l ess  than t h a t  of the  B-727 (0.040 inch). 
However, fa t igue t e s t i n g  o f  a complete 8-737 was no t  accomplished as i t  was 
on the  B-727. That i s ,  the  complete 8-727 fuselage was cycled f o r  
60,000 cyc l  es (one economi c design 1 i fe goal ) d u r i  ng c e r t  i f i ca t ion  whereas 
the  B-737 fuselage design concept was demonstrated by f a t i g u e  t e s t i n g  a 
representa t ive  crown-to-keel h a l f  sect ion of the  fuselage. The t e s t  sect ion 
f o r  the  B-737, o r  "quonset hut," was cycled 150,000 t imes t o  f u l l  
p ressur iza t ion  d i f f e r e n t i a l  (two t imes the  75,000-cycle economic design l i f e  
goal ) .  No fa t i gue  cracks developed on the  t e s t  sect ion and no disbonding 
occurred. These t e s t  r e s u l t s  were used t o  v e r i f y  the  B-737 f a t i g u e  l i f e  
expectat ions.  

There was no considerat ion given i n  the  f a t i g u e  evaluat ion t o  the  
p o s s i b i l i t y  o f  disbonding o r  the  e f f e c t s  o f  corros ion on the  s t rength of the  
fuse l  age 1 ap j o i n t s .  

1.17.3 In-Service Model Fusel age Tests 

I n  1986, Boeing acquired a 8-737 t h a t  had been involved i n  an 
i n -se rv i ce  accident. A t  the  Safety Board pub1 i c  hearing, Boeing personnel 
s ta ted  t h a t  the  a i rp lane was purchased f o r  two reasons: 

t o  conduct a thorough teardown o f  the  a i rp lane from nose t o  
stern,  from wing t i p  t o  wing t i p ,  fuselage, wing, empennage; 
and a lso  t o  run some damage to lerance t e s t i n g  o f  the  a f t  
fuselage, s ince the  a f t  body was i n  good condi t ion,  t o  v e r i f y  
some areas we wanted t o  understand f u r t h e r  about pressure 
bu l  kheads. 

The fuselage, l i n e  No. 90, was acquired w i t h  j u s t  over 59,000 
actual  f l i g h t  cycles. Lap j o i n t  and tea r  s t rap  bonds were inspected and 
found t o  be i n  good condi t ion.  Boeing then appl ied over 70,000 add i t iona l  
t e s t  cycles.  The f i r s t  sk in  cracks (seven) located around BS 780 were 
discovered i n  August 1987 by NDT a t  79,000 cycles.  I n  September 1987, a t  
89,000 cycles, there  were about 15 cracks- detected i n  a 20-inch bay area 
around BS 820. The cracks ranged from about 0.37 inch  t o  0.67 inch  t i p  t o  
t i p .  A t  t h i s  po in t ,  Boeing engineers placed add i t iona l  s t raps on the  t e s t  
a r t i c l e  a t  BS 760 and BS 820. A t  the  Safety Board p u b l i c  hearing, Boeing 
ind ica ted  t h i s  step was taken t o  preserve the  t e s t  a r t i c l e  i n  the  event of a 
catast rophic  f a i l u r e .  Boeing f u r t h e r  ind ica ted  t h a t  the  added st raps would 
no t  a l t e r  the  r e s u l t s  o f  the  fa t i gue  tes t i ng .  

When add i t iona l  cycles were applied, i nd i v idua l  cracks j o ined  t o  
form a l a r g e  crack t h a t  grew t o  about 32 inches a t  100,000 cycles.  Test ing 
continued t o  100,673 cycles; when the  crack reached almost 40 inches, the  
sk in  f lapped and con t ro l l ed  pressure release occurred. During the  l a t t e r  
p o r t i o n  o f  the  tes t ing ,  the  s t ruc tu re  and sk in  y ie lded  (deformed), and the  
crack gap remained open w i t h  i n t e r i o r  i n s u l a t i o n  mater ia l  v i s i b l e  a f te r  each 
f u l l  p ressur iza t ion  cycle.  
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1.17.4 Service D i f f i c u l t y  Report Informat ion 

The FAA SDR data base was queried by the Safety Board a f t e r  the 
accident f o r  informat ion pe r ta in ing  t o  the B-737 fuselage. From the 
beginning o f  the current  data base (January 1983) u n t i l  t he  date o f  the 
accident, 1,352 records were found. O f  these, 198 were repo r t s  o f  fuselage 
s k i n  cracks, and 10 o f  these repor ts  were o f  cracking a t  o r  near l a p  j o i n t s .  
S i x  o f  the 10 repor ts  involved l a p  j o i n t s  i n  the upper lobe, whi le  the 
remaining 4 repo r t s  ind icated cracks from the lower lobe o f  the fuselage. 
(See Appendix H.) One repo r t  was submitted a f t e r  the e f f e c t i v e  date o f  
AD 87-21-08, November 2, 1987. A l l  o f  the airplanes c i t e d  i n  the 10 repor ts  
were among the f i r s t  291 8-737 airplanes assembled by Boeing. 

There were 18 SDRs on f i l e  pe r ta in ing  t o  airplanes i n  the Aloha 
A i r 1  ines f l e e t .  Three repo r t s  were on l a p  j o i n t  cracks/corrosion prev ious ly  
c i t ed ,  and two repo r t s  were about upper lobe sk in  cracking where l a p  j o i n t  
involvement could not  be establ ished from the informat ion given. Three o f  
the repo r t s  pertained t o  lower lobe sk in  corrosion; an addi t ional  three 
repo r t s  c i t e d  corrosion a t  cargo door frames and the nose gear wheel wel l  
s t ructure.  The remaining seven repor ts  involved cracks i n  fuselage s t ruc tu re  
other  than sk in  o r  l a p  j o i n t s .  

1.17.5 Supplemental S t ruc tu ra l  Inspect ion .- Program (SSIP) 

As the high-t ime airplanes i n  the wor ld f l e e t  o f  j e t  t ranspor t  
category airplanes began t o  approach t h e i r  o r i g i n a l  l i f e t i m e  design 
object ives,  t he  i ndus t r y  questioned the continued airworthiness o f  the aging 
f l e e t  since many o f  the airplanes would continue i n  service beyond design 
object ives.  This concern u l t i m a t e l y  l e d  t o  a requirement f o r  a s t r u c t u r a l  
reassessment o r  a u d i t  and the development o f  a cont inuing s t r u c t u r a l  
i n t e g r i t y  program f o r  o lder  t ranspor t  a i rp lanes. The a i r  t ranspor t  airframe 
manufacturers developed the required programs, u t i 1  i z i n g  d i f f e r e n t  concepts, 
t o  achieve continued airworthiness o f  t h e i r  aging airplanes. The s t r u c t u r a l  
i n t e g r i t y  programs have resu l ted  i n  d i rec ted  inspections o f  SSIs (any d e t a i l ,  
element, o r  assembly t h a t  cont r ibutes s i g n i f i c a n t l y  t o  carry ing f l i g h t ,  
ground, pressure, o r  con t ro l  loads and whose f a i l u r e  could a f f e c t  the 
s t r u c t u r a l  i n t e g r i t y  necessary f o r  the safety  o f  the a i rp lane)  a t  appropriate 
i n i t i a t i n g  thresholds and repeated i n t e r v a l s  t o  detect  f a t i g u e  damage before 
the l o s s  o f  res idual  strength o f  the airplane's s t ructure.  

I n  1978, the p o r t i o n  o f  14 CFR 25.571 deal ing w i t h  f a i l - s a f e  
requirements was revised t o  r e f l e c t  s ta te -o f - the -a r t  advances i n  f r a c t u r e  
mechanics and s t r u c t u r a l  analysis.  The new regu la t i on  requi red considerat ion 
o f  damage growth cha rac te r i s t i cs  a t  m u l t i p l e  s i t es ,  and an inspect ion program 
t o  incorporate these analyses t o  ensure t h a t  the damage was detected before 
the res idual  s t rength o f  t he  a i rp lane dropped below the regulatory  f a i l - s a f e  
requirements. Thi s was c a l l  ed the damage to1 erance concept. 

Boeing's approach t o  the aging f l e e t  problem f o r  t he  727/737/747 
(which were c e r t i f i c a t e d  under the pre-1978 14 CFR 25.571 c r i t e r i a )  was t o  
reassess these airplanes using the revised 14 CFR 25.571 damage tolerance 
requirements. This reassessment required determination o f  res idual  strength 
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w i t h  the  presence o f  m u l t i p l e  
growth ra tes  , and incorporat ion 
a i rp lane 's  maintenance program. 
reassessment o f  the  e a r l v  model 

ac t i ve  cracks, extensive analys is  o f  crack 
o f  these engineering determinations i n t o  the 

Boeing appl ied the  same methodology t o  the  
a i rp lanes t h a t  was developed t o  c e r t i f i c a t e  

the  model s 757/767 i n  kco rdance  w i t h  rev ised a i rwor th iness regulat ions.  
The development o f  the  program was a cooperative e f f o r t  between Boeing and an 
i ndus t r y  s teer ing  group. The FAA and the  C i v i l  Av ia t ion  Au tho r i t y  o f  the  
U n i t e d  Kingdom were observers, and the  FAA subsequently mandated 
implementation o f  the  program by an AD. For the  B-737, the  program was t o  be 
i n  e f f e c t  no l a t e r  than November 1985. 

Using a p r o b a b i l i s t i c  approach which assumed t h a t  f a t i g u e  cracking 
had occurred i n  the  f l e e t  and t h a t  the  highest t ime a i rp lanes were the  ones 
t h a t  would encounter cracks f i r s t ,  Boeing recommended a candidate f l e e t  of 
h igh-t ime a i rp lanes t o  be inspected under the  SSIP. For the  B-737, the  
candidate f l e e t  consisted of about 125 airplanes, inc lud ing  the  accident 
a i rp lane operated by Aloha A i r l i n e s .  Pos i t i ve  crack i nd i ca t i ons  were t o  be 
repor ted promptly t o  Boeing, where the  discrepancy would be evaluated. If 
the problem was appl icable t o  the  r e s t  of the f l e e t ,  an SB f o r  inspect ion o r  
r e p a i r  would be issued and subsequently mandated by the  FAA through AD 
act ion,  Since the  program was devised t o  detect  instances o f  p rev ious ly  
unknown fat igue cracking of a s t ructure,  the  S S I  was t o  be dropped from the  
program once f a t i g u e  cracking became known and corrected through the  AD 
process. 

During the  program formulation, a s t r u c t u r a l  c l a s s i f i c a t i o n  system 
was devised t o  determine which SSIs u l t i m a t e l y  would be included i n  the  SSIP. 
Only the  SSIs where damage detec t ion  was t o  be achieved through planned 
inspec t ion  were included i n  the  SSIP . '  One o f  the  c l a s s i f i c a t i o n s  by which 
SSIs were excluded from d i rec ted  supplemental inspect ions was t h a t  o f  "damage 
obvious o r  mal funct ion evident."  An example of a s t ruc tu re  t h a t  meets t h i s  
c l a s s i f i c a t i o n  i s  wing skin, where surface cracks are ev ident  through fuel 
leakage, and fuselage minimum gage sk in  t h a t  annunciates a f a i l u r e  by 
c o n t r o l l e d  decompression through f lapping.  Other manufacturers inc lude 
fuselage sk in  i n  t h e i r  s t r u c t u r a l  inspect ion requirements. 

Aloha A i r l i n e s  had incorporated the  S S I P  i n t o  the  maintenance 
programs o f  the  candidate a i rp lanes they operated. Among these a i rp lanes 
were N73711, the  accident airplane, and N73712, as s tated before, the  highest 
cyc le  737 i n  the  wor ld f l e e t .  

Aloha A i r l i n e s '  incorporat ion o f  the  SSID program i n t o  i t s  
maintenance schedule was approved by the  FAA. The SSID provides the  operator 
w i t h  procedures t o  evaluate and supplement t h e i r  e x i s t i n g  s t r u c t u r a l  
inspect ion program by u t i l i z i n g  d i rec ted  supplemental inspect ions.  Aloha 
A i r l i n e s  had no t  discovered o r  reported any items fo l l ow ing  the  performance 
o f  SSID inspect ions.  

1.17.6 FAA Survei l lance o f  Aloha A i r l i n e s  Maintenance 

The FAA's P r i n c i p a l  Maintenance Inspector (PMI) has the  
r e s p o n s i b i l i t y  t o  oversee an a i r l i n e ' s  compliance w i t h  Federal regu la t ions  
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with respect to maintenance, preventive maintenance, and a1 teration 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 
f 01 1 ows : 

Provides guidance to the assigned air carrier in the 
development of required maintenance manuals and record 
keeping systems. Reviews and determines adequacy of manual s 
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 o f  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 su rve i l l ance  o f  Aloha A i r l  ines maintenance a c t i v i t i e s  was 
organized around the d a i l y  work schedule of t he  PMI. I n  a few cases, t he  PMI 
v i s i t e d  the  Aloha A i r l i n e s  maintenance f a c i l i t y  e a r l y  i n  the  morning t o  
assess maintenance pract ices.  I n  most cases, h i s  v i s i t s  took place a f t e r  the 
m a j o r i t y  o f  t he  maintenance work had been accomplished. Thus, the PMI 
p r i m a r i l y  observed completed maintenance act ions r a t h e r  than work i n  
progress o r  t he  actual  cond i t i on  o f  a i rp lanes before the s t a r t  o f  a repa i r .  

The PMI s ta ted t h a t  h i s  heavy workload assignment made frequent 
v i s i t s  t o  observe Aloha A i r l i n e s  maintenance program impossible. The PMI was 
responsible f o r  n ine a i r  c a r r i e r s  and seven r e p a i r  s ta t i ons .  These c a r r i e r s  
and r e p a i r  s t a t i o n s  were spread throughout the P a c i f i c  basin and were 
s i t u a t e d  i n  the People's Republic o f  China, Taiwan, Hong Kong, Singapore, t he  
Phi l ipp ines,  and Hawaii. He s tated t h a t  t he  t r a v e l  distances reduced the  
t ime a v a i l a b l e  f o r  surve i l lance o f  each operator. The PMI  s ta ted  t h a t  he was 
"zeroing i n  on g e t t i n g  the organizat ion [Aloha's maintenance department] up 
t o  date, modernized, g e t t i n g  the program changed t o  a program t h a t  would 
recognize the  changes t h a t  [had] taken place over the  years." The PMI  s ta ted 
t h a t  he had recognized a " lack o f  depth i n  Aloha management" and was 
concentrat ing h i s  e f f o r t s  a t  Aloha A i r l i n e s  t o  resolve t h i s  issue. The PMI 
bel ieved t h a t  improving management would a lso r e s u l t  i n  improvements i n  Aloha 
A i r l i n e s  operat ional  maintenance program. 

The Aloha A i r l  ines Operations Speci f icat ions f o r  maintenance 
inspect ion t ime i n t e r v a l s  i n  e f f e c t  a t  the t ime o f  t he  accident was dated 
August 30, 1982, we l l  before the a r r i v a l  o f  t he  current  PMI.  A D-check 
i n t e r v a l  o f  11,000 hours was extended t o  15,000 hours by the  previous PMI  a t  
t he  request o f  the operator. The t ime increase was based on the "excel lent  
r e l i a b i l i t y  o f  t he  air f rame s t ruc tu re  and inspect ions (which) disclosed no 
s i g n i f i c a n t  f ind ings. .  . . ' I  The Aloha A i r l i n e s  Maintenance Manual containing 
the  D check programl6 had been establ ished i n  1972. 

Further, the PMI was no t  f a m i l i a r  w i t h  Aloha A i r l i n e s  p r i o r  t o  h i s  
assignment as PMI. He t e s t i f i e d  a t  the Safety Board p u b l i c  hearing t h a t  
o ther  members o f  the FSDO, i nc lud ing  the  previous PMI, had informed him t h a t  
Aloha A i r l i n e s  was a good operator and t h a t  there were no problems w i t h  the 
maintenance department. The new PMI s ta ted t h a t  he was no t  made aware of the 
high-t ime status o f  some Aloha A i r l i n e s  a i r c r a f t ,  nor d i d  he receive any 
in format ion regarding the i n -se rv i ce  model t e s t i n g  o f  the B-737 conducted by 
the  manufacturer i n  the  f a l l  o f  1987. 

"The P M l  d o e s  n o t  f o r m a l l y  a p p r o v e  t h e  a i r l i n e  m a n u a l  or c h a n g e s ,  b u t  
t h e  PMI h a s  t h e  r e s p o n s i b i l i t y  t o  r e v i e w  t h e  m a n u a l  a n d  p r o m p t l y  a d v i s e  t h e  
o p e r a t o r  when a n y  p o r t i o n  i s  f o u n d  u n a c c e p t a b l e .  ( R e f e r e n c e ,  A i r w o r t h i n e s s  
I n s p e c t o r s  H a n d b o o k ,  D e p a r t m e n t  o f  T r a n s p o r t a t i o n ,  F e d e r a l  A v i a t i o n  
A d m i n i s t r a t i o n ,  O r d e r  8300.9 J u l y  25,  19.85, C h a p t e r  6 ,  S e c t i o n  4 ,  M a i n t e n a n c e  
M a n u a l  R e q u i r e m e n t s . )  
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1.17.7 Boeing Commercial Airplanes Customer Visits 

As an adjunct to the Aging Fleet Program required by the SSID, 
Boeing 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 ai rpl anes by observing sel ected airpl ane 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 o f  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 
8-737s 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 Airl ines 
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 
A1 oha Ai rl i nes management. Boeing personnel stated they were under the 
impression that Aloha Airl ines was planning to delay the recommended 
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s t r u c t u r a l  overhaul o f  i t s  h igh-t ime airplanes. I n  f a c t ,  a t  t h a t  time, a 
high-t ime a i rp lane (N73712) was i n  the  hangar f o r  heavy maintenance. Boeing 
personnel requested t h a t  the  FAA PMI be excluded from t h i s  meeting i n  order 
t o  "p ro tec t  the  con f iden t ia l  r e l a t i o n s h i p  e x i s t i n g  between Boeing and the  
customer a i r l i n e s . "  The fo l l ow ing  recommendations were made by Boeing t o  
Aloha: 

Reinstate p lan t o  conduct comDlete s t r u c t u r a l  inspect ion on a t  
l e a s t  the  fo l l ow ing  airplanes: N73711, N73712, N73713, N73717. 

Conduct a de ta i l ed  S-4 laD sP l ice  insDect ion on a l l  a i rp lanes 
having over 40,000 f l i g h t '  c y i l e s  and perform 
ac t i on  on any discrepancies found. 

I n i t i a t e  b e l l y  sk in  replacement program. 

Reinstate e x i s t i n g  corros ion cont ro l  program 

t o t a l  co r rec t i ve  

mmediately. 

I n i t i a t e ,  when avai lab le,  Boeing developed maintenance program 
i n c l  uding recommended corros ion con t ro l  program. 

Review and correct ,  as necessary, supplemental s t r u c t u r a l  
inspec t ion  program and a i  r p l  ane sampl i ng program requ i  rements . 
A package o f  b r i e f i n g  notes and r e l a t e d  mater ia l  pe r ta in ing  t o  the  

Boeing team v i s i t s  and b r ie f i ngs  t o  Aloha was reviewed by the  Safety Board. 

A f t e r  the  accident, Aloha A i r l i n e s  responded d i r e c t l y  t o  the  Safety 
Board w i t h  comments addressing the  Boeing v i s i t s  and i t s  documentation. 
Regarding the  maintenance organizat ion evaluat ion,  Aloha A i r 1  ines s tated t h a t  
they had i n i t i a t e d  act ions t o  comply w i t h  many o f  the  recommendations before 
they received the  repor t .  Thei r  r e p l y  i n  p a r t  said: 

P r i o r  t o  the  issuance of the  January 30, 1988, maintenance 
organizat ional  evaluat ion,  many of the  recommendations had 
already been implemented. Since t h a t  date and p r i o r  t o  A p r i l  
28, 1988, several major programs, inc lud ing  the  t o t a l  
reorganizat ion o f  the  Q u a l i t y  Assurance and Maintenance 
depar tments,  have been accomplished. The remaining 
recommendations , i n c l  ud i  ng a new heavy maintenance program 
c u r r e n t l y  being w r i t t e n  by Boeing, are i n  the  process o f  
being implemented. This program w i l l  t a i l o r  Aloha's cur ren t  
corros ion con t ro l  p rac t ices  t o  Boeing's recommended corros ion 
con t ro l  procedures. 

Since the  Boeing r e p o r t  was wr i t t en ,  Aloha had added a Sta f f  
Vice President o f  Q u a l i t y  Assurance and Engineering, a 
D i r e c t o r  o f  Q u a l i t y  Assurance and a Chief  Inspector.  These 
pos i t i ons  were added t o  assure assert iveness and s ta tu re  of 
Aloha's inspectors.  I n  addi t ion,  the  Manager o f  Operations 
Standards i s  prepar ing a new Tra in ing  Manual, which does 
inc lude a special  emphasis on corros ion detect ion.  Aloha has 
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asked Boeing t o  provide add i t iona l  t r a i n i n g  f o r  inspectors i n  
non-destruct ive t e s t i n g  techniques and procedures. 

On March 1, 1988, Aloha increased the  number o f  management 
people i n  the  Q u a l i t y  Assurance Department from 1 t o  4 and 
created a new three (3)  person operations department f o r  
t r a i n i n g  and technica l  pub l i ca t ions  and a new manager o f  shops 
pos i t ion .  An add i t iona l  manager and supervisor i n  Maintenance 
have been added. 

Under the  new maintenance program, "C" checks w i l l  be 
accomplished i n  a two-week extended v i s i t  ra the r  than i n  
overn ight  segments. As p a r t  o f  the new 'IC" check package, 
c r i t i c a l  f low char ts  w i l l  be developed t o  monitor the  
development o f  the  checks. 

Regarding the  aging a i r c r a f t  evaluat ion,  Aloha A i r1  ines noted t h a t  
Boeing d i d  no t  present t h e i r  b r i e f i n g  (and s l i d e  presentat ion)  u n t i l  as much 
as 6 months a f t e r  t h e i r  i n i t i a l  v i s i t s .  Aloha f u r t h e r  stated: 

Boeing's reference t o  " the de ter io ra ted  cond i t ion  o f  h igh 
cyc le  737's" i s  i l l u s t r a t i v e .  When discussing the cond i t ion  
o f  these a i r c r a f t  fo l low ing  the commencement o f  Boeing's aging 
f l e e t  analys is  w i t h  ( o f f i c i a l s )  o f  Boeing, Aloha's President 
and Vice President o f  Operations were assured t h a t  the  
a i r c r a f t  w e r e  sa fe  t o  c o n t i n u e  i n  operat ion.  This 
teleconference occurred on October 16, 1987. These assurances 
were given dur ing Boeing's aging f l e e t  evaluat ion.  

L ike  many a i r l i n e s ,  Aloha had r e l i e d  upon FAA designated 
engineering representat ives and engineers from Boeing's 
Customer Support group t o  assure s t r u c t u r a l  i n t e g r i t y .  I n  
addi t ion,  Boeing has maintained an on -s i t e  customer support 
o f f i c e  manned by a Boeing customer serv ice representat ive 
s ince 1969. Aloha has an e f f e c t i v e  program o f  s t r u c t u r a l  
repa i r .  A l l  requi red s t r u c t u r a l  terminat ing act ions have been 
accomplished. Aloha has 42 years o f  corros ion cont ro l  
experience i n  a harsh environment. I n  fac t ,  Boeing v i s i t e d  
Aloha f o r  i t s  aging f l e e t  analys is  wh i le  two Aloha a i r c r a f t  
were undergoing scheduled corros ion cont ro l  and repa i r .  While 
Aloha a i r c r a f t  experienced a h igh number o f  f l i g h t  cycles, i t  
i s  a lso  t r u e  t h a t  those same a i r c r a f t  f l y  a t  lower a l t i t u d e s  
and pressure d i f f e r e n t i a l s  than other  a i r  ca r r i e rs .  

1.17.8 The Nat ional  Av ia t ion  Safety  Inspect ion Program 

As p a r t  o f  the  FAA's Nat ional  Av ia t ion  Safety Inspect ion Program 
(NASIP), a no t i ce  publ ished by the  FAA on A p r i l  13, 1987, " In te r im  Guidance 
For Conducting Indepth Inspections", states,  "The ob jec t i ve  o f  indepth 
inspect ions i s  t o  determine a i r  c a r r i e r  compliance w i t h  the  FARs, inc lud ing  
company procedures and p o l i c i e s  t h a t  are FAA approved, and w i t h  w r i t t e n  FAA 
guidance mater ia l  .'I Guidance i n  the  form o f  inspect ion c r i t e r i a  i s  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 air1 ine 
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 
i nst ruct ed to : 

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

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

The December 1987 NASIP report of Aloha Air1 ines contained numerous 
regulatory compliance findings. The following were the general introductory 
findings : 

A1 oha Ai rl ines 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 
Survei 11 ance, Re1 iabi 1 i ty Programs, development and control of 
its pol icy 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 fa1 len 
short o f  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: 

2.2.4 Operations Specifications, Page 11 o f  15 
authorizes "Re1 iabil ity Programs'' based on the 
fol 1 owi ng : 

a. Propul si on System Re1 i abi 1 i ty Control Program Pratt 
and Whitney JT8D-7, JT8D-9, and JT8D-17, document 
dated July 2, 1971. 

b. Auxi 1 i ary Power Unit Re1 i abi 1 i ty Program Ai research 
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 A1 oha Ai rl i nes Inspectors 
do not contain a description or source of the 
material used for training in non-destructive 
testi ng . 

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 
Ai rl i nes manual . 
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Aloha Airl ines, 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. 

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. 

The Aloha Airl ines 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 is incorrect because the manufacturer's 
data must be FAA approved. 

the inspection, the FAA provided Aloha Airlines with a copy 
gative team's findings and the airline was provided an 
respond. The Aloha Airlines response was evaluated by the 

local FSDO- staff. Consistent with the FAA Flight Standards policy, the NASXP 
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 ai rpl ane. 

1.17.9 Subsequent FAA Action 

The day following the Aloha Airlines accident, the FAA issued AD 
T88-09-51 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 -lOL 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 -lOL and R. Additionally, a 
reporting requirement was included for positive indications o f  cracking or 
corrosion. The FAA received reports from 18 operators reporting a total o f  
49 findings of corrosion or minor cracking (small, isolated cracks). 
Fourteen airplanes had multiple site cracking (cracks emanating from six or 
more adjacent fasteners). 
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A postaccident evaluat ion o f  Aloha A i r l i n e s  was conducted May 7 
through 15, 1988, by a special  FAA team from the  Western-Pacif ic Region. The 
team was ins t ruc ted  t o  conduct an in-depth inspect ion o f  the Aloha A i r l i n e s  
s t r u c t u r a l  inspect ion program and review the compliance w i t h  s t ruc tu ra l  
a i rwor th iness d i rec t i ves .  A hands-on inspect ion o f  the  Aloha A i r l i n e s  f l e e t  
was not undertaken. 

AD 88-22-11 became e f f e c t i v e  on November 21, 1988, requ i r i ng  the 
inspect ions o f  l a p  sp l i ces  and tea r  straps; AD 88-22-12 was e f f e c t i v e  on 
December 1, 1988, requ i r i ng  the  inspect ions o f  bonded doublers and 
c i rcumferent ia l  sp l ices.  I n  addi t ion,  the mandatory replacement o f  the 
r i v e t s  along the  upper rows of the l a p  sp l i ces  was proposed by a new Not ice 
o f  Proposed Rulemaking (NPRM) signed on October 27, 1988. The f i n a l  r u l e  was 
publ ished as AD 89-09-03 and became e f f e c t i v e  May 8, 1989. 

As a r e s u l t  o f  an FAA sponsored "Conference On Older Airplanes" 
he ld  i n  June 1988, an a i r l i n e  indus t ry  task fo rce  l e d  by the A i r l i n e  
Transport Associat ion, has recommended t o  the  FAA a mod i f i ca t ion  o r  
replacement program t o  assure the airworthiness o f  o lder  a i r c r a f t .  The task 
fo rce  invo lved some 150 i n te rna t i ona l  experts represent ing the  a i r l  ines, 
a i r f rame manufacturers, regu la to ry  agencies, National Aeronautics and Space 
Administrat ion,  and professional  av ia t i on  mechanics from the  United States 
and Asian and European nat ions.  

As a r e s u l t  o f  the  indus t ry  e f f o r t ,  e a r l y  models o f  Boeing 727, 
737, and 747 ai rp lanes w i l l  undergo i n t e n s i f i e d  maintenance and inspect ion 
procedures, many o f  which w i l l  requ i re  mod i f i ca t ion  o r  replacement o f  
selected areas o r  pa r t s  ra the r  than continued inspect ion.  A i r c r a f t  areas 
a f fec ted  w i l l  inc lude l a p  j o i n t s  and bonded j o i n t s  which have experienced 
delamination o r  corrosion. I n  addi t ion,  widescale modi f icat ion,  replacement 
o f  a i r c r a f t  s t r u c t u r a l  mater ia ls ,  f i t t i n g s  and sk in  has been recommended on 
the  basis o f  serv ice experience. Many o f  the  changes ( terminat ing act ions) 
are already being accomplished a t  a i r l i n e  maintenance bases. Boeing 
consol idated a l l  o f  the  proposed modi f icat ions i n t o  a s ing le  document f o r  
each a i rp lane type i n  March 1989. The FAA issued an NPRM f o r  each a i rp lane 
type which proposes the  mandatory completion o f  the modi f icat ions l i s t e d  i n  
the  Boeing documents when an a i rp lane reaches i t s  economic design goal, o r  
w i t h i n  4 years, whichever occurs l a t e r .  Other a i rp lane manufacturers' o lder  
model a i rp lanes are a1 so under review w i t h  s i m i l a r  proposals f o r  consol idated 
serv ice documents. 

I n  addi t ion,  the  FAA F l i g h t  Standards Service created an ongoing 
Aging F lee t  Program. Aging f l e e t  evaluat ion teams were formed w i th  
spec ia l i s ts ,  d i s t r i c t  o f f i c e  inspectors, and c e r t i f i c a t i o n  engineers. These 
teams are v i s i t i n g  a i r l i n e s  t o  evaluate, through over-the-shoulder 
inspect ion,  the  ef fect iveness o f  the  a i r l  ine 's  corros ion con t ro l  programs, 
s t r u c t u r a l  inspect ion techniques, and AD accomplishment. The goal o f  the 
Aging F lee t  Program i s  t o  recommend methods, po l i cy ,  o r  regu la to ry  changes t o  
improve the  maintenance program f o r  operators o f  aging f l e e t  a i r c r a f t  t o  
ensure t h a t  each operator i s  aware o f  and i s  apply ing maximum e f f o r t  i n  the 
app l i ca t i on  o f  s t r u c t u r a l  inspect ion programs t o  a l low aging f l e e t  a i rp lanes 
t o  continue sa fe l y  i n  revenue service. 

1 



47 

2. ANALYSIS 

2.1 General 

The f l i g h t c r e w  o f  f l i g h t  243 was q u a l i f i e d  i n  accordance w i t h  
appl i c a b l  e Federal Av ia t i on  Regul a t  i ons and company po l  i c y  and procedures. 
The a i rp lane was c e r t i f i c a t e d ,  equipped, and operated according t o  
appl icable regu la t ions .  Meteorological condi t ions were no t  a f a c t o r  i n  t h i s  
accident. Aerodrome, navigat ion,  and communications f a c i l i t i e s  d i d  not  
con t r i bu te  t o  the accident. 

The Safety Board determined t h a t  the  accident sequence i n i t i a t e d  
w i t h  the  s t r u c t u r a l  separat ion o f  the  pressur ized fuselage skin.  As a r e s u l t  
of t h i s  separation, an explosive decompression occurred, and a l a rge  po r t i on  
of the  a i rp lane cabin s t ruc tu re  comprising the  upper p o r t i o n  o f  sect ion 43 
was l o s t .  

The Safety Board's analys is  of t h i s  accident included an evaluat ion 
o f  the  s t r u c t u r a l  and me ta l l u rg i ca l  evidence t o  determine the  i n i t i a l  f a i l u r e  
o r i g i n  and the  manner o f  fuselage separation. Further, the Safety Board 
analyzed the  q u a l i t y  and ef fect iveness o f  Aloha A i r 1  ine 's  maintenance 
prac t ices  and the  FAA's overs ight  o f  t h a t  program. Also, human fac to rs  
aspects o f  a i r l i n e  maintenance and inspect ion programs were examined t o  
determine i f  important but r e p e t i t i v e  tasks can be performed more accurately 
by the  assigned personnel. The Safety Board a lso evaluated the  B-737 
s t r u c t u r a l  design and c e r t i f i c a t i o n  concepts and the  support r o l e  o f  the 
manufacturer and the  FAA regarding the  cont inu ing a i rwor th iness of h igh 
t ime/high cyc le  B-737s s p e c i f i c a l l y ,  and the  "aging a i r c r a f t "  f l e e t  i n  
general.  

F ina l l y ,  due t o  concerns about the  cont inu ing airworthiness o f  
aging t ranspor t  category a i r c r a f t  under e x i s t i n g  po l i c i es ,  pract ices,  and 
regulat ions,  the  repo r t  analyzes the  e x i s t i n g  design concepts and regu la t ions  
t h a t  permi t  a t ranspor t  a i r c r a f t  t o  have an i n d e f i n i t e  serv ice l i f e  based on 
proper maintenance, inspect ion and repa i r .  

2.2 Or i gi  n o f  Fusel age Separation 

A postaccident examination of N73711 revealed t h a t  the  remaining 
s t ruc tu re  d i d  not  conta in  the  o r i g i n  o f  the  f a i l u r e .  Since the  sea and a i r  
search did no t  l oca te  recoverable s t ruc tu re  from the  airplane, i t  was 
necessary t o  determine the  f a i l u r e  o r i g i n  by examining and analyzing the  
remaining s t ruc tu re  and the  a i rwor th iness h i s t o r y  o f  the  a i rp lane.  

An examination o f  t he  product ion b u t t  j o i n t  a t  BS 360 ( the forward 
edge o f  sec t ion  43) revealed t h a t  the  frame was i n t a c t ,  as were the  sk in  and 
r i v e t s  forward o f  the  j o i n t  center1 ine. A f t  o f  the  j o i n t  cen ter l ine ,  near ly  
a l l  o f  t he  r i v e t s  remained i n  the  s p l i c e  doubler. These r i v e t s  were deformed 
a f t ,  although the  r i v e t s  between S-5L and S-4R were a lso  deformed t o  the  
r i g h t  o f  a f t .  This deformation ind ica ted  t h a t  the  sk in  immediately a f t  o f  
BS 360 was i n t a c t  up t o  the  t ime o f  separation. S im i la r l y ,  the  sk in  a t  the 
b u t t  j o i n t  a t  BS 540 ( a f t  edge o f  sect ion 43) was i n t a c t  a t  the  t ime 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 90°. Five consecutive floor beams at BS 420, 440, 460, 480, and 500 
were broken all the way through. Also, adjacent floor beams at BS 400 and 
BS 500A were cracked nearly all the way through. Most of the center floor 
panels on the left side from BS 360 to BS 947 had lifted. 

The right side cabin floor panels were not displaced, and little if 
any distress had occurred at the fastener locations for these panels; 
however, floor panels on the left side of the cabin between BS 400 and BS 500 
along the inboard seat track were displaced. This damage suggested that the 
initial failure was on the left side o f  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 Doug1 as Aircraft following a foreign operated 
DC-10 accident17 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. 

1 7 T u r k i s h  A i r l i n e s  A c c i d e n t ,  D C - 1 0 ,  T C - J A V ,  E r m o n o n v i l l e  F o r e s t ,  F r a n c e ,  
M a r c h  3, 1974. 
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The p o i n t  of maximum f l o o r  de f l ec t i on  on N73711 occurred a t  and t o  
the l e f t  o f  the inboard seat t r a c k  f o r  the l e f t  s ide seats a t  BS 440 (seat 
row 3 ) ;  t h i s  i s  an area o f  the f l o o r  t h a t  i s  strengthened t o  sustain cabin 
seat loads. Therefore, the Safety Board concludes t h a t  the i n i t i a l  f a i l u r e  
occurred on the l e f t  s ide o f  the fuselage i n  sect ion 43, probably near BS 
440. 

Because o f  the damage pa t te rn  on N73711 and the service h i s t o r y  o f  
t he  l a p  j o i n t s  on e a r l i e r  B-737s, the most probable o r i g i n  s i t e s  were the 
th ree  upper lobe l a p  j o i n t s  on the l e f t  s ide o f  the airplane--S-4, S-10, and 
S-14. The l a p  j o i n t  a t  S-4L was el iminated as the l o c a t i o n  o f  o r i g i n  o f  the 
f a i l u r e  because o f  t he  a f t  and r i g h t  movement o f  t h e  separated s t ruc tu re  
along BS 360 between S-5L and S-4R. The movement ind icated t h a t  the o r i g i n  
was lower and t o  the l e f t  o f  S-5L a t  the l a p  j o i n t  along S-10L o r  S-14L. 

Had the fuselage f i r s t  separated along S-14L (below the window l i n e  
and above the f l o o r  l i n e ) ,  there would have been only  a small fuselage w a l l  
remaining above the f l o o r  t o  reac t  t o  the pressure i n s i d e  the cabin. The 
r e s u l t a n t  f o rce  reacted by t h i s  small wa l l  area and i n t e r n a l  pressure would 
have been i n s u f f i c i e n t  t o  bend the wal l  outward t o  break the frames. 
However, t he  fuselage on the l e f t  s ide was t o r n  extens ive ly  i n t o  the lower 
lobe, and the fuselage frames had separated above and below the  f l o o r  l i n e .  
Thus, t he  Safety Board concludes t h a t  the separation was probably above the 
l a p  j o i n t  a t  S-14L, t h a t  i s ,  a t  the l a p  j o i n t  a t  S-IOL. 

A t  BS 520 i n  the remaining fuselage, there were f a t i g u e  cracks 
emanating l o n g i t u d i n a l l y  from both sides o f  a t  l e a s t  seven adjacent r i v e t  
holes i n  the sk in  along the l a p  j o i n t  a t  S-1OL. Although t h i s  was not  the 
f a i l u r e  o r i g i n ,  such cracking i s  i n d i c a t i v e  o f  t h e  type o f  preex is tent  
cracking t h a t  probably was present along random areas o f  t he  l a p  j o i n t  a t  
s-IOL. 

Further, a passenger had noted and l a t e r  reported a s k i n  crack a f t  
of t h e  forward e n t r y  door near a top  row o f  l a p  j o i n t  r i v e t s  f o r  S-10L whi le  
boarding the  airplane. .(The passenger l a t e r  was escorted t o  a s i m i l a r  
a i rp lane  and v e r i f i e d  the observation.) bel ieves t h a t  the 
top  r i v e t  row was cracked a t  the S-1OL l a p  j o i n t  j u s t  a f t  o f  BS 360 before 
the  accident f l  i g h t  takeof f .  

The Safety Board 

Add i t i ona l l y ,  passengers seated on the l e f t  s ide o f  t h e  a i rp lane 
s ta ted  t h a t  the'  l o c a t i o n  o f  t he  missing f l i g h t  attendant immediately before 
the  decompression was i n  the  a i s l e  a t  seat row 5. During the decompression, 
evidence ind i ca tes  t h a t  t h e  f l i g h t  attendant was e jected from t h e  a i rp lane  a t  
a l o c a t i o n  corresponding t o  S-1OL near BS 440. 

Consequently, the Safety Board determines t h a t  t he  fusel  age of 
N73711 most probably f a i l e d  ca tas t roph ica l l y  along S-lOL, i n i t i a l l y  near 
BS 440, a l lowing the upper fuselage t o  r i p  f ree.  The reason for t h i s  
catast rophic  f a i l u r e ,  r a t h e r  than the intended f a i l - s a f e  " f lapping"  of the 
s k i n  as designed, was evaluated by the Safety Board. 
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2.3 Fusel age 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 lap joints 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-1OL 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 lap 
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 load. Because the lap joint 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 i s  probable that numerous small fatigue cracks along S-1OL 
joined to form a large crack (or cracks) similar to the crack at S-1OL that 
the passenger saw when boarding the accident flight. The damage discovered 
on the accident airplane, damage on other airplanes in the Aloha Airlines 
fleet, fatigue striation growth rates, and the service history of the B-737 
lap joint disbond problem led the Safety Board to conclude that, at the time 
of the accident, numerous fatigue cracks in the fuselage skin lap joint along 
S-1OL linked up quickly to cause catastrophic failure of a large section of 
the fuselage. 

The Safety Board believes that sufficient fatigue 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 bel ieves that Aloha Airl ines had 
sufficient information regarding lap joint problems to have implemented a 
maintenance program to detect and repair the lap joint damage. The 
information available to Aloha Airlines on lap joint problems included the 
following: 

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

o Aloha Airlines operated in a harsh corrosion 
environment; 

o Aloha Airlines previously had discovered a 7.5-inch 
crack along lap joint S-10L on another B-737 
ai rpl ane; 

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

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

2.4 Aloha Airlfnes 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 6-737 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 Airl ines airplanes exceeded the rate 
which Boeing forecast when the 6-737 MPD was created. Aloha Airlines records 
of aircraft uti1 ization 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 fusel age, the accumul at i on of cycl es on A1 oha Ai rl i nes ai rpl anes remained 
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high and continued to outpace the other B-737 airplanes in the world fleet 
and Boeing's assumptions in developing the MPD. 

The Aloha Airlines maintenance program did not adequately recognize 
and consider the effect of the rapid accumulation of flight cycles. The 
Safety Board notes that flight cycles are the dominant concern in the 
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 Airl ines created a fl ight-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 o f  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 8-737 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 
airplane and effect comprehensive repairs because of the potential for air 
carriers to hurry checks in order to keep airplanes in service. Further, the 
fact that the FAA found this practice to be acceptable without analysis is a 
matter of serious concern. 

The effectiveness of Aloha Airl ines inspection programs was further 
limited by time and manpower constraints and inadequate work planning 
methods. Maintenance scheduling practices uti1 ized 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 re1 ated or unscheduled ma.i ntenance on the ai rpl ane. 

The Safety Board believes that the FAA should include in its 
procedures for the approval of air1 ine 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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f o r  l o w - f l i g h t  hour operators and a maximum cyc le  l i m i t  for  
operators are more appropr iate inspect ion i n t e r v a l s  f o r  these 

Safetv Board a lso bel ieves t h a t  the  FAA should reevaluate the  
guidance provided t o  p r i n c i p a l  inspectors  f o r  approving 

i n d i v i d u a l  operator 's maintenance plans t h a t  d i v i d e  s t r u c t u r a l  inspect ions 
i n t o  a l a rge  number o f  independent work packages (segments) t o  be spread over 
the  normal D check i n t e r v a l .  The Safety Board recognizes the  concept t h a t  the  
D check, as ou t l i ned  i n  the  MPD, f o r  each a i r c r a f t  i s  accomplished i n  a 
reasonable t ime per iod  such as 3 t o  5 weeks. A t r u e  heavy maintenance 
i n s p e c t i o n  i n v o l v e s  extens ive work which may take several days. 
Comprehensive s t r u c t u r a l  inspect ions fo r  aging airplanes, l ikewise,  can best 
be accomplished by a D check i n  which the  e n t i r e  a i rp lane i s  inspected and 
re fu rb ished i n  one hangar v i s i t .  As an a l te rna t i ve ,  some operators have 
found i t  e f f i c i e n t  t o  use yea r l y  b lock C checks w i t h  a phased 1/4 D check 
inspect ion.  Any dev ia t ion  from t h i s  " f u l l  a i rp lane"  inspect ion a t  "seasonal 
scheduling i n t e r v a l s "  should be evaluated c a r e f u l l y  before approval. 

Operator i n i t i a t e d  changes t o  maintenance manuals and operations 
spec i f i ca t i ons  are approved by the  PMI. Many PMI  decis ions requ i re  knowledge 
o f  a i rp lane engineering and human performance f a r  beyond the  c a p a b i l i t i e s  o f  
any one ind i v idua l .  The Safety Board .be l ieves t h a t  the  PMI should be 
requ i red  t o  seek add i t iona l  assistance o r  inpu t  from o ther  d i v i s i o n s  o f  the  
FAA and, through channels, from the  manufacturer and other  operators. The 
types o f  input ,  the  sources f o r  both airworthiness and f l i g h t  standards 
in fo rmat ion  and the  condi t ions under which such input  should be used, need t o  
be reviewed and guidance developed by the  FAA so the  P M I  can perform h i s  
du t i es  more e f f e c t i v e l y .  Therefore, the  Safety Board bel ieves t h a t  the  FAA 
should develop and provide guidance t o  the  PMI f o r  the  approval o f  a i r l i n e  
maintenance plans which are modif ied s i g n i f i c a n t l y  from t h a t  ou t l i ned  i n  the  
MPD. 

2.4.1 Ef fect iveness o f  Inspect ions 

An examination o f  the  remaining p o r t i o n  o f  the  S-4R fuselage 
s t ruc tu re  o f  N73711 i nd ica ted  t h a t  the  S-4R l a p  j o i n t  had been inspected and 
repa i red  as a r e s u l t  o f  AD 87-21-08 i n  November 1987. A t  t h a t  time, cracks 
were detected v i s u a l l y  and two repa i r s  were accomplished. A1 though Aloha 
A i r 1  ines maintenance personnel s ta ted t h a t  an eddy cur ren t  inspect ion o f  the  
remaining r i v e t s  i n  the  panel was conducted t o  comply w i t h  the  requirements 
of the  AD, no mention o f  t h i s  inspect ion was found i n  the  maintenance 
records. 

I n i t i a l  examination o f  the  l a p  j o i n t  between the  two repa i r s  
d isc losed v i s u a l l y  detectable fa t i gue  cracks t h a t  emanated from the  fastener 
holes o f  the  top row o f  r i v e t s .  Laboratory examination revealed the  presence 
o f  many more cracks t h a t  were we l l  w i t h i n  the  eddy cur ren t  detectable range. 
Add i t i ona l l y ,  i t  was noted t h a t  the  upper r i v e t  row between the  repa i r s  and 
forward and a f t  o f  the  repa i r s  s t i l l  contained the  o r i g i n a l  con f igura t ion  
countersunk r i v e t s .  
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S t r i a t i o n  counts o f  f i v e  o f  the l a rges t  f a t i gue  cracks t h a t  were 
present i n  the upper fastener holes o f  the sect ion outside the repaired area 
ind icated these cracks grew less  than 0.020 inch dur ing the t ime between the 
inspect ion i n  November 1987 and the accident. A t o t a l  o f  2,624 cycles had 
accumulated on the accident a i rp lane dur ing t h i s  time. A f t e r  the accident, 
the cracks ranged i n  length between 0.110 t o  0.154 inch. Therefore, a t  the 
t ime o f  the AD inspect ion i n  November, the f i v e  cracks ranged from a low o f  
about 0.09 inch t o  a high o f  about 0.13 inch. 

Eddy current  inspect ions performed by Aloha inspectors on N73711 
a f t e r  the accident could not  detect  cracks t h a t  were l ess  than 0.08 inch i n  
length,  but  the inspect ion r e l i a b l y  detected cracks t h a t  were l a r g e r  than 
0.08 inch. Since the s t r i a t i o n  counts ind icated cracks ex i s ted  i n  the 
s t ruc tu re  t h a t  were above t h i s  value (0.08 inch) i n  length, and t h a t  were 
wel l  w i t h i n  the detectable s i ze  f o r  eddy current  inspection, such cracks 
should have been detected along the upper row o f  r i v e t s  i n  S - 4 R  dur ing the 
November 1987 inspection. This f i n d i n g  suggests t h a t  e i t h e r  the eddy current  
inspect ion was no t  performed i n  November o r  t h a t  the q u a l i t y  o f  the 
inspect ion was such t h a t  the cracks were not  found. 

There are several p o s s i b i l i t i e s  why the inspectors, when complying 
w i t h  the AD, f a i l e d  t o  f i n d  the detectable crack i n  the S-4R l a p  j o i n t  on 
N73711, even though the area repor ted ly  was given an eddy current  inspect ion 
and two inspectors performed independent v i sua l  inspections. F i r s t ,  the 
human element associated w i t h  the v isual  inspect ion task i s  a fac to r .  A 
person can be motivated t o  do a c r i t i c a l  task very we l l ;  but  when asked t o  
perform t h a t  same task repeatedly, f ac to rs  such as expectat ion o f  resu l t s ,  
boredom, task length, i s o l a t i o n  dur ing the inspect ion task, and the 
environmental condi t ions a l l  tend t o  in f luence performance re1 i a b i l  i t y .  

Another f a c t o r  t h a t  can a f f e c t  the human element involved i n  
maintenance and inspect ion per ta ins t o  the e f f e c t  o f  c i r cad ian  rhythms on 
human behavior. A i r l i n e  maintenance i s  most o f t e n  performed a t  n i g h t  and 
dur ing the e a r l y  morning hours; the t ime o f  day t h a t  has been documented t o  
cause adverse human performance. Maintenance programs are most e f f e c t i v e  i f  
task scheduling takes i n t o  account the possible adverse e f f e c t s  o f  sleep 
loss,  i r r e g u l a r  work and r e s t  schedules, and c i r cad ian  fac to rs  on the 
performance o f  mechanics and inspectors. 

For example, compliance w i t h  AD-87-21-08 requi red a c lose v isual  
inspect ion o f  the l a p  j o i n t s  along S-4L and R and eddy current  inspect ion o f  
the upper row o f  l a p  j o i n t  r i v e t s  along the  e n t i r e  panel i n  which defects 
were found. This imposed considerable demands on the  inspector i f  the 
r e s u l t s  o f  t he  inspect ion were t o  be r e l i a b l e .  The AD required a "close 
v i sua l  inspect ion" o f  about 1,300 r i v e t s  and a possible eddy current  
inspect ion o f  about 360 r i v e t s  per panel. Inspect ion o f  t he  r i v e t s  required 
inspectors t o  c l imb on sca f fo ld ing  and move along the  upper fuselage carry ing 
a b r i g h t  l i g h t  w i t h  them; i n  the case o f  an eddy current  inspection, the 
inspectors needed a probe, a meter, and a l i g h t .  A t  times, the inspector 
needed ropes attached t o  the r a f t e r s  o f  the hangar t o  prevent f a l l i n g  from 
the a i rp lane when i t  was necessary to  inspect r i v e t  l i n e s  on top o f  the 
fuselage. Even i f  the temperatures were comfortable and the l i g h t i n g  was 
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good, the  task of examining the  area around one r i v e t  a f t e r  another f o r  
signs o f  minute cracks wh i le  standing on a sca f fo ld ing  o r  on top o f  the  
fuselage i s  very tedious. A f t e r  examining more and more r i v e t s  and f i n d i n g  
no cracks, i t  i s  na tura l  t o  begin t o  expect t h a t  cracks w i l l  no t  be found. 
Further, when the  sk in  i s  covered w i t h  several layers  o f  p a i n t  the  task i s  
even more d i f f i c u l t .  Indeed, the  physical ,  phys io log ica l ,  and psychological  
l i m i t a t i o n s  o f  t h i s  task are c l e a r l y  apparent. 

The d i f f i c u l t i e s  i n  conducting v isua l  inspect ions was discussed by 
D r .  Co l in  Drury, a professor of I n d u s t r i a l  Engineering a t  the  State 
Un ive rs i t y  o f  New York a t  Buffalo,  dur ing the  Safety Board's p u b l i c  hearing. 
He ind ica ted  t h a t  i n  the  inspect ion process, i t  i s  no t  easy f o r  the  human 
being t o  perform a consis tent  v isua l  search because (1) the  area the  searcher 
can concentrate on a t  any one t i m e  i s  l i m i t e d  by the  conspicu i ty  o r  s i ze  o f  
the  defect  t o  be looked f o r  and (2) the  search process may no t  be systematic 
enough; therefore,  the  searcher i s  prone t o  miss areas t h a t  were thought t o  
have been covered. Further, there i s  the  v ig i l ance  decrement dur ing  long 
inspect ion per iods t h a t  have low event ra tes  and t o  some extent  invo lve  
soc ia l  i s o l a t i o n .  D r .  Drury t e s t i f i e d  t h a t  humans tend t o  detect  fewer 
"s igna ls "  as t ime goes on, but  a lso they g i ve  fewer " f a l s e  de tec t ion  alarms." 
What i s  happening i n  those cases i s  t h a t  inspectors w i l l  change the  c r i t e r i a  
o f  what they w i l l  r epo r t  t o  the  extent  t h a t  an inc reas ing ly  l a r g e r  defect  i s  
needed before they w i l l  judge i t  t o  be repor tab le.  Such v ig i l ance  decrements 
occur dur ing  very long and i so la ted  inspect ion duty  times i n  which there i s  a 
low p r o b a b i l i t y  o f  f ind ing  a defect. I n  such cases, the  human being tends t o  
proceed through the  task by saying no when a dec is ion i s  t o  be made. 

Another f a c t o r  t h a t  may have a f fec ted  the  performance o f  Aloha's 
maintenance and inspect ion personnel i s  r e l a t e d  t o  the  q u a l i t y  o f  support 
provided by Aloha management t o  ass i s t  these persons i n  the  performance of 
t h e i r  tasks. Proper t r a i n i n g ,  guidance, and procedures are needed as we l l  as 
an adequate working environment, s u f f i c i e n t  a i r c r a f t  down t i m e  t o  perform the  
tasks ( i .e .  f l e x i b l e  scheduling), and an understanding o f  the  importance of 
t h e i r  du t i es  t o  ensure the  airworthiness o f  the  airplanes. Aloha A i r l i n e s  
t r a i n i n g  records revealed t h a t  l i t t l e  formal t r a i n i n g  was provided i n  NDI 
techniques and methods. The inspector who found the  S-4R l a p  j o i n t  cracks 
r e q u i r i n g  r e p a i r  s ta ted  t h a t  on ly  on-the- job t r a i n i n g  (OJT) had been 
provided since he became an inspector i n  August 1987; h i s  t r a i n i n g  records 
show formal NDI  t r a i n i n g  on September 17, 1987, when a 2-hour t r a i n i n g  
session was g iven by a Boeing representat ive.  Records i nd i ca te  the  inspector 
who provided the  i n i t i a l  OJT had on ly  2 hours o f  formal NDI t ra in ing ,  dur ing 
the  same 2-hour t r a i n i n g  session on September 17, 1987, provided by Boeing. 
Thus, the  Safety Board i s  concerned about how much knowledge the  inspector 
s t a f f  may have possessed about disbonding, corrosion, and f a t i g u e  cracking a t  
the  t ime t h a t  they were requi red t o  perform the  c r i t i c a l  AD inspect ion task. 
I n  fac t ,  dur ing  deposi t ion proceedings, the  inspector  who performed the  f i r s t  
AD inspect ion on N73711 could no t  a r t i c u l a t e  what he should l ook  fo r  when 
inspect ing an a i rp lane f o r  corros ion signs. 

Also, Aloha's f l y i n g  schedule involved f u l l  u t i l i z a t i o n  o f  i t s  
a i rp lane f l e e t  i n  a daytime operation. Thus, the  m a j o r i t y  o f  Aloha's 
maintenance was normal ly conducted only  dur ing the n igh t .  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. 

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 8-737 
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 o f  
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 



57 

technology, composite materials construction and computer self monitoring 
capabilities, the words "computer" and "composite" do not appear in the list 
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 1 icensure. The Safety 
Board is concerned about how well the FAA approved training curricula can 
address the human performance 1 imitations 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 in other countries have formally recognized the 
importance of NDI skills and have required in-depth training, skill 
demonstration, 1 icensing 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) guide1 ines, 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 1 icensing and recurrent certificaton for NDI 
inspectors. 

Selection of inspection personnel was another issue raised during 
the investigation o f  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 is 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 large areas or numerous repetitive actions 
should be automated to the extent possible, or other techniques developed to 
eliminate or minimize the potential errors inherent in human performance of 
such tasks. 

2.4.2 Aloha Airlines Corrosion Control 

The pol i ci es, procedures, and organization of A1 oha Ai rl i nes 
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 Air1 ines 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 o f  the Aloha Airlines fleet 
indicated that pilots and line maintenance personnel came to accept the 
classic signs of on-going corrosion damage as a normal operating condition. 

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

Since the point of maximum upward floor deflection (hence maximum 
cable deflection) was at BS 440 in the cabin, the actual location o f  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 o f  the 
individual wires that comprise the cables had been reduced significantly by 
corrosion damage. This corrosion likely weakened the cables so that they 
separated at a lower than designed load when placed in tension by the 
displacement of the left side floor beams. The cables of the right engine 
a1 so 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 on ly  because of the much smaller amount o f  f l o o r  beam 
def lec t ion  t h a t  occurred on the r i g h t  s ide o f  the cabin. 

The damage t o  the t h r o t t l e  cables appears much the  same as the type 
of corros ion described i n  Boeing Service L e t t e r  (SL) 737-SL-76-2-A issued on 
August 25, 1977. This SL was issued as a r e s u l t  o f  t h e  discovery by Aloha 
A i r l i n e s  t h a t  a carbon s tee l  t h r u s t  con t ro l  cable had corroded and frayed. 
Only f i v e  o f  the seven strands of the cable were reported i n t a c t .  The 
remaining f i v e  strands were a lso corroded, and the corros ion was present on 
the  e n t i r e  length o f  t h a t  p o r t i o n  of the  cable routed through the  wing 
1 eadi ng edge. 

The Boeing recommended ac t ion  fo l low ing  t h i s  discovery was t o  
replace the carbon s tee l  engine cont ro l  cables w i t h  corros ion r e s i s t a n t  
s t a i n l e s s  s tee l  cables on the  production l i n e  beginning w i t h  product ion l i n e  
number 503 which was del ivered i n  September 1977. Boeing recommended t h a t  
operators o f  e x i s t i n g  airplanes replace the  o r i g i n a l  carbon s tee l  cables on 
product ion l i n e  numbers 1 through 502 as required. A t  t h i s  date, the number 
of a i r c r a f t  modif ied i n  accordance w i t h  the appl icable SL has not  been 
establ ished accurately.  Laboratory examination o f  the  separated cables from 
N73711 confirmed t h a t  they were the o r i g i n a l  carbon s tee l  type. The Safety 
Board i s  concerned t h a t  Aloha A i r l i n e s  d i d  not  take advantage o f  the  
manufacturer’s c o r r e c t i v e  ac t ion  f o r  these cables, espec ia l l y  i n  l i g h t  of 
t h e i r  i n i t i a l  d iscovery o f  the problem and recogn i t ion  o f  t h e i r  own harsh 
operat ing environment. 

The record establ  ishes t h a t  corros ion problems were detected by 
Aloha maintenance personnel and, on occasion, r e p a i r s  were deferred without a 
f u l l  eva luat ion by management o f  the  airworthiness imp1 i c a t i o n s  o r  
appropr iate reference t o  the  s t r u c t u r a l  r e p a i r  manual. This leads the  Safety 
Board t o  conclude t h a t  economic considerations, a l a c k  o f  s t r u c t u r a l  
understanding, a i rp lane u t i 1  i za t ion ,  and the  l a c k  o f  spare airplanes were 
factors which may have induced Aloha A i r l i n e s  t o  a l low these de fer ra ls .  

2.4.3 Engineering Services 

A t  the  t ime o f  the  accident, Aloha A i r l i n e s ,  l i k e  many small 
operators, d i d  not  have an engineering department. Some o f  the  funct ions t h a t  
are usua l ly  performed by engineers a t  l a r g e  a i r l i n e s  were accomplished by 
A1 oha A i  r l  i nes Qual i ty Assurance (QA) department. 

The r e s p o n s i b i l i t i e s  o f  an a i r 1  i n e  engineering department genera l ly  
inc lude evaluat ing and implementing manufacturer’s SBs and ADS, evaluat ing 
a i rp lane accidental  o r  corros ion damage, designing o r  evaluat ing repairs,  
estab l  i shing a i r c r a f t  maintenance schedule speci f icat ions,  and prov id ing 
technica l  assistance t o  other  areas o f  the a i r l i n e .  Another important aspect 
o f  engineering s t a f f  a c t i v i t i e s  i s  the oversight o f  inspector performance and 
re1  ated qual i t y  assurance ac t  i v i  t e s  . 

The cond i t ion  o f  h igh cyc le  B-737’s i n  the Aloha A i r l i n e s  f l e e t  
w i t h  respect t o  l a p  j o i n t  corrosion, m u l t i p l e  repai rs ,  and and detect ion of 
fat igue cracking i s  an example o f  what can occur i n  the absence of regular  
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and knowledgeable evaluations of aircraft condition by qualified engineering 
staff. 

Aloha Air1 ines 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-1OR 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. 

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 1 i kely 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 unreal istic for all operators, it believes that 
an equivalent level of safety can be achieved only by using engineering 
representatives from some other source. Qual i f i ed engi neers could eval uate 
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 
air1 ine 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 Responsi bi 1 i ties 

2.5.1 Issuance and Clarity o f  Airworthiness Directives 

In-service fatigue cracking in a disbonded area of a B-737 lap 
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 (which had advised that prolonged operation with disbonded areas would 
result in fatigue cracks), upgrading the SB to Alert status, and notifying 
the FAA. In October 1987, multiple site cracking was discovered during the 
manufacturer’s continued fatight: testing o f  a B-737 aft body section. Within 
the same time frame, the FAA issued AD 87-21-08 which required mandatory 
inspection for fatigue cracking. 

The Safety Board considers it unfortunate that the Boeing Alert SB 
to inspect all lap joints was not issued after the first instance of 
cracking, and that the intent of the Alert 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 Air1 ines accomplished the inspections and repairs 
associated with the AD, they omitted inspections o f  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 
AS6 737-53A1039. The AD pertaining to the lap 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 joint 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 th-i3 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 6-737 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 lap 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 is the responsibility of the operator to develop and 
imp1 ement a proper and complete maintenance program appl i cab1 e 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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u n t i l  i t  i s  so severe t h a t  the damage i s  evident v i s i b l y  from the  cond i t i on  
of the outer  skin.  There have been various experiments on NDT inspect ion 
methods but  none have proved e f f e c t i v e  i n  a l l  cases. The NDT equipment 
manufacturers appear able t o  supply very technical  equipment t o  other 
i ndus t r i es ;  however, i n  the aviaton industry,  ne i the r  the most t e c h n i c a l l y  
advanced and automated equipment nor the human fac to rs  involved i n  using such 
equipment e f f e c t i v e l y  have been pursued thoroughly. The FAA and a i r c r a f t  
maintenance i n t e r e s t s  should challenge the NDT equipment manufacturers w i t h  
the  s p e c i f i c  needs f o r  the a v i a t i o n  indust ry  i n  order t o  develop improved, 
economical, s t a t e - o f - t h e - a r t  equipment and t o  employ methods which minimize 
human performance inadequacies. 

Even though the  corrosion problems w i t h  the  carbon s tee l  engine 
con t ro l  cables have been known f o r  q u i t e  some time, the Safety Board bel ieves 
t h a t  i t  would be b e n e f i c i a l  t o  once again address t h i s  area i n  l i g h t  o f  the 
cable cond i t i on  on the accident a i rp lane and the f a c t  t h a t  some por t ions o f  
the cables can be d i f f i c u l t  t o  inspect. The Safety Board bel ieves t h a t  the 
FAA should issue an Airworthiness D i r e c t i v e  t o  the  operators o f  the af fected 
8-737 a i rp lanes advis ing them o f  the corrosion p o t e n t i a l  o f  carbon s tee l  
engine con t ro l  cables and d i r e c t i n g  them t o  the in format ion contained i n  
737-SL-76-2-A regarding cable replacement. 

2.5.3 FAA Overs1 ght 

The Safety Board has issued numerous safety  recommendations 
pe r ta in ing  t o  the surve i l lance o f  a i r  c a r r i e r  maintenance by the FAA. 
Generally, these safety  recommendations have addressed maintenance problems 
w i t h  s p e c i f i c  a i r c r a f t ,  rev i s ions  t o  manuals, and accident o r  special  study 
i d e n t i f i e d  areas f o r  surve i l lance program improvement. A f t e r  t he  Aloha 
A i r l i n e s  accident, the Safety Board probed deeper i n t o  the  FAA's surve i l lance 
program, i nc lud ing  NASIP. The inves t i ga t i on  and analysis o f  t he  accident 
revealed several areas o f  concern i nc lud ing  s t a f f i n g  l e v e l s  and FAA 
philosophy regarding maintenance survei l lance. 

The i n v e s t i g a t i o n  has revealed t h a t  s t a f f i n g  l e v e l s  i n  some FSDOs 
are i n s u f f i c i e n t .  The PMI  responsible f o r  Aloha A i r l i n e s  i nd i ca ted  t h a t  he 
was a lso assigned as the PMI f o r  n ine other  operators and seven r e p a i r  
s t a t i o n s  throughout the P a c i f i c  r i m  area'. He a lso was assigned out o f  h i s  
geographic area o f  r e s p o n s i b i l i t y  t o  p a r t i c i p a t e  i n  a NASIP inspection. The 
Safety Board bel ieves t h a t  the PMI's workload was too extensive f o r  him t o  be 
adequately e f f e c t i v e .  

As a r e s u l t  o f  the FAA sponsored Safety A c t i v i t y  Functional 
Evaluat ion (Pro ject  SAFE) i n  1984, the FAA F l i g h t  Standards System i s  now i n  
a 5-year program t o  improve inspect ion guidance, f i e l d  survei l lance, and 
standardizat ion.  The FAA has been a l located addi t ional  h i r i n g  a u t h o r i t y  and 
funds t o  increase the  number o f  a i r  c a r r i e r  inspectors. While addi t ional  
personnel w i l l  improve the s t a f f i n g  s i t ua t i on ,  the Safety Board i s  concerned 
about the q u a l i f i c a t i o n s  o f  the newly h i r e d  inspectors and the  t r a i n i n g  of 
t he  inspector force.  Because there are a l i m i t e d  number o f  candidates who 
have extensive a i r  c a r r i e r  backgrounds, the FAA has had t o  h i r e  people w i t h  
general a v i a t i o n  o r  m i l  i t a ry  backgrounds o r  t r a n s f e r  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 levels should help with the 
manpower requirements necessary to review paperwork that ensures that 
ai rl i nes have compl i ed with Federal regul at i ons . 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 i s  required to create an 
effective maintenance surveil lance 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 air1 ine 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 levels 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 o f  responsibility to ensure maximum 
eff,iciency 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 F1 ight 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 1 eve1 of safety performance in the current competitive air carrier 
industry. The Safety Board believes that the authority of the PMI for 
approval o f  ai rl i nes procedures and operations speci f i cat i ons 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 surveil 1 ance 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 used to ensure that 
inspectors perform the required inspections. However, at present, the 
information plays only a limited part to enhance the quality of airline 
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 compl i ance" 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 
'I.. .does not have an effective internal audit program." A1 though FAR 121.373 
"Continuing analysis and surveillance" addresses an air carrier's 
responsibility to maintain a system for continuing analysis and surveillance 
of its inspection and maintenance programs, the FAA NASIP inspectors 
apparently concluded that the regulation was too subjective to use as a basis 
for enforcement action to assure that Aloha Airl ines 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 Airl ines 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 
o f  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 Boei ng 
2.6.1. Boeing 737 Certification 

While the initial certification of the B-737 conformed to existing 
regulatory requirements, the accelerated fatigue testing schedule did not 
compensate for the in-service environmental effects on the bonded lap joints 
or tear straps. The inadequacy of the testing schedule was due in part to 
the state-of-the-art of laboratory bonding verification testing which had not 
yet discovered the problem of long term bond durability. The bond production 
problems did not become known until several years after the airplane went 
into service. It appears that Boeing addressed this problem swiftly 
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, h 
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 1 ifetimes. However, 
the durability of the lap joint cold bond appears to be the governing factor 
producing multiple site fatigue cracking in the B-737 lap joints. The Safety 
Board believes that the Boeing fatigue tests of the fuselage to two lifetimes 
did not generate fatigue cracking, probably because the lap joint and tear 
strap bonds on the test article were initially of good quality. Nonetheless, 
the Safety Board believes in light of the increased knowledge of and concern 
for the occurrence of MSD, the difficulties that may be encountered in 
detecting this type of damage and the catastrophic failure that may result 
from such damage, full-scale fatigue testing to a m,inimum 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 life. 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 1 ifetime. 

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 8-747 
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 life predicted by the manufacturer. The approach to 
fatigue testing for the early B-727 and B-747 airplanes was similar to that 
performed during the B-737 certification in that it did not include the 
possibility o f  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 1 ife, 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 1 ife. 

2.6.2 Boeing Structures C1 assi fication 

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 light of the recent approach for 
possible inclusion in the SSIP. 

2.6.3 Boeing Visits to Aloha Airlines 

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

While responsibility for determining the operational airworthiness 
of the aircraft rests primarily with the operator, both the manufacturer and 
the FAA have a responsibility to verify that conditions do not appear that 
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 i n  
order to resol ve di ff i cul ties 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, Boeing stated that it was 
motivated by a corporate concern to preserve the privacy of communication 
between operators and the manufacturer. 

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

Title 14 CFR 21.3, "Reporting of Failures, Malfunctions, and 
Defects," is intended to ensure that the FAA becomes aware of service 
difficulties that are not reported through the existing service difficulty 
system, The lap joint and tear strap corrosion and potential fatigue 
cracki ng probl ems were we1 1 known and correct i ve action was being formul ated . 
The Safety Board recognizes that although Boeing had no regulatory ob1 igation 
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 fl ightcrew's actions were consistent with simulator 
training situations which minimize the exposure to physiological effects. 
The fl ightcrew's success in managing the multiple emergency situations and 
recovering the aircraft to a safe landing speaks well of their training and 
ai rmans hi p . 

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 ambul ance response. 
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It was apparent from crew in terv iews and the FDR t h a t  a r a p i d  
descent was i n i t i a t e d  s h o r t l y  a f t e r  the explosive decompression. The Safety 
Board notes t h a t  speed brakes and 280 t o  290 K I A S  were used without f i r s t  
assuring the s t r u c t u r a l  i n t e g r i t y  o f  the a i rp lane ( the  cockpi t  door was 
missing and sky was v i s i b l e  overhead). The I A S  used i n  the descent, although 
i t  minimized the t ime a t  a l t i t u d e ,  increased the  maneuvering loads and 
subjected the  passengers t o  f l a i l i n g  and windburn from the e f f e c t  o f  
exposure. The open fuselage break was a lso subjected t o  h igh dynamic 
pressure from the wind force.  

The Operators Manual , Emergency Descent procedure (and emergency 
c h e c k l i s t )  s ta tes t h a t  i f  s t r u c t u r a l  i n t e g r i t y  i s  i n  doubt, " l i m i t  airspeed 
as much as poss ib le  and avoid high maneuvering loads." The Safety Board 
considers t h a t  evaluat ion o f  the s t r u c t u r a l  i n t e g r i t y  and techniques of 
emergency descent ( ta rge t  airspeed, conf igura t ion  changes, and maneuvering 
loads) can be c r i t i c a l  t o  the success o f  f u r t h e r  f l i g h t .  The Safety Board 
there fore  suggests t h a t  the FAA issue an A i r  Car r ie r  Operations B u l l e t i n  
(ACOB) t o  review the  accident scenario and r e i t e r a t e  the  need t o  assess 
a i rp lane airworthiness as stated i n  the operators manual before tak ing  any 
ac t ion  t h a t  may cause f u r t h e r  damage o r  the breakup o f  a damaged airframe. 

I n  the course o f  t h i s  accident, ATC changed frequency f o r  primary 
r a d i o  contact  w i t h  the a i rp lane dur ing the emergency. F l i g h t  234 was 
t r a n s m i t t i n g  transponder emergency code 7700 and a f t e r  some d i f f i c u l t y ,  the 
crew establ ished contact  w i t h  Maui Tower; Maui Tower was i n i t i a l l y  no t  
apprised of the f u l l  nature o f  the emergency o r  the s t r u c t u r a l  damage. 
A f t e r  n o t i f i c a t i o n  o f  the emergency, ATC d i rec ted  a frequency change t o  Maui 
approach c o n t r o l .  Later, f l i g h t  243 contacted Maui Tower f o r  landing. The 
Safety Board recognizes the requirement f o r  such frequency changes dur ing 
normal operations; however, Maui Tower received both the emergency 
transponder code and conf i rmat ion o f  a pressur izat ion emergency before t h e i r  
i n s t r u c t i o n s  t o  change frequency. 

The Safety Board wishes t o  r e i t e r a t e  t h a t  ATC must make every 
e f f o r t  t o  minimize the workload o f  a crew dur ing an emergency. Further, an 
e r r o r  dur ing the handoff could r e s u l t  i n  l o s t  communications and a possible 
loss o f  p o s i t i v e  t r a f f i c  con t ro l  o f  the emergency a i r c r a f t .  

The Safety Board i s  a lso concerned about the circumstances 
surrounding the  ambulance response a t  the Maui a i r p o r t .  Had the  ambulance 
serv ice been n o t i f i e d  e a r l i e r  by the cont ro l  tower and been wa i t ing  a t  the  
a i r p o r t  when the a i rp lane landed, the  ser ious ly  i n j u r e d  passengers could have 
been t rea ted  and transported t o  the hosp i ta l  13 minutes sooner. It i s  
incumbent on those persons making a judgement f o r  n o t i f i c a t i o n  o f  emergency 
services t o  be aware o f  the circumstances and p o s s i b i l i t i e s  o f  each 
scenari 0 .  
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3. CONCLUSIONS 

3.1 Findings 

1. The f l igh tc rew was c e r t i f i c a t e d  and q u a l i f i e d  f o r  the  f l i g h t  
and the  a i rp lane was dispatched i n  accordance w i t h  company 
procedures and Federal regul  a t  i ons . 

2. Weather was no t  a f a c t o r  i n  t h i s  accident. 

3.  Although Aloha A i r l i n e s  operated according t o  the FAA 
operat ing c e r t i f i c a t e  and operations spec i f i ca t ions ,  the  
qual i t y  o f  A1 oha A i  rl i nes maintenance and inspect ion program 
was d e f i c i e n t .  

4 .  There was no evidence o f  p reex i s t i ng  f a i l u r e  o r  malfunct ion of 
the  a i rp lane 's  a i r  condi t ion ing,  pressur izat ion,  pneumatic, o r  
e l e c t r i c a l  systems t h a t  could have contr ibuted t o  the  fuselage 
f a i  1 ure. 

5. The f l i gh tc rew 's  use o f  a ta rge t  speed o f  280-290 K I A S  and 
speedbrakes i n  the  descent a f t e r  the  s t r u c t u r a l  separation 
ind ica ted  they d i d  not  consider the  appropr iate emergency 
descent check l i s t  which states,  i n  par t ,  t h a t  i f  s t ruc tu ra l  
i n t e g r i t y  i s  i n  doubt, airspeed should be l i m i t e d  as much as 
poss ib le  and h igh maneuvering loads should be avoided. 

The l e f t  engine became inopera t ive  because the  engine cont ro l  
cables separated due t o  an increase i n  cable tens ion caused by 
cabin f l o o r  deformation, coupled w i t h  corros ion found i n  the  
area o f  cable separation. 

6. 

7. The fuselage f a i l u r e  i n i t i a t e d  i n  the  l a p  j o i n t  along S-1OL; 
the  f a i l u r e  mechanism was a r e s u l t  o f  m u l t i p l e  s i t e  fa t i gue  
crack ing o f  the  sk in  adjacent t o  r i v e t  holes along the l a p  
j o i n t  upper r i v e t  row and tea r  s t rap  disbond which negated the  
f a i l - s a f e  cha rac te r i s t i cs  o f  the  fuselage. 

8. The fa t i gue  cracking i n i t i a t e d  from the  k n i f e  edge associated 
w i t h  the  countersunk l a p  j o i n t  r i v e t  holes; the  k n i f e  edge 
concentrated stresses t h a t  were t rans fer red  through the  r i vets 
because o f  l a p  j o i n t  disbonding. 

9. The disbonding o f  l a p  j o i n t s  and t e a r  straps o r ig ina ted  from 
manu fac tu r ing  d i f f i c u l t i e s  encountered w i t h  s u r f a c e  
preparat ion and/or bond mater ia l  processing dur ing  the 
cons t ruc t ion  o f  the  a i rp lane which resu l ted  i n  l a p  j o i n t  bonds 
w i t h  low environmental d u r a b i l i t y  o r  a l a c k  o f  bonding. 

10. Although a representat ive fuselage sect ion o f  a Boeing 737 was 
tes ted  t o  150,000 cycles dur ing c e r t i f i c a t i o n ,  the  t e s t  d i d  
no t  r e f l e c t  the  fa t i gue  performance o f  the  actual  f l e e t  
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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. 

11. Disbonding of 8-737 lap 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. 

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

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

14. 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. 

15. 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. 

16. 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 
t ec hnol ogy . 

17. There are human factors issues associated with visual and 
nondestructive inspection which can degrade inspector 
performance to the extent that theoretically detectable damage 
i s over1 ooked. 

18. 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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19. 

20. 

21. 

22 .  

23. 

24. 

25. 

26. 

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 survei 1 1  ance 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 loop regarding Boeing aging aircraft 
inspections of Aloha airplanes and not apprised of the 
program between the FAA Aircraft Cert i f i cation Service and 
Boeing regarding structural testing of an in-service airplane. 

Principal Inspectors have difficulty initiating safety 
improvements in air carrier operations and maintenance 
programs outside the "regulatory compl i ance" 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 di sbonding and 
fatigue damage which ultimately led to failure of the lap joint at S-10L and 
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the separation of the fuselage upper lobe. Contributing to the accident 
were the failure o f  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. RECOMMENDAT IONS 

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 air1 ine maintenance 
programs and operations speci f i cat i ons which propose 
segmenting major maintence inspections. (Class 11, 
Priority Action) (A-89-53) 

Identify operators whose airplane use differs 
significantly from the flight cycle versus flight 
time relationship upon which the Maintenance 
Planning Document was predicated, and verify that 
their maintenance programs provide timely detection 
of both cycle and time related deficiencies. 
(Class 11, 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 
i ncl ude modern aviation industry technology. 
(Class 11, Priority Action) (A-89-55) 

Require formal certification and recurrent training 
of aviation maintenance inspectors performing 
nondes t ruc t i ve i nspect i on functions . Formal 
training should include apprenticeship and periodic 
skill demonstration. (Class 11, 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. Requ i re operators to 
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periodically test personnel on their ability to 
detect the defined defects. (Class 11, Priority 
Action) (A-89-57) 

Develop a continuing inspection program for those 
8-737 airplanes that have incorporated lap joint 
terminating action (protruding head sol id 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 inspect ions, inspection 
intervals, and corrective actions needed for 
continuing airworthiness. (Class 11, 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 11, 
Priority Action) (A-89-59) 

Issue an Airworthiness Directive for 6-737 airplanes 
equipped with carbon steel engine control cables to 
periodically inspect the cables for evidence of 
corrosion and if there is such evidence, to 
accomplish the actions set forth in Boeing Service 
Letter 737-SL-76-2-A. (Class 11, Priority Action) 

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 qual i ty assurance sections and 
overall effectiveness of continuing airworthiness 
programs. (Class 11, Priority Action) (A-89-61) 

(A-89 - 60) 

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 11, 
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 11, 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 11, 
Priority Action) (A-89-64) 

Integrate the National Aviation Safety Inspection 
Program team leader in the closeout of the team 
findings. (Class 11, 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 
o f  safety above the regulatory minimums, 
(3) improved accountability for the quality of the 
surveillance and (4) additional headquarters 
assistance in standardizing surveillance activities. 
(Class 11, Priority Action) (A-89-66) 

Require that all 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 11, Priority Action) (A-89-67) 

Discontinue classification of fuselage skin as 
"mal function 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 11, 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 o f  a damaged airframe. (Class 11, 
Priority Action) (A-89-69) 



77 

--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 11, Priority 
Act i on ) (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). (C1 ass I I, 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 o f  airworthiness of the 
fleet. (Class 11, 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 
bull et i ns , performance of i nspect i on and qual i ty 
assurance sections, and overall effectiveness of 
continuing airworthiness programs. (Class 11, 
Priority Action) (A-89-73) 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

/s/ J i !  1s d 
Acting Chairman 

/s/ J i m  Burnett 
Member 

/s/ JoseDh T. Na l l  
Member 

/s/ bemoine 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 fattgue 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 majority'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 o f  this accident was the presence of undetected disbonding and 
fatigue cracking which led to the failure of the fuselage lap joint at S-1OL. 

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 Air1 ines 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 lack of a complete 
terminating action (neither generated by Boeing nor required by the FAA) 
after the discovery of difficulties in the early production B-737 cold bond 
lap joint. 

/s/ Joseph T. Nall 
Member 

June 14, 1989 



79 

APPENDIXES 

APPENDIX A 

INVESTIGATION AND ,HEARING 

1. Invest i gat i on 

The Washington Headquarters of the National Transportation Safety 
Board was notified o f  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 o f  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. Pub1 ic 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 INFORMAT I ON 

:hornst hei mer 

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 anqther 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. 

Fi rst Off i cer Made1 i ne Lynn Tompki ns 

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 o f  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. 

F1 ight Attendant Clarabelle Lansing 

Flight Attendant Clarabelle Lansing, 58, was emRloyed 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. 



81 

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. 

F1 ight Attendant Jane Sato-Tomi ta 

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 line maintenance department. He has served as an Aloha 
Ai rl i nes mai ntenance supervi sor . He holds FAA Ai rpl ane and Powerpl ant 
License 1687694 and has 22 years experience in aircraft maintenance. He was 
appointed to his present position as an inspector in September, 1987. 
Mr, Soong testified that his inspector training was received through 
on-the-job instruction. Mr. Soong‘s Aloha Airlines Formal Training Record 
contains one entry for the period subsequent to his appointment as an 
inspector, an NDI workshop presented by Boeing for 2 hours. 

Senior Lead Inspector Edward Matsumoto 

Senior Lead Inspector Edward Matsumoto was employed by 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 

TRANSMITTAL SHEET 

Boeing Service B u l l e t i n  737-5301 039 

T h i s  sheet t r ansmi t s  REVISION 2 dated February 8, 1974 
t o  Service B u l l e t i n  737-5301 039 ,  BODY S K I N  LAP J O I N T  
INSPECTION AND REPAIR. 

NOTE: T h i s  r ev i s ion  c o n s t i t u t e s  a complete re i ssue .  

SUMMARY 

T h i s  r ev i s ion  i s  issued t o  add a s p e c i f i c  corrosion and 
f a t i g u e  damage inspec t ion  program, expand t h e  e f f e c t i v i t y  
t o  inc lude  a i rp l anes  sealed i n  production, delete u l t r a -  
s o n i c  void and feeler gage inspect ions,  delete seve ra l  
u l t r a s o n i c  thickness  measuring instruments and incorpora te  
outs tanding s t a t u s  change not ices .  

Airplanes on which lap  j o i n t s  were sealed per Service 
B u l l e t i n  53-1017,  SEALING OF COLD-BONDED STRUCTURE FOR 
CORROSION PROTECTION, a s  an adhesive de t e r io ra t ion  and 
corrosion prevent ive measure require corrosion and f a t i g u e  
damage in spec t ion  pe r  t h i s  revision. 

Airplanes on which j o i n t s  were refastened per previous 
i s s u e s  of this b u l l e t i n  or  t h e  methods detailed i n  
S t r u c t u r a l  Repair Manual, 53-30-1, Figure 5 ,  require 
corrosion inspec t ion  only per t h i s  revis ion . 
A l l  pages of t h i s  r ev i s ion  contain new, rev ised  or 
relocated information. 

REVISION HISTORY 

Or ig ina l  I s s u e t  Ju ly  19,  1972 
Revision 1: October 11,  1972 
Revision 2:  February 8. 1974 

BOEING COMMERCIAL AIRPLANE COMPANY 
CUSTOMER SUPPORT 
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APPENDIX C 

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

NO: 737-53-1039 
DATE: July  19, 1972 

ATA 
SYSTEM: 53  7a7 REVISION 2: February 8, 1974 I 

I 
SUBJECT: BODY SKIN LAP JOINT INSPECTION AND REPAIR 

I. Planning Information 

A. E f f e c t i v i t y  

1. Airp lanes  Af fec ted  

Thi s  change i s  appl i cab le  on ly  to the  a i r p l a n e s  
l i s t e d  below. 

CUSTOMER 6 MODEL & 
CUSTOMER NO- S E R I E S  MFG- SERIAL NU. hEGISTRY NO. 

AF ( A I R  FRANCE) I PG204CPG222  737-247 19601 AND 20126 N4504W AND N4522W 

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

737-53-1039 
Page 1 of 29 
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APPENDIX C 

BOEING S E R V I C E  BULLETIN NO. 737-53-1039 

CUSTOMER t MODEL t 
CUSTOMER NO. SERIES MFG. SEGIAL NO. REGISTRY NO. 

AH ( A I R  ALGERIE) I PL716 737-206 20544  7T-VEC 

AP ( A I R  CALIFORNIA) 
PG271-PG274 737-293 19306  THRU 19309 N46lGB THRU N464GB 
PG275tPG276 737-293 19713  AND 15714  N465GB AND N467GB 
PG277tPG278 737-293 20334 AND 20335 N468AC AND N469AC 

A 0  (SOUTHWEST AIRLINES C0.L 
PG279 737-293 20336 
PG705 737-297 20345 I P X 0 7 l  737-297C 20346 

N22SW 
N2lSW 
N23Sk 

AR t ARGENTINAS) 
PH705-PH7CB 737-287 20403 THRU 20406 LV-JMW THRU LV-JMZ 
PH74 l tPH742  737-287 20523 AND 20537 LV-JTD AND LV-JTO I PYOO7CPYOO8 737-287C 20407  AN0 20408 LV-JNO AND LV-JNE 

BU (BRAATHENS ) 
PJ001EPJ002 737-205 19408 AND 19409 LN-SUS AND LN-SUP I PY381 737-205C 20456 LN-SUA 
PL803 737-2A6 20412 LN-SUG 

CP (CANADIAN PACIF IC)  
PG501-PG504 737-217 19884 THRU L9887 CF-CPB THRU CF-CPk 
PG505 737-217 i g m  C F-C PU 
PJO31tPJO32 737-217 20196 AND 20197 CF-CPV AND CF-CPZ 

EZ ( E S S E X  I N T L )  
PL802 737-286 20195 

FL (FRONTIER) 
PG621tPG622 
PG623CPG624 
PG62 5 
PG626-PG630 
PG431 
P6442 
PL711 I PG037 

737-2C 0 
737-2C0 
737-2C0 
737- 29 1 
737-2 1 4  
737-214 
737-2 1 2  
73 7-222 

Jul 19/72 
REV. 21  Feb 8/74 

20070  AND 20071  
20072 AND 20073 
20074 
20361 THRU 20365 
19681 
20369 
20492 
19075 

N1288 

N7378F AND N7379F 
N7372F AND N7370F 
N7371F 
N7373F THRU N7377F 
N7380F 
N7381F 
N7382F 
N7383F 

737-53- 1039  
2 
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APPENDIX C 

BOEING S E R V I C E  BULLET I N  NO. 737-53-1039 

CUSTOMER C MODEL C 
CUSTOYER NO. SERIES HFG. S E R I A L  NO. REGISTRY NO. 

IC ( I N D I A N )  I PH709-PH714 737-2A8 20480 THRU 20485 VT-EAG THRU VT-EAL 

I N  ( I R I S H  INTERNAT) 
PG251CPG252 737-248 09424 AND 19425 €1-ASA AND EI-ASB 
PG253CPG254 737-248 2 0 2 2 1  AND 20222 EI-ASF AND E I - A S G  

PY321-PY323 737-248QC 20208 THRV 20220 E I - A S C  THRU € 1 - A S E  
I PG255 737-248 20223 E I-ASH 

I R  ( I R A N )  
PH731EPH732 737-286 20498 AND 20499 EP-IRF AND EP-IRG 
PY021 737-286C 20500 EP-IRH 

LH I LUFTHANSA) 
PA001-PA004 737-130 19013 THRU 1 9 0 1 6  0-ABEA THRU D-ABEO 
PA005-PA008 737-130 190P7 THRU 19020 D-ABEF THRU D-AEE! 
PA009-PA021 737-130 1 9 0 2 1  THRU L9033 0-ABEK THRU D-A6EU 
PA022 737-130 1 9 7 9 4  D-ABEY I PY341-PY346 737-230OC 20253 THRU 20258 D-ABBE THRU D-ABHE 

I 
MD ( A I R  MADAGASCAR) 

PG375 737-282 2 0 2 3 1  

M I  (MARITIME I N V  C SHIPPING) 
P L 8 0 l  737-2A6 20194 

5 R-MF A 

VR-BEH 

MT ( M E Y - A I R )  
PG313tPG314 737-2H5 20453 AND 20454 LN-MTC AND LN-MTD 

ND (NORDAIR) I PL712 737-212 2 0 5 2 1  CF-NAW 

I PY303CPY304 737-242C 20455 AND 20496 CF-NAQ AND CF-NAP 
~ ~ 3 0 1 ~ ~ ~ 3 0 2  737-242c 19847 AND 19348 CF-NAB AND CF-NAH 

NH (ALL NIPPON) 
PG571CPG572 737-281 20226 AND 20227 JA8401 AND JA8402 
PG57SCPG574 737-281 20276 AND 2 0 2 7 7  JA8403 AND JA8405 
PG575CPG576 737-281 20413 AND 20414 JA8406 AND JA8407 
PG577-PG580 737-281 20449 THRU 20452 JA8408 THRU J A 8 4 1 1  
PG581CPG582 737-281 20506 AND 20507 JAB412 AND JAB413 I PG583 7 3 7 - 2 8 1  20508 588414 

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

3 
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BOEING S E R V I C E  BULLETIN NO. 737-53-1039 

CUSTOMER t MODEL C 
CUSTOMER NO. S E R I E S  MFG. SERIAL NO. R E G I S T R Y  NO. 

NV (N.A.S.A.) I PA099 727-130 19473 N515NA 

NZ (NEW ZEALAND) I PG199 737-222 14758 * 
PG4Ol-PG403 737-219 19929 THRU 19931 ZK-NAC THRU ZK-NAE 

I PG436 737-214 20156 ZK-NAK 
PG704 737-297 20344 ZK-NAJ 

P I  (PIEDMONT) 
PG301-PG305 737-201 19418 THRU l a 4 2 2  N734N THRU N738N 
PG306tPG307 737-201 19423 AND 20211 N740N AND N7C1N 
PG308-PG312 737-201 20212 THRU 20216 N743N THRU N747N 
PG035 737-222 19073 N752N I PG041tPG042 737-222 15547 AND 19548 N749N AND N751N 
PG045 737-222 15555 N9049U 

P S  ( PAC1 F I C  SOUTHWEST I 
PG432tPG433 737-214 19682 AND 19920 N379PS AND N380PS 
PG43 5 737-214 20155 N382PS 
PG437-PG440 737-214 20157 THRU 20160 N984PS THRU N987PS 

N988PS I PG441 737-2 1 4  2 0368 

PU ( PLUFjAl 
PJ071 737-2A3 20299 CX-EHH 

PV (EASTERN PROVINCIAL) 
PG651tPG652 737-2El  20396 AND 20397 CF-EPL AND CF-EP'R 
PJ072 737-2E1 20300 CF-EPC 

PW (PACIFIC WESTERN) 
737-214 19921 C f - P W M  PG434 

PX701 737-275C 19743 CF-PWE 
I PH701tPH702 737-275 19742 AND 20142 CF-PWD AND CF-PWC 

S A  ( SOUTH AFRICAN) 
PG351tPG352 737-244 19707 AND 19708 ZS-SEL AND ZS-SBM 
PG353 737-244 20229 ZS-S8N I PG354-PG356 737-244 20329 THRU 2 0 3 3 1  ZS-SEO THRU ZS-SBR 

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

737-53- 1039 
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CUSTOMER t MODEL t 
CUSTOMER NO- SERIES MFG. SERIAL NO. 

SO (SINGAPORE AXRLINES LTD. ) 
PC001tPC002 737-112 19768 AND 19769 
PCOO3CPCOO4 737-112 19770 AND 19771 
PC005 737-112 19772 

TM (DETAl 
PH703tPH704 737-201 20280 AND 20281 

I 
I PY031 737-281C 20536 

TS (ALOHA) I PA231EPA232 737-159 19679 AND 19680  
PG7OltPG702 737-297 20209 At43 20210 
PG703 737-297 20242 

TZ (TRANSAIR LTD.1 I PYOO4CPYOO5 737-2A9C 20205 AND 20206 

UA (UNITED) 
PGOO1-PGOO4 737-222 19039 THRU 19042 
PG006-PG034 737-222 19044 THRU 1907% 
PG038-PGO40 737-222 19076 TH3U 10078 
PGO43-PGO48 737-222 19549 THRU 15554 
PGO50 737-222 19556 
PG051-PG075 737-222 19932 THiiU 19956 

I 
VP (VASP SA0 PAUL01 

PG471-PG475 737-2Al  20092 THaU 2C096 

MA (WESTERN) 
PG201-PG203 737-247 19598 THRU 19600 
PG205-PG22C 737-247 19602 THRU 19617 
PG221 737-247 20125 
PG223-PG230 737-247 20127 THRU 201!4 

WE ( W I E N  CONSOLXDATEDl 
PYOOl 737-2026 19426 
PYOO2CPYOO3 737-21OC 19594 AND 20138 

I PY006 737-2 1OC 20440 

I 

R EGI STRY NO 

9V-BFD AND 9V-RBC 
9V-8FE AND 9V-BBE 
9V-BFF 

CR-BAA AND CP-6A6 
CR-BAC 

N73715 AND N73717 
N73711 AND N73712 
N73713 

CF-TAO AND C’F-TAN 

N9001U THRU NYl)?4U 
N9006U THRU N9034U 
N9038U THRU N9G40U 
Fi9043U THRU N9048U 
N9050U 
N9051U THRU N9075U 

PP-SMA THGU PP-SME 

N ~ 5 0 1 W  THRU N450?W 
N4505W THRU h14520r 
N4521W 
N4523W THRU N453C‘!*’ 

N2711R 
N4907 AND N4906 
N4902W 

Jul 19/72 
REV. 21 Fob 8/74 
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CUSTOMER t 
CUSTOMER NO. 

ZD t B R I T A N N I A )  
P C 3 3  l t P G 3 3 2  
P J l O l E P J 1 0 2  
PJ 1 0 3 t P J 1 0 4  
P Y 3 6 1 t P Y 3 6 2  I P G 0 3 6  

* Number not 

BOEING S E R V I C E  B U L L E T I N  NO. 737-53-1039 

MODEL & 
S E R I E S  MFG. S E R I A L  NO. REGISTRY NO. 

737-204 19709 AND 19710 G-AWL AND G-AVRM 
737-204 19711 AND 1 9 7 1 2  G-AVRN AND G-AVRO 
737-204 20236 AND 20417 G-AkSY AND G-AXNC 
7 3 7 - 2 0 4 C  20282 AND 20389 G-AXNA AND G-AXNB 
737-222 119074 G-AZNZ 

available. 

The following operators included i n  the or ig inal  irsue  of 
t h i s  service  b u l l e t i n  are no longer affected and therefore 
have been deleted from the a f f e c t i v i t y :  

GERMAN REPUBLIC and MALAYSIA-SINGAPORE AIRLINE. 

REV. 2: Feb 8/74  
7 3 7-5 3-1 039 
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2. Spares Affected 

NO Boeing rupplied spares .  

mason  

The l o n g i t u d i n a l  l a p  j o i n t s  on a f f ec t ed  737 a i r p l a n e s  were 
manufactured by p l ac ing  a room temparature cu r ing  epoxy 
adhesive (BMS 5-10) between the overlapped r k i n s  p r i o r  to  
f l u s h  r i v e t i n g  the s k i n s  together.  The purpose of the bbnd 
w a s  t o  improve f a t i g u e  l i f e .  

Seven o p e r a t o r s  have r epor t ed  in s t ances  of d e t e r i o r a t i o n  
of the  adhesive used t o  bond the l a p  j o i n t s  r e s u l t i n g  i n  
j o i n t  de lamina t ion  and . corrosion on t h i r t y  a i r p l a n e s .  
T h i s  cond i t ion  was found on a i rp l anes  w i t h  a s  low a s  3000 
f l i gh t -hour s .  The d e t e r i o r a t e d  a r e m  varied from emall 
i s o l a t e d  pockets t o  areas s i x  f e e t  or more i n  length.  I n  
most i n s t a n c e s  these areas could be p o s i t i v e l y  i d e n t i f i e d  
only  a f t e r  corrosion caused e x t e r i o r  s k i n  bulges ,  c r acks  
or missing f a s t e n e r  heads. Airplanes operat ing i n  warn.  
mois t  c l ima tes  are t h e  most suscep t ib l e  t o  adhesiv? 
d e t e r i o r a t i o n .  

I n  a l l  i n s t a n c e s  of j o i n t  d e t e r i o r a t i o n  reported to d a t e ,  
none of t h e  j o i n t s  had developed f a t i g u e  cracks.  Some of 
t h e  a i r p l a n e s  wi th  l a rge  areas of delaminat ion,  had 
accumulated i n  excess  of 20,000 cabin p r e s s u r i z t i o n  
cycles .  Prolonged opera t ion  w i t h  large a r e a s  of 
de l a imina t ion  w i l l  eventual ly  resu l t  i n  f a t i g u e  c rack i sg .  
The t i m e  a t  which f a t i g u e  cracks w i l l  occur depends on t h e  
degree  of delamination and the preeence of corrosicn.  A.-.* 'I 
e f f e c t i v e  bond, e s p e c i a l l y  i n  the  upper po r t ion  o f  t h e  
j o i n t ,  w i l l  de lay  cracking. I t  is emphasized t h a t  f;i=igue 
crack v u l n e r a b i l i t y  8xist .s  only where t h e r e  are iazge 
areas of delamination. 

- B. 

Laboratory tests have shown that f o r  t h e  l i g h t e s t  gage 
s k i n s  ( .036 i nch )  t h e  t h e o r e t i c a l  f a t i g u e  l i f e  of a l a p  
j o i n t  w i t h  a l a r g e  area of delamination would be reduced. 
The reduced f a t i g u e  l i f e  of a l i g h t  gage delaminated j o i n t  
is a t t r i b u t e d  to t h e  sharp edge a t  t h e  base  of t h e  
f a s t e n e r  head countersink. Heavier gage r k i n s  i n  a j o i n t  
w i t h  l a r g e  delaminated a reas  e x h i b i t  higher f a t i g u e  
r t r e n g t h  because the edge a t  t h e  base of t he  counters ink  
is n o t  as sharp.  Lap j o i n t s  w i t h  ou te r  s k i n  gages .055 
inch and greater have matisfactory f a t i g u e  l i f e  even ir. a 
completely delaminated condition. However, t hese  j o i n t s  
are s t i l l  s u b j e c t  t o  corrosion damage. 

J u l  19/72 
REV. 2: Feb 8/74 
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C. 

Subsequent t o  t h e  o r i g i n a l  i s s u e  of th i8  b u l l e t i n  t h e  
bonded l a p  j o i n t s  were sea led  i n  production t o  prevent 
moisture  contac t  wi th  t h e  cured adhesive. Recent s e r v i c e  
experience wi th  both fac tory  s e a l e d  and operator  sea led  
j o i n t s  i n d i c a t e s  that s e a l i n g  has  not been successfu l  i n  
prevent ing adhesive d e t e r i o r a t i o n .  There is some evidence 
t h a t  moisture may e n t e r  the j o i n t  around t h e  e x t e r n a l  head 
of j o i n t  fasteners. Because of t h i s ,  t h e  e f f e c t i v i t y  i s  
expanded to  inc lude  a l l  airplanes with bonded l a p  j o i n t s .  

Descr ipt ion 

This  b u l l e t i n  r e v i s i o n  (Revision 2) i s  issued t o  describe 
t h e  minimum corros ion  and f a t i g u e  damage inspect ion 
program f o r  maintaining the s t r u c t u r a l  i n t e g r i t y  of bonded 
l a p  j o i n t s .  The corrosion inspec t ion  port ion of the 
program c o n s i s t s  of an e x t e r n a l  v i s u a l  inspect ion f o r  sk in  
bulges ,  cracks or missing f a s t e n e r  heads indica t ing  
s u b s t a n t i a l  cor ros ion ,  and an e x t e r n a l  LPS-3 appl icat ion.  
The frequency of corrosion inspec t ion  should be based on 
o p e r a t o r  experience but  should n o t  exceed s i x  month 
intervals f o r  j o i n t s  i n  t h e  lower lobe of the body and one 
year  i n t e r v a l s  for j o i n t s  i n  the upper lobe. The f a t i g u e  
damage inspec t ion  c o n s i s t s  of an annual e x t e r n a l  c l o s e  
v i s u a l  inspec t ion  of t h e  j o i n t  o u t e r  s k i n  adjacent  t o  t h e  
head of  t h e  upper row of j o i n t  f a s t e n e r s  f o r  cracks.  This 
inspec t ion  is  appl icable  only to  j o i n t s  i n  which t h e  o u t e r  
s k i n  gage i s  less than  .OS6 inch and should commence upon 
accumulation of 30,000 cabin pressur iza t ion  cycles.  
Although f a t i g u e  crack v u l n e r a b i l i t y  e x i s t s  only i n  j o i n t  
areas w i t h  l a r g e  delaminations,  t h i s  inspect ion is 
recommended a t  a l l  j o i n t  a r e a s  where t h e  outer  s k i n  gage 
i s  less than  .OS6 inch because s e r v i c e  experience has 
revealed t h a t  there i s  d i f f i c u l t y  i n  d iscr imina t ing  bonded 
j o i n t  a r e a s  from delaminated a r e a s  when no corrosion i s  
present  i n  t h e  delamination. 

Because of delamination reported on sea led  l a p  j o i n t s ,  t he  
e f f e c t i v i t y  is expanded t o  include a i rp lanes  with bonded 
l a p  j o i n t s  t h a t  were sealed i n  production. Airplanes on 
which l a p  j o i n t s  were sea led  per Serv ice  B u l l e t i n  53-1017, 
SEALING OF COLD-BONDED BODY STRUCTURE FOR CORROSION 
PROTECTION, are considered t h e  same as those a i rp lanes  
sealed i n  product ion and r e q u i r e  corrosion and fa t igue  
damage inspect ion.  Airplanes on which j o i n t s  were 
refas tened  p e r  previous i s s u e s  of t h i s  b u l l e t i n  or one of 
t he  methods detailed i n  S t r u c t u r a l  Repair Manual, Subject 
53-30-1 Figure 5 ,  r e q u i r e  Corrosion inspec t ion  only,  

J u l  19/72 
REV. 2:  Peb 8/74 
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The u l t r a s o n i c  void and feeler gage innpec t ions  ate 
deleted becaure,  although nome operators have used them 
with  8aS i s fac to ry  rerults, many operatorn have experienced 
d i f f i o u l t y  because of aonfusion and misundermtandings 
cxmmrning in spec t ion  l i m i t a t i o n s  and i n t e r p r e t a t i o n  of  
rmrul t s .  Several u l t r aaon ic  thickness 'measuring 
instruumnts u e  deleted becauae opera tors  have reported 
that khe depth of abderate to severe  cor ror ion  could n o t  
ba determined using these instruments.  

The repair described here in  has been approved by t h e  FAA 
Dasignated Engineering Reptesentat ive a t  The Boeing 
company. 

E. Manpower 

Approximate man-hours and crew s i z e  for indiv idua l  t a s k s  
are as followst 

O m r a t i o n  
I 

Airplane 
crew Si20 Down-Time 

JMen) Man-Hours (Hours) 

Corrosion Inspec t ion  2 40 20 

Fatigue Inspec t ion  2 40 20 I 
Fat igue  and/or I Corrosion l tepair  * * 
* Dependent on number, l oca t ion  and s i z e  o f  r e p a i r s  I required.  

I. Mater ia l  - Price and A v a i l a b i l i t y  

It is reooaunended that t h e  pa r t8  and mater ia l s  i d e n t i f i e d  
in paragraph 1I.A. be furnished or f ab r i ca t ed  from 
opta tor ' s  e x i s t i n g  r tock or purchased d i r e c t l y  from 
i n d u r t r y  sourcer. Accordingly, p r i c e  and de l ive ry  da ta  i s  
n o t  inoluded i n  support  of thir b u l l e t i n .  

REV. 21 Feb 8/74 
737-53-1039 
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G. Tooling - Price and A v a i l a b i l i t y  

s p e c i a l  u l t r a s o n i c  or low frequency eddy-current t e a t i n g  
equipment, Visu-Lok i n s t a l l a t i o n  too la  and Unisink Head 
Bulbed Cherrylock i n a t a l l a t i o n  tools may b e  noeded 
depending on ope ra to r ' r  courae of act ion.  I f  much 
equipment i a  derired, it is recommended t h 8 t  it be 
furniahed from oprator 'r  e x i s t i n g  inventory or pUrch8Sed 
d i r e c t l y  from i n d w t r y  80uroes. Accordingly, p r i c e  8nd 
de l ive ry  d8ta is not  included i n  support  of t h i s  b u l l e t i n .  

H. Weight and Balance 

Change i n  weight and balance w i l l  depend on number, type 
and sire of r e p a i r s  and amount of s e a l a n t  and/or LPS-3 
appl ied.  

I. References 

1. EXi8ting Data; 

a. S t r u c t u r a l  Repair Manual D6-15565, Subject 51-10-2, 
53-30-1, 53-30-2, 53-30-3 and 53-30-4. 

b.  Boeing Non-Destructive T e s t  Manual, Document 
D6-7170, P a r t  1 and P a r t  4 

C. Boeing Serv ice  Bu l l e t in  53-1017, Seal ing of 
Cold-Bonded S t ruc tu re  For Corrosion Pro tec t ion  

I 

2. New o r  r ev i sed  da ta  supplied i n  support  of t h i s  
b u l l e t i n 8  

None 

J. Publ ica t ions  Affected 

The modif icat ion described here in  a f f e c t s  t h e  following 
publ ica t ion :  

Publ ica t ion  

737 S t r u c t u r a l  Repair 
Manual 

J u l  19/72 
REV. 21F.b 8/74 

Chapter and/or Sec t ion  

53-30 

737-53-1 0 39 
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Vendor P a r t  No. Vendor 

LPS-3 LPS Laborator ies  , Inc. 
2050 Cotner Ave. 
Lo8 Angeles, Ca l i f .  90025 

PLT1007-6-( 1 The National Screw and 
Mfg. Co. 
3123 S. Garf ie ld  Ave. 
Los Angolea, Cal i f .  90022 

BOEING SERVICE BULLETIN NO. 737-53-1039 

If .  Material Information 

A. P a r t s  Required P e r  Airplane 

NOTE1 A l l  or 8 portion of the following is required 
depending on ope ra to r ' s  course of action. 

Q u a n t i t y  P u t  NuInber Nomenclature 

I 
A0 Required See S t r u c t u r a l  Repair Sea lan t  

Manual, Subjec t  53-30-1 

A. Required LPS-3 Water Displacing 
Corrosion I n h i b i t -  
ing  Compound 

Cherry Rivet Div. 
1221 E. Warner Ave. 

I I ( S a n t a  Ana, Cal i f .  92707 

8 .  Parts Mqui red  to Modify Spares 

None 

C. Removed P a r t s  

None 

Rev. 2:Feb 6/74 
737-53-1039 
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D. Special Tools and Equipment Required 

1. One or more of t h e  fol lowing test instruments ,  
sui table  f o r  cor ros ion  d e t e c t i o n  and fh ickness  
measurement, may be requi red  depending on o p e r a t o r  * s 
course of a c t i o n  and may be obtained from t h e  
fol lowing manufacturers: 

Instrument Vendor Information 

Applicat ion 

Corrosion 
d e t e c t i o n  and 
th ickness  esti- 
mation - low 
frequency 
eddy-current 
method 

Corrosion 
d e t e c t i o n  and 
th ickness  
measurement - 
u l t r a s o n i c  
method 

Instrument 

EM-1500 

NDT-3 

Phasemaster 

Nanoacope 4 12 

~~ ~ ~ 

Vendor 

Automation I n d u s t r i e s  
She l t e r  Rock Road 
Danbury , Conn. 

Nortec Inc.  
3001 George Wash. Way 
Rich  land, Wash. 

Laser Systems 6 
Elec t ronics  In  c . 
Tullahoma, Tenn. 

~ 

Van Waters 6 Rodgers Co. 
1363 So. Bonnie Beach P1. 
Los  Angeles, C a l i f .  

2. Power tools may be used t o  i n s t a l l  Visu-Lok 
f a s t e n e r s .  For appl icable  t o o l s  contac t  t he  
Nat ional  Screw 5 Mfg. Co. 

3. Reference s tandards a r e  requi red  f o r  u s e  w i t h  low 
frequency eddy-current inspec t ion  instruments.  
Reference s tandard number one and two a r e  requi red  
for  passenger a i rp lanes .  All three s tandards  a r e  
requi red  f o r  cargo a i r p l a n e s .  Fabr ica te  p e r  
Figure 1. 

J u l  19/72 
REV. 2:Feb 8/74 

737-53- 1039 
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PAPER .008 TO . 0 1 0  lWCH 
THlCK TO SIMULATE CURED 
ADHESIVE.  

9 

SECTION A - A  

I .007 .014 .021 

2 .040 

3 .070 

MAKE FROM 2024-73 OR - 1 4  CLAD AL ALLOY S H C E J .  

EDDY-CURRENT REFERENCE STANDARDS 

737-53-1 039 
REV. 2:F.b 8/74 13 
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4. The following tools nay be used t o  i n s t a l l  Unisink 
Head Bulbed Cherrylock f a s t ene r s :  

P u l l  Gun: 6-684 
Flush Fastener  
P u l l  Head: H681-6C 

Vendor : Townsend Co. 
Cherry Rivet Div. 
1224 E. Warner Ave. 
Santa Ana, Cal i f .  92707 

5. The following equipment has  been t e s t e d  and found 
s a t i s f a c t o r y  f o r  b l ind  app l i ca t ion  of LPS-3 and is 
t o  be ope ra to r  f ab r i ca t ed .  Equivalent operator  
designed equipment may a l s o  be used as long as it 
is designed t o  apply only the  minimum amount of 
LPS-3 r equ i r ed  t o  maturate the void and t o  prevent 
LPS-3 contamination of i n s u l a t i o n  materials.  This 
equipment i s  f o r  use w i t h  t h e  one row bl ind 
f a s t e n e r  j o i n t  r e fa s t en ing  method detailed i n  P a r t  
I V  - Repair Data. 

Equipment - Method I (Optional t o  Method If) 

1. Four ounce pump type o i l c a n  modified t o  
inco rpora t e  a s top ,  s t o p  screw, spr ing and 
s p e c i a l  nozzle. Fabricate  per Figure 2.  

2. Lap j o i n t  sample f o r  p rac t i ce  and s top  
adjustment. Fabricate  per Figure 3. 

J u l  19/72 
REV. 2:Feb 8/74 
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'ION 

E N 0  OF NOZZLE SHOULD CONTACT S K I N  
FOR PROPER APPLICATION.  

ADJUST STOP SCREW SO THAT ONE PUMP 
eSTROKE WILL DISCHARGE .IO TO .IS 

CUBIC CENTIMETERS OF LPS-3. 

V A P P L V  A MAXIMUM OF .15 CUBIC 
CENTlMETERS OF L P S - I  TO UPPER 
EDBE OF J O I N T  AT EACH UPRER ROW 
FASTENER HOLE UHERE A B L I N D .  
FASTENER W I L L  BE INSTALLEO.  
RATE OF A P P L I C A T I O N  SHOULD APPROXI- 
MATELY EQUAL RATE AT UHICH L P S - 3  
FLOUS DOWN THE S K I N  ONTO THE J O l H T  
FOR MAXIMUM J O I N T  SATURATION. CORRECT 
APPLI,CATION RATE IS E S l A B L l S H E O  B Y  
T R I A L  A P P L I C A T I O N  USING A J O I N T  
SAMPLE FABRICATED PER FIGURE 3. 

SPLATTERING OF L P S - 3  ON I N S U L A T I O N  
BLANKETS IS N O 1  10 BE ALLOYEO. 

i:;::G A I D S  IN CONTROLLING A P P L I C A T I O N  

BLIND LPS-3 APPLICATOR - METHOD I 

Jul 19/72 737-53-1039 
15 
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BRASS TUBINP 
3/32. 09i  -0.0.. 
1/16 { : 0 6 t l  1.0. 
(ANY O W L R  SUITA8LL 
MATER1AL MAY BE USED) 

DETAIL I 

FIGURE 2. BLIND LPS-3 APPLICATOR - METHOD I 

REV. 2:Feb 8/74 
737-53-1 039 
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D R I L L  NO. 21 (.159 I N C H  DIA.) HOLE AN0 + I N S T A L L  ' R I V E T  BACRlSCESD( ). 

0. DRILL NO. 5 (.205 l N C H  DIA.) HOLE. 
/ 

FIGURE 3.  LAP JOINT SNlPLE FOR BLIND LPS-3 AYPLICA'l'OK 
AWUSTCUNT AND PRACTICE - METBOD I 

Jul 19/72 737-53-1 039 
REV. 2:Fob 8/74 1 7  
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Equipmnt - Method I1 (Optional to Method I) 

NOTE: To reduce application time, it is suggested 
that thir equipment be made i n  quantity so 
that several upper row fastener holes in  the 
repair area MY be treated simultanaously. 

1 .  Applicator t i p ,  stop collar and a length of c l ear  
Fabricate and assemble per Figure 

2. A device or method for determining outer skin 

p l a s t i c  tubing. 
4. 

thickness. 

REV. 2: Fob 8/74 
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111. Accomplishment I n s t r u c t i o n s  

The following program o u t l i n e s  t h e  minimum requirements for 
maintaining t h e  s t r u c t u r a l  i n t e g r i t y  of lap j o i n t s .  The 
i n s p e c t i o n  for corrosion w i l l  d e t e c t  severe corrosion 
r e q u i r i n g  r e p a i r  by i n s t a l l i n g  r e p a i r  doublers. The 
inspec t ion  for f a t i g u e  damage w i l l  d e t e c t  l a r g e  f a t i g u e  cracks 
(.25 inch  i n  length  and g r e a t e r )  emanating from upper row 
f a a t e n e r  holes. These cracks w i l l  be l a r g e  enough t o  r e q u i r e  
r e p a i r  by i n s t a l l a t i o n  of r e p a i r  doublers.  I n  t h e  following 
i n s p e c t i o n s  each panel  is  treated as a separa te  e n t i t y  and t h e  
i n s p e c t i o n  r e s u l t s  of one panel cannot r e l i a b l y  be used t o  
i n d i c a t e  t h e  condi t ion  of another. 

P a r t  I - Corrosion Inspect ion and Repair 

On a l l  a i r p l a n e s ,  accomplish the following corrosion 
inspec t ion  and LPS-3 appl ica t ion  a t  s i x  month i n t e r v a l s  on 
lower lobe j o i n t s  and one year i n t e r v a l s  on upper lobe j o i n t s .  

A. Visual ly  i n s p e c t  e x t e r n a l  sur face  of lap  j o i n t  f o r  
s k i n  bulges  adjacent  t o  f a s t e n e r s ,  sk in  cracks caused 
by severe  corrosion,  dished f a s t e n e r  heads o r  missing 
f a s t e n e r  heads. 

8. I f  cor ros ion  i n d i c a t i o n s  noted i n  s t e p  A a r e  found, 
determine e x t e n t  of corrosion damage f o r  f u l l  l ength  
of the  panel  j o i n t .  Extent of damage may be 
determined. using t h e  low frequency eddy-current 
inspec t ion  i n  P a r t  111 or by any o t h e r  s u i t a b l e  means, 
Corrosion may be removed by l o c a l  blend o u t  i f  t h e  
blend o u t  depth does not  exceed 10 percent  of t he  sk in  
th ickness  except  t h a t  i n  small  l o c a l  a reas  not  
exceeding 3 inches i n  length i n  any 20 inches of j o i n t  
a s k i n  th ickness  reduct ion of 20 percent  i s  acceptable  
and i n  small l o c a l  a reas  not  exceeding 1.5 inches i n  
length  i n  any 20 inches of j o i n t  a sk in  thickness  
reduct ion  of  40 percent is acceptable.  I n  a reas  where 
s k i n  th ickness  is reduced by 40 percent  it i s  
suggested t h a t  a faying s u r f a c e  sealed shim and 
o v e r s i z e  protruding head f a s t e n e r s  be i n s t a l l e d  if 
t h e r e  are e x i s t i n g  f a s t e n e r  ho les  i n  t h e  rework area. 
A f t e r  cor ros ion  removal r e f a s t e n  t h e  j o i n t  per  Part  I V  
or S t r u c t u r a l  Repair Manual, Subject 53-30-1, Figure 
5, Method I or If.  Corrosion exceeding t h e  above 
l i m i t s  should be repaired p e r  S t r u c t u r a l  Repair 
Manual, Subject 53-30-3. 
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C. I n  panel  j o i n t  areas where no corrosion i n d i c a t i o n s  
are found, apply LPS-3 t o  j o i n t  e x t e r n a l  edge and 
fastener e x t e r n a l  heads i n  j o i n t  per  o p e r a t o r ' s  
a tandard  procedure (Ref. S t r u c t u r a l  Repair Manual, 
S u b j e c t  51-10-2). For m a x i m u m  pene t r a t ion ,  it is 
sugges ted  t h a t  US-3 be appl ied t o  the j o i n t  edge 
under prersure using equipment such as an airless 
p a i n t  sp ray  pump. 

NOTE: F i l l e t  s e a l  along t h e  edge of t h e  l a p  j o i n t  
p revents  LPS-3 app l i ca t ion  t o  t h e  j o i n t  edge 
b u t  need n o t  be removed unless d e t e r i o r a t e d .  
Reestablishment of d e t e r i o r a t e d  f i l l e t  seal  is 
op t iona l .  

D. A f t e r  LPS-3 becomgs tacky,excess may be removed pe r  
o p e r a t o r ' s  s tandard procedure (Ref. S t r u c t u r a l  Repair 
Manual, subject 51-10-2). 

P a r t  I1 - Fa t igue  Damage Inspect ion and Repair 

On a l l  a i r p l a n e s  upon accumulation of 30,000 cabin pressur iza-  
t ion cyc le s ,  accomplish t h e  following inspect ion f o r  f a t i g u e  
cracks annual ly  in j o i n t  areas where the j o i n t  ou te r  s k i n  gage 
is less than  .056 inch. 

A. 

B' . 

C. 

D. 

With the aid of a b r i g h t  l i g h t ,  v i sua l ly  in spec t  the 
body s k i n  forward and a f t  of t h e  head'of t he  l a p  j o i n t  
upper row f a s t e n e r s  f o r  f a t i g u e  cracks. See Figure 5, 

I f  f a t i g u e  cracks a r e  found, eddy-current i n spec t  t h e  
s k i n  ad jacen t  t o  a l l  j o i n t  upper row f a s t e n e r  heads 
t h e  t h e  f u l l  length of t h e  panel i n  which cracks were 
found. See Nondestructive Test Document D6-7170, P a r t  
6 ,  Sub jec t  53-30-00 f o r  inspect ion equipment and 
technique. 

Repair f a t i g u e  cracks using a r e p a i r  s i m i l a r  t o  that 
shown i n  S t r u c t u r a l  Repair Manual, Subject 53-30-3, 
F igure  16, and r ep lace  a l l  remaining upper row f l u s h  
j o i n t  f a s t e n e r s  i n  t h a t  panel j o i n t  w i t h  ove r s i ze  
p ro t rud ing  head f a s t e n e r s  pe r  P a r t  I V  - Repair Data. 

Areas where no f a t i g u e  cracks are found should be 
r e inspec ted  annually.  Reinspection fo r  f a t i g u e  cracks 
may b e  terminated be replacing the e x i s t i n g  upper row 
of j o i n t  f a s t e n e r s  wi th  Standard protruding head s o l i d  
f a s t e n e r s  per P a r t  I V .  However, a co r ros ion  
i n s p e c t i o n  program should be maintained. 
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TYPICAL FATIGUE 

RINGER 

-- 
INNER OR LOWER S K I N  

FIGURE 5. FATIGUE CRACK LOCATION 
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I p a r t  1 1 1 - l o w  Frequency Eddy-Current Corrosion Damage Inspec t ion  

Eddy-current ins t ruments  wi th  l o w  frequency c a p a b i l i t y  provide 
a r a p i d  method o f  l o c a t i n g  moderate to  severe cor ros ion  on 
i n n e r  and o u t e r  j o i n t  s k i n  faying surfaces .  Instruments of 
this t ype  provide  an estimate of s k i n  thickness  loss by the 
comparison method. Although a p r e c i s e  measurement is n o t  
ob ta ined ,  the method is f a s t ,  does no t  r equ i r e  p a i n t  s t r i p p i n g  
or a couplant ,  does n o t  require access to  t!!e i n t e r n a l  side of 
the j o i n t  and can i n s p e c t  i nne r  and o u t e r  s k i n  fayinq s u r f a c e s  
simultaneously.  

Technica l  in format ion  on low frequency eddy-current i n spec t ion  
w i l l  be publ i shed  i n  Boeing ibndes t ruc t ive  T e s t  ilanual, 
Document D6-7170. 

A. 

B. 

C. 

Equipment 

1. The fo l lowing  instruments ,  o r  equivalent ,  nay be used. 

a. Et4-1500 
b. 3DT-3 
c. Pnasemaster 

NOTE 1: These instruments  should have frequency 
c a p a b i l i t i e s  o r  modules l isted i n  
Table I. 

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

2. Use a f l a t  s p r i n g  loaded eddy-current probe compatikle 
t o  tlie ins t rument  used. Probes w i t h  wear p l a t e s  are 
suggested if l a r g e  areas are t o  be scanned. 

Prepare  s u r f a c e  f o r  i n spec t ion  by removinq d u s t  and d i r t  
p e r  o p e r a t o r ' s  s t anda rd  procedure. 

C a l i b r a t e  ins t rument  f o r  simultaneous inspect ion of i n n e r  
and outer j o i n t  s k i n  faying su r faces  as follows: 

1. S e t  up ins t rument  t o  operate  on c o r r e c t  frequency for 
a p p l i c a b l e  s k i n  thickness .  See Table I. 

Jul 19/72 
REV. 2rFeb 8/74 

737-53-1 039 
23  



106 

APPENDIX C 

BOEING SERVICE BULLETIN NO. 737-53-1039 

2. Adjust for l i f t - o f f  per instrument manufacturer 's  
ins t ruct ions.  

3. Using re ference  s tandard,  check instrument response to  
a 10 percent  loss i n  inner  s k i n  thickness .  It is 
suggested t h a t  instrument  s e n s i t i v i t y  be set such t h a t  
a 10 percent  th ickness  reduct ion w i l l  cause a 10 
percent change i n  meter reading. 

I n s p e c t  area i n  quest ion per Step  D. U. 

I n s p e c t  area i n  quest ion as follows: 

1. Place  probe on l a p  j o i n t  between f a s t e n e r s  and a d j u s t  
meter to  approximately mid scale. 

2. Scan a r e a  i n  quest ion f o r  i n d i c a t i o n s  of corrosion. 
S e v e r i t y  of corrosion w i l l  be ind ica ted  by magnitude 
of meter change. 

NOTE 1: It is suggested t h a t  p a r t i c u l a r  a t t e n t i o n  
be pa id  t o  the upper edge of t h e  jo in t .  

2 : This  inspec t ion  w i l l  n o t  d i scr imina te  
between corrosion on o u t e r  and i n n e r  skin.  
I f  it is d e s i r e d  t o  determine i n  which 
s k i n  the corrosion i s  located t h e  
instrument should be set up on correct 
frequency per  T a b l e  I t o  inspec t  o u t e r  
s k i n  only.  

D. 
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Skin  Thickness @- 

O u t e r  Skin Inner Skin 

,036 -036 C Up 

-040 -036 C Up 
C 

.045 

.071 ID -036 G Up 

Frequency (KH2 1 

Simultaneous Inspec t ion  of e 

insbec t ion  of outer s k i n  
o u t e r  and f a y i n g  s u r f a c e  
i n n e r  s k i n  only. 
fay inq  
surface. I S  

--I"--- 

25 31 

10 25 

--- - 2 T o S b  10 fb 

D See Structural  Repair Manual Subject  53-30-2 

D Minimum frequency s e l e c t i o n  requi red  for  l o c a t i n q  

D Applicable  t o  737-200C a i r p l a n e s  only. 

for s k i n  th ickness  i n  a p a r t i c u l a r  area. 

and e s t i m a t i n g  cor ros ion  damage. 

APPENDIX C 
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P a r t  I V  - lbpair Data 

The following repairs are used to  restore the fa t igue  l i f e  of 
a delaminated j o i n t  area or to  r e f a s t e n  a joint Separated f o r  
co r ros ion  runoval. The one r o w  standard fartenel: repair is a 
permanent r e p a i r  which r ep laces  t h e  e x i s t i n g  f lu sh  f a s t e n e r s  
i n  t h e  j o i n t  upper row wi th  o v e r s i a e  protruding head r i v e t s .  
This repair may be used as 8 prevent ive  modification and is 
o p t i o n a l  t o  tho re  detailed i n  S t r u c t u r a l  Rapair Manual Subject 
53-30-1 f o r  j o i n t  refastaning.  The one row bl ind f a s t e n e r  
r e p a i r  is similrr to  t h e  one r o w  standard f a s t ene r  r e p a i r  
excep t  b l i n d  f a r t e n e r s  are used. This  r e p a i r  i s  l i f e  limited 
depending on t h e  type of f a s t e n e r  used and the gage of t h e  
o u t e r  s k i n  a t  the j o i n t .  After  i n s t a l l a t i o n ,  t he  b l i n d  
f a s t e n e r s  should be r e g u l a r l y  inspec ted  f o r  looseness or 
working. A f t e r  they have been i n  service f o r  t h e  stated 
period,  a f a t i g u e  crack inspec t ion  as d e t a i l e d  i n  P a r t  I1 
should  be i n i t i a t e d  i n  the  r e p a i r  area o r  the bl ind f a s t e n e r s  
should be replaced by standard r i v e t s  i n  which case f a t i g u e  
crack inspec t ion  is n o t  necessary.  

NOTE8 The following repairs may no t  be used i n  corroded 
areas where t h e  s k i n  thickness  would be less than , 0 3 2  
i nch  a f t e r  cor ros ion  removal. For r epa i r  of corroded 
areas exceeding t h i s  l i m i t ,  see S t r u c t u r a l  Repair 
Manual, Sub jec t  53-30-1, Figure 5 Method I o r  11. 

One R w  Standard Fastener  Repair 

A. I f  j o i n t  was separated, remove loose adhesive, apply brush  
on chemical f i l m  t rea tment  (Alodine or I r id i te )  and one 
coa t  of chemical and so lven t  r e s i s t a n t  primer t o  metal 
faying su r faces .  After  primer has dried,  apply oealant  t o  
faying surfaces .  See S t r u c t u r a l  Repair Manual, Sub jec t  
53-30-U f o r  faying su r face  s e a l a n t s .  

B. I f  j o i n t  was no t  s epa ra t ed ,  i n j e c t  as much LPS-3 as 
p o s s i b l e  i n t o  t h e  j o i n t .  See S t r u c t u r a l  Repair Manual, 
Sub jec t  51-10-2 f o r  LPS-3 appl icat ion.  

C. I n s t a l l  f a s t e n e r s  per Figure 6. 
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One Row Blind Fas tener  Repair ( l i f e  l imi t ed )  

Th i s  r e p a i r  i s  l i f e  l imited.  The following f a t i g u e , l i v e s  were 
e s t a b l i s h e d  by t e s t i n g  which assumed t h e  absence of bond, 
f a t i g u e  c racks  and corrosion and are to be c a l c u l a t e d  from t h e  
time b l i n d  fasteners are instal led i n  the j o i n t .  If b l i n d  
r ivet  NAS1398D8-( 1 is ins ta l led ,  a f a t i g u e  l i f e  improvement 
of approximately 15,000 a d d i t i o n a l  cabin p r e s s u r i z a t i o n  c y c l e s  
may be expected i f  the ou te r  skin is less than .OS6 i nch  
th i ck .  I f  t h e  o u t e r  s k i n  is ,056 inch th i ck  or greater a l i f e  
improvement of apptOXiIItately 30,000 Cabin p r e s s s u r i z a t i o n  
c y c l e s  may be expected. I f  Visu-Lok b l i n d  r i v e t  PLT1007-6-( ) 
o r  Unisink Head Bulbed Cherrylock CR 2235-6-( 1 is i n s t a l l e d  
a f a t i g u e  l i f e  improvement of approximately 30,000 a d d i t i o n a l  
cabin p r e s s u r i z a t i o n  cyc le s  m y  be expected. A f t e r  
i n s t a l l a t i o n ,  t h e  b l i n d  f a s t e n e r s  should be inspec ted  f o r  
looseness or working a t  r egu la r  major maintenance i n t e r v a l s  t o  
ensu re  t h a t  the ind ica t ed  f a t i g u e  l i f e  is achieved. A f t e r  t h e  
f a s t e n e r s  have been i n  service f o r  t he  above s t a t e d  pe r iod ,  
i n s p e c t i o n  f o r  f a t i g u e  cracks per P a r t  11 a t  these f a s t e n e r  
l o c a t i o n s  should be i n i t i a t e d  unless replacement wi th  s tandard  
p ro t rud ing  head r i v e t s  is accomplished. 

A. Remove e x i s t i n g  upper row r i v e t  i f  it is 3/16 inch 
d iameter  or smaller. 

NOTE: If  e x i s t i n g  f a s t e n e r  is steel or a r i v e t  larger 
than 3/16 inch diameter, removal i s  n o t  r equ i r ed  
as t h i s  l o c a t i o n  w i l l  have a s a t i s f a c t o r y  f a t i g u e  
l i f e .  

B. Enlarge e x i s t i n g  hole  wi th  S ize  F t.257 inch diameter) 
d r i l l  i f  b l i n d x i v e t  NAS1398D8-( 1 i s  t o  be i n s t a l l e d ,  NO. 
3 (.213 i n c h  diameter) d r i l l  i f  Visu-Lok b l i n d  r i v e t  
PLT1007-6-( 1 is t o  be i n s t a l l e d  o r  No. 5 (.205 i n c h  
diameter) drill i f  Unisink Head Bulbed Cherrylock CR 2235- 
6-( ) is to  be i n s t a l l e d .  Careful hole  d r i l l i n g  i s  
advised  to keep hole  diameter a s  c lose  t o  minimum as 
p o s s i b l e  . 
NOTE: Visu-Lok b l i n d  r i v e t  PLT1007-6-( ) o r  Unisink Head 

Bulbed Cherrylock CR 2235-6-( 1 may be used t o  
replace 5/32 inch diameter r i v e t s  only. For 
replacement of 3/16 inch diameter r i v e t s  use b l i n d  
r i v e t  NAS1398D8-( ) . 

Jul 19/72 737-53-1 039 
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C. To achievo the rnurimrmr sonr i ce  l i f o  a8rociated w i t h  blind 
f a s k n e r  i n s t a l l a t i o n ,  it i a  e s r o n t i a l  t h a t  no corrosion 

j o i n t  faying murfam through ehch open f a s t ene r  hole ur ing 
oquipmont ricnilu to that &tail& i n  paragraph 11.0.5, 
Ukr app l i ca t ion ,  romve a l l  traces of LPS-3 from 
.%torn81 r k i n  ru r f aco  ur ing  a I t 1  mixture of methyl o thy l  
kotone urd tolueno. 

WOTE 1: Contamination of i n s u h t i o n  blankets w i t h  LPS- 
3 is no t  t o  be permitted. 

LPS-3 app l i ca t ion  r e s t r i c t i o n s  detailed i n  737 
S t r u c t u r a l  Zbpair Murual, Subject 51-1 0-2 
concorning app l i ca t ion  i n  t h e  v i c i n i t y  of 
oxygen systems muat be observed during b l ind  
app l ioa t ion  of LPS-3. 

k pr88Ult. Z t  i S  SuggO8t.d that LPS-3 be appl ied t o  

2: 

3: For f u l l  width delaminationr both ex te rna l  and 
b l i n d  i n t e r n a l  app l i ca t ion  of LPS-3 is 
suggeo tod. 

4:  Applicat ion by aerosa l  can has been found t o  
be unsa t i s f ac to ry  for  b l ind  appl ica t ion  due t o  
t he  l ike l ihood of over-saturat ion from an 
uncontrol led spray and posr ib lo  contamination 
of i n s u l a t i o n  blankets .  However, it is 
s a t i s f a c t o r y  f o r  o x k r n a l  appl ica t ion  where 
f u l l  width delaminations a re  found and exce ls  
amounts of LPS-3 may be wiped up. 

D, I n r t a l l  b l i n d  r i v e t  NAS13981)8-( 1 Visu-Lok b l ind  r i v e t  
PLT1007-6-( 1 or Unisink Head Bulbed Cherrylock CR 2235-6- 
( ) as 8pp l i cab le  w i t h  w e t  s e a l a n t  PR1431G or PR1436G 
undor r i v o t  head, 

J u l  19/72 
REV. 2tFeb 0/74 

737-53-1 039 
28 
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l F  E X l S T l N G  FASTENER IS LARGER THAN 3 / 1 6  INCH O I A .  OR'MAOE OF STEEL.  

FASTENER OF SAME TYPE AN0 S f Z E .  I F  E X I S T I N G  FASTENER IS A R I V E T  3 / 1 6  
INCH D I A .  OR SMALLER REMOVE E X I S T I N G  FASTENER. I F  EXISTING R I V E T  
HAS 5 / 3 2  INCH D I A . ,  iNLARGE HOLE Y I T H  NO. 2 ( . 2 2 1  1NCH D l A . )  
INSTALL R I V E T  M S 2 0 4 7 0 A 0 7 - (  ). MtNlMUM D I A .  OF DRIVEN HEAD TO BE .312 
INCH. I F  EXlSTlNG R I V E T  VAS 3 / 1 6  INCH D I A . .  ENLARGE MOLE Y1TH S l Z E  F 
( . 2 5 7  lNCH D I A . )  O R I L L .  I N S T A L L  R I V E T  MS20470AOB-( ). MINIMUM O I A .  
OF. DRIVEN HEAD TO BE . 3 5 0  INCH. SMALL AMOUNT OF COUNTERSINK REMAINING 
AFTER D V L R S I Z I N G  IS SATISFACTORY. INSTALL FASTENERS DRY. 

,312 INCH I F  R I V E T  M S 2 0 4 7 0 A 0 7 - (  IS INSTALLED. 

' REPIOVAL IS NOT REQUIREO. HOYEVER. I F  FASTEHER YAS REMOVEO, I N S T A L L  

D R I L L .  

p.350 INCH I F  R I V E T  !tSZO47OAOO-l 1 IS 1ISTALLED.  

 REMOVAL OF E X I S T I N G  FASTENER NOT REQUIRED. IF E X I S T I N G  FASTENER VAS 
REMOVED. I N S T A L L  WEN FASTENER O f  SAME TYPE AN0 S I Z E .  

SKIN 
(REF) 

T Y P I C A L  LAP JOINT 

0 
lP 
CI INBDC) 

737-53- 1039 
2 9  
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AlRWORTHINESS DIRECTIVE 
AVIATION STANDARDS NATIONAL FIELD OTWt 
P.0 BOX 2WW 
O)(U)(OMA CITY. OKUW 73125 

87-21-08 BOEING: Amendment 39-5752. Applies to Model 737 
series airplanes listed 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 left 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. ?he repetitive inspections required 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 inspection of 
the skin adjacent to the upper row of longitudinal lap splice 
fasteners at stringer 4, both left and right side of the 
fuselage, from stations 360 to 1016. Repeat at intervals 
thereafter not to exceed 20,000 landings. If no cracks are 
found, 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 cracks of the areas 
previously inspected by eddy current. 
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3. Perform a high frequency eddy current inspection of 
the skin adjacent to the upper row of longitudinal lap splice 
fasteners at stranger 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 inspections prior to further flight in 
accordance with Boeing Alert Service Bulletin 737-53A1039,  
Revision 3, dated August 20 ,  1987 ,  or later FAA-approved 
revisions. If blind fasteners are used in the repair, 
reinspect installation at intervals not to exceed 3 , 0 0 0  
landings for loose or missing fasteners. Also, if blind 
fasteners are used in the skin repair, prior to the 
accumulation of 1 5 , 0 0 0  landings after installation, or within 
250 landings after the effective date of this AD, whichever is 
later, and thereafter at intervals not to exceed 4,500 
landings, perform the inspection as detailed in paragraph A, 
above. 

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

E. For the purpose of complying with this AD, the number 
of landings may be determined to equal the number of 
pressurization cycles where the cabin pressure differential was 
greater than 2 . 0  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, 1 7 9 0 0  Pacific Highway- South, Seattle, 
Washington, or Seattle Aircraft Certification Office, FAA, 
Northwest Mountain Region, 9 0 1 0  East Marginal Way South, 
Seattle, Washington. 

This amendment becomes effective November 2, 1987.  
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FOR FURTHER INFORMATION CONTACT: M s .  Barbara 3. Baillie, 
Airframe Branch, ANM-120s: telephone (206) 431-1927. Mailing 
address: FAA, Northwest Mountain Region, 17900 Pacific Highway 
South, C-68966, Seattle, Washington 98168. 
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131 
REVISION TRANSMITTAL SHEET 

Booing Service Bul le t in  737-53A1039 

This sheet t ransmits  REVISION 3 dated August 20, 1987 
of Service Bul le t in  737-53A1039, "BODY S K I N  LAP J O I N T  INSPECTION 
AND REPAIR". 

NOTE: This rev is ion  cons t i t u t e s  a complete re i ssue .  

SUMMARY 

T h i s  rev is ion  is issued t o  u p g r a d e  t h i s  s e rv i ce  bu l l e t in  t o  an  'ALERT' 
s t a t u s  and t o  advise  operators of recent  s e rv i ce  experience tha t  
warrants changev t o  t h e  inspect ion cyc le  frgquency af ter  i n i t i a l  
inspect ion a t  t h e  30,000 f l ight  cyc le  threshold.  

Airplane ' e f f ec t iv i ty  is updated t o  r lf lect  cu r ren t  a i rp l ane  ownership. 

Airplanes inspected per the  previous releases of t h i s  s e rv i ce  b u l l e t i n  
requi re  addi t iona l  f a t igue  inspection. 

Airplanes on which l a p  j o i n t s  were refastened per previous i ssues  of 
t h i s  bu l l e t in  or the  methods detailed i n  S t ruc tu ra l  Repair Manual, 
53-30-1, Figure 5, requi re  corrosion inspect ion only per t h i s  revis ion.  

A l l  pages of t b i r  rev is ion  contain new, revised,  or r O f O r m 8 t e d  
information, therefore t h e  rev is ion  bars- i n  t he  l e f t  mergin have h e n  
om1 t ted  

REVISION HISTORY 

Or ig ina l  Issue: 
Revision 1: 
ROVisiOn 2: 
ROVisiOn 3: 

Ju ly  19, 1972 
October 11, 1972 
February 8, 1974 
August 20, 1987 
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BOEING COUMERCIAL AIRPLANE COMPANY P.O. BOX 3707 SEATTLE, WASHINGTON 98124 

SUBJECT% BODY SKIN LAP JOINT 
INSPECTION AND REPAIR 

BACKGROUND 

The longitudinal skin lap joints on 
affectea airplmes were assembled 'with 
a room temperature curing epoxy 
adhesive strip between the overlap. 
Prior to Revision 2 operators reported 
aeterioration of the adhesive causing 
delamination and providing a place for 
corrosion to form. Revision 2 was 
released to proviae inspection, repair 
and terminating action for 
aforementioned condition. Since issue 
cf 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 is issued to revise the 
repeat inspection cycles f o r  fatigue 
cracv. inspection. 

ACTIOK 

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

ATA: 5330 NO * 737-53AlO39 
DATE: July 19, 1972 

REVISION 3: Augwt 20, 1987 

Upon accumulation of 30,000 flight 
cycles or if this throahold has been 
exceeded, the 8forementioned lap 
joints ahould rocoive a vlrual fatigue 
damage inspection and an oddy current 
inspection under one of the options 
described in t he bullotin. 
Termirmtion of the fat%gUO d a g .  
inspection Is accomplished by 
incorporation of the provontive 
modification consisting of inst8lling 
universal head rivets in the upper row 
of lap joint fasteners in conjunction 
with ensuring that fails.fO tear 
straps are functional. 

EFFECTIVITY 

All 737 airplanes Line Number 1 thru 
291 

MANPOWER 

Elapsrd 
Total Tior 

ADDliC8bil%ty Man-Hours j Houra 

Inspection 
Part I 60 15 

P8Pt 11 
TYPO 1 40 10 
5 P e  11 
Opt A 148 37 
Opt E (a) 260 65 
Opt C (a) 260 65 

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

MATERIAL INFORMATION 

Operator-furnished parts 

Summary Page 1 of 2 
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A i  

F A I L  S A F E  
T E A R  STRAP 

ADHESIVE 

TYPICAL SKIN LAP JOINT 

TENERS 

Jul  19/72 
REV. 3: AUg 20/87 
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SUBJECT: BODY SKIN LAP J O I N T  INSPECTION AND REPAIR 

APPENDIX C 

BOEING COMMERCIAL AIRPLANE COMPANY p.0. BOX 3707 SEAlTLE, WASHINGTON 98124 

S E R V l C f  I, BU lL fT ln  

T H I S  SERVICE X L L E T I A  IS BEING SENT TO EACH AFFECTED OPERATOR. I F  THE 
OPERATOR HAS LEASED AIRPLANES, T H I S  SERVICE BULLETIh SHOULD BE FORYARDED TO 
THE LESSEE. I F  THE OPERAfOR HAS SOLD AIRPLANES OR TRANSFERRED AFFECTED SPARES 

NEW OWNER, UNLESS CONFIRMATION HAS BEEN RECEIVED THAT BOEING HAS INCLUDED THE 
..-e.. R A ~ C I N  THE LAST SIX MONTHS, T H I S  SERVICE BULLETIN SHOULD BE FORWARDED TO THE 

NEE OPERATOR ON THE DISTRIBUTION L I S T .  

I .  PLANKING INFORMATION 

A. E f f e c t i v i t y  

1. Airplane8 Affected 

See Service B u l l e t i n  Index  P a r t  3 for cross reference of 
Variable Number t o  A i r p l a n e  Serial Number. 

T h i s  change is  a p p l i c a b l e  o n l y  t o  airplanes l i s t e d  belou. 

LIST ING B Y  CUSTOHER CODE AND VARIABLE NUMBER 

A L O  PG046 PG629 PG701-PG703 PO705 PYOOl 
PY003 PY005 

AHW PG036 PG331 PG577 P J 1 0 2  PL801  

ANA PG578-PG581 PG583 

Jul 19/72 
REV. 3: Au: 20/87 

7 3 7 - 5 3 A 1 0 3 9  
P a g e  1 of 33 
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LIST ING BY CUSTOHER CODE AND VARIABLE NUHBER (CONTINUED) 

ANS PL8O2 

ARG P W ~ O S - P H ~ O ~  P W ~ ~ I - P H W ~  PV007-PV008 

ARL PG251-PG255 PG573 PG515 PY12l -PY323 

AWW PC004 

ATE PA001 PA003-PA004 PC003 

B R I  PJ103-PJ104 PY361-PY362 

BRT PJOOI-PJOO2 PL803 

CGA PG224 

C H I  PG572 PGS74 

CLF PA231-PA232 PG034 PG2O 1 PG20G 
PG222 PG271-PG276 PG278 PG,403 

PG211 
PG438 

CNV PG351 

COP PCOOl 

CPA PG651-PG6S2 PJO31-PJO32 PJO72 

DAL PG202-PG203 PG20S PG207 PG209 
PG216 PG218-PG221 

P6211-PCZ14 

DLH PY345-PY346 

EAG PY381 

PG208 PG210 PC2 15 P 6 4 3 1  

PGO28-PGO29 

PA005 PC055 PC226 P 6 2 2 8  

EGN PG037 

ERA PG026 

FAT PA002 
PG230 

FCT PC002 

P6229 
9 6 1 0 4  

FRO PGOSI PGOL4 PC199 PC225 
PG432-PG433 PG441-PG442 PC62I-PC628 PC630 
P L t l 1  

IND P W ~ O ~ - P H ~ I ~  

Jul 19/72 
REV. 3: Aug 20/C? 

.-- 
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L I S T I N G  BY CUSTOflER CODE AND VARIABLE NUMBER (CONTINUED) 

1RN PH731 P Y O t l  

LAM PH703 PY031 

LNK PH7Ol 

HAD PG375 

MAL PL716 

MID  PG279 

MXG PC005 

NAS PA099 

NKA PGf82  

NOR PY301-PY304 

PG223 

PAA PGO20-PG021 PG043 PGP47-PG048 PG434 

PEX PA006-PA022 PG501-PGSO5 

P I E  PGO41-PGO42 PG049 PG073 PG206 
PG474 PG576 

PRS PG332 PG401-PG402 PG436 P J l O l  
PY341-PY344 

PWA PL712 

QUE PY002 

SAA PG353-PG356 

SBG PYOO4 

TAC PG059 PG3S2 

PY006 

PG301-PG314 

PX701 

TAN P J 0 7 1  

TAV PG074 

UAL PGOO1-PGOO4 PGOO6-PGO19 PGO22-PG025 PG027 PG030 
PGO32-PGO33 PG038-PG040 PGO44-PGO45 PGO51-PGOSQ PGO57 
PGO60-PGO63 PGO65-PGO72 PG075 

VSP PG435 PG437 PG439-PG440 PGG71-PG473 PX071 

J u l  19 /72  
R E V .  3: Aug 20/87 

737-53A1039 
3 
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L I S T I N G  B Y  V A R I A B L E  NUMBER 

PAOQl-PAO22 PA099 PA231-PA232 PCOO1-PCOOS PGOOl-PGO7S 
PG199 PG201-PG230 PG251-PG255 PG271°P6279 PG301-PG314 
PG331-96332 PG351-PG356 PG375 PG401-PG403 PG431-PG442 
pGQ71-pG475 PG501-PG505 PG571-PG583 PGIZ l -PC630  P6651-PG652 
PG7Ol-PG705 PH7Dl-PH715 PH731-PH732 PH741-PH742 PJOO1-PJOO2 
PJO31-PJO32 PJO71-PJO72 PJ101-PJlOG PL711-PL712 PL716 
PL801-PL803 PX071 PX70 1 PY001-PY008 PYO21 
PY031 PY301-PY304 PY32l-PY323 PY341-PY346 PY361-PY362 
P I u 8  1 

2. Spares Affected 

None 

Jul 19/72 
REV. 3: Aug 20187 



122 

BOEING SERVICE BULLETIN 737-53U039 

8. Reason 

P r io r  t o  Rovirion 2, 8eVOn O P ~ a t O r 8  had roported inatmoo8 of 
dotorior8t ion of tho 8dhealve uaod t o  bond tho h p  j o i n t 8  
roaul t ing  i n  j o i n t  dol8min8tion 8nd corro8ion on t h i r t y  

irolated pockets t o  areas s i x  foo t  or  more i n  10116th. h moat 

had caused r x t o r i o r  s k i n  b u l ~ o a ,  crack8 or mirain8 faatonor  
hoads. Airplanes operat ing i n  warm moist climtes wore more 

8iPplU808. Thi8 condi t ion found On 8iPpl8nes with 88 l O W  88 
3,000 f l i g h t  hours. The deteriorated W O 8 8  variod fPO6 8lDI l l  

lnat8nC08 the80 8P0.8 *WOrO P O s i t i V O l y  i don t i f iod  8ft.r oorro8ion 

8U8oOptible to  8dhOS-0 de te r io r r t i on .  

In a l l  instances of j o i n t  db te r io ra t ion  reported pr ior  t o  
Reviaion 2, none had d e v ~ l o p ~ d  f 8 t i g U O  Cr8Ck8. So00 of t h o  
a i rp lanes  w i t h  large areas of delrminrt ion,  had 8 C C u P l U h t O d  i n  
excess of 20,000 f l i g h t  cycler. Prolonged oper r t ion  w i t h  large 
areas o f  delamination w i l l  eventual ly  r o s u l t  i n  f a t i y e  oracking. 

Laboratory t e a t a  have shown that for  t he  th innes t  lago 8kin (.036 
inch)  t h e  t heo re t i ca l  f a t igue  l i f e  of a lap j o i n t  w i th  a larga 
area o f  delamination is PeduCed. This reduction i 8  a t t r i b u t e d  
t o  t h e  sharp  kni fe  odge o f  the countersink f o r  t ho  f m t o n e r  

because t h e  edge of t he  countersink i s  not  a sharp odge. 

Subsequent t o  t h e  o r i g i n a l  i s s u e  of t h i s  b u l l e t i n  t h e  bonded l ap  
j o i n t s  were sealed i n  production t o  prevent moisture Contact with 
t h e  cure6 adhesive. Service experience w i t h  both factory aealed 
and oporator sorled j o i n t s  (Ref. Booing Servioo Bul le t in  

prevonting adhesivo de ter iora t ion .  -Therefore, t ho  o f f eo t iv l ty  
y.8 oxpmded t o  include 8l l  af rp lanes  wi th  faatory rerled bondod 
l a p  Joints. 

Shoo t h e  r o l u r o  of Revirion 2 a n  oporator ha8 roportod l U l t i p l 0  

00,400/42,800 f l i g h t  hours and 44,700/49,900 f l i ~ h t  oyoloa. 

l o f t  and r i g h t ,  S-10 right and S-14 r i g h t ,  betweon Body S k t i o n r  
360 M& 907. 

T h ~ ~ f o ~ e ,  ReVl810n 3 18 iasued t o  u p g r a d o  t h i s  8 O W i C O  bul lo t in  
t o  an  'ALERT,' a t a t u s  8nd to  r ev i se  t h e  repoat  inrpoct ion 
thresholds for de tec t ing  f a t igue  cracking of t h e  ou te r  akin p8nel 
r t  t h e  l a p  j o i n t  upper row o f  fasteners'. 

head. Thicker sa80 sk ins  exhibi ted a higher f 8 t i g U O  8trOngth 

737-53-1017) SndlO8tO8 t h 8 t  8081ftlg ha8 I408 b..n I U Q 0 0 8 8 f U 1  ab 

Irtiguo oMCk8 on threo 8irpknO8 which b.V@ 8oOrn8t .d  

e8ok8 uoro loc8t.d i n  t h e  UPPOP akin  8t  8tPin8Or ? O W  (%4), 

Jul 19/72 
REV. 3: A U 6  20/87 

73733U039 
5 
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Descriotion 

APPENDIX C 

The inspection 8nd rOp8ir of r w c i f i o d  r k i n  l a p  j o i n t s  per t h i s  
8 0 r V i O O  b u l l e t i n  ir divided b t 0  two prrtr. Part one ir for  
oorrorion 8nd Part  two ir  for f 8 t 1 y O .  

Part I, aorrorion inrpootion 8nd protootion calla for 8 o l o r e  
v isu8l  extorn81 inspootion Of 8 k h  h p  joint8 for rkia bulges, 
oP8Ok8 and/or e881nl f U t O a O r  b u d 8  i a d i a t w  8Ubr tADthl  
oorrorlon, 8nd f r o m  t he  8irplMO exterior 8a 8pplioat ion of a 
corrosion inhibitor (Ref. EMS 3-23). Tbo frequonoy of Part I 
inrpootion bhould be bared on Opemtor*r own exporionoe but 
rhould not oxceed r i x  monte intOrV8ls for lower lobo lap  j o i n t s  
8nd one year l n t o r v a l r  for upper lobe lap  j o i n t r .  Them i r  no 
terminating ao t ion  fo r  Part I inspootfon. 

P8rt  If f 8 t i y e  dam880 insp.ction of tbe l 8 p  joint8 8t Striagers 

30,000 f l i g h t  cycle8 a s  indicated below. 
4, 10, 1 4 ,  19, 20, 8nd 24 18 t o  commence upon tho 8CoWUl8tiOn of 

Two types o f  inspection are C 8 l l O d  for: 

Type I - An extern81 close vi8ual inspect ion of tho o r i t i c a l  
upper row of fas tener  holes  for C r 8 C k S  at  oach 189 
j o i n t  where tRe outer rkin. gage l a  loss th8n 0.056 
inch. 

Type If - A h igh  frequency eddy cur ren t  inrpect ion (NDT) o f  t he  
r k i n  8dj8COnt t o  the f88ten.r be8dr of the  o r i t i m l  
UppW t W W  Of 18p j o i n t  f88tenOr8 8t 'O8oh 1.p j o i n t  for 
Crack8 where t h e  outer s k i n  8.80 18 1.88 th8n 0.,056 
inch 8nd 8 V i 8 u 8 l  inspOCtiOn O f  t h e  t0.r 8tr8p8, 88 
noted i n  t he  option8 below. 

For 8ffoct.d 8irplmer which hrvo 8CCu18ul8tOd 30,000 flight 
oyoles or  -rot porfom tho Type I lnrpeot lon a t  noxt 'C' ob.ok, 
but not to  excoed 4,500 flight cycle8 after receipt of Revirion 3 

inspection a t  4,500 fl i@ cycles i n t e r v a l s  u n t i l  t h e  thro8hold 
for Type I1 inrpoction i 8  r O 8 C h O d e  Type If lnrpect ion o o a r l r t r  
o f  three optionr,  811 with initi.1 threshold8 8t t h e  noxt kJor 
Struotura l  Mintenanor Period (D obook) after -8ohing 30,000 

of t h l r  rervice bullot in .  

O f  t h i b  8 W V i C O  b U l h t i n *  If n0 or8Ck8 8 r O  found, 19w8t I 

f l i g h t  O Y C h S  but within 10,000 CYClO8 Of P O C O i p t  O f  Revirion 3 

Jul 19/72 
REV. 3: Aug 20/87 



124 

APPENDIX C BOEfNC SERVICE BULLETIN 737-53A1039 

PLEASE REPORT YOUR PLANNED ACTION AND INSPECTION RmULTS TO 
BOEING CUSTOMER SUPPORT AS SOON AS EACH INSPECTION IS COMPLETE. 

CONTACT: BOEING COlPlERCIAL AIRPLANE COMPANY 

NOTES: 1. Cont8ot Booing for  ins t ruot iona  i f  any d u r p d  8-88 
OX COO^ tbe 8WCified limits. To O x p ~ d i t o  &@h# 
roaponao, bo 8pOcifio whon dofining urd 1-t- tho  

MY secondwy of feo t r ,  whon b o r n ,  should bo boludod 
i n  the  CO&~UnlC8tlOn 8nd followed UP by 8kOtohO8 8nd 
phOtOgr8ph8 when 8pprOpri8t0. I n  addition, whOP0 
corrosion l a  involvod, longth, width, and -toat 
depth of cle8n-up 8ro roquired. 

CONTACT: BOEING COMMERCIAL AIRPLANE COMPANY 

ATTENTION: MANAGER , AIRLINE SUPPORT 

d8Mge. Ciroumatanoor ludiw UP t o  t h o  d m # O  8nd 

ATTENTION: WAGER, AIRLINE SUPPORT 

2. Prior or concurrent incorpor8tion of Sorvioo Bul lo t in  
737-53Al042, "Lower Labe Hot-Bonded Skin P u r l  
Inspect ion,  Reprlr, 8nd Panel Rapheewntw,  is 
recommended on commonly affoctrd 8lrpl8noa. 

This  s e rv i ce  bu l l e t in  has been reviewed by t h e  Fedor81 AVi8tiOn 
Administratlon (FAA) 8nd t h e  (repairs 8nd) mOdiflC8tiOn8 horoin 
comply w i t h  t h e  applicable Fader81 Avlation RIgUhtiOn8 (Pllll'a) 
and are FAA approved. 

Jul 19/72 
REV. 3: Aug 20/87 
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Manpower 

Approximate man-hours and 8 crew size for  ind iv idua l  t88kS 8re as 

Operation 

Inspection 
Pa r t  I 

Part If 
Type 1 
S P e  If 
Option A 
Option B (a) 
Option C (a) 

Fatigue and/or 
Corrosion Repair 

Crew Size 
(Men 1 

4 

* 4  

4 
4 
4 

(a 1 

l4nn-Hou-s 
~~ ~~ 

60 

40 

148 
260 
260 

(a) 

Elapsed 
T i s .  

(Hours 1 

15 

10 

37 
65 
65 

(a 1 

(a)  Time quoted does not  included the removal of a i r p l a n e  
i n t e r i o r .  

( b )  Dependent on number, l oca t ion  and S I Z C  of repairs required. 

Material - Pr ice  and Avai lab i l i ty  

It is recommended t h a t  t h e  parts and materials idon t i f l ed  i n  
Paragraph I 1 . A  be furnished or fabric8ted from opera tor ' s  
e x i s t i n g  s tock o r  purchased d i r e c t l y  from indus t ry  sources. 
Accordingly, p r i ce  and de l ivery  data is not  included i n  support  
of t h i s  bu l l e t in .  

Tooling - Pr ice  and Aval lab i l i tu  

1. Eddy cur ren t  t e s t i n g  equipment, Visu-Lok i n s t a l l a t i o n  tools 
and Unisink Head Bulbed Cherrylock i n r t r l l a t i o n  tools m y  
be needed depending on opera tor ' s  cour8e of act ion.  If 
suoh equipment 1s desired, it is reoommended that it be 
furnished from operator's e x i s t i n g  inventory or pWCb.aOd 
d i r e c t l y  from IhdUstry sources. Accordingly, p r i co  r a d  
de l ivery  data is not  included i n  support  of t h i s  bul le t in .  

2. The tool i den t i f i ed  i n  Paragraph II.C.5 may bo obtalnod 
through: Monarch Harking S y s t e m  

P.0. Box 608 
Dayton, Ohio 45401 

P r i ce  - Par t  Number Ouant 1 t y  

PRY-4 4 tools  per Package 59.50 
PRY-1 1 tool per Package 82-95 

737-53AlO39 - -  
REV. 3: A U g  20/87 8 
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H. Weight and Balance 

Change in weight and balance will depend on number, typo and site 
of rapairs and .mount Of sealant (Ref. BHS 5-95) and/or oorroslon 
inhibitor (Ref. BMS 3-23) 8ppli.d. 

I:. References 

1. Existing Data: 

8 Structural Repair Manual D6-15565, Subjocts 51-10-2, 

b. Boeing Noodestructlve Test Manual, Document D6-37239, 

53-30-1 , 53-30-2 , 53-30-4 and 53-30-4 

Part 1 and Part 6 

c. Boeing Service Bulletin 737-53-1017, "Sealing of 
Cold-Bonded Structure For Corrosion Protoction" 

d. Boeing Service Bulletin 737-53AlO42, "Lower Lobe 
Hot-Bonded Skin Panel Inspection Repair, and hael 
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 
publication: 

Pu bllc8 t ion Chapter-Section 

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

Jul 19/72 
REV. 3: Aug 20/87 

737-53U039 
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11. HATERIAL INFORMATION 

A. Par t s  ReQuired Per Airplane 

NOTE: All of t h e  following MY be 
opor8tor's oourse o f  8otIOn. 

Quantity P a r t  Number 

AS Required See St ruc tu ra l  Repair 
Manual, SubJect 53-30-4 

As Required BMS 3-23 or equivalent . 
AS Required NAS1398D&-( 1 

As Rewired PLTl007-6- ( 1 

As Required CR 2235-6-( ) 

As Required MS20470D5-5 

As Required BMS 5-95, Class B 

APPENDIX C 

required depending on 

Nomenclature 

Soalant 

Water Displacing 
Corrosion Inh ib i t i ng  
Compound 

Blind Rivet 

Vlsu-Lok Blind 
Fastener 

Unisink Herd Bulbed 
Cherrylock 

Rivet 

Sea lan t  

Vendor Information 

Bocing Part No. Vendor P a r t  No. Vendor 

PLT1007-6-( 1 The National Screw and Hfg.  
co. 
3423 S. Garfield Avo. 
Lor-Angeles, cI11f. 90022 

Cherry Rivet Div. 
1224 E. Warner Avo. 
Santa Ana, Cal i f .  92707 

CR 2235-64 1 Townsend Co. 

B. Parts Required to  Modify Spares 

None 

J u l  19/72 
REV. 3: Aug 20/87 
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C. Special T O 0 1 8  and hUiRBent Rewired 

1. t o w  frequency eddy ourrent inspection instruments for corrosion 
lo s s  measoromoat aro listed i n  t h e  Boring Nondestructlvo Tost 
Manual 06-37239, Par t  6, 51-00-00, Figure 5. 

Two corrosion roference standards fabPlC8tOd from 0.036 inch 
and 0.040 inch ol8d aluminum sheet are roquirrd t o  porform 
oorrosion loss moas~~omoats.  

2. Power to018 may be used t o  i n s t a l l  Vlsu-tok faatanors. For 

3. The following tool)  my be used t o  i n s t a l l  Unislnk ho8d Bulbod 

applicable t o o l s  contact the k t i o n a l  Serow 6 Hfg. Co. 

Cherrylock fasteners:  

P u l l  Gun: G-684 
Flush Fastener P u l l  Head: H681-6C 
Vendor: Tounscnd Co., Cherry Rivet Div. 

1224 E. Warner Ave. 
a n t a  Ana, Calif. 92707 

4. The fOllOWlng equipment h8S been tO8ted and found 8 8 t i s f 8 C t O r y  
for b l i n d  appl icat ion of corrosion i n h i b i t o r  8nd is t o  be 
operator fabricated.  Equivalent operator designed oquipment 
may a lso  be used a s  long as 'it is designed t o  apply only the 
minimum amount of corrosion i n h i b i t o r  required t o  sa tur8 te  the 
vo id  and t o  prevent contamination of insulat ion m t o r l a l s .  
'Ihis equipment is for use w i t h  the one row b l i n d  fas tener  j o i n t  
refastening method detai led i n  Part  I V  - Repair Data. 

5 .  The following tool  is s u i t a b l e  for  use i n  Part I11 - Tow 
Strap Inspection f o r  disbond. 

Nomenclrture Part Number 

Econo-Pry PRY-1 o r  
PRY-4 

An equivalent too l  may be used a t  operator 's  d i sc re t ion .  

J u l  19/72 
REV. 3: Aug 20/87 

7 37-53UO39 
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hUlDment - l k t h o d  1 (ODtiOn81 t o  Pkthod IIy 

1. Pour ounce pump typo oilcan modifiod t o  incorporato 8 s t o p ,  
8tOP 8crow, sp r ing  8nd 8poci.l 002210. Fabric8to per 
Figure 3. 

1. AppllC8tOP t i p ,  s top collrr and a length of c h a r  p l a s t i c  
F8brlC8tO 8nd a88Ombh per Fiyro 5. 

2. Determine outer  sk in  thickness  (737 S t ruc tu ra l  Ropair 

tubing. 

Manual Subject  53-30-2, Figure 2 and Figure 3). 

D. Exis t ing Par t s  Accountabili ty 

None 

APPENDIX C 

J u l  19/72 
REV. 3: Aug 20/87 

7 37-53UO39 
12  



130 

APPENDIX C BOEINC SERVICE BULLETIN 737-53A1039 

111. ACCOWLISHMENT INSTRUCTIONS 

NOTES: 1. The following program out l ines  the minimum requirements fo r  
maintaining the  s t r u c t u r a l  i n t e g r i t y  of s k i n  l ap  jo in t s .  
The inspection fo r  Corrosion w i l l  detect  severe corrosion 
requiring r epa i r  by l n s t a l l l n g  r e p a i r  doublers. Ihe 
inspection for  fa t igue damge w i l l  d e t ec t  l a rge  fa t igue  
cracks (0.25 inch i n  length and g r e a t e r )  emmating from 
upper row- fastener  holes. These oracks w i l l  be l a r g e  
enough t o  require  r epa i r  by i n s t a l l a t i o n  o f  repair 
doublers. I n  the following inspections orch panel is 
t reated a s  a separate  e n t i t y  and the  inspection results of 
one panel re1iabl.y Cannot be Used t o  ind ica te  the condition 
of an0 t her. 

2. On the f igures ,  unless otherwise specif ied:  

- All l i n e a r  dimensions a r e  i n  inches 

- Tolerance on l i n e a r  dimensions other  than r i v e t  and 
bol t  edge margin is p l u s  or minus 0.03 

- Tolerance on r i v e t  and bol t  edge margin is p l u s  or 
minus 0.05 

* - h g u l a r  tolerance is  p l u s  or minus 2 degrees 

- Hole size fo r  standard s o l i d  r i v e t s  is per 737 
St ruc tura l  Repair Manual Chapter 51 

Part I - Corrosion Inspection and Repair 

On a l l  a i rp lanes ,  accomplish the following corrosion inspection and 
appl icat ion of corrosion inh ib i tor  BMS 3-23 or  equivalent (Ref. 
Corrosion Prevmtion Manual h r t  1, Section 20-60-00) a t  s i x  month 
i n t e r v a l s  on lower lobe J o i n t s  and one year i n t e r v a l s  on upper lobe 
jo in t s .  

A. Visually inspect external  surface of each l a p  j o i n t  for  s k i n  
bulges adjacent t o  fas teners ,  s k i n  cracks caused by severe 
CorrosIOn, dished fastener  heads or  misning f a s t ene r  heads 
betwoen Body Stat ion 178 and 1016 (See Figure 1). 

B. If corrosion indicat ions noted i n  Step A a r e  found, determine 
extent of corrosion d8mage fo r  f u l l  length of the  panel j o in t .  
Extent 'of damage may be determined using low frequency eddy 
ourrent inspection (Ref. 737 Nondestructive Test Manual D6-37239, 
Part  6 ,  51-00-00 Figure 5 )  or  by any other  s u i t a b l e  means. 

J u l  19/72 
REV. 3: Aug 20/87 
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'C. Corrosion may be removed by local blend ou t  if the blend out  
depth does not  exceed 10 percent  of t h e  s k i n  thickness  except as 
follows : 

1. I n  small local areas not  exceeding 3 inches i n  length i n  
Ury 20 inches Of j o i n t ,  8 akin t h i C k n O 8 8  reduction O f  20 
percent is acceptable. 

2. In  811l11er areas n o t  exceeding 1.5 inch08 i n  length i n  any 
20 inches of  Jo in t  a s k i n  thickness  reduct ion of 40 peroent 

40 percent it is suggested t h a t  a fay ing  sur face  8ealed 
shim and overs ize  protruding head f a s t ene r s  be i n s t 8 l l e d  i f  
there 8re ex i s t ing ' f a s t ene r  holes i n  t h e  rmfork area. 
After corrosion removal r e f a s t e n  t h e  j o i n t  per 737 
S t ruc tu ra l  Repair Hanual Subject 53-30-1, Figure 5, Method 
I1 or 111. 

is 8CCOptablO. Ia area8 where s k i n  thiCknes8 is reduced by 

3. Corrosion exceeding t h e  above l i m i t s  should be repaired per 

0. In  panel lap j o i n t  areas where no corrosion ind ica t ions  are 
found, apply corrosion i n h i b i t o r  to  j o i n t  ex te rna l  edge and 
f a s t ene r  ex terna l  heads i n  j o i n t  (Ref . 737 S t ruc tu ra l  Repair 
Manual S U B j e C t  51-10-2). For maximum penet ra t ion ,  i t  I8 
suggested t h a t  corrosion inh ib i to r  be appl ied  to  t h e  j o i n t  edge 
under pre8sure using equipment such as a n  airless pa in t  spray 
PUP ' 

NOTE: F i l l e t  seal along the  edge of t h e  l a p  j o i n t  provonts 
corrosion i n h i b i t o r  app l i ca t ion  t o  t h e  j o i n t  edge, but  need 
not  be removed unless  deteriorated. 

737 St ruc tu ra l  Repair Manual Subject 53-30-3. 

E. After corrosion i n h i b i t o r  becomes tacky, excess  m y  Be removed 
(Ref. 737 S t ruc tu ra l  Repair Manual Subject 51-10-2). 

Par t  If - Fatigue Damage Inspect ion and Remir 

On a l l  a i rp l anes  a C C O m p l i 8 h  t h e  f o ~ l o w i n g  Type I and Type I1 
inspec t ions  for f a t igue  cracks i n  lap  j o i n t s  a t  S t r inge r s  4, 10, 14, 
19, 20, 8nd 24 where the j o i n t  o u t e r  s k i n  p g e  is less than .056 inch 
a t  the i n i t i a l  th resholds  ind ica ted  i n  Paragraph 1.C. Description. 

Type I Inspect ion 

A. With the  a&d of a b r i g h t  l i g h t ,  v i s u a l l y  inapec t  t h e  l a p  j o i n t  
e x t e r i o r  body sk in ,  forward and a f t  of the  f a s t ene r  he8da i n  t he  
upper row fas t ene r s  for f a t i g u e  cracks (See Figure I). 

8. If m y  Crack is found, eddy cu r ren t  i n spec t  t h e  s k i n  ad jacent  t o  
a l l  j o i n t  upper row fas t ene r  heads t h e  f u l l  length of t h e  panel 
i n  which c rackb)  were found. See 737 Nondestructive Test hn -1  
D6-37239, Pa r t  6, Subject  53-30-03 for inspec t ion  equipment and 
technique. 

J u l  19/72 
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Ropair fa t iguo cracks using a ropa i r  riailar t o  that 8hOm i n  737 
St ruc tu ra l  Ropair h n u r l  Subjoct 53-30-3, Figuro 16, and roplaoo 
a l l  roorining uppor r o w  f l u s h  j o i n t  fas tonors  i n  that  pur01 j o i n t  
w i t h  ororsiro protruding hord rolid fartonor8 por Part IV - 
Repair Data. Tbis i n  oonjunotion wi th  Part 111 - TOW Strap 
Inrpootion and Roprir is t o r a i n a t i r y  ao t ion  for Part If 
inspoctions for tho affoctod panel. 

In 8kin w o 1 8  whoro no f 8 t i g l J O  oP8ak8 8 P O  found, r0pO.t 
inspoction ovory 4500 f l i g h t  oyol.8 uti1 tho thr08hOld f O P  Typo 
I1 inspoction is rerchod. Pan01 roinsp.ctlon por Part I1 for 
f 8 t i g U O  CP8OkI) lDIy bo doforrod for tho f 8 t i g U O  l i fe  i n o r o w n t  
stated for tho p 8 r t i C U l 8 P  fas tonor  by 8oOOBpli8hing blind 
fastoner l n s t a l l a t l o n  ,per Part IV - Roprlr Data or mmy bo 
toroirmtod by roplacing tho ox i s t ing  uppor row of f lush j o i n t  

Ieupoction and Ropair. Howovor, Part I - Corrosion Itmpootion is 
t o  be continued. 

f8dtOnOr8 w i t h  rtandard protruding h0.d s o l i d  f88tOnOr8 par Rrt 
IV - Ropair ht8 8nd 8COOBpli8hiw Part 111 - TOW S t m p  

Type I1 Inspection 

A. Accomplish a high frequency oddy curront  inspoctioa (NDT) for 
Cracks i n  tho l a p  j o i n t  oxtor ior  body 8 k b ,  fO'orw8rd urd a f t  O f  
the  f8Stener herds  i n  t h e  upper row O f  f88tOnOr8 (S.0 F i g ~ r ~  1) 
using one of the following three options.  Sea 737 Nondortructive 
Tost Manual D6-37239, Part 6, Subject 53-30-3. 

NOTE: After accomplishrPoat of first high froquoncy oddy curront 
inspection, no t i fy  b e i n g  Cu8toror Support of inspection 
rerults. Tbis information is roquestod to. .  a i d  i n  
determination of future changes t o  t h i s  8orvico bul lot in .  

Contact: Booing Commercial Airplano Compmy 
Attontion: hnrgor, Airl ino Support 

Option A - A t  aoxt r j o r  St ruo tu ra l  h i a t o a r n o o  Poriod (D ohoak) 
a f t o r  roaching 30,000 f l ight  cyclor ,  b u t  within 10,000 f l ight  
oyclos a f t o r  rocoipt of Rovirion 3 of tho rervico bu l lo t in  and a t  

following: 

1. Accomplish NDT inspection of tho cri t ical  uppor row of 

20,000 f l i g h t  C y C l O 8  IntOrV818 tho ro r f to r ,  8OoOBpli8h tho 

faatenerr  f o r  oach sk in  l ap  Joint.  

J u l  19/72 
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2. If no cracks are found, aCCOmP1ish  Type I inspect ion after 
6,000 f l i g h t  CyOleS and thereafter a t  3,000 fli&t cyclo 
i n t e r v a l s  u n t i l  next  NDT. Panel re inspeot ion per Par t  11 
say  be deforred for t h e  f a t l y e  l i f e  incrosent  r a t e d  for 
the pa r t i cu la r  f a s t ene r  by aCC06pli8hing b l ind  f a s tone r  
i n s t a l l a t i o n  per h r t  I V  - Repair Data or auy bo t o r a i ~ t e d  
by replacing the ex i s t ing  UppeI' row Of f 8 8 t O n O P 8  w i t h  
protruding head s o l i d  fas teners  por Part I V  - Ropair ha 
and 8 c c ~ p l i S h i n g  h r t  111 - Toar S t M p  h 8 p . C t i O Q  and 
Repair. 

3. If cracks are found, aCCompli8h repair 8i.il.r t o  that  
shown i n  737 S t ruc tu ra l  Repair Manual Subjoct 53-30-3, 
Figure 16  and rep lace  a l l  remaining upper row fas tenera  i n  
t h a t  panel j o i n t  w i t h  protruding head solid fas teners  per 
Part I V  - Repair D a h  and accomplish Pa r t  I11 - Toar Strap 
Inspection and Repair. This c o n s t i t u t e s  t o r m l ~ t i n g  a c t i o n  
for Part I f  Fatigue Damage Inspect ion for t h e  affocted 
panel. 

Option B - A t  n e x t  major S t ruc tu ra l  Maintenance Period ( 0  check) 
a f t e r  reaching 30,000 f l ight  cycles ,  but within 10,000 f l i gh t  
cycles  a f t e r  r ece ip t  of Revision 3 of t h i s  service b u l l e t i n  and 
a t  20,000 f l i g h t  cycle i n t e r v a l s  there8ftOr, 8oCOmpliSh t h e  
following: 

1. Accomplish NDT inspect ion of  t h e  cri t ical  upper MU of 
fas teners  for each sk in  l a p  j o i n t ,  and accomplish Part I11 - Tear S t r ap  Inspect ion and Repair. 

2. If no cracks are. found and tear s t r a p  bond is i n t a c t ,  
accomplish Type I inspect ion a t  6,000 f l igh t  cyc le  
i n t e r v a l s  u n t i l  next  NDT inspect ion a t  prescribed 
threshold,  or defer inspect ion f o r  t h e  f a t igue  l i f o  

'increment stated fo r  t h e  p a r t i c u l a r  f aa t ene r  by 
8CCOmp1ishlng bl ind f a s t ene r  i n s t a l l a t i o n  per  Pa r t  I V  - 
Repair RU or  termlnate  inspoct ion by replacing the 
e x i s t i n g  upper row of fas teners  w i t h  protruding hoad solid 
f a s t ene r s  per Pa r t  I V  - Repair Data. 

3. If cracks are found in t h e  f a s t ene r  r o w ,  aocomplirh a 
repair sirdlar t o  t h a t  shown i n  737 St ruc tu ra l  Repair 
Manual Subject 53-30-3, Figure 16 and rep lace  a11 r o m i n i n g  
upper row f a s t ene r s  i n  t h a t  panel j o i n t  with protruding 
haad pol id  f a s t ene r s  per Part I V  - Repair Data. This i n  
conjunction wi th  func t iona l  tear s t r a p s  is tormirut ing 
ac t ion  f o r  Part 11 inspect ions for t h e  affected panel. 

APPENDIX C 
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ODtion C - A t  next mjOr St ruc tura l  Mlntonanco Poriod (D obock) 
aftrr  reaching 30,000 f l igh t  cyclos,  bu t  w i t h i n  10,000 f l i g h t  
oycles a f t e r  roceipt  of ReVi8iOn 3 of t h i s  sorvice bul lot in  and 

following : 
a t  10,000 f l i 8 h t  Cy010 h t O P V a l 8  thoreaf tor ,  8CCOmpl i8h  tho 

1. 

2. 

3. 

I f  

Accomplish NDT inspoction of t h e  c r i t i c ia l  uppor p o w  of 
fasteners  for oach skin l a p  j o i n t  and accomplish Part I f f  - 
TOW Strap I~inrpoction and Ropair a t  a l t o n u t o  NDT 
inspection, for  paaols wi th  no Cracks or toar  strap disbond 
or  w i t h  repaired toar s t r aps .  

If cracks are foynd i n  t b e  f a s t ene r  row, 8 C C O m p l i s h  r opa i r  
s imi la r  t o  tha t  shown i n  737 S t r u c t u r a l  Repair Manual 
Subject 53-30-3, Figure 16 and roplaco a l l  romining  upper 
row fasteners  i n  t ha t  panel j o i n t  w i t b  'protruding h u o  
s o l i d  far teaor6 por Part I V  - Ropair Data. Thir i n  
conjunction w i t h  functional t e a r  rtraps is t o r m l ~ t i n g  
act ion fo r  Part 11 inspect icns  for the  affeoted panel. 

If no cracks a re  found, Part I1 inspection f o r  tbo 8ffOCt .d  
panel may be terminated by replacing the upper row of 
fasteners  i n  the panel j o i n t  w i t h  protruding herd s o l i d  
fas teners  per Part I V  - Repair Data and ensuring funct ional  
t ea r  stmps. 

b l i n d  r i v e t s  a r e  i n s t a l l e d  or  have been ~ r e v i o u r l ~  in8tall.d 
for fa t igue l i f e  improvoment, thoso l a p  joint ;  are subjoct t o  tho 
above Type 'r and Type I f  Inspection when t h e  l i f o  improvoment 
i n t e r v a l s  s ta ted  i n  Part  I V  of t h i s  sorvico bu l lo t in  aro oxoooded. 

I n  addi t ion,  i f  b l i n d  r i v e t s  are i n r t a l l e d  or have boon 
proviously in8 t8 l l ed ,  8 C C O m p l l s h  a one-time t e a r  s t r a p  inspoction 
and r epa i r  per Part  I f f  - Tear Strap Inspection and 'Ropair a t  
aoxt Major S t ruc tura l  ~ i n t o r u n c o  Poriod (D ohock). 

Par t  I - Corrosion Inspection i r  t o  be oontinuod per t h i s  rorvice 
b u l l e t i n  rogardless of aotiOn8 takon por Typo 11 Inspoctions. 

Part I11 - Tear Strap Inspection and R o ~ a i r  

On a l l  a i rplanes,  8 C C O m p l i s h  the  following delamination and/or 
corrosion inspection as required por the  in s t ruc t ions  i n  Part 11 - 
Fatiguo hmgo Inspection and Roprir. 

A. OIin 8cOess t o  the i n t o r i o r  r i d 0  of the  r p p l a n o  skin.  

J u l  19/72 
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8.  Visually 1nSpeCt t h e  bond edge of the doubler / tear  s t rap for 
s igns  of delamination and/or corrosion <See Figure 2). 

NOTE: If disbond is suspected, i n s e r t  tool (ST ) between s k i n  
and s t rap.  Pushing ou t  on sk in  panel may be reauired for 
tool inser t ion .  mist tool t o  oonfirm diabond and t o  
inspec t  f o r  corrosion. 

C. 

D. I n  s t rap  areas where disbond cnd/or corrosion has been found 

If corrosion is found, romove per Part I. 

and/or removed, re fas ten  s t rap  per Figure 2, Detail I. 

Part I V  - Remir Data 

The fol2owing repairs are used t o  restore the  f a t igue  l i f e  of a 
del8mlnated j o i n t  area or t o  r e fa s t en  8 j o i n t  8Opar8ted . for corrosion 
runoval. The k t h o d  X I 1  f as tener  rewlr per 737 S t ruc tu ra l  Repair 
Ilanual Subject 53-30-1 is a permanent repair which replaces t h e  
e x i s t i n g  f lu sb  fas teners  i n  t h e  l a p  j o i n t  upper row w i t h  oversize  
protruding hmd r i v e t s  and may be used as a preventive modification. 
The one row blind f a s t ene r  repair 1s similar t o  t h e  aforementioned 
fas tener  repair except b l i n d  f a s t ene r s  are used. This repair is l i f e  
l i n l t e d  depending on the  type of f a s t ene r  used and the gage of the  
ou te r  sk in  a t  t h e  j o i n t .  After i n s t 8 l l a t i o a ,  t he  b l ind  f a r t e n e r r  
should be regular ly  inspected for  looseness or working. After they  

as detailed i n  Part 11 should be i n i t i a t e d  i n  t h e  repair area. The 
bl ind  f a s t ene r s  may be replaced wi th  protruding hmd sol id  r l v e t s  i n  
conjunction w i t h  f a t igue  Crack inspec t ion  and P a r t  I11 - Tear Strap 
Inspection rnd repair for  terminat ing a c t i o n  for  Pa r t  I f  inspection?. 

Whon 8OCOPlpllshing t h e  Method I11 fas t ene r  repair per 737 S t ruc tu ra l  
Repair Manual (SRM) Subjeot 53-30-01 as a prevent ive modification on 

frequency oddy au r ren t  inapeot ion of tho l a p  j o i n t  open holea b.fore 
oversizing for protruding h a d  r ive t s .  If aracka are found, repeat 
eddy cur ren t  inspect ion of bole after overs iz ing  t o  a s su re  Crack 
removal. Airplanes previously modified per SRM, Method I11 s o l i d  r i v e t  
f a s t ene r  repair, received terminat ing ac t ion  and do no t  r equ i r e  further 
Fatigue Damage Iaspection. 

have been i n  se rv ice  for t h e  stated period, 8 fatigue Crack in8peCtlOn 

8 i r p h n O s  t h a t  have exceeded 40,000 fu@t CyCleS, PWfOl.PI 8 bi@l 

NOTE: The following repairs m8y no t  be used i n  corroded areas where the  
s k i n  thlckoess would be less than .032 inch after oormsion 
pemval. For repdr of corroded areas exceeding t h i s  llmlt, aee 
737 S t ruc tu ra l  Rep8ir M8nu81 Subject 53-30-1, Figure 5, Pkthod I1 
or 111. 

J u l  19/72 
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A. One Row Standard Fastener Ropair 

1. I f  jo in t  Was soparatad, POmOVO 10080 8dh08iv0, apply brush 
on chomical f i l m  t r o a t w n t  (Alodino or I r i d i t o )  and on. 
coat of chemical and solvent r o r i a t m t  primor t o  mota1 

faying surfaces.  So0 737 St ruc tu ra l  Ropair Manual Subjoct 
53-30-4 for f ry ing  surfaco s o a l m t s .  

f rying 8UPf8008. ut* Pri#P h88 driod, 8pply 8OalMt t o  

2. If jo in t  was not 8 O p a r 8 t O d ,  i n j o c t  as much corrosion 
1 n h i D i t O r  8s po8SiblO i n t o  tho Joint .  So0 737 S t f l c t W a l  
Ropair Manual Subject 51-10-2 for corrosion inh ib i tor  
application. 

3. I n s t a l l  fas teners ,  see 737 S t ruc tu ra l  Repair Manual Subject 
53-30-1, Figure 5 Method 111, and inspect  t ea r  s t rap .  

8. One Row Bl ind  Fastener Repair (lit. l imltod)  

h i s  r e p r i r  is l i f o  l imi ted .  Tho following fat igue l i v o s  wore 
established by t e s t i n g  which assumed tho 8b8OnCO of bond, fa t igue 
cracks and corrosion and a r e  t o  be C 8 l C U h t O d  from the t h o  b l i n d  
fas teners  a re  i n s t a l l e d  i n  the jo in t .  If b l i n d  r i v e  
NAS1398D8-( is i n s t a l l e d ,  a fa t iguo l i f e  improvoment of 
approximately 15,000 f l i g h t  cycles may bo expectod. If Visu-Lok 
b l i n d  r i v e t  PLT1007-6-( of Unisink Head Bulbod Chorrylock CR 
2235-6-( 1 1s i n s t a l l e d  a fa t igue  l l f o  ioprovoment of 
approximately 30,000 f l i g h t  cycles  may be expected. Blind 
fasteners  should be inspected f o r  loosoness or  working a t  rogular 
major maintenance i n t e r v a l s  t o  ensure tha t  the indicatod fat igue 
l i f e  is achieved. Inspect fas tener  locat ions for fat igue crack8 
per Part  I1 a f t e r  f l i g h t  cycle extension has boon roached, unloss 
replacement wi th  standard fas teners  por Part 1V.A is accompli8hod. 

1. Remove ex is t ing  upper row rivet i f  it is 3/16 inch d i w t o r  
or  smrller. 

NOTE: If ex is t ing  fastener  Is steel or, largqr  th8n 3/16 
inch di.meter,  removal is not required,  as t h i s  
location w i l l  have a sa t ib fac to ry  fa t igue  l i f o .  

J u l  19/72 
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2. Enlarge existing hole with, Size F (0.257 inch diameter) 
drill if blind rivet BAS1398D0-( is to be inst8lhd, No. 
3 ( 2 1 3  inch diameter) drill if VisU-Lok blind rivet 
PLTlOO7-6-( ) is to be inst~lled, or No. 5 (.205 inch 
diameter) drill if Unisink Head Bulbed Cherrylock CR 
2235-6-( ) la to be installed. Careful bolo dsilling is 
advised to keep. hole diameter 88 Close to m h i m U 0  a8 
p088ibh 

NOTE: Visu-Lok blind rivet PLT1007-6-( ) or Unisink t k 8 d  

replace 5/32 inch diameter rivets only. For 
replacement of 3/16 inch diameter rivets uae blind 
rivet NAS1398DB-( 1. 

Bu1b.d Cherrylock CR 2235-6-( ) be ~8.d to 

3. To 8ChieVe the maxlmua service life associated with blind 
fastener installation, it is essential that no oorrorion be 
present. It is suggested that corrosion inhibitor be 
8pplied to joint faying surface through 88Ch open fastener 
hole using equipment similar to that detailed in P8Pagraph 
II.D.4. After application, remove all traces of corrosion 
inhibitor from external skin surface using a 1:l mixture of 
methyl ethyl ketone and toluene. 

NOTES: 1. Contamination of insul8tion blankets with 
corrosion inhibitor is not to be permitted. 

2. Corrosion inhibitor application restrictions 
det8iled in 737 Structural Repair Manu81 
Subject 51-10-2 concerning application in the 

3. For full width delaminations both external qnd 
blind internal application of corrosion 

vicinity Of oxygen systems must be observed. 

inhibitor 18 suggested. 

4. Application by aerosol can has been found to be 
unsatisfactory for blind application due to the 
likelihood of over-saturation from an 
uncontrolled spray and possible contamination 
of insulation blankets. However, it ir  
8atisfactory for external application wbere 
full wldth delaminations are found and ex~esr 

4. .Install blind rivet NAS1398D84 1, Vim-bok blind 
rivet PLT1007-6-( 1 of Unisink Head Bulbed Cherrylook 
CR 2235.64 1 as applicable wigh wet sealant (Rot. 
BMS 5-95)  under rivet head. 

O f  corrosion inhibitor M Y  be w i m d  up. 

APPENDIX C 
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Illustration Table o f  Contents 

Title Pa#@ 
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Figure 2. Tear Strap fnap.ction... . . . .a.. . . . . . . . .a.aa... . . . .a 26 

Figure 3. Bl ind Corrosion Inhibitor Applloator - Mothod I.. . . .  26 

Figure 4 .  Lap Joint ~ p l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31 

Figure 5. B l i n d  Corrosion fnhibitor Applicator . Method I f . . . .  32 
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SEE D E T A I L  I 

FIGURE 1. LAP JOINT INSPECTION 
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FRAME 
S T A T I O N  

M I D W A Y  

UPPE 
S K I N  

e... C I C C  

\ S T R I N G E R  

' OOUBL 

4 
4 - .  

. ER 

(REPLACE 1 
b D e S I V E  STRAP 
' 0  I SBOND 1 

DETAIL I 
TYPICAL SKIN LAP JOINT 

FIGURE 1. LAP JOINT INSPECTION 

19/72 
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I N ~ E R  XIR 
LOWER S K I N  

DETAIL  I 1  

0 Accomplish Part I Visual Inspection of akin p m e l  l a p  joint, for 
corrosion and/or delamination, locrtea a t  Stringerr 4,  10, 14# l g D  20, 
and 24. 

@ Accomplish Part XI  Inspection of the lap joint upper row of ~ m t o n r r s .  

FIGURE 1. LAP JOINT INSPECTION 

Jul  19/72 
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FIGURE 2. TEAR STRAP INSPECTION AND REPAIR 
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STR 

0.32 TYPICAL 

OUTER S K I N  

D E T A I L  I 

0 Perform close visual inspection of the bonded edge of the tear strap 
for dlrbond and/or corrosion, over a minimum tear rtrap length of 2 
atringer 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 8id in identification of weak or disbonded tear .trap 
oonnections . 

@ Drill 0.159-0.171 diameter hole at locations rhown and install fastener 
MS20470D5-5 wet with sealant (Ref. BUS 5-95). 

FIGURE 2.  TEAR STRAP INSPECTION AND REPAIR 

Jul 19/72 
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NOZZLE 

APPENDIX C 

Jul 19/72 
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TION 
T 

-1 0.20 

BRASS TUBING 
3 / 3 2  ( 0 . 0 9 4 )  0 .0 . .  
1/16 (0.062) 1.0. 
( A N Y  OTHER SUITABLE 
MATERIAL MA: BE USED) 

DETAIL I 

FIGURE 3. BLIND CORROSION INHIBITOR APPLICATOR METHOD I 

737-53A1039. 
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0 End O f  nozzle should COnt8Ct skin for proper 8ppliC8tiOn. 

@ Adjust stop screw so th8t one P m P  8tPOka will dl8Ch8Pga 0.10 to 0.15 
cubic centimeters of corrosion inhibitor. 

Apply a maximum of 0.15 cubic oentisotor8 of oorrouion inhibitor to 
upper edge Of joint 8t e8Ch UppW POW f88t@aer b o h  whore 8 blind 

equal rate at which corrosion inhibitor flows down the 8Lin onto the 
joint for maximum joint srturation. Correct 8pplic8tion rate is 
established by trial 8ppliC8tiOn U s i n g  8 joint 88mph f8bPiO8tad pet' 
F i g u r e  4 .  

fastener Will be inst8lhd. R8te Of 8ppliO8tiOn 8hOuld 8ppPOXilrrtelY 

@ Splattering of corrosion Inhibitor on insul8tion blrnkets is not to be 

@ Spring aids in controlling 8pplic8tion rate. 
allowed. 

FIGURE 3. BLIND CORROSION INHIBITOR APPLICATOR - METHOD I 

Jul 19/72 
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-I- D R I L L  N 0 . 2 1  (0 .159  I N C H  D I A M E T E R )  HOLE AND 
I N S T A L L  R I V E T  e A C R l S C E s D (  

e D R I L L  N0.5 ( 0 . 2 0 5  I N C H  D I A M E T E R )  HOLE. 

A 0.040 TO 0.061 I N C H  
T H I C K  AL ALLOY 
SHEET ( T Y P I C A L )  

ST A NO ARD b 

STR I NGER I. 

SECT I ON - 1  

0.50 T Y P I C A L  

=/ 
3.00 T Y P I C A L  

0 ; s o  
T Y P I C A L  

3.00 111 ,Y L 

@ Fabricate (Lrp Jolnt Sample’ as shown (used for adjustment 8nd pr8Ctlc0 
o f  applying corrosion inhibitor by Method I). 

FIGURE 4. LAP JOINT SAMPLE 

Jul 19/72 
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CLEAR 
P L A S T I C  
TUB I N G  

I NSUL A t  
BLANKET 

I 

I O N  

STOP COLLAR 

D I SC HARGE 

SKIN’ I 
STR INCER 

FIGURE 5. B L I N D  CORROSION I N H I B I T O R  A P P L I C A T O R  - METHOD 11 
Jul 19/72 
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TOOL FABRICATION INSTRUCTIONS 

Q Make applicator tip from any convenient non-ortallic material either 
solid or hollow. If solid materirl is used, drill 8 holm for the 
majority of its length as shown. If hollow mater181 is used, 8Uit8bly 
plug one end. 

Fit 
of tip in hole should be a light interference fit to prrclude an 
appreciable amount of corrosion inhibitor flowing past the tip 8nd down 
the inner surface of the skin. The intent is to hold the corrosion 
inhibitor supply at the frying surface. Correct tip diameter is b8st 
determined experimentally. 

@ Diameter of tip dependent on hole size in skin and tip material. 

@ Drill four 0.03 dia. discharge holes 90 degrees apart. 
0 rake sto? collar froz any suitable metallic or non-metallic material 

and install set screw. 

TCOL USkSE INSTRUCfIOSS 

@ Determine outer  skin thickness at hole and adjust stop collar so that 
distance from center of discharge holes to stop oollar 8quals outer 
skin thiCkheSS. 

@ Insert tip into fastener hole until stop contacts skin. 
0 Fill clear plastic tubing with corrosion inhibitor to a level 

@ Allow tool to remain in place for approximately 5 minutes to achieve 
maximum penetration. A visually apparent drop in fluid level m y  or 
may not occur depending on void s h e  and gap between the skins. It the 
gap between the skins is very small the fluid lev81 may not 8ppe.r to 
drop. However, tests indicate that the void area is nev8rthrlrss 
saturated with corrosion inhibitor and therefore the lack of a visual 
drop in fluid level is unimportant. 

approxhately 0.5 inch above discharge holes. 

FIGURE 5. BLIND CORROSION INHIBITOR APPLICATOR - METHOD If 
Jul 19/72 
REV. 3: Aug 20/87 
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IrnWzNrn ,-- 

EFFECTIVITY 
NONDESTRUCTIVE TEST 

J+ONGITUDINAL LAP JOINTS - WITHOUT FASTENER REMOVAL 
A. To find Cr8Cks ln the orltical (upper) row of f8steners of 

lOngitUdin81 skin l8p joints using high frequency eddy ourrent, 
without romoml of fasteners. 

B. The cmcks usurlly skrt on the inner surface of the outer skin 8t the 
odge of the countersink. 

This inapection can find cracks 0.040 inch or longer beneath the 
countersunk f8stener he8ds in skin of 0.036 inch and 0.040 inch thick. 

Prom there they propagat0 out 8long the 
f8Yiw 8Urf8Ce. 300 Fig. 3 for 8n illUstr8tiOn Of 8 typical Cr8Ck. 

m: A procedure for use with fasteners removed is Part 6, 53-30-00, 
Fig. 1. 

2. paulDment 

m: Refer to Part 1, 51-06-00 for information on equipment 
manufacturers. 

A. Any eddy current instrument that can operate at 100 kHz and 8atisfy 
the performance requirements of this procedure may be Used. 
following oqulpment w8s used in the development of this procedure: 

(11 Magnatest ED-520 Magnaflux Corp. 

(2) MIZ-lOA, HIZ-lOB, Zetec Inc. 

(3) Locator UH, Hocking Instruments 

PFObe--Use on0 of the following or similar probe: 

(1) 0.125 inch dilmoter, 3 inch long shielded pencil probe, P/N 

(2) 

(3) 

The 

8. 

W-30, NDT Product Engineering 

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

Unshielded locator probe, P/N 29P101, Hocking Instruments 

C. Reference Standard -- Refer to Fig. 1. 

De Prob8 Guide -- Draftsman Circle Template. Refer to Fig. 2. 

737 NDT 
Oct 15/87 
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3. PreDaratlon f o r  Inspection 

A. Make sure  t h e  inspect ion area is clean. 

Paint removal is not  required t o  do t h e  inspection. 
B. Loo8Uy remove th i ck  pa in t  88 neoe888ry only t o  f ind  t h e  r i v e t  head80 

4. Jns trument Cal ibrat ion 

A. Do t h e  i n i t i a l  ca l ibra t ion .  Refer t o  Part 6, 51-00-00, Fig. 4. Set 
Looator UH t o  inspec t  aluminum. 

Put t h e  probe guide on the ' re ferenoe  standard. B. 

C. Visually oenter  one of  t h e  holes  around the  r i v e t  head. 
tht  pos i t ions  t h e  penci l  probe t o  scan the  edge of t h e  oOUnter8ink. 
Refer t o  Fig. 2. 
t h e  a r t i f i c i a l  Crack i n  t h e  countersink of the  referenoe standard. 
Ident i fy  the  hole selected on the probe guide. 

Choose a hole 

The hole Chosen should g ive  t h e  best  detoct ion of 

D. With t h e  probe guide he ld  f i rmly  i n  place, soan around t h e  
circumference of the r i v e t  head. Monitor in8trument rerponse. The 
operator should be ab le  t o  clearly iden t i fy  between the  sudden 
instrument response from t h e  referenoe standard oraok and t h e  81018 
instrument response from an o f f  cen ter  condition. 

Set t h e  instrument s e n s i t i v i t y  t o  o l ea r ly  iden t i fy  t h e  reference 
standard craok but so t h e  needle does not  move suddenly o f f  s ca l e  as 
the probe is moved around t h e  fas tener  head. 

E. 

5. I n s ~ e c t i o n  Procedure 

A. 

B. 

Ident i fy  the  fas tener  locat ion t o  be Inspected. 

Center the  probe guide hole around t h e  r i v e t  head. 

C. Scan around t h e  head wi th  t he  penci l  probe while  monitoring t h e  eddy 
cyr ren t  instrument 

Ident i fy  on the  fuselage any locat ions which give an instrument 
response t h a t  is equivalent t o  the  referenoe standard crack response. 

D. 

6. &JWD ec t ion  Results 

A. Refer t o  P t .  6 ,  51-00-00, Fig. 4. 

Par t  6 
53-30-03 
Page 2 

737 NDT 
Oct 15/87 
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A 

t 

2.0 m 

F-t 1.0 - 

-4 1-0.044 

r 1.0 

1 - 
i 

NOTES 
0, ALL DIMINSION8 ARE IN INCHIS 

0 MATIRIAL: ~ C T J  o n r 4  AL CUD 

0 TOLInANCI: x.x t om 
xI(xx 2 aaos, 
E X C m  M NOTED 

I D M  NOTCH OR H I U I V A L I M  
TO W WlDI 

o h 0  0 . b  
SECTION A-A 

con w32 CRACK ~ A N D A R D  
DRILL NO. 20 (0.161 INCH DIAJ 
HOLE AND COUNTERSINK loo0 
TOPSHIn. 

Reference Standard 363 
Figure 1 

?art 6 
53-30-9 j 

Page 3 
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?ROBE GUIDE 
(DRAFTSMAN CIRCLE TEMPLATE) 

MOB@ OUlOI 
TWPUTI 

\ \ n /  

pert  6 
5 3-30-03 
Fage L 

Inrtnnnent Calibraticn 
Figure 2 
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C U D  SURFACE 

CRACK 091CIN 

W P I C A L  PROPAGATION CRACK 

SECTION A-A 

Countersink In Longitudinal Lap Joints 
Fiaure 3 

737 NDT 
Oct 15 /8? 

part 6 

Page 5 
53-30-03 
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BOEING SERVICE BULLETIN 737-53-1076 

BO€ING C W R C I A L  AIRPUNE COMPANY PO. BOX 3101 SEATTLE, UUnlNGTOW 0 1 2 4  

8UBJtCTS FUSELAGE - BONDED SKIN PANEL 
INSPECTION AND REPAIR 

BACKGROUND 

Since 1970, 20 operators have r epor t ed  
52 occurrences of de lan ina t ion  or 
corrosion of bonded crown or r ide 
8kin8 on 41 a i r p l a n e r  w i t h  fron 10,100 
to  99,100 f l i gh t  hcurr  and fron 7,700 

ooourrences, 3 were in t h e  forward 
erom, 14 i n  t h e  forward 8ide,  10 i n  
t h e  af t  crown, 15 i n  t h e  aft  s i d e ,  1 
in the  body crown over t h e  wing c e n t e r  
s ec t ion ,  and 9 i n  l oca t ionp  n o t  
i den t i f i ed .  

t o  116,600 f l i g h t  Cycles. of these 

Inspect ion per t h i s  b u l l e t i n  w i l l  
deterpine t h e  s t r u c t u r a l  cond i t ion  of  
the  bonded crown and a i d e  skin-doubler 
arremblies, one b e l l y  sk in  between BS 
259.5 t o  BS 360, and 8 por t ion  of a 
b e l l y  .kin fron BS 1016 t o  BS 1026. 
Bond '8eparat ion,  corrosion and 8kin 
cracking which is no t  de t ec t ed  could 
r e s u l t  in expensive repairs, or cabin 
p re s su r i za t ion  d i f f i c u l t i e s .  

ACTION 

A t  the next scheduled D check, o r  
within 4 y e a r r  fron r e c e i p t  o f  
bu l l e t ip :  whichever occurs  first, 
accomplSrh a v i s u a l  e x t e r n a l  and 
i n t e r n a l  i n spec t ion  for corrosion and 

AtA: 5330 NO 8 737-53-1076 
PAT#: October 30, 1986 

EFFECTIVITY 

t i n e  Number 1-464 

HANPOWER 

Tota l  Han-Hourr - 30 
(External Inspect ion only) 

HATERIfi INFOR13ATION 

none 

STRINGER 25  

STRINGER 2 6  

delamination or ', bonded akin-doubler  / 
araemblies. Sele$t ively in spec t  per FORWARD ENTRY 
t h i r  b u l l e t i n  the'krown and side s k i n s  AND GALLEY AREA 
from Body S t a t i o n  (BS) 259.5 t o  BS 

360, a t en  inch s t r i p  fr6m BS 1016 to  
BS 1026, and the edges of t he  f u s e h g e  
door cutoutr .  Reinspect areas a t  each 
8ubsequent 0 check. Permanent repairs 
m y  be acconplished per 737 S t r u c t u r a l  
Rep.* Manual. Temporary r e p a i r s  may 
be acconplished per t h i s  a e r v i c e  
bu l l e t in .  

1016, b e l l y  r k i n s  Iron BS 259.5 t o  BS AREAS Of INSPECTION 

surluary 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 

The reader of this report is cautioned that the transcription of a CVR 
tape It 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. 



158 

APPENDIX E 

NATIONAL TRANSPORTATION SAFETY BOARD 
Bureau of Technology 

Washington, D.C. 20594 

May 26, 1988 

GROUP CHAIRMAN'S FACTUAL REPORT OF INVESTIGATION 
COCKPIT VOICE RECORDER 

DCAMAB 8 0 54 

A. ACCIDENT 

Location: Near Maui, Hawaii 
Date : April 28, 1988 
Time : 1346 Hawaii Standard Time (HST) 
Aircraft: Aloha Airlines, Boeing 737, N73711 

8. GROUP 

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

c. SUMMARY 

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

A transcript was prepared of 

D. DETAILS OF INVESTIGATION 

The CVR Recording starts at 1328:ll 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 
8tructual failure. Once the aircraft descended and slowed 
down on final approach the intelligibility of the crew 
conversations increased. 
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The f l i g h t  crew rev iewed  t h e  g r o u p ' s  t r a n s c r i p t  on 
May 11, 1988 and suggested t h e  f o l l o w i n g  c o r r e c t i o n s  and 
a d d i t i o n s :  

Ul!K CONTENT 
1344:56 CAM-3 w e l l - - w e  have f r i e n d s  c e l e b r a t l n g  t h e i r  

1353:16 CAM-] t h e y ' v e  p i c k e d  up some o f  y o u r *  

5 0 t h  a n n i v e r s a r y  

t r a n s m i s s i o n s  r i g h t  t h e r e  I t h i n k  t h a t  t h e y  can 
hear  y o u r  b u t  t h e y  c a n ' t  hea r  me. 

1353: 18 CAM-2 a l l r i g h t  

1353:27 CAM-2 a1 1 r i g h t  

1355:09 CAM-1 p u l l  t h e  manual* 

1356: 54 CAM-1 f i g u r e  a be a p a r t i a l  f l a p  s e t t i n g  and 
h o l d  t h a t  f o r  * f i n a l *  

1357:15 CAM-2 t h e  v e r y  back 

1357: 18 CA M - 1  no * n e x t  t o  t h e  t a k e  t h e  asymmet r i ca l  

1358:07 CAM-1 one f i f t y  bug 

1358:23 CAM-2 want me t o  go f l a p s  f o r t y  - h e l p  you w i t h  

1358: 38 CA M - 1  t h e y ' l l  f o l l o w  

1358:45 CAM-2 one r e v e r s e  

1358:46 CAM-2 no t h r u s t  r e v e r s e r  

1358:48 CA M - 1  * * okay s h u t  p u t  i t  down 

1358:SO CAM-1 ( D e l e t e  s t a t e m e n t )  

1358:52 CAM-1 no *** t h e  l e f t  eng ine  

1359:OS CAM-1 okay *** t h e  emergency e v a c u a t i o n  

1359:07 ( (sound s i m i l a r  t o  A C M  s e a t  n o i s e s ) )  

1359: 18 CAM-1 okay everybody who * g e t  o u t  1'11 go 

f l a p s  p a r t i a l  

t h e  b rakes .  

t h r o u g h  i t  you go 
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1359:29 

1359:49 

1359 : 53 

APPENDIX E 

*how do  you g e t  t h i s  up 

C A M - 1  t h e  APU I had r u n n i n g  s o  we m i g h t  as  w e l l  
f i r e  t h a t  one t o o  

CAM-2 f i r e  e x t i n g u i s h e r s  a r e  d i s c h a r g e d .  

d m e s  R. Cash 
E l e c t r o n i c s  E n g i n e e r  
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TRANSCRIPT OF A COLLINS MODEL 642C-1 COCKPIT V O I C E  RECORDER S/N 
54 REMOVED FROM ALOHA AIRLINES BOEING 737 WHICH WAS INVOLVED I N  
AN ACCIDENT ON APRIL 28, 1988, NEAR HAUI, HAWAII 

CAM 

ROO 
-1  

- 2  

- 3  

- ?  

TWR 

UNK 

* 

0 

# 

x 
0 
(0)  

NOTE : 

C o c k p i t  a rea  microphone v o i c e  o r  sound sou rce  

Rad io  t r a n s m i s s i o n  f rom a c c i d e n t  a i r c r a f t  

Vo ice  i d e n t i f i e d  as C a p t a i n  

V o i c e  i d e n t i f i e d  as F i r s t  O f f i c e r  

Vo ice  i d e n t i f i e d  as Jumpseat Passenger 

Vo ice  u n i d e n t i f i e d  

K a h u l u i  L o c a l  A i r  T r a f f i c  C o n t r o l  (Tower) 

Unknown 

U n i  n t e l  1 i g i  b l  e word 

N o n p e r t i n e n t  word 

E x p l e t i v e  d e l e t e d  

Break i n  c o n t i n u i t y  

Q u e s t i o n a b l e  t e x t  

Edi t o r i  a1 i n s e r t i o n  

Pause 

A l l  t i m e s  a r e  expressed i n  Hawa i i  S tandard  Time o n l y  
t h o s e  r a d i o  t r a n s m f s s i o n s  t o  and f r o m  t h e  a c c t d e n t  
a i r c r a f t  were t r a n s c r i b e d .  
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INTRA-COCKPIT 
TINE & 
SOURCE 

13U:22 

CAll 

1344:35 
w- 3 
1344:42 
CAN- 1 

1344: 52 
w- 1 

1344: 56 
CAN-3 

1345:M 
CUI- 1 

1345:Ol 
CUI- 1 

1345:22 
CUI-1 

4345: 26 
CAn-3 

1345:28 
CAn- 1 

CONTENT 

((start o f  transcript)) 

((sound of altitude chime)) 

** 

are you going straight this tine 
to Honolulu now or are you gunna 

well -- we're celebrating fifteenth 
anni versaryf 

YUP 

where's 
station 

that National Weather Service weather 
out here is that at the old tower 

yeah old tower they they * 

at the base of it oh yeah 

AIR-GRWND ComU N ICATI 
T I M  & 
SOURCECONTENT 

x 
m 
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g 
6 
Q 
m 

I 

54 
m 

INTRA- COCKP IT. 
TiHE 6 
SOURCE CONTENT 
1345:32 
CAU- 1 they don't have any radios 

or anything or any air to 
ground radios do they 

1345:38 
CAN-3 

1345:43 
CAN 

1345:44 
M-? (( sound of scream)) 

CAN 

((sound of increased wind noise)) 

((sound of dramatic increase in cockpit 
wind noise)) 

(( no cockpit conversations were 
heard till 1349:32)) 

(( all radio transmissions were made 

AIR-GROUND C W  NICAT ION 
TiME 6 
SOURCECONTENT 

-using the oxygen mask microphone until 
1349: 57)) 

1346: 13 
RW-2 

1346:44 
RDO-2 

center Aloha two forty three 

center Aloha two forty three we're 
going dom -request lower 
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INTRA-COCKPIT 
TIME a 

AIR-GROUND C ~ I C A T I W  
TIME & 
uwacE 
1346:55 
Roo-2 

1347:25 
m-2 

1347:44 
Roo-2 

1348:Ol 
m-2 

1348: 1 1 
m- 2 

1348:29 
Roo- 2 

1348:34 
TYR 

1348:35 
m- 2 

center Aloha two f o r t y  three 

center Aloha two f o r t y  three 

Haui approach Aloha two f o r t y  three 

Haui tower Aloha two f o r t y  three 

Haui tower Aloha two f o r t y  three 
we're inbound f o r  landing 

Haui tower Aloha tuo f o r t y  three 

c a l l i n '  tower say again 

Haui tower Aloha two f o r t y  three 
we're inbound f o r  landing we're j u s t  
ah t o  the west o f  kkena  j u s t  t o  the 
east o f  lkkena desending out o f  
th i r teen a d  we have rapid depr-we 
are unpressurized -declaring an 
W r g e M Y  

U 
X 

m 



INTRA-COCKPIT 
TIME L 
SOURCE CONTENT 
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AIR-GROUND COHHUNICATIOY 
TIME L 
SOURCE CONTENT 

1348:57 
Roo-2 

1349: 01 
TWR 

1349:Ol 

1349:03 
TWR 

1349:05 
RDO-2 

1349:07 
TWR 

1349 : 07 
Roo-2 

RDO-2 

1349: 18 
TWR 

could ya -- 

i s  that  Aloha two f o r t y  four on the 
emergency 

Aloha two f o r t y  three 

ah two f o r t y  s i x  

Aloha two four three 

Aloha two f o r t y  three say your 
posi t ion 

we’re j u s t  ah t o  the east o f  Makena 
point  descending out o f  e l  even 
thousand --request clearance i n t o  
Haui f o r  landing request the 
equipment 

okay the equipment i s  on the f i e - i s  
on the way squawk zero three four 
three 

P 
W 
W 
m 
;c 

x 
m 

z 

1349:32 
w-2 youokay 



-5- 

INTRA-COCKPU 
TIME 6 
SOURCE CONTENT 

AIR-GROUND COMUNI C A T I W  
TIME 6 
S W R C E C O ) I T E N T  

1349 : 47 
TYR Aloha two f o r t y  three winds zero 

four zero a t  one f i v e  alt imeter two 
niner niner niner j u s t  t o  ve r i f y  
again you're breaking up your c a l l  
sign i s  two fourty four i s  that  
correct o r  two f o r t y  three 

((crew stopped using oxygen mask microphone)) 

1349:57 
Roo-2 

1349:59 
TYR 

two f o r t y  three Aloha two fo r t y  
three 

two f o r t y  two the equipment i s  on 
the r o l l  plan straight i n  runway two 
and I'll keep you advised o f  any 
wind change 

1350 : 07 
Rw-2 Aloha two f o r t y  three 

3050: 10 
CAn-2 

1350:41 
CAn-2 

1350:43 

1350:54 CAn-2 

do you want .e t o  c a l l  f o r  anything else 

CAII- 1 nope 



x 
m 
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JNTRA-COCKPI1 
TIME & 

1351:30 
((sound o f  engine ign i t ion whine starts)) 

1351 :48 CAII- 1 

135151 
CAM-3 I’m f ine 

1352: 10 
CAII- 2 

1352: 12 
TYR 
1352: 14 
CAII-1 

okay I t ’ s  possible * 

Aloha two fo r ty  three you s t i l l  up 

AIR-GROUND C O W  N I CAT Im 
TIME & 
SOURCi CONTENT 

1351:OO 
TUR 

1351:04 
ROO-2 two for ty  three 

1351:07 
ROO-2 

1351 : 19 
RDO-2 

Aloha two for ty  three can you come 
up on one one niner point f ive 

can you hear us on one ninteen f i ve  
two forty three 

Haui tower - -  two for ty  three i t  
looks l i k e  we’ve l o s t  a door we have 
a hole i n  th is  ah l e f t  side of the 
a i rcraf t  
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JNTRA-COCKPIT 
TIME 6 
SOURCE C O ” T  
1352 : 14 
CAn-2 can’t ** 

AIR-GROUND C W N I C A T I N  
TlME 6 
S W R C E ! B ! m u  

1352:15 
Rw-1 af f i rmat ive 

1352: 17 
TYR Aloha two f o r t y  three Maui 

1352 : 23 
RDO-1 ah two Aloha two f o r t y  three i s  ah - 

1352:32 
Rw-2 Maui tower two f o r t y  three 

1352:36 
TYR Aloha two f o r t y  Aloha two fo r t y  

three i f  you hear ident 

CAn-2 

1352:48 
TUR Aloha two f o r t y  three roger I got 

your ident s t ra ight  i n  runway two 
cleared t o  land w i n d  zero four zero 
a t  tw zero 

1352:s 
CAM-2 want the gear 
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JNTRA-COCKPU 
TIME 6 
SOURCE 
135257 
CAn- 1 

1352:s 
CAn-2 

1352:59 
CAM- 1 

1353:OS 
CAM- 2 

1353 : 07 
CAM- 1 

1353 : 09 
CAM-2 

1353: 13 
CAM- 1 

1353: 16 
CAM- 1 

1353:22 
CAM- 1 

1353:27 
CAM-2 

1353:29 
CAM- 1 

CONTENT 

no 

want the gear 

it* 

do you want i t  down **** 

flaps fif teen landing 

okay 

here we go 

we've picked up some of your airplane 
business r i g h t  there i t h i n k  that  they 
can hear you they can't hear me 

ah tell him ah we'll need assistance to  
evacuate this airplane 

right 

we really can't conrnunicate w i t h  the 
f l igh t  attendents but we'll need 
trucks and we'll need ah a i r s t a i r  froa Aloha 

AIR-GROUND C W  N I CAT ION 
TIME & 

m 
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INTRA-COCKPIT 
TIME b 
SOURCE CO"T. 
1353:35 
CAM-2 a l r i g h t  

1354: 14 
CAN- 1 feels l i k e  manual reversion 

1354: 17 
CAN-2 what 

1354: 18 
cm-I f l ight controls feels l i k e  manual 

AIR-GROOND C W  N I CAT ION 
TlME b 
SOURCE 

1353 : 40 
Roo-2 

1353:42 
TYR 

1353 : 44 
Roo-2 

1353: 52 
TYR 

1353: 57 
Roo-2 

Maui tower two f o r t y  three can you 
hear ae on tower 

Aloha two f o r t y  three I hear you 
loud and clear go ahead 

ah we're gunna' need assistance we 
can not comunicate wi th  the f l i g h t  
attendents ah we'l l need -- 
assistance f o r  the passengers when 
we land 

okay I understand you gunna' need an 
ambulance i s  that  correct 

a f f  i rnat ive 

Y 
x 
m 



- 10- 

INTRA- COCKPI I 
TIME 6 
SOURCE 
1354:23 
CAI(- 1 

1354: 25 
CIYI-2 

1354:26 an- 1 

1354:28 
CAII- 1 

1354:30 
CAM-2 

1354:31 
CAM- 1 

1354 : 34 
CAn-2 

1354:37 
CAH 

CONTENT 

well we could the hole 

I know i t  yeah 

ah 

can we maintain alt i tude okay 

let's t ry  flying let's t ry  flying with the gear down 
here 

alright you got i t  

( (sound of gear being 1 owered) ) 

AIR-GROUND ComU N I CAT ION 
TIME 81 

1354:42 
TWR Aloha two forty three can you give 

me your souls on board and your 
fuel on board 

1354:45 
CAH- 1 do you have a passenger count for tower 

1354 : 47 
RDO-2 we ah eighty five - eighty six plus  

f ive crew members 



INTRA-COCKPIT 
TIME & 
SOURCE CQWTENT 

1354:53 
CAn-2 they s t i l l  don't understand 

1355:09 
M- 1 

135531 
CM- 1 ha, fa r  how fa r  till we intercept 

-11- 

AIR-GROUND ComUNICATIW 
TIME & 
S O U R C E C O N T E N T  
1354:52 
TYR okay and ah jus t  t o  veri fy you broke 

up i n i t i a l l y  you do need an 
ambulance i s  that correct 

1354:56 
Roo-2 

1354:59 
TYR 

1355:OO 
Roo-2 

1355:OZ 
TYR 

1355:06 
Roo-2 

af  f i mat  i ve 

roger how many do you think are 
i n  jured 

we have no idea we can not 
conmunicate with our f l i g h t  
at tendent 

okay w' l l  have ambulance on the way 

there's a possib i l i ty  that ah w 
won't have a nose gear 

x 
m 
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* 
W 
'0 m z 
X 

JWTRA-COCKPIT 
TIME & 
SOURCE c!2mu 
1355: 39 
CAn-2 darn here 

1355:41 
CAn- 1 

1355:52 
CRN- 1 

yeah back ne up f o r  now 

t e l l  him we got such problems but we 
are going t o  land anyway - even without 
a nose gear - but they should be aware 
of we do not have a safe nose gear dorm 
i ndi ea t i on 

1356:33 
CAM-2 

1356:35 
CAM- 1 

i s  i t  easier t o  control wi th  the f laps 
UP 

yeah put 'eta a t  f i v e  

AIR-GROUND C W I C  A T I W  
TIME & 
SOURCECOWiEnT 

1356 : 02 
TWR 

1356:M 
RDO-2 

1356: 11 
TWR 

1356: 13 
RDO-2 

Aloha two f o r t y  three wind zero f i v e  
the equipment i s  i n  place 

okay be advised we have no nose gear 
we are landing 
without the nose gear 

okay i f  you need any other 
assistance advise 

* - we'll need a l l  the equipment 
you've got 

m 
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INTRA-CMKPU 
TIM L 
SOURCE €QtuuI 
1356:41 w- 2 
1356:43 
CUI- 1 

1356:W 
w- 1 

1356:54 w- 1 

1357:08 CM- 1 

CM you get back over 

yeah I'r workin' on i t  

can you give me a Vee speed f o r  a 
flaps f i ve  landing 

figure- e- a- *be a part ia l  flaps * and 
hold that for  quite a while 

1357: 15 
CM-2 are you turning back 

1357:17 w- 1 what 

1357 : 18 
M-'l 

1357 : 22 
CM-2 orwv 
135736 
CAM-2 

no * next t o  the take the reference 
flaps part ia l  flaps 

do you want the flaps down as we land 

- 
-4 
P 

1357:ll 
TYR Kahului airport winds zero four at 

one six 

w 
rn 



INTRA-COCKPIT 
TIRE 6 
SOURCE FONTEN1 
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AIR-GROUND ComU N ICAT ION 
TIME 6 
SOURCE f3NTENT 

1357:37 w- 1 

1357:40 
CAH-2 okay 

yeah a f t e r  we touch down 

1357:41 
TWR Aloha two f o r t y  three wind zero f i v e  

zero a t  two zero 

1357 : 45 
RDO-? ((sound o f  two mike keys)) 

1357:47 
CAM- 2 

1357:51 
CAM-2 

1357 : 55 
CAM- 1 

1357:56 
CAM-2 

1358:OO 
CAH-1 

1358:02 
CAM-2 

1358:o) 
CAM- 1 

1358:05 
w - 2  

re f ’s  f o r t y  plus t h i r t y  

f laps one t o  f i f t e e n  

one f i f t y  three 

Vee r e f  f o r t y  plus t h i r t y  one thru 
f i f t e e n  

how w c h  i s  that  

ah r e f  --one twenty two 

OM twenty 

one f l f t y  



-15- 

INTRA-COCKPI1 
TIME 6 
SOURCE CONTENT 

1358:07 
W-1 one f i f t y  what 

1358:08 
CM-2 one f i f ty  two 

1358: 10 
CAM- 1 r i g h t  

1358:23 
CAM-2 

1358:25 
C M -  1 no 

want ae t o  go flaps fo r t y  - help you t o  

1358:27 
CAn-2 okay 

1358:28 
W- 1 on the ground 

135838 
W- 1 ( they ’ l l  f ind) 

1358:42 
un ((sound o f  touchdown)) 

AIR-GROUND ComUNICATIW 
TIME & 
SMlRCECONTEWT 

1358:12 
TWR Aloha two four three j u s t  f o r  your 

information the gear appears down 
gear appears dow 

((sound o f  two mike keys)) 
1358: 14 
RW-? 

X 
m 



-16- 

1358 : 45 
CAM- 2 

1358:46 
CAM- 1 

CAM-2 

1358:48 
CAM- 1 

1358:49 
CAM-2 

1358:SO 
CAM- 1 

1358:52 
CAM- 1 

1358:54 
CAM- 2 

CONTENT 

one reverse no - 

okay 

thrust reverser 

okay shut i t  down 

shut i t  down 

YUP 

now ** left  engine 

f 1 aps 

A I  R-GRWND C W N  ICAT ION 
TIHE & 
SOURCE CONTENT 

1358:55 
TWR Aloha two forty three just shut'er 

down where YOU are everything fine 
the gear dia- the fire trucks are on 
the way 

1359:Ol 
CAM- 1 okay 



-17- 

INTRA-COCKPIT. 
TIME b 
SOURCE 

1359:Ol 

1359:05 
CAM-2 

CN- 1 

1359:06 
CAH 

1359: 12 
CAM-1 

1359: 17 
CAM- 1 

1359: 18 
CAn- 1 

1359: 22 
CAn- 2 

1359:25 
w- 1 
1359:29 
CAn-3 

1359:32 
CAn- 1 

CONTENT 

((sound o f  engine ign i t ion whine stops)) 

that’s o f f  

okay s t a r t  * c a l l  f o r  the emergency 
evacuation 

((sound o f  engine winding down)) 

the f laps are down good 

go through the checkl ist  and s t u f f  

okay everybody who can get out I ‘1 1 
go through i t  you go out the steps 

do you want m t o  help thea 

le t ’ s  see where i t  i s  

how do you get t h i s  up 

ah squeeze i t  together squeeze i t  
together squeeze the top together 
with the bottom 

AIR-GROUND COMMUNICATION 
TIME & 
SOURCE CONTENT 

x 
m 



J NTRA- COCKP 
TIME & 
SOURCE 
1359:37 
CAn-3 

135998 
cull-2 

135939 
cull- 1 

1359:40 
CAM-2 

1359:45 
CAM- 1 

1359:49 
CAII- 1 

1359:53 
CAM- 2 

CAM- 1 

1359:56 
CAM- 1 

CONTENT 

-18- 

AIR-GROUND COHEW NICATIW 
TIME & 
SOURCECONTENT 

parking brake 

set 

stowed speedbrakes Wrgency evacuation 
fire 

ah does i t  say fire the bot t les  anywhere 
okay we won't do tha t  1'11 get  t h i s  one 
you get that  one 

the AW I had running so.we might as  
well th ro t t l e  that  one too 

I'm gunna' s h u t  off the APU now 

I st i l l  got power r ight  now but I don't need t o  
t a l k  t o  anybody anylaore 

1359:57.5 
( (end of recording ) ) 
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NATIONAL TRANSPORTATION SAFETY BOARD 
Bureau o f  Technology 

Washington, D.C. 

May 18, 1988 

FLIGHT DATA RECORDER READOUT REPORT OF INVEST- 
DCA 88-MA-054 

A .  ACClDENT 
l o c a t i o n :  Near Haul ,  Hawa i i  

Date : A p r i 1 . 2 8 ,  1988 

Time : 1347 ,Local  

A i r c r a f t :  A l o h a  A i r l i n e s ,  Boe ing  8-737-297, N73711, F l i g h t  
243 

8 .  

Not A p p l i c a b l e  

C .  SUMMARY 

The a i r c r a f t  w a s  equ ipped  w i t h  a f l i g h t  d a t a  r e c o r d e r ,  
F a i r c h i l d  Model 5424, S I N  7274. The r e c o r d e r  was removed 
f r o m  t h e  a i r c r a f t  and was b r o u g h t  t o  t h e  S a f e t y  Board ' s  
F l i g h t  r e c o r d e r  L .aboratory  i n  Washington, D.C. f o r  
e x a m i n a t i o n  and r e a d o u t  o f  t h e  p e r t i n e n t  f l i g h t  r e c o r d .  Side 
2 o f  t h e  f o i l  was i n  use, S i d e  1 h a v i n g  been used p r e v i o u s l y .  
E x a m i n a t i o n  o f  t h e ' f o i l  i n d i c a t e d  t h a t  t h e  r e c o r d e r  had been 
o p e r a t i n g  i n  t h e  normal manner w i t h  no e v i d e n c e  o f  r e c o r d e r  
mal f u n c t i o n .  

I t  s h o u l d  be n o t e d  t h a t  A loha A i r l i n e s  d i d  n o t  s u p p l y  
t h e  most r e c e n t  c a l i b r a t i o n  d a t a  f o r  t h i s  r e c o r d e r .  
T h e r e f o r e ,  i t  was necessa ry  t o  use t h e  s t a n d a r d  c a l i b r a t i o n  
f o r  t h i s  model r e c o r d e r  w i t h  ad jus tmen ts .  The v a l u e s  t h u s  
d e r i v e d ,  p a r t i c u l a r l y  t h o s e  o f  i l t i t u d e  and r i r s p e e d ,  ary not  
be a s  a c c u r a t e  as t h e y  wou ld  have been. 

0. RETAILS OF E X  A M I  NATIO N 

I t  w a s  r e p o r t e d  t h a t  t h e  a i r c r a f t  w i t  c l i m b i n g  t o  
c r u i s e  and was p a s s i n g  t h r o u g h  t h e  a rea  o f  24*000 f e e t  
p r e s s u r e  a l t i t u d e  when t h e  c e i l i n g  a r e a . o f  t h e  f o r w a r d  
passenger  c a b i n  b u r s t  open i n  e x p l o s i v e  decompression. The 
a i r c r a f t  was k e p t  under  c o n t r o l  by t h e  f l i g h t  c rew and rn 
emergency l a n d i n g  was made i n  Hau l .  
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E x a m i n a t i o n  o f  t h e  r e c o r d e d  t r a c e s  showed t h e  f l i g h t  t o  
be r e l a t i v e l y  smooth f r o m  t h e  p o i n t  o f  l i f t o f f  t o  t h e  
occu r rence .  The a i r s p e e d  t r a c e  ceased a b r u p t l y  and dropped 
t o  a p o s i t i o n  below z e r o  K I A S  and remained t h e r e  u n t i l  
e l e c t r i c  power was removed. The o t h e r  pa ramete r  s t y l i  
appeared t o  o e r a t e  i n  t h e  normal  manner; however, t h e y  were 

The a i r s p e e d  t r a c e ,  i n  I t s  bo t tomed-ou t  p o s i t i o n ,  showed t h e  
e f f e c t s  o f  t h i s  v i b r a t i o n  a l s o .  The "6" f o r c e  measured rt 
t h e  emergency l a n d i n g  was 2.49 wh ich  i s  o n l y  a change o f  1.4g 
f r o m  an a t  r e s t  p o s i t i o n .  

r e s u l t s  a r e  a t t a c h e d  as p a r t  o f  t h i s  r e p o r t .  

a f f e c t e d  by t R e v i b r a t i o n  as shown on t h e  g r a p h  a t t a c h e d .  

The r e a d o u t  r e s u l t s  and a g r a p h i c  d i s p l a y  o f  t h o s e  

49 **+* 
B i l l y  M. Hopper 
A i r  S a f e t y  I n v e s t i g a t o r  

MENTS : 

1. Readout Data 
2. Readout Graph 
3 .  Ground Measurements and S t y l i  O f f s e t s  
4. Recorder  C a l i b r a t i o n  Data 
5. Photograph o f  F o i l  Medium and T races  
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ATTACHHENT 1 

FDR 13-MAY-88 09:37:25 

BLOWER 

TIME 

00:01.9 
00:04.1 
00: 07.2 
00:07.9 
00:08.6 
00:12.3 
00:14.3 
00:15.4 
00: 16.4 
00:19.4 
00:21.3 
00:25.5 
00: 25.7 
00: 28.7 
00: 29.9 
00: 30.6 
00:33.1 
00: 34.0 
00: 37.0 
00: 37.3 
00: 38.0 
00: 40.9 
00: 43.2 
00 : 45.8 
00: 52.4 
00: 57 . S  
00:59.3 
01:03.8 
01:04.2 
01:04.5 
01:08.5 
01:11.6 
01:12.5 
01:14.3 
01:17 . O  
01 :18.6 
01:21.5 
Olr25.3 
01:25.4 
01:27 .O 
01: 30.1 
01:31.9 
01: 36.5 
01:37.3 
01:39.0 
01: 39.4 

ALT 
FEET 

18628. 

18788. 

18963. 

19062. 

19177. 

19252. 

19308. 

19600. 

19727. 

19883. 

20107. 

20310. 

A/S 
KTS 

293. 

294. 

294. 

291. 

292. 

292. 

291. 

290. 

288. 

285. 

284. 

HDG 
DEG 

283.8 

283.5 

284.1 

284.4 

283.9 

283.7 

283.1 

282.9 

281.9 

281.6 

283.3 

PAGE 1 

VACC MIC 
GS 

0.99 

1.01 

0.99 
1.01 

0.98 
1.00 

1.00 

1.00 

0.98 

1.00 

0.99 

0.95 
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FDR 13-MY-88 09~37125 

DLOnER 

TIME 

01 8 39.5 
01: 41.8 
01145.5 
01 r51.6 
01852.1 
01: 52.6 
01 856.4 
01 8 58.2 
O2t00.5 
02: 03.5 

02r04.4 
02r06.3 
02107 .O 
02: 09.2 
02111.4 
02814 .O 
02r16.0 
02120.2 
02821.6 
02125.9 
02: 28.9 
028 33.5 
02834.1 
02t37.6 
02839.0 
02 40.8 
02: 42.1 
02243.8 
02817.0 
02: 47.6 
021 48.8 
02: 54.7 
02~55.9 
02 8 56.8 
03:01.7 

03106.7 
Ob06 .8 
03808.4 
03811 .l 
03213.3 
03114.4 
03816.3 
03: 17.8 
03120.3 

02 I 03.9 

03803.9 

ALT 
FEET 

20833. 

21150. 

21433. 

21580. 

21757. 

21963. 

22333. 

22411. 

22543. 

22650. 

ws 
KTS 

284. 

285. 

285. 

266 

288. 

295. 

299. 

299. 

299. 

296. 

297. 

nw 
DtG 

283.3 

283.6 

283.2 

282.4 

281.2 

200.5 

281.4 

282.2 

PAGE 2 

VACC MfC 
08 

0.97 

0.95 

0.98 

0.91 
0.99 

0.94 

0.97 

0.96 

1.01 
0.99 

1.01 

1.00 

1.01 

0.99 

1.00 

1.01 

0.98 

1.00 

1.03 
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?DR 11-WAY-88 10:44:33 

BLOCPER 

TIME 

03:22.1 
03123.7 
03: 26.2 
03:28.5 
03:30.7 
03132.9 
03:33.8 
03: 36.0 
03:36.7 
03:40.6 
03: 43.6 
03:45.3 
03:45.7 
Oh46.1 
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:ll. 3 
04:14.0 
04:14.6 
04 :15.5 
04:lg.l 
04:21.9 
04:25.2 
04:26.9 
04 :28.7 
04: 33.2 
04: 36.2 
04: 40.1 
04:42.6 
04r43.9 
04:46.1 
04 : 49.1 
04: 50.0 
04:5l .O 
04:53.6 
04:54.3 
04 : 55.3 

ALT 
?tET 

22807. 

23017. 

23207. 

23460. 

23567. 

23870. 

23943. 

24057. 

24133. 

24223. 

WS 
KTS 

289. 

286. 

283 

283. 

282. 

284. 

285. 

289. 

297. 

301. 

302. 

IlDG 
DEG 

281.4 

280.2 

280.6 

281.9 

283.2 

283.6 

283.3 

283.7 

284.0 

?AGE 3 

VACC ?IIC 
OS 

1.01 

1.02 

1.00 

1.02 

1.00 

0.94 

0.98  

1.01 

0.93 
0.96 

1.01 

0.95 
1.00 

0.99 

0.99 

1.01 
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?DR 11-RAY-88 10:44:33 

DLOWER 

TIME ALT A/S 
?CCT KTS 

04t57.1 
04 : 57.7 24277. 
04:59.9 
05to1.5 
OSr03.1 
05:04.5 
05:04.6 
05:04.9 os: 05. 0 
05106.2 
05: 06 .7 
05807.3 
05107.6 
05107.8 
05r08.2 
05: 08.6 
05:09.8 
05: 09.8 
05t10.0 
05: 10.2 
OStll. 3 
05t11.8 
05:12.4 
05:12.5 
05: 12.7 
05:13.0 
05113.3 
05: 13.6 
05: 14.3 
05:14.4 
05114.6 
05115.2 
05: 15.5 
05116.2 
05116.9 
OS: 17.1 
05: 18.1 
05: 18 .I 
05: 18.6 

303. 

24317. 

24450. 

23683. 

24373. 
24397. 
23967. 

24450. 

24057. 

24380. 

24157. 

24347. 
23967. 

24063. 

OS: 19.4 
05120.8 23837. 
05121.1 
05t21.3 
0S:tl.t 24073. 
O5t22.5 23870. 
08122.9 

HOG 
DCG 

284.4 

284.5 

VACC IIC 
GS 

0.99 

0.96 

0.93 

-0.48 
2.95 
-0.31 
2.94 

-0.42 
1.22 
-0.44 

286.4 
281.3 

1.36 
0.51 

286.4 

1.37 

0.66 

278.6 

289.1 

280.2 

272.2 

277.2 

270.5 

1.36 

0.87 

1.13 

0.57 

1.07 

0.81 

272.9 
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FDR 11-MAY-88 10:44:33 

BLOWER 

TInt 

05:23 .O 
05:23.5 
05r23.8 
05:24.2 
05:24.5 
05:25.1 
05: 26.4 
05:26.5 
05:27.5 
05:27.8 
05:28.3 
05:29.0 
05:29.6 
05: 30.0 
05:30 .O 
05:30.6 
05:31.0 
05:32.4 
05:32.6 
05:33.1 
05: 33.7 
05:34.4 
05: 34.8 
05: 3 5 . 5  
05:35.9 
05: 36.4 
05:36.5 
05: 37.0 
05:37.6 
05: 37.9 
05: 38.3 
05: 38.5 
05: 39.8 
05:39.8 
05: 40.0 
05:40..5 
05:41.5 
05t41.9 
OSt43.1 
05:43.7 
05:44.0 
05144.9 
05145.3 
05: 45.6 
05:46.3 
05:  46.4 

ALT 
FtET 

23980. 

23620. 

23740. 

23383. 

23010. 

23433. 

23093. 

23243. 

22783. 

23030. 

22617. 
22790. 

22310. 
22710. 

22620. 
22850. 

22477. 
22813. 

22333. 
22840. 

W D G  
DEG 

ws 
KTS 

270.6 

271.0 

270.3 

271.3 
271.3 

270.8 

271.8 

271.4 

270.4 

270.8 

PAGE 5 

VACC nrc 
OS 

1.56 

1.06 

1.34 
1.03 

1.19 

1.01 

1.30 

1.08 

1.28 

1 .01  

1.27 

0.99 

1.22 

0.95 

1.10 

0.95 

1.07 

0.93 
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?OR 11-HAY-88 10:44:33 

BLaWER 

TIME 

05: 47.8 
05: 47.9 
05:48.7 
05:48.9 
05: 50.2 
05: 50.8 
05:51.2 
05: 51.9 
05:52.3 
05: 52.9 
05: 53.1 
05: 53.3 
05: 53.9 
05154.1 
05r54.7 
05:55.5 
05: 55.7 
05: 56.8 
05: 57.5 
05:57.6 
05 : 58.6 
05: 58.7 
06 :00.2 
06:Ol .O 
06:03.8 
06: 04.1 

ALT A/S 
?EET KTS 

22530. 

22890. 

22713. 
22980. 

22613. 

22313. 

21900. 
22477. 

22257. 
22823. 
22247. 

PAGE 6 

HDG VACC XIC 
DEG GS 

1.12 
0.97 

267.4 
1.10 

0.74 

1.01 

0.85 

1.08 

0.91 
266.2 

22310. 
22180. 
22827. 
22270. 
22610. 



N 

c 

3 XION3ddW 

881 
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Attachment 3 

lase No. DCA 88-M-AO54 

JDR: Fairchild Model 5424. S/N 7274 - 
A1 t i t i tude Correct ion (") 
Airspeed (0 KIAS) 
Vertical Acceleration 
Airport Elevation (FT MSL) 
Altimeter Setting (Inches Hg) 

Pecordina S t v  l i  Offsets I Horizontal 1 
A1 ti tude 
Indicated Airspeed 
Magnetic Heading 
Vertical Acceleration 
MicroDhone Kevina 
Magnetic Heading-N/S 8inary 
lime 

-0.0110 
1.7501 
4.2594 
54.0000 
29.92 

-0.0068" 
0.0025" 
0.0023" 
0.0040" 
-0.0048" 
0.0117" 
0.0000" 
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ATTACHMENT 4 

CASE NO . DCA 88-M-A054 

FDR: Fairchild Model 5424. S/N 7274 

C a l i b r a t i o n  Data 

-1000 
0 

1000 
2000 
3000 
4000 
6000 
8000 

10,000 
12,000 
14,000 
16,000 
18,000 
20,000 
22,000 
25,000 

Alttude 
0.1250" 
0.1920 
0.2550" 
0.3 I 70" 
0.3760" 
0.4350" 
0.5450" 
0.6480" 
0.7430" 
0.8270" 
0.9310" 
0.9950" 
1.0160" 
1.1360" 
1.1960" 
1.2860" 

0 
100 
150 
200 
250 
300 

1,7515" 
1.7025" 
1.8205" 
1.8755" 
1.9545" 
2.04 4 5 'I 
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. _ -  a AlR C A R R I E R  MANUAL 

loulw 2 nuurEwQ 
Revised: A M i l  12/68 Section V I 1  

Pare 7.186 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8 .  

9. 

10. 

I r i r c ra f t  l 1 ST\\ Date: Of.' - C C -  Cf 

Airc ra f t  Tota l  Airframe Ilourr: 

U r c r a f  t Total  fumber 'Landings : 

I f  othar than 1 th ru  3 above, i den t i fy  unir,. 

l-aclatura: s w t  z zu Q Ihnufacturer:  aF . .. 
?art lo .  : S a r i a l  lo.: 

Time Since Last Overhaul Tota l  Time ( i f  a v a i h b l e )  

T$a of Won-Dertructive Terting method used: 

e .. '. 

a. Radiographic e. Nagnetic TYPe 

b. Ul t ra ronic  f .  Dye-Penetrant 

c. Eddy Current J g. black Light 

d. Visual h. Ugn i fy inp  Clars Power 

Inspection accomplished i n  accordance with ( i .e . ,  Alert Service Bulletin,  
A.D. lot., fnrpection Special Project, Semica Bul le t in ,  Service Let te r ,  
Special  In s t ruc t ion r ) .  9 Q *  7 -1 - %>A \ e  -a.r, 

- Inspaction (Item 5) accomplished by c I, y,. . L, .-e 
%-Ray ve r i f i ed  (2nd reading) by 

D i r c r e p ~ c f e l  found ( I f  none, nota "NOne F o u n d " ) . d c  .* ._.. \ - 
Aae.a r n - . w . +  4fA Q -1 T,. \e , c  - a..,. u - 

Corrective ac t ion  taken ( I f  none, note "lone Yaken"). 

Page 1 of 2 
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6 AIR CARRIER MANUAL 

rOUlYf 2 wl- 
miad: 4 r i i  12/60 Sect ion V I 1  

Pane 7.106-1 

?om NO. H-06 

11. I f  any f u r t h e r  i n f o r m e i o n  i r  submitted, add t o  a separa te  r h e e t  of paper 
and a t t a c h  t o  t h i r  r e p o r t .  

Separa te  p 4 e  at tached ns , YO 1 

12. Content8 of  t h i s  r e p o r t  checked, f u r t h e r  a c t i o n  required.  

n s  m J  

Signed C vt? -- .-* 
Senior  Inspe'ctor 

cr 
Q u a l i t y  Cootrol  I n r p e c t o r  

13. If f u r t h e r  a c t i o n  uas taken, what uere t h e  f ind iogs  

14. This r e p o r t  is considered completed rod accura te  t o  t h e  best of my knwledge 
and r e q u i r e s  no f u r t h e r  ac t ion .  

Date : 

Signed: 
Senior  I n r p e c t o r  

or 
Q u a l i t y  Control  Supervisor  

Page 2 of 2 
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AIR C A R R i E R  MANUAL 

lOUlYE 2 uumMNcE 
Revired: April 12/68 Section VI1 

Page 7.186 

?om !io. M-86 

1. 

2. 

3 .  

4. 

5. 

6. 

7 .  

6.  

9. 

10. 

NON-DESTRt'CTI'.Z TfSlING Rf?OOPT 

Aircraft ll I \  Date: :- e - .  y ,  

Aircraft Total Airframe Uourr: 

Aircraft Total Number Landing.: 

If other than 1 thru 3 above, identify unir,. 

lowoclature:stnu I \u 1 4 0  iL ...-.- Xanufacturer: ,, , *  

tart llo.: Serial No.: 

Time Since b o t  Overhaul Total Time (if available) 

Type of Ron-Dertructive Terting method ured: 

a. Radiographic e. Magnetic 

b. Ultraroaic f. Dye-Penetrant 

c. Eddy Current J g. Black Light 

d. Virual h. Xagnifying Clarr Parer 

Iarpection accomplirhed i n  accordance with (i.e., Alert Service Bulletin, 
A.D. Bote, Inrpection Special Project, Service Bulletin, Service Utter, 
Spocial Iortructionr). 

. 
Inrpection (Item S) accmplirhed by e &.,k 
&Ray verified (2nd reading) by 

Dircrop.ocier found (If none, note v'None Pound") .-. . .  

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

-_ .. 

Oane 1 of 2 
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AIR CARRIER MANUAL 

hvird:  rprfl 12/68 Sect ion  V I 1  
Pare 7.186-1 

t o n  NO. X-66 

11. I f  any f u r t h e r  i n f o r u t L o n  i r  rubmit ted,  add t o  a s e p a r a t e  r h e e t  of paper 
d 8 t t e h  to  thi8 report. 

#8pUate p8ge 8 t t 8 C h d  YES ! t o /  

12. Contents  of t h i r  r e p o r t  checked, f u r t h e r  accion requi red .  

n s  . W L  

A 
%. 

Signed € -! .. 
Senior  I n r p e c t o r  

cr 
Q u a l i t y  Control  I n r p e c t o r  

13. I f  f u r t h e r  a c t i o n  uar taken, uhat -re t h e  f h d f n g 8  

16. Thfr rrport i r  conridered completed and accura te  to  t h e  bert of my knowledge 
and r e q u i r e 8  no f u r t h e r  a c t i o n .  

Date: 

S igned : 
Senior  I n r p e c t o r  

or 
Q u a l i t y  Cont ro l  Superv i ior  

Page 2 of 2 
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AIR CARRIER MANUAL 

W U E  2 
Revised: April 12/68 

MumNWE 
Section V I 1  

1. Aircraft N ?xi\\ Date: e-, - e.;. e 
2. Aircraft Total Airframe ilourr: 

3. Aircraft Tctal Yumber 'Landings; 

4. Xf other than 1 thru 3 above, identify unit. 

hnufacturer: F)c~-- . , .  c lawnclature: #.,TR w R \ . io it - -  LL , 

Part No.: Serial No.: 

T i m  Since Last Overhaul Total Time (if available) 

Ty'pe of Ron-Destructive Testing method used: 

a. Rbdiographic e. Magnetic . Type 

b. Ultrasonic f. Dye-Penetrant 

c. Eddy Current / g. Black Light 

d. Visual h. Magnifying Clasr Power 

Inspection accomplished in accordance with f i . e . ,  Alert Service Bulletin, 
A.D. Rote, Inspection Special Project, Service Bulletin, Service Letter, 
Special Instructions). 

5. 

6. 

~ ~ ~~~~~ 

7.  Insprction (Item 5) accomplished by c a 
8 .  X-RAY verified (2nd reading) by 

9. Dircrepancies fwnd (If none, note "None Found"). C Z E C S ~  S . A ~  
e- -a 

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



197 

APPENDIX F 

AJR CARRIER MANUAL 

m u m 2  WCrrmAllcf 
Revlrod: A p r i l  12/66 Sec t ion  V I 1  

Pane 7.186-1 

ro t .  l o .  11-86 

11. I f  4ny f u r t h e r  infoxmation i o  rubmit ted,  add t o  a s e p a r a t e  r h e e t  of paper 
.od a t t a c h  Eo t h i o  r e p o r t .  

Separa te  page a t tached  PES m- 
12. Content8 o f  t h i o  r e p o r t  checked, f u r t h e r  a c t i o n  requi red .  

YES N o d  

Signed e “I.., T - _ _  ~ .&. 
Senior  I n r p e c t o r  

cr 
.Qual i ty  Control  I n r p e c t o r  

13. I f  f u r t h e r  a c t i o n  war taken, u h a t  uere t h e  f ind ing8  

14. Thio r e p o r t  10 considered completed and a c c u r a t e  to  t h e  b e a t  of my h a u l e d g e  
and r e q u i r e s  no f u r t h e r  a c t i o n .  

Signed: 
Senior  I n r p e c t o r  

or 
Q u a l i t y  Cont ro l  Superviror  
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6 AIR C A R R I E R  MANUAL 

WumwAllcL 
Section VII 
Pore 7.186 

?om NO. M-86 
NON-DESTMCTFX TESZING BE33PT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 .  

9. 

10. 

r! Aircraf t 1 731 \ \  Date: e s-c* - $ c  

Aircraft Total Airframe ncurr: 

Aircraft Total 9umber 'Landingo: 

If other than 1 thru 3 above, identify unit. 

Nomsnclature: %ye L P L  C ' i  121 - 6  IC ,? Unufacturer: F)C ;.', r\ :. 
?art No.: Serial No.: 

Time Since h o t  Overhaul Total time (if available) 

*e of Moo-Dertruetive Terting method ured: 

a. Radiographic e. Magnetic Type 

b. Ultraronic f. Dye-Penetrant 

c. Eddy Current ,.A g. Black Light 

d. Vlrual h. Magnifying Clarr Power 

Inrpection accorplirhed i n  accordance vith 
A;D. Note, Inrpection Special Project, Service Bulletin, Service Letter, 
Special Inrttuctionr) . 

Alert Service BuLletin, 

Inrpection (Item 5) accmplirhed by E L - b L  
X-Ray ver i f ied (2nd reading) by 

-. - Dlrcrrpu~cier found (If none, noto "None Found"). QW- -in anr.  - <,;r \ . . 

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

?age 1 of 2 
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AIR CARRIER MANUAL 

I#UYL 2 WnrrrrrmCL 
m i r e d :  April 12/68 Section V I 1  

Pare 7.186 

?- no. X-86 
NON-DESTRUCIYE TESXXG BEXRT 

1. 

2. 

3. 

6. 

5. 

6. 

7. 

8 .  

9. 

10. 

Aircraft n 13711 Date: - K  - k p  

Aircraft Total Airframe flourr: 

Aircraft Total Number 'Landings; 

If other than 1 thru 3 above, identify unir. 

nol.nc1ature:~e L- u4 IAQ $t8nuf acturer :- 

?art no.: Serial no.: 

Time Since h r t  Overhaul Total Time (if available) 

Ty'pe of #on-Dertructive Terting method ured: 

a. Radiographic e. nagnetic Type 

b. ~ltraronic f. Dye-Penetrant 

c. Eddy Current g. Black Light 

d. Virual h. Magnifying Clarr Paver 

Inrpection accomplished i n  accordance with ( i . e . ,  Alert Service Bulletin, 
A D .  Mote, Inspection Special Project, Service Bulletin, Service Letter, 
SpeCiAl xQ8trUCtiOO8). 

~ c 

Inrpectioa (Item 5) accomplished by 7 wW- 
X-RAY verified (2nd reading) by 

Dtrcrep~cier found (If none, note "None Pound"). W a n L C  e e & A  

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

?age 1 of 2 



202 

APPENDIX F 

a A I R  C A R R I E R  MANUAL 

-E 2 ylll"wE 
Revired: A p r i l  12/68 Sec t ion  V I 1  

?as8 7.186-1 

?on Bo. X-86 

11. I f  any f u r t h e r  information i o  rubmit ted,  add t o  8 r e p a r a t e  ahee t  of  paper 
a d  att8cb to  t h i o  r e p o r t .  

S e p u a t e  p 4 e  a t tached  YES s o d  

12. Contentr  of t h i s  r e p o r t  checked, f u r t h e r  a c t i o n  required.  

YES m- 

cr 
Q u a l i t y  Control  Inrpec tor  

13. I f  f u r t h e r  a c t i o n  w 8 r  taken,  h a t  -re t h e  f ind ingo  

14. t h i r  r e p o r t  i o  conridered c o q l e t e d  aod a c c u r a t e  to  t h e  b e r t  of my knwled8e  
and r e q u i r e r  no f u r t h e r  a c t i o n .  

Date: 

Signed: ' 

Senior  I n r p e c t o r  
or 

Q u a l i t y  Cont ro l  Superv i ror  
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AIR C A R R I E R  MANUAL 

1. 

2. 

3 .  

6. 

3. 

6. 

7. 

8 .  

9. 

LO. 

A i r c r a f t  N VV-. Date: o f  - C E  - t,i 

A i r c r a f t  T o t a l  Airframe Itcurs: 

A i r c r a f t  T o t a l  lumber 'Landings: 

Xf othrr than 1 t h r u  3 above, i d e n t i f y  unit,. 

Isomenclature: =:A* ! AP h,..~ Manufacturer:  A ~ . E  ..-,:- 

?art Bo.: 5eria1 No.: 

T h e  Since  Last Overhaul T o t a l  Time ( i f  avaf ?able)  

Ty5e of  Ison-Destructive T e s t i n g  method used: 

a. R&iographic e. Magnetic Type 

b. U l t r a r o n f  c f .  Dye-Penetrant 

c. Eddy Current  g. Black Light  

d .  VLsual h.  a g n i f y i n g  Glare  Power 

Xnrpectfon accomplirhed i n  accordance wi th  ( i . e . ,  Alert S e r v i c e  B u l l e t i n ,  
A.D. Mote, I n s p e c t i o n  Spec ie1  P r o j e c t ,  Serv ice  B u l l e t i n ,  S e r v i c e  L e t t e r ,  
8peCi.1 b8truCt&OnS).  Q, q a 1-12 SI,& t r = c .  

h8p8CCfOn (Item 5) accomplished by C ..., .%L 
X-Ray r e r i f f e d  (2nd reading)  by 

Dircrepaocter  found (If none, note  "None Found") .- 

C o r r e c t i v e  a c t i o n  taken  (If none, no te  "None Taken"). 

?age 1 of 2 
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AlR CARRIER MANUAL 

W Y E  2 YAI- 
R8Vtr.d: A p r i l  12/68 Sect ion V I 1  

Pane 7.186-1 

PO= NO. W-86 

11. I f  any f u r t h e r  information i 8  rubmitted, add t o  a repara te  r h e e t  of paper 
and a t t a c h  t o  t h i r  repor t .  

Separa te  page at tached YES wo 4 

12. Contents  of t h i r  r e p o r t  checked, f u r t h e r  a c t i o n  required.  

YES m L  

Signed 7 yTl&..., -% 
Senior  Inrpec tor  

cr 
Q u a l i t y  Control I n r p e c t o r  

13. I f  f u r t h e r  a c t i o n  war taken, v h a t  were the f inding8 

11. Thir r e p o r t  f r  conridered comphted and accura te  t o  t h e  b e r t  o f  my k n w l r d ~ e  
and r e q u i r e s  00 f u r t h e r  a c t i o n .  

Signed: 
Senior  I n r p e c t o r  

o r  
Q u a l i t y  Control  Superviaor 

Page 2 of 2 
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a AIR C A R R I E R  M A N U A L  

W U E  2 WNTEMNQ 
Rovired: April 12/68 Section VI1 

Page 7.186 

tom BO. 8-06 
WN-DESTRUCIY'E TESSING RE??PT 

1. 

2. 

3. 

I .  

5. 

6. 

Alrcraft I 1 ai I t Date: @ =  - c c  - yb7 

Aircraft Total Airfruas Ilcurr: 

Atreraft Total Xumber Landings: 

If other than 1 thru 3 above, Identify uniz. 

NoP.aclature:9(Lo c . 1 ~  Manufacturer: vsc~,ht  

m r t  no.: Serial No. : 

TI- Since h o t  Overhaul Total Time (if available) 

T*e of Ion-Destructive Terting oethod ured: 

a. Radiographic e. khgOetiC Type 

b. Wltruonic f. Dye-Penetrant 

c. tddy'Current d 8 .  Black Light 

d. Virual h. Xagnifying Clasr Power 

Inrpection accompllrhed i n  accordance with ( i . e . ,  Alert Service Bulletin. 
A.D. Note, Inrpection Special Project, Service Bulletin, Service Letter, 
Spocial Inrtructionr). 5 c) f 7-h 3 - 52 A ,  

7. 

8 .  

9. 

IIIrpeCtiOn (It- 5) accoa~plirhed by c ..y7*-*. 

X-Ray verified (2nd reading) by 

Dlrarep.ncier found (If none, note "None Pound") .--.- = x c  .:,c,c e .- or, -; 

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

?age 1 of 2 
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AIR CARRIER MANUAL 

W M €  2 ~nrENANCE 
Rwioed: A p r i l  12/68 Sec t ion  V I 1  

?am 7.186- 1 

?orp lo. U-86 

11. I f  any f u r t h e r  i n f o m a t i o n  i r  o u h i t t e d ,  add t o  a r e p a r a t e  oheet  sf paper 
and a t t a c h  t o  t h i o  r a p o r t .  

Separa te  page a t tached  YES xo v 

12. Content8 of t h i o  r e p o r t  checked, f u r t h e r  ace ion  requi red .  

cr 
Q u a l i t y  Control  I n r p e c t o r  

13. I f  f u r t h e r  a c t i o n  wao taken,  what vere t h e  f ind ingo  

14. Thio r e p o r t  i o  conridered completed and a c c u r a t e  to  t h e  b e s t  of my knowledge 
and r e q u i r e s  no f u r t h e r  a c t i o n .  

Date: 

S igned : 
Senior  I n r p e c t o r  

or 
Q u a l i t y  Cont ro l  Supervioor 

Page 2 of 2 
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NATIONAL TRANSPORTAT ION SAFETY BOARD 
Bureau o f  Techno1 ogy 
Washington, DC 20594 

SUMMARYQEPREVIOUSREPAIRSmw 
The fo l l ow ing  summary o f  e x i s t i n g  sk in  repa i r s  o r  rework areas was derived 

from the on-scene examination o f  the airplane i n  Kahului, Maui, Hawaii, from 
A p r i l  29 t o  May 6, 1988. 

LfEISlPEQEAIRPLANE 
BS 540 -- Scab patch from S-1  t o  S-2L, using universal  r i v e t s .  Replacement o f  
countersunk r i v e t s  on forward sk in  o f  the b u t t  j o i n t  from S-4L t o  S-4R, and 
forward along S-4L f o r  the  remaining short  leng th  (S-4R missing). 

BS 580 -- Scab patch w i t h  countersunk r i v e t s  between S-2L and S-3L. 

BS 727A - -  Scab patch w i t h  countersunk r i ve ts ,  6"x 7", j u s t  above S-17L 

BS 927 - -  Scab patch between S-2L and S-3L, universal  r i v e t s ,  5" long. 

BS 1016 - -  Scab patch w i th  countersunk r i v e t s  above S-l9L, 6"x 13". 

BS 1121 - -  Scab patch w i t h  countersunk r i v e t s  underneath t h i r d  vortex 
generator, 8"x 8". 

BS 767 t o  818 - -  f l u s h  patch i n  top sk in  o f  S-20L l a p  j o i n t ,  6" high, 
countersunk r i v e t s .  Repair continued forward under the a f t  po r t i on  o f  the wing 
t o  body f a i r i n g .  

BS 747 t o  1016 - -  Top row o f  r i v e t s  a t  S-25L l a p  j o i n t  were replaced w i th  
b l i n d  universal  r i v e t s .  

BS 927 t o  947.6 - -  B l i nd  universal  r i v e t s  i n  the top row o f  the l a p  j o i n t  a t  
s-2OL. 

BLGtiISLPTQEArRPLANE 
BS 420 - -  Scab patch w i t h  universal  r i v e t s ,  8" long x 6" high, centered over 
S-17R. 

BS 5008 - -  Scab patch w i th  universal  r i v e t s ,  7" long x 6" high, centered 
around S-15R. 

BS 727A -- Scab patch w i th  countersunk r i v e t s ,  6"x 8", centered about S-15R. 

BS 7270 - -  Scab patch w i t h  countersunk r i v e t s  along S-l7R, 2" a f t  o f  frame and 
8" forward, 7" high centered around the s t r inger .  

BS 800 - -  Scab patch w i t h  countersunk r i v e t s  i n  forward frame o f  a f t  cargo 
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door, 3"x 5" s t a r t i n g  below S-19R. 

BS 840 -- Scab patch w i t h  countersunk r i v e t s  i n  a f t  frame o f  a f t  cargo door, 
1"x 7" s t a r t i n g  a t  S-19R; scab patch w i th  countersunk r i ve ts ,  1"x 4", s t a r t i n g  
above S-23R. 

BS 960 -- Scab patch w i t h  countersunk r i v e t s  a t  forward edge o f  a f t  ga l l ey  
service door, 3"x 4". a t  S-14R l oca t ion .  

BS 970 - -  Scab patch w i t h  countersunk r i v e t s  a t  mid-span o f  a f t  ga l ley  service 
door a f t  o f  the  lower door hinge lower corner, 2"x 3", a t  S-15R locat ion.  

BS 1016 - -  Scab patch w i t h  countersunk r i v e t s  i n  top  sk in  o f  l a p  j o i n t  a t  S- 
16R, 4"x 4". centered about s t r inger .  

BS 1104 - -  Scab patch w i t h  countersunk r i v e t s  under second vortex generator, 
8"x 7". 

BS 1121 -- Scab patch w i t h  countersunk r i v e t s  under t h i r d  vortex generator, 
8"x 7". 

BS 1121 t o  1138 - -  Scab patch w i th  countersunk r i v e t s  above APU access door 
hinge l i n e ,  9" high. 

BS 767 -- th ree  rows o f  r i v e t s  replaced i n  S-20R l a p  j o i n t ,  center row w i t h  
universal  r i v e t s ,  continued forward under wing t o  body f a i r i n g .  

BS 897 t o  1016 - -  top  row o f  r i v e t s  a t  S-25R replaced by universal  head 
r i v e t s .  Replacement s ta r ted  again a t  BS 767 and continued forward under wing 
t o  body f a i r i n g .  

GENERAL 
Several areas o f  r i v e t s  replaced by universal  r i v e t s  around BS 747 t o  807, S- 
271 and R; S-25R a t  BS 787. 
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SDR SUMMARY 

NATIWL TRANSPORTATION SAFETY BOARD 
Bureau o f  Techno1 ogy 
Washington, M; 20594 

February 13, 1989 

BOElNG 737 FUSELAGE SERVICE DIFFICULTY REPORT INFORMATION 

A. ACCIDENT 

Locat ion : 

Date: Ap r i l  28, 1988 

Time: 1347 Hawaiian Standard Time 

A i r c r a f t  : Aloha Air l ines,  Inc. F l i gh t  243, 

Accident No. : DCA-88-M-AO54 

Near Maui, Hawaii 

Boeing 737-297, N73711 

B. SUMMARY OF SERVICE DIFFICULTY REPORT INFORMATION 

1. General 

The Federal Aviation Administration's (FAA) Service D i f f i c u l  ty Report 
SDR data base was queried f o r  information pertaining t o  the Boeing 737 I 1  use age. It was found that  3,387 records existed from the beginning o f  the 

current data base (January, 1983) t o  February 7, 1989. This number was reduced 
t o  2,082 records by el iminat ing a l l  models o f  the 737 that  were not produced 
as par t  o f  the f i r s t  291 airplanes. 

Between January, 1983 and the date o f  the accident, a t o t a l  o f  1,352 
records were found. O f  these, 198 were reports o f  fuselage skin cracks, and 
ten o f  these reports were o f  cracking a t  or  near l ap  j o ln t s .  Six o f  the ten 
reports involved lap j o i n t s  i n  the upper lobe, while the remaining four were 
from the lower lobe o f  the fuorelrge. Six o f  the reports were submitted by 
Piedmont Air l ines,  three by Aloha (Including a lower lobe crack on the 
accident airplane), and one by American Air l ines.  The report  by American was 
the only report  submitted subsequent t o  the e f fec t i ve  date o f  Airworthiness 
Di rect ive (AD) 87-21-08, November 2, 1987. A l l  o f  the airplanes c i t ed  I n  the 
ten reports were manufactured wi th in  the f i r s t  291 airplanes. 
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A sumnary of the Inforu t ion  contained In the preceding cracking reports 
I s  given below: 

I. Upper lobe Reports 

September 8, 1983 -- Piedmont Airlines model -201, N734N (line no. 29), total  
time 38,155 hours: "Found fuselage s k i n  cracked a t  FS (fuselage station o r  
body statlon, BS) 727A between stringers 14L and 15L. Crack was one inch 
long." 

October 11, 1984 -- Aloha Airllnes model -297, N73713 (line no. 222), total  5Ec 
time 24,814 hours: "Crack In the right slde fuselage s k i n  panel longitudinal p,+A' 

March 16, 1987 -- Piedmont Alrlines model -201, N744N (line no. 160), total  
t l ne  45,337 hours: "On walkaround, found fuselage skin cracked i n  s k i n  lap 
jo in t  below l e f t  cabin windows, station 370 t o  435, a total  of 21 cracks. 10 - 
.375 inch, 4 - .5 Inch, 1 - 1 Inch, 2 - 1.25 inch, 2 - 1.375 Inch, 2 - 1.5 
Inch." 

July 17, 1987 -- Pledmont Alrlines d e l  -2A1, N767N ( l ine no. 188), total  
tlme 46,367 hours: "Durlng C-check found fuselage s k i n  cracked a t  lap joint  
s ta t lon 370 t o  380 strlnger 14R." 

July 17, 1987 -- on l ine  no. 188 above: "Found fuselage s k i n  cracked a t ' l a p  
jo in t  station 727 strlnger 4R." 

November 27, 1987 -- Amerlcan Alrlines model -247, N470AC ( l ine no. 140), 
to ta l  tlme 45,185 hours: "During BC-3 check, found a 5.0 inch crack i n  
fuselage skin a t  str inger 14L, station 366." 

lap jo in t  along the fastener l ine  of strlnger 10R between BS 727A-7270". 55+ 

11. Lower lobe Reports 

October 6, 1983 -- Pledmnt Airlines model -201, N746N (llne no. 207), total  
tlme 36,267 hours: *Found 1.5 inch crack i n  fuselage s k l n  on rlght side above 
strlnger 20R and a f t  of FS 727." 

November 23, 1983 -- Aloha Alrllnes model -297, N73711 ( l ine no. 152). total  
t l ne  26,049 hours: "Found multiple s k i n  cracks approx 3 inches long above l e f t  
fuselage sk ln  lap between strlngers 20L and 211 a t  FS 756.9 t o  816.9." 

December 16, 1983 -- Aloha Airlines d e l  -297, N73712 (lfne no. 163), total  
t l ne  24,340 hours: *Fuselage sk ln  bulged and cracked between S-25R and S-26R 
forward o f  FS 1016." 

November 9, 1986 -- Pledmont Alrllnes d e l  -201, N745N ( l ine no. 172), total  
tim 44,521: *During C-check Inspection found one inch crack In fuselage sk in  
a t  s ta t ion 727 st r inger  20R." 
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2. Aloha Fleet Report Sunnary 

Of the 2,082 reports that were submltted prlor to the accident, 18 
pertalned to airplanes In the Aloha fleet. Three were the lap jolnt 
crackJcorros1on reports prevlously clted, and two were upper lobe skln 
cracking reports where lap jolnt Involvement could not be establlshed from the 
Information given. Three of the reports pertalned to lower lobe skln 
corrosfon, with an addltlonal three reports cltlng corroslon at cargo door 
frames and the nose gear wheel well structure. The remalnlng seven reports 
Involved cracks In fuselage structure other than skln or lap jolnts. 

Brlan S. Rlchardson 
Aerospace Englneer 
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?I ;LEY DfttulrTlow 
-1 awn a1 b .I.lw*1.* .. mDm I) 

10/02/84 l.WWIo?!d .... I .... =A .... ~ . .5WO]  ..... W?.t29? ......... 1 .... 7371.3 ........ J/@!!.4..?0.# 
hwlng routlne 'C" check inspection, observed a 7.5" long crack i n  the 

+i@t slde fuselage skin  panel Ion ltudinr'l lap joint along the fastener line 

Service Bulletin 53-1030. The discrepmt skln was cut out and repaired wi th  
reference to the Structural Repair knurl. Subject 53-3013, Figure 16. 

of stringer 1OR between strtiaftr 7 s 7A m d  7278. The crack I s  typical o f  
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MAINTENANCE 
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M-7360-87-3 169 

Prepared By: 
Maintenance rnd Ground Operationr Syrtemr - Curtomer Support, 

The BOEING Commercial Airplane Company. I 
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January 3Q, 1980 
1-7360-87-3169 
File: 01oo/ALo 

Aloha Airlines 
Attention: Ilr. Thous P. Deriog 

?.O. Box 30028 
Honolulu International Airport 
Honolulu, HI 96820 

Subject: Boeing Maintenance Evaluation 

Reference: Letter, Request for Evaluation, 

Gentlemen: 

In responre to tho reference request, a boring toam consisting of Peter 
Ansdell (team leader), Richard Fugate, Tibet Giray and John Hall froo 
our Naintenance and Ground Operations Systems (MCOS) organization 
conducted the rubject evaluation. 

The purpose of the  Booring team's visit was to conduct an evaluation of 
Aloha Airlines's Waintenance operations. Observations and 
recomendatlons have been included in the attached report vhich rhould 
be of assistanco to Smprove productivity, enhance technical operating 
efficiency and arrure affectlve maintenance atandarb. 

We appreciate having had the opportunity to work with your technical 
rtaff ayin and convey our thanks for the excellent cooperation and 
courtery rho- to our team members during this visit. 

?lease confirm your receipt of this report and feel free to make any 
coments, or request any additional information or &ssistance regbrding 
its aontents. 

Pice ?resident, Operations 

Aloha Airlines (AW), November 10 - 19, 1987 
T. Derieg to R. Oldani, 27 October, 1907 

very truly yours, 

CUSTONER SUPPORT 

1. L. Oldmi 
)tanager , Maintenance and 
Ground Operations Systems 

Attachment 
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Appendix A . Organization Chart . Au, I(.nagement 
Appendix I) . Organization Chart . ALO Technical Divirion 
Appendix C . Typical Operator technical Organization 
Appendix D . Typical Quality Assurance Department 
Appendix E . troposed ALD technical Organiration 
Appendix W . Supplemental Structural Inspeetion Data 
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These docuaentr and data are being sent reparately by 
W.7560.88.0279. dated January 30. 1988 . 
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M-7360-87-3169 
t a p  2 

?ART I. 

I m  rerponre to requert from Ilt. l'h0m.r Deriet, Vice traridLnt, 
Operationr, b team from the Boring Commercial Aiyplane Company, 
I.intrwnce urd Ground Operation8 System8 (NCOS) ortanitation within t h e  
m t o w r  Support Divirion conducted ur .valuation of Aloha Airliner's 
(AU)  maintenance operations duriq November 10 - 19, 1987. The boeing 
team conrirted Of ?etW An8d.11 (tern leader), Richard bgatr, Tibet 
Ciray bnd John Hall .  the t a m  Dember8 Vi8it.d the  Aloha Airlines 
maintenance facility located at Honolulu International Airport. 

The putpore of thir Vi8it W b 8  to conduct bn evaluation of Aloha 
Airline'r technical operation8 by rblting obrervationc bnd 
recornendations to W8i8t UB to enhance technical operating efficiency, 
hprove productivity and arrure b high rtandard of maintenance. 

mi8 report hr8 been divided a8 follws: 

PART I - I~ODUCTION 
PART XI - 1EXECVIIVB SUMARY 
PART IIX - TECHNICAL DETAIIS 
?ART ZV - SUPPORTXNC DATA, CHARTS, ETC. 

The team member8 uirh to exprerr their appreciation to the  folloving 
airline perronnel for their cooperation, arrirtance bnd courtesy 
axtended during thir ohit: 

Thomar Derieg vice Prerident, Operations 
J-88 Villi.IPron Vice Prerident, kve1opment 
Henry Arii 
Frederick Nediru Director. Maintenance 
Ralph Akutagava Nanager, Production Pluming 

Gene Rodrigues Manager, bare Nainterunce 
Danin Hmmerrley h r u p r ,  Maintenance Support 
Ed h t 8 m O t O  Senior Inrpector 
Bobert Okimoto Inspector 
john Wade Supewiror, Shops 

Special bpprecirtion eXprr88.d to Llr. Henry Arii for making t h e  
teu*r brranpmentr for thir Vi8it. A ruitabh work area was provided, 
the day-to-day meetings uere effectively coordinated urd an excellent 
tour vas conducted of the Aloha Honolulu facility. 

Staff Vice Prerident, Nainterunce 

Bob Takamine bnager, h8UbnCe 

........... 

fJ/p ichard L. gate 

......... $dw -:...-I. . 
Jdhn Hall 



218 

APPENDIX I 

?ART 11. 

1. m: 
lblr ooaluation by the BOelng tern was oonducted in accordance vlth 
the  roquest of Hr. Thomas Doriog, Vice Prasident, Operations. 

?ART I1 l e  limitod to hlghllghts of rlgnificant recomendations 
relevant to thir ovaluation for executive consideration and a 
conclusion. PART 111 contains the detailed description of the 
technical aspects of the ovalu~tion. ?ART IV lncluder appendices 
consisting of charts and other rupporting data. 

2.  or-: 
I h e  following contains a rummary of roco~endatlons (these are 
repeated in PART 111 accompanied by related background details of 
the  topics covered in the various deparoentr): 

o Give high priority to completely revamping the Tochnica1 policies 
6 Procedures Manual ( the Aloha Air Carrier bnrul). It rhould be 
maintained, kept current. and distrlbuted throughout the 
Technical Division. Any interla changes bonroen rovisions which 
do not roquire regulatory authority approval, ruch a1 
organization changer, etc.. could be covered by .temporary 
Revisions" or .Advance Infornation Notices'. 

Institute an aggresrive prokrm to msure that a11 copier of the 
Aloha Air Carrier bnual, as well as all applicable manufacturer 
and vendor technical u n u l s  and documents dirtributod throughout 
t h e  Tochnical Division, 4re maintained up-to-date. 

o Consider the proposed organizational changes r h o m  in Item 3 of 
PART XI1 - TECHNICAL DETAILS (alro rhovn in Appendix E). This 
includes the forming of new Engineering and Reliability rections 
And covers other areas such as Technical Library 6 Publications; 
Technical Training; Quality ASSUrAnCe; Planning 6 Production 
Control; and Tochnical Supply. 

0 Rotate a11 inspectors through a training program on lnspectlon 
techniques vlth rpecial omphasis on corrosion detoction. 
Encourage inrpectors to be more assertive in thrir doalingr with 
Aircraft S o ~ i c e r .  

o Either arsign oxtra inspectors to cover the shops or &ve Qurlrty 
ksurance delegate (in writing) approprlato rhop perronnol with 
t h e  necesrary inspection approval authority. 

o A~ruro that Quality Assurance conducts random audits (unannounced 
rpot checks) of Honolulu Line Xaintenance (both 0 and contract 
fll&ht+llnes); component shops and 8tor.s on a frequent basis and 
tho outstationr at loart once a year. 

o 
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o Construct a durt free, temperature controlled laboratoxy for IsDf, 
borercopm, and calibration oquipnt. 

o ~r-ovalute all 737 colponentr u regards the mainterne control 
procers that rould be be8t ruited to oath (hrd T h  - HI, On 
Condition - OC, or Condition Monitorin& - a). 

o Consider developing achievable long, medium and ahort range 
production plans (each containing the appropriate level of 
detail) taking into account availability urd requiruentr for 
manpower, facilities, aquipmnt urd moterial. 

o By recording manhours for a11 rcheduled and unscheduled 
maintenance t U b  carried out on the airplanes over a period of 
the, moms CUL be estbblirhed against uhich future performance 
can be moarured. Such data will asrirt in achieving more 
realistic production planning and better ortimates of airplane 
dovntimr for rcheduled checb. Manhour trends could also be 
w e d  a8 a parameter to be w e d  in the reliability program. 

o Consider initiating the practice of preparing a planning chart to 
be used by the maintenance department as a guide in requencing 
the items of vork to be acconplirhed. By Sndicating the 
completed work, this f low chart would provide on effective means 
of monitorin6 the progress of a check. 

o Ensure that a11 rhop planning urd production control are the 
responrlbllity of the ?lanning & Production Control (PPC) 
department. No rhop rhould cerry out any tasks on hardvare until 
a rork order is received from PPC. PPC rhould establish 
priorities for shop work load based on stockroom roquirementr for 
rerviceable component8 . 

o Devolop a comprohenrive cowonent tracking syrtem covering their 
location from stores to airplane. through the repair rhopr, and 
back to stores. This would help to reduce the unuru~lly high 
mmber of unserviceable rparer which have occumu1ated in certain 
ahops w e r  the part parr. Zhis tracking syrtem could ideally be 
computerized. 

0 Encourage the  ?PC U N g e r  and renior mmberr of t h e  rtaff to 
visit the PPC deparaentr of other operetors and join oviation 
industry organizations on thir rubject. 

o Consider changing the color of the werviceable component# tags 
to red and the 8erviceable component8 t a p  to Ireen. 

o Conduct en inventory exercise to determine hov many parts are 
presently in the component rhops. A decirion rhoutd then be made 
as to vhether they rhould be rcrapped, disposed of, or repaired 
u part of the werall rpares inventory. 

o Revlev and oxp~nd the  oquipment calibration program. 
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Consider providing in the hangar, a board w i t h  d o t s  on uhich 
task cards CUI be gratprd by aircraft t o n e ,  rkills raqulro9 and 
uork propers 8 t . W .  This will usirt the uintoxunce foreman 
tn issuing uork to his Dechanics urd provide risibility of 
propers. 

Istabllsh botter control and accountability of tools. A soparate 
tool crib area is recoolrendad. 

Review the uinterunce program concepts detailed in Item 10, PART 
111 and abvisr boring of the program preferred by AU so that 
details can be developed by the Boring Waintenance b Ground 
Operations Systems (%OS) organization. 

Before lnitiating t h e  now 137 mainte~nco p r o p m ,  perform a 
complete structural lnsprction and lncorporate certain key 
rervice bulletins on all ALO 737 airplanes. In the absence of an 
Engineering deparment at AU, boring Customer Support Service 
Engineering will prioritize the .extended life' rervice bulletins 
applicable to AU's 7378. 

Ensure that all perronnel responsible for planning, developing, 
checking, implementin& and conducting the A t 0  Supplemental 
Structural Inspection Document ( S S I D )  program, famlliarizc 
themselves vith the ~ldclines, examples and procedures in the 
737 SSID. Particular attention should be paid to t h e  notes and 
instructions arsociated with the DIR check forms. 

Correct a 1 1  e x i s t i n g  DTR c h e c k  forms errors and 
misinterpretations (listed in Appendix P). Note, there u y  be 
additional rrrors on the existin6 DIR check items that are not 
listed in Appendix P. 

Add a procrdure to the ALC, Air Carrier h n u l  for reporting 
structural discrepancies in accordance vith Section 6 of t h e  
S $ f D .  Ensure that all cracks and previously unreported 
occurrences of significant corrosion involving a Significant 
Structural Item (SSI) that were detected during aarlier SSID 
inspections be reported to Boring. 

rrovide 137 training to a11 maintenance mechanics uho have not 
rrceived training for this model airplane. 

Conridor adopting a policy requiring a11 trchnical personnel to 
receive a minimum of one reek of rafterher training each year. 
The course should include roview of the Aloha Air Carrier h n d l  
and extra training should be liven to inspectors and forrmen. 

rrovide unagemont development and leadership courses to a11 
recently appointed supemirion. 

Obtrin'carsettas on various 8preialized training aspects to be 
w e d  in the hangar or rhops to assirt with on-the-job trainin6 
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o Conrider boldiry specialized trbining courres ruch u rtructural 
repair, corrorion prrvrntioa and control, rigging and 
nondestructive tert (DT) w t b o b .  

0 FO’orrulbte b Barter plan for tbe deve1opment of computerization in 
the technicbl division utilizing inputs from b11 potentid users. 

o Prepare certbin technical records, much as aetvice bulletin 
accomplirh~ent accountbbility for ebch airplane, by manual 
methods =til ruch time as a computerized data b u e  is ret up. 
Initibl priority rhould be given to recording the status of the 
rtructurbl metvice bulletinr. There rhould be particularly 
umeful to AII) rhile operating reveral fleet leader high cycle 
airplanes and where airplbner bre being added or removed €rom the 
fleet due to the rariour leasing arrangements. 

o Establish a repbrbte breb devoted to the mhipping and receiving 
of parts . 

o Adopt b policy whereby components removed from the birphne art 
firrt rent to Stores and phced in a quarantine area. When it 
can be detemined that a replacement part doer not molve t h e  
birplane problem, the removed component can be tagged b S  

rervicebbh and returned to rtock. 

o Conrider arrigning a Sbfety Coordinator under the Quality 

o Encourage an Interest in rafety by fomlng an employee safety 

o Uake bn intensive rffort to hire more personnel, br needed in 
each depbrtnent in the Technicbl divirion. urd bring manpower up 
to industry fevelr. For b11 rupervirory bnd management 
poritionr, it i r  desirable to b r r i p  suitable understudies v h o  
can be trbined to bsrume the position of the appliebble 
ruperviror or unbger in their bbrence. 

0 tnrure that there $8 b good rapport bemeen the Plight Operbtionr 
urd technicbl Divisions to u k e  lure that each appreciates the 
other’r problem8 and conrtraintr, and highlight what the 
lechnicbl Divirion i r  doing to find Bo~utionc. Flight Operations 
cbn provide vb1uabh inputs on mtual operating condition and 
technical defectr. This in turn can contribute to more rffective 
trouble rhooting, timely rectification, minimizing delays, 
-roving dispbtch relibbility and reducing COltL. 

Arsurbnce department to cover the Technical Division. 

committee bnd appointing *rbtety monitors”. 

hinternnee winerring .valuations by the airframe manufacturers 
have the unique rbrantage of providing operbtors vith an independent 
perrpective which often avoids the .blind rpots” that internal 
audit8 porrers due to *home born-bnd-bred cultures”. A feedback is 



222 

APPENDIX I 

provided of coppariaon of uintenmce perforunce by a rwutral party 
which blghl1ght.s ~trengths And weaknesses of the ryrtenf end 
methods, the dealth of the airplanes and oquiprent, and the 
offoctiveness of key perronnel urd organiretlonal e t m t u r e .  

The Boorin6 Curtornr Support Division relcomes this opporhrnity to 
provlde technical aS8iStmICe to Aloha Airlines. It 1s  sincerely 
boped that by adoption of Dome of t h e  recommendations in this 
report, Aloha Airlines technical personnel rill be able to enhance 
their standard of maintenance operations. 
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PART 111. 

1. B: 
This section, (?ART 111) of the report provides details of 
observations urd recommendstions which concern the  operation of t h e  
Aloha Airlines Uaintenurce Division. ?ART I V  contains appendicer to 
this section w i t h  supporting dsta and charts. 

At the  time of this visit, t h e  Iuc) fleet w4s as follows: 

AIRPUNE REG. FLIGHT FLIGHT ENGINE DELIVERY 
T W E R O . m l & L  POURS fYPE bArE 
737-202C 
737-297 
737 - 297 
737-2lOC 
737-297 
737 -2A9c 
737-a4 
737-2S5C 
737-297 
737-297 -------.. 

18OUL 
173711 
173712 
Nk906 
173713 
N803U 
173717 
N 8 O W  
1728AL 
1730AL 

,--as---.. 

07.632 
85 ' 300 
86,093 
07,200 
82,336 
06 374 
64, 551 
6,527 
29,908 
28,098 ,--.--.--.-.-. 

39,935 JT8D-9 
33.726 JT8D-9 
32,200 JT8D- 9 
38,995 JT8D- 9 
30.775 JT8D- 9 
b4,385 JTBD-9 
38,775 JT8D-9 
8,6&2 JT8D-9 
11,598 JT8D-9 
10,830 JT8D-9 .---.--.----.---..-.-.. 
Total Airplane Fleet 

OCT, 1968 
APR, 1969 
M Y ,  1969 
UAY, 1969 
NOV, 1969 
APR. 1970 
JUN, 1971 
NAY. 1980 
FEB, 1982 
JUL, 1982 - lo .-.--.-.-- 

Seven of the ten airplaner 4re w e r  15 years old. Three of the 
737s: 173711, N73712 urd N73713, 4re the higheat flight cycle  
airplaner of a11 Doeing jets currently in operation In t h e  uorld. 

In 1987, the  Iuc) 737 fleet averaged 15.56 flight cycles 4nd 6.0 
flight hours per airplane. ltechanical dispatch reliability uas an 
lnpressive 99.592. 

Aloha operatrt regional (Htvaiian Islands) routes in an environment 
lenom to be hi&ly susceptible to the offects of corrosion. 

Appendices A 4nd D shov the organization end management personnel at 
the  time of this visit. The total auaber of Aloha Airlines 
employees throughout the whole operation war stated to be 
8pproxiutely 1,188. Of these, 4pproxiutely 200 were e.ployed in 
the Wainteaance 4nd Quality Assurance department8 as shown on 
Appendix B. In comparison to slmilarly equipped opratorr, it 
appears that ASL) 1s  rhort of technical personnel in the officw, 
mhops urd hangar (this 1s discussed in Item 10 - "PWER). 

2. r :  
An airline's technical ?olicy 6 ?roceduros bn-1 (TPm) provides 
the  means of establishing effective Daintenance standards and 
control 6s Well 4s giving direction on s11 Technical Division 
ectivitier. 
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Operators usually have thelr Quality Assuranco dopartment 
responsible for onrutin& adherence to this manual. Tho preparation, 
t.*leion and upkoep of the unurrl and rtandard forms u o  urualfy the 
rasponslblllty of an Engineering department and a tachnical 
?ubllcatlonr soctlon (vhich u y  be grouped vlth the  tochnical 
Library m d e r  tochnieal Sorolcos - so. tbe  recomendatlon on thir 
upect in Itom 3 - ORCANIUTION). 

The AX.0 rersion of the n?l¶ 1s  the .Aloha Air Carrier Manual.. 
Although the contents in the varidus volumes aro generally in line 
vith the FAR roquiremnts, there appaars to bo CAPS of no records of 
revisions for aeveral pars, many of the contents do not apply, some 
proceduros (for axaaple, reyrding corrosion control) are inadequte 
and several rections have aot been kept up-to-date. Strict control 
of the dlstrlbuted copios i s  required. The mInspectlon Alert 
Bulletins" vhich are dercribed to be oh blue paper and listed, vere 
not available in the  copies of the manual which were examined. 

o It l a  recornended that hlgh priority be given to completely 
rev.plping the Aloha Air Carrier Uanual. The contents rhould be 
in accordance with a11 regulatory authority requiresentc. A 
statement rhould be provided in t h e  introduction describing the 
policy of hov the manual 1s to be maintained, defining the 
responsible authoritirr, the oxtent of ltr distribution and who 
1s to koep it current. 

o It i s  recornended that interim revisions to the Aloha Air Carrier 
Manual which do not require regulatory approval, for ox~mple, 
organizational changer, otc., should be covered by DadVancen or 
"temporary" revisions. 

3. OZICANIUrrOh. 7 .  

lor the Technical Division to function smoothly, it is laportant to 
onsure thet individual roler are clearly defined and the reporting 
rrlationrhipr are properly understood. Perronnel should have a 
clear understandin; of the key rerponribilitier vithin the 
orgsnlration. be fully ware of vho has t h e  authority. and recognize 
thoir own accountability, so as to automstieally and correctly react 
a d  intoract to m y  necessary required action. 

Many i n t e n d  conflicts or bottlenecks can be eradicated or reduced 
to mnageable levels by the careful and proper rtreamlinin& of t h e  
organizational rtructure. In this rospect, a continual raviev of 
the organizstional rtructure may be necessary to cater for factorr 
such u increase in utiliration. changer in operational strategio, 
alrplane loaslng, meeting rogulatoty authority requirements. 
contract maintenonce, workload *peaks" mnd *velleyrD urd changer of 
potsomel, a11 of which also require continual upgrading of skills, 
including technical and edainistrative development. 

Several Technical' Division management changer hed recently taken 
place wlthin the six months prior to the visit by t h e  team and there 
are reflect04 in Appendicer A 6 B. 
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Attachent  t o  
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The Aloha M r l i m 8  Technical D i r i 8 i o n  appear8 t o  b e  )Dst  of the 
appropriate rectionr usually found i n  rimilu sized alrlims, A 
m i c a 1  operator organization i~ r h m  i n  Appendix C. The' t o m  
obrerrod t h a t  t h e  fo l lov ing  area8 could bene f i t  from various 
organizat ional  i~provement r :  Cngineariag; Technical Library 6 
h b l i c a t i o n s ;  Technical Training; Qual iq  Aaururmce; Reliabil i ty;  
Reduction Pluming 6 Control; and technical Supply. Aloha Airlines 
might consider there  r u & ~ e r t i o n s  rhould any fu ture  technical  
organization chanps be plumed (888 Appandfa E - PROPOSED ~ ~ 0 t h  
TECHNIW ORCANIUIION) : 

- -: 

Typical operator ongineeriag functions a r e  rhovn i n  Appendix C. 
As de tb i l ed  i n  Itom 6 - DJGIHEERINC and Appendix E, it is 
proposed that  an Engineering rection be forned as ei ther  a stand 
alone department o r  as p a r t  of a new .Technical Services. 
department including Production Pluining 6 Control, Technical 
Training and Technical Publicrtions/Library. 

There appears t o  be a need t o  oxpand the Technical Library into a 
Technical Publications/Technical Library BeCtiOn. By employing 
rome technical  wr i t e r s ,  revisions could be made t o  u n u a l s  
a f f e c t e d  by inco rpor r t ion  of 8erVice bu l l e t in s  and other  
engineer ing change ac t ion .  The prime function rhould be 
maintaining the Technical Policies 6 Procedures Manual, etandard 
forms and placards. This roction rhould ins t i tu te  an aggressive 
program t o  assure that  a11 copies of the  TPPH as well as a11 
app l i cab le  manufacturer and vendor t echn ica l  manuals and 
doc\iments d i s t r ibu ted  throughout the Technical Division a re  
u i n u i n e d  up-to-date. 

- -Tr.ininn: 

As detailed i n  Item 11 - TECHNICAL TRAINING, there is a me8 t o  
form a dedicated Technical t ra ining rchool and it is proposed 
tha t  this be under a Technical Sewices depbrtment. 

- -: 

A t yp ica l  QA department and r e spons ib i l i t i e s  ere rhovn i n  
Appendix 0 .  hopored plans for  phasing i n  various rections of 
this department are  rhovn i n  Item I - QUNJTY ASSVRARCE. 

- m: 
It appears tha t  UI effective Reliabil i ty rection mods t o  be 
created (as recom~ended i n  Item 5 - RELIADIUTY). Depending on 
the  omphasis o f  the r e l i r b i l i t y  program, operrtors w l u l l y  have a 
Ueliabtl i ty rection under e i ther  Technical Services or QA (see 
Appendix E - lROPOSED MOM TECHNIW ORCANIUTION). 



226 

Attachment to 
1-7360-87-3169 
?age 11 

v: 
In u n y  operatorr, Toehnical Supply ir a eoparate dopartlent 
under the Toehnlcal Divlrion (880 Appendix C). Thir in alro 
propored in Appendix E. 

4. -: 

It Wa8 obremod thbt the Afb @ drparment, which is rtaffed by 12 
perronnel, bar oxperienced and dedicated perronnel. QA is 
independent of the I(.interunce &partlent and the boad of QA reports 
to technical management bt one love1 bbove that of t h e  head of 
)[.interunce. %'hi8 1s ratirfactoy and l r  in eonfomnce with the 
accepted concept t b t  work voriflcation rhould not be influenced by 
production demandr . Tho rerponribilitier of QA rhould include 
eweillance of the ontire Technical Divlrion including Technical 

At prerent, t h e  A1x) QA has rerponribility for QC (Inspection), 
technical Records, the Technical Library and hrblieationr. Other 
rerponribilitier, ucording to the W Air Carrier Nbnual, include 
the reliability upectr of the continuing arulyrlr and rW8il14nCe 
progrm. 

The AIX, inspection function is performed by the participation of 
inrpectorr in maintenance checks. All inspections per task cards 
bnd r r r v i c e  bulletins are carried out by inspectorr. All itens 
nitten up by inrpectorr for correction are re-inspected and 
accepted by them after roctifiertion of the direrepancics by 
mechanics (lnspector buy-back). Thir practice of 1002 inspection 
and buy back by lnapectorr indicate# the eomitment in principle by 
ALO urugement to have well maintained airplurer. Vhereas the teun 
applaud8 this praetlce, bnd the birh airplane rolirbility plus 
oxcellent condition of the airplane ryrtemr have proven t o  be 
outatanding. there 1s rome quertion regarding the deteriorated 
rtrugture of the high cycle airplanes. The lack of a corrosion 
prevention bnd control progrbm ir b factor, but there l r  a h 0  the 
porribility that rpecial~red inspector training and more 
arsertivenerr on t h e  part of inrpection 18 required. 

o It ir recornended t b t  a11 W inspectorr be rotbtod through a 
training progrbm on inrpectlon tochniquer with epeeial omphrsir 
on corrorion detectlon. In the future, lnspectorr rhould also 
rocrive rpeciallred trainin& (as lirted in Item 12 - ttMNIW 
TRAI#IPC). 

There have been carer in the part where the Aircraft Semicer 
bprrtment, in an offort to m e t  8cheduler. hed painted over or 
closed up aroar of the airplane prior to inspection. This suggests 
that thir u y  k an area Where the QC inspectors rhould be Dore 
arrertive bnd *re Che Aircraft Semice department rhould be u d e  
bvare of QC importance. On the other hand, in an effort to not 
a f f e c t  production rcheduler. QC inrpectorr rhould reviev their 
initial inrpection prioritier during the early part of their 
uintenonce check8 to cover there opened up aroar. 

SUPPlY, 

APPENDIX I 
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Thoro did mot 8ppoar to be any invol.mnt by lnmpoction In t h e  
#bops. Built-up engines and werhaulod crmpononts b d  tags wtth no 
iarpoction apprwal lndicatod. 

o It i r  r o c m n b r d  that additional ln8pectorr be usignod to ewer 
t h o  Shops or approprlate 8hOp porromel bo dologatod (in writing) 
lnrpoction urd apprwal authority by OA. 

AID lnrpoctora rrro not lmrolvod w i t h  Line uintonmce activitios at 
Honolulu or at othor rtations. 

o It lr rocomonbed that the  QA dopartrmt conduct random audits 
(urunnouncod rpot chocks) of Honolulu Line uintorunce (both AKI 
end contract fliBht ltnos), coaponont ahopr and rtoros on a 
froquont basis and tho outstations at least mco a year. 

The rorponsibilitior of tho QC (fnspoction) roction rhovn in 
Appendices 0 6 E covoring Storos/Receiving includes inspection of 
incoming materials and components, hidden damage inspoction. proper 
attontion to rtorage of fl-able uterirlr, and parts rhelf life 
limits control. It would be boneficial if this roction could also 
assume rome limited rosponsibility for audit8 of vendor quality and 
make roco~endations to Tochnical Supply for the AKI approvod vondor 
list, 

In the absonce of an Enginrering department, QA perform most of t h e  
functions usuolly accomplished by onglnoers (soe f tom 6 - 
CNNCfNEERfNC). There functions conflict w i t h  the generally accepted 
role of a QA/QC dopareent. It is a d o g o u s  to a rtudent writing 
his  ovn oxaminatlon toxt and then grading his o m  paper. 

A part of QC which mods some attention concern8 the RDT, boroseope, 
and calibration oquipwnt (instruments ard mechanical test). This 
1s important considering the present mount of tn-house heavy 
~aintonancr. It rhould bo QC's rosponsibility to control and 
operate all RDT and borescope oquipment. as well as to check and 
monitor whon a11 calibrations are due throughout t h o  technical 
Division. Conrolidation of these aspects requires a durt free, 
tomperaturo coatrolled laboratory €or this sensitive oqulpment. The 
laborfitory ahould bo locatod adjacont to, or within the bangar. 

o It  1s rocommonded that a laboratory be constructod for NDT, 
horoscope and calibration oquiprcnt. 

s. m: 
Tho All) Air Carrior h n u l  states that the reliobillty program is 
dministorod by Quality Assurance and thst revisions are made to the 
airplane maintrnonce Operations Specifications and t h e  Component 
lbintoranco Schodulo . 
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QA alro has rrrponalbllly for t h o  A U  hopulrion syrtu lollabilly 
Control h o g r m  ( H R C P ) ,  t h o  Hydraulic Intenul t*.lrgr Tort XILT) 

of: 

- Data Collrctlon b Surv.lllanee; 

mystom and a Contlnulw Sur~.lll.nco b hulyrlr program OOIII i rtlw 

- Data An~lyrlr; 

- Corroctlvo Action (brred on oxceedbnce of .alert valuerg and 
tovlov by monthly Rollabllly Control Bobrd urtlngr). 

The prorent A U  Component )I.lntonanco Lchodule has mort componontr 
lncorroctly lirted u *on condltlon' (OC) uhon they rbould bo rlther 
.hard timow (HT) or .condition monitored" (a). To clarrlfy a 
cooponont as QC, thore must bo rome rcheduled lnspectlon, chock, or 
tests uhlch onsure that the componont vlll function proporly until 
t h o  noxt rcheduled check. 

o It 1s rocommendod thbt ALO conrlder ro-rvalubtlng a11 737 
components as regards the uintemnce control procerr thbt would 
bo bort 8uft.d to oach (m, OC, or a). Data vi11 thon aoed to 
be colloctod and anblyred for CU components. Schodulod on- 
alrplane chocks should be ldontlflod for OC componontr. 

An rffoctlve prolram eddni8tered by b reliability 8ection under QA 
rhould bo in place in ordor to rorlize tho full advbntbgor of 
adoptln; condition ronitorln; for componont control. Also, this 
roctlon rhould conslder the w e  of computorlzed reliability roftvbre 
programs. 

o It lr roeommended that a Reliability roctlon be formed roportlng 
to the Quality Assurance rrctlon. 

The or&anitotion of w l i t y  Asruronco and the proper 8bnbgemont of a 
rollability program os just dcrerlbod vi11 provldo an rffoctlve 
ryrtom for continuing amlyrir and rurveillanco of ulntonurce a n C  
lnspoctlon prolr-s. 

6 -: 

The rorponrlbllitlor of an Engineering deparment include ovrlurtlon 
and lmplomont~tlon of manufo~turer'r Sorvlcr Bulletins, 
Alnorthlnorr Dlroctlvor, airline orlginatod modlflcbtlonr and 
trpalr actlon, derlgn, rorobrch, rtudlor, trportr rnd 
lnvertiptlonr, proparotion of rpeclflcrtionr, drbwingS and 
8tbnd.rds. ortrbllrhmnt and control of the airplane, rnglne and 
component m'rlntonrnce rchedulo rpeclficbtionr , and providing 
tochnicbl arrlrtance (for oxamplo, ln trouble bhootln&) &I roqulrod 
by I1.lntonance. Shops and Pllght Oporotlonr. The manufacturer 
Senrlce Bulletins rocelvo a thorough arrerrment as to meritr, pay- 
bbck, and' hother they provldr proctical lmprovomentr or effoctlvo 
rolutions to problomr. 
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It appears the most urgent m e d  at Au) is for a atructural engineer. 
3he doterlorated condition of the older, high cycle ILtL) 7378 mb the 
four 737-2OOCs vhich had boon previourly operated in Alark and 
remote regions of Cam& on rough, unhproved m a p ,  roqulror that 
mpecial attention rhould be 6lvon to their *tructural hte&rity. 
Tbls rbould lnclude proper corrosion prevention and control, 
cooplete definition of rtructural repair# and terminating 
corroction, as well as review for incorporation of releeted 
rtructural rerviee bulletins rocommended by Boring to foxtend 
airplane life. The team discussed and left a complete list of these 
relected rtructural rervice bulletins applicable to a11 ten NA 
737s. These bulletins roflect the influonce of operator rexvlce 
oxperf ence, regulatory authority actlon, nev materials and 
proeesres. They provide ortimated incremental r t n u w a l  life and 
recornended lncorporation threshold data. 

In the prerent absence of an NA Cnglmerfng deparment, Boring 
Customer Support Sewice  Engineering i s  rtudying the lists of 
relected *extended life” rervice bullotins (SBs) applicable to a11 
0 airplanes and will be notifying NA through the being Field 
Service office of a priority category for each SB applicable to 
0 ’ 8  operations and envfroment. mese lists u y  be rupplemented 
by other Sls considered beneficial to NA 737s. 

Three of the 737-200Cs will become .Supplemental Structural 
Inspection Document (SSID) candidate airplanes* this year. nowever. 
the SSID itens which will need to be Incorporated into these 
airplanes’ maintenance program rill only involve rignificant 
rtructural items associated vith the lndfvldul cargo airplane 
features. 

7. W I N G  AND PW?Y€T.IOh’ CONTEQL: 

Operators (enrrally have their Planning 6 Production Control (PPC) 
reetions responsible for the planning, rcheduling of maintenance 
operations and establishment of appropriate controls. This assures 
production rchedules n e t  the tlme limitations at specified in the 
airplane, ongine and component maintenance operations schedule 
rection in the Technical Policies 6 Procedures Manual. 

Effective maintenance control is achieved by rcheduling maintenance 
action in the proper requenee and It the  proper time. It it 
derirabh that competent personnel, equipmmnt. faci1lties. tools, 
rpares and uterials be available to accomplirh the assigned 
maintenance task. This rection reti as a regulator for the 
maintenance cycle providing rafeprds to prevent: -. - 
- kcklog accurulation o f  work. possibly resulting in loss of 
. airplane availability; 

- 

Exceeding approved t h e  intend limitations; 

trrors resulting from unplanned and hastily performed vork; 
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- hnpornr rhortaps; 

- Sgues/uterial dtortages for major cbrclrr; 

- tacillty overload; - Irailure to comply wlth regulatory authority regulations. 

Some maintenance actlons are performed on a non-routine 
(unscheduled) basis. In ruch cases, this rection rhould provide the 
required flexibility to compensate for variations in workloads and 
rtill control the production Dchedule. Operators urually have their 
?PC coordinate the effor-t? of Engineering, Quality Control, 
binterunce, Overhaul Sbops urd Technical Supply. 

In general, t h e  AIL, ?PC staff accomplish the  follwlng: 

Keep track of airplane utlliration (accmlated flight hours and 
cycler) ; 

Schedule airplane maintenance tasks by making eure that intervalr 
or thresholds are not exceeded, for any t i m e  controlled 
maintenance requlroment; 

Assemble the papervork for airplane checks; 

Track the hard time controlled components by location, calendar 
t l m  , hours, or cycler; 

Perform material planning; 

Undertake rpeclal projects vhich would noxmally be accomplirhed 
by an Enginrering depart.ent at other oper&tors; 

Arrange for the repalr or overhaul of 737 componantr at vendors 
or.other outside repair agencies. 

At many operators, effective planning for a maintenance check 
lncluder a thorough reviev of the -or& peekage, ostlutl~q the 
workload and .lapsed time requiremmtr for each task urd preparing a 
w r k  flov ehart that rchedules each Item of uork at the optbum 
tlme. To be able to do thls, an adequate data base of unhour 
rtatlsticr has to bo ostablished w e r  a period of t ime.  U ' s  
Alrcraft Servlces maintenance bpartmnt was not recordin& unhours 
expended to perform malnterunce tasks.  It also appeared that 
porronnel in Y t C  uore DO occupied with daily problems urd expedlttng 
papervork thst there was hardly enough t L H  for effeetlve pluming. 

'Lhe followiru recommendationr are made rrgarditq ?PC: 

o Consider bveloping achievable long, medlw and short range 
production plans (each containing the approprlete level of 
detail) taking lnto consideration avrllability and requitementr 
tor manpover, fbCllltieS, oqulpment m d  material. 
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o Dy rocording manhourr f o r  a l l  rchoduled and unrchodulod 
uintonanco wlu e u r i o d  out on tho airplums w o r  a poriod of 
t h .  nom e m  be ortabUrhed agaiar t  d i c h  futuro porformmca 
can bo maarurod. Such 4.t. vi11 a r a i r t  i n  achiwing more 
t o a l i r t i c  production plamimg end better o r t i u t o r  of airplane 
&unti.or fo r  rchodule checks. XuJlour trands could a180 be wed 
u a p a r u r t o r  t o  be wod i n  the ro l l ab i l i t y  program. 

o Conalder i n l t l a t ing  the practico of proparing a planning chart  t o  
be urod by tha maintenance department as a guide i n  raquencing 
tha ltoms of  vork t o  be accomplished. By ind ica t ing  the  
collplotod uork, thir flw chart vould provide en affectlve means 
of wnltorimg tha progrors of a chack. 

The ALO ?PC hrs a computer l i r t  rhowing the p a r t  Owbars and 
quantit ies of rotable compomnts i n  the UL, Inventory. ilovevar, 
oxeapt for  hard time components and uni ts  rent  out on ropair orders, 
the ?PC doer not how uhather a rpecific uni t  is inr ta l led on an 
airplane,  i s  a remiceable spara, or  i s  ual t ing t o  be repairad i n  
come A1c) shop. Accumulated hours and cycles on these units are not 
kept.  Nochanicr romoving componants from airplanor take them 
&iroctly t o  tha applicabla componmt ahop. By t h i s  practice,  the 
componont does not go through the r tores  or  a quarantine area and 
the accompanying papanork i r  not 8ent t o  the  ?PC. tach rhop 
deeidas uhethar a BpeCifiC uni t  ahould be ropaired o r  #ant t o  an 
outride overhaul agancy. 

Tha fo l lw ing  r o c o ~ e n d ~ t i o n s  are mbde: 

o It is desirable that  a11 rhop production planning and control 
ac t iv i t ies  be arrigned to  the PPC. No rhop should carry out any 
tasks on hardvare un t i l  a uork order is received from PPC. PPC 
should ostabllsh pr ior i t ies  for  thase shop work orders by c10rely 
monitoring rhop uork loads and stockroom. roquiraments f o r  
remicaable components. 

o A U  rhould develop a comprahenslve component tracking ryrtem 
(including thore components on OC and QI uhich are  currantly not 
tracked) covrring the i r  location from storas t o  airplane, through 
the roprir  rhops, and brck to  r tores .  This would help t o  reduce 
the unurually high number of unsemleeable rpares uhich have 
a c c w l a t o d  i n  cortbin rhops over the past year8 (roe Item 8 - 
SHOPS). This trackink rystem could ideally ba computeritad (sat  
Itom 12 - ~ E R I Z A T I O N ) .  

t h o  ALO tPC a180 has r e s p o n s l b i l l t y  f o r  m a t a r i a l  p l a n n i u .  
l n l t i a l l y ,  reorder lovolr for  the oxpendable par ts  uaro assigned by 
?PC. These values were ontered into the inventory control computar 
program. The hrrcharini  department nov orderr par ts  au tout lea l ly  
based on those roorder lovels,  result ing i n  no involvement by PPC 
oxcapt vhen t h 8 r O  i r  a problem. Rotable compomnt purchaser and 
ropair orderr bre handled by ?PC. The to t a l  inventory of rpares 
ineraased from $7.8 million t o  $8.S million i n  the first r i x  wnths 
of 1987. Approxlmately $ 5  million uorth of the to t a l  rpares 



23 2 

Attachment t o  

t a p  17 
W-7360-87-3169 

APPENDIX I 

imontory consists of r o u b l e  corpononts. 'Ihr t o n  was informed 
t h a t  it was a ra re  ~ ~ c u r r o n c e  f o r  ur At0 737 f l i g h t  to be d.1ay.d 
d w  t o  the lack of a rparo part. It appear8 that uc) could dave a 
N b s t u r t i a l  ewmt of wney by implementing an o f f o c t i n  component 
eontrol urd tracking qstom u discussod oar l ie r .  Thir would pormit 
IOIO off ic iont  w e  of the acctmulated sparos imontory.  

A t  prosent, the AIL, tPC i r  r taffod by three p lmnrrs  urd a manager 
uho roports t o  the Director, b in te runce .  It appears tha t  t h i s  
doparment is understaffed oven t o  offectivoly carry out i t s  present 
r o s p o n r i b i l i t i e s .  If recommsndations from t h i r  r o p o r t  a r e  
lmplemented, there =y be m o d  f o r  additional ..npover. However, 
ravings tha t  can be achieved by a bet te r  functioning tPC rhould 
Jus t i fy  the extra peraomel acquirod. 

It appeared tha t  the 0 tPC s t a f f  had been introduced t o  working i n  
thls type of work with minimal preparation or pr ior  t ra ining i n  PPC 
8 k l l I s .  Wen though the members of the s t a f f  are very conscientious 
and hard vorking, they have had t o  wrediscover the wheel' on their 
ovn. Consequently, they are  not qui te  fu l ly  m a r e  of the s ta te -of -  
the-ar t  i n  a i r l i n e  tPC. 

o It i8 recomended tha t  the t P C  manager urd  aenior members of the 
r t a f f  be given the opportunities t o  visit tPCs of other operators 
urd j o i n  aviation industry organirstionr on t h i s  rubject.  

The a d d i t i o n s 1  r e r p o n s i b i l i t i e s  recommended i n  t h i s  r e c t i o n  
oncompassing not only a i r c r a f t  maintenance a c t i v i t i o s ,  but a l so  t h e  
rhop component PPC, indicates thst it vould be preferable for  t h e  
tPC  function t o  be independent from the maintenance depsrtmrnt. 
Lither a reparate Planning i Production Control (PPC) group ahould 
be formed reporting t o  the Staff  Vice  t rer ident ,  X l i n t e m c e  & QA, 
or  the  ?PC rhould roport t o  the h n a g e r .  Technical Sorvices (as 
proposed i n  Item 3 - ORGANIUTION and shown i n  Appendix E) .  The 
reparate ?PC could then handle the carry oyer discrepancies and 
unscbeduled vork more e f f ic ien t ly  on a pr ior i ty  basis and keep each 
t o  an  a b s o l u t e  minimus due t o  t h e  e f f e c t i v e  monitoring and 
rchsduling. 

The Au, rhops consist  of those associated with a i r c r a f t  werhsul,  
accessorios (components) and e l e c t r i c a l  i oloctronies .  Thore 
@upportin& a i r c r a f t  overhaul cons is t  of rheet  mtal, painting, 
wolding, upholstery and omergency oquipment. The accossorios rhopr 
c o n s i r t  of ongine ryrtem co8ponents. povor p l a n t  build-up md 
toardoun, AIU and components, landing gesr werheul.  wdi f ics t ionr ,  
t apa i r  and senrico, wheels, t i r e s  6 brakes. and machine rhop. The 
radio, instrument and o lec t r ica l  rhops maintain, ropair ,  u r d  bench 
check radios and novigation oqulpment. 
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A large portion of the rheet wtal porrowrl had been hired in the 
b r t  few months and approxfmately a third of the  electricfl b 
mlectronic perronnel b v e  been hired burin6 the l u t  par. On the 
job trainla6 (WT) vas bin& carried out in the rhops by .up.Nirion 
rutin& the t@.D'8 *sit to m r w e  the rkill level. 

tmereas Dome of the accerroriar rhops much as vheelr, tires 6 
brakes, power plant and APU were adequately rupporting the 
operational rvedr of the  airline, there were rome deficiencies with 
other component rhops. Conriderable invesmnt in u n y  components 
ir being warted with u n y  parts lying around avaiting repair, 
creating excess rparer and occupyinl; valuable rhop apace. Examples 
included awerouc Ant ro1enoids maitin6 repair i n  one rhop, and in 
another, a fonard rupport fitting, part number 65-555C7-1, raoved 
from airplane 173711 on Fabnury 25, 1972. b d  a Feen warpiceable 
ta6 which h d  becooe yellow with age. 

o It 1s. recormended that AID consider changing to rad f.gr for 
unrerviceable components and green tags for rerviceable 
co.ponentr. 

The excess of parts in the component rhops ruggertr that there are 
problems w i t h  the tracking or proper control of components through 
the rhop or elre it could be due to the rhortage of personnel. 

o It i s  recommended that ALO conduct an inventory exercise to 
determine hov u n y  parts are presently in the component rhops. A 
decirion rhould then be made as to whether they rhould be 
rcrapped, disposed of, or repaired as part of the werall rparer 
inventory. subsequent to this rtock takin&, a ryrtem should be 
implemented to track and control the flow of cowonents through 
the rhops (aee Item 8 - ?WINING 6 PRODUCTION CONTROL). 

During the shop virits, u n y  items of tert equipment were tagged 
*calibration not required". In many cases, there pieces of 
equipment would have to be calibrated prior to each we if valid 
results are to be obtained. This results in excessive amounts of 
t ima  bein6 wasted on calibration. 

o It ir recommended that ALO reviev and expand the equipment 
calibration program. 

'Ihr AlD Aircraft Services department, which report8 to the Manager, 
W.intenaace, conrirts of the f011owin6 uintenurce ereus: C y n e  
Check Crew; U.0 Flight Line; Contract Flight Lfne; and Airplane 
Owrhaul . 
'Ihe CJrele Check Crew aecomplisbs t h e  rcheduled A. b urd Quarter C 
&el,. mi8 crew works niBhtr with a rhift rtarting at 2100 hourr. 
The drplatws f l y  Only during the &ytime and cycle checks are 
accomplished on reveral nights in a rov during the week. 
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The Au) Flight Line uch rn ic r  a re  rerponsible fo r  p repa r iq  and 
huning around Au, airplaner 4t  the  Ilonolulu f l i gh t  l l ae .  ? e i r  ohift B u r t #  at  0645 hourr. 

l b e  Contract n i g h t  Une  mechrnicr carry out a l l  l i ne  maintenance 
m C t % V i t i W  on the  airplaner belonging t o  W'r  contract cutomerr. 
k v e r a l  u j o r  United Stater  and foreign operatorr h v e  contracted 
the i r  11ne uintenutce a t  Honolulu t o  A U .  3 h i r  poup provider 24 
hour ewerage. 

The Airplane Overhaul uchanicr  work a *Fall Projectm every year 
accomplirhing the D check blocks on reveral airplanar.  This croup 
l a  made up of Dechanicr who are borroved from the other crevs. F v o  
ah i f t r  are worked during the day r u t t i n g  at  0615 and 1500 hourr. 

In  addition t o  the above groupr, an Aircraft  Crooning deparment 
a l r o  r epor t r  t o  the  Wanager Waintenlace. Thir department is 
rerponsible for  the airplane exterlor and in te r ior  cleaning and a l l  
ramp rervice perronnel. Work accompllrhed by thir department l e f t  a 
favorable imprearion on the team 8emberr. hovever, i t  f a  not 
intended to  cover th i r  department'# ac t iv i t ies  i n  thir  report. 

Of the  four Aircraf t  Eemicer maintenance groupr, the Contract 
Flight Line and Au, n i g h t  Line crevr appeared to  have the highest 
p r io r i ty  fo r  taking the  bert ,  Dore experienced 8echanicr. Thir 
obrervation i r  rupported by the fac t  that  the ALO 7378 achieve 99.6X 
8echanical dirpatch re l iab i l i ty .  Alro, t h e  team vas infomed t h a t  
t he  contract  cur to8err  a re  very r a t i r f i e d  with U ' r  rupport. 
Wovrver, t h i r  ruCCerr a t  the f l igh t  l ine reems t o  be rchieved a t  t h e  
expense of the airplane hangar uintenance. It  is di f f icu l t  to  keep 
a rteady vorkforce on the rcheduled check airplaner i n  the hangar 
when a b o r t  on a daily bar l r  wehbnicr are r ea r r iped  to  ra t i r fy  the 
more prerring m e &  of ei ther  Au, or  Contract Flight Liner. Aa vi11 
be dlrcwred i n  Item 16 lwJPOvER, ALL, doer not have rufficient 
unpover i n  the Aircraft Service8 deparment. As an example, the 
nunbe; of 8echanicr which ALL, expected to  arrlgn t o  the cycle checks 
var rix. Thir mvber i r  low to  complete a 1 plua quarter C check in  
a rearonbble UoMt of t h e ,  yet  romrtimes th i r  nuaber would be 
wh i t t l ed  down t o  a# lov a# tvo 8echanlcr as perronnel vere 
rearr imed t o  rupport the f l igh t  l ine  operationr. 

The team war impreared t o  learn that  prac t ica l ly  a11 wchanicr 
(oxcept for  a fov .old tberr . )  poarerr A 6 P l icenrer.  Llovever, 
the tern  determined that  i n  general wit nchanica dld not receive 
adequate training a f t e r  joining Aircraft Maintenance. Thir upec t  
i r  not helped by the fact that  a h o a t  -0 thirda of the ALO Aircraft 
maintenance mchrnicr a re  relatively mv ,  young prrronnel, vhereas 
the rea t  consirt of uchanicr  with over 20 yrarr experience. The 
abundance of 8echanicr mev t o  ALO and the  l r c k  of offective 
recurrent tralnlng for  the older wchanicr resu l t  In rorkforce 
w i t h  an overall  1- r k i l l  level ( th i r  i r  addrested In Item 1 2  - 
TECHNICAL .lSAIRIRG). 
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The taam w.b.rr h d  the Lprarrion that there were inrturcar of a 
lack of motivation .ad .08Pr'it de corps. amonpt t h e  maintomace 
porronnel. Our maintonance ovaluationr oxclude enaljrrer of 
amploy~r/orployoe rolationr , bowever , the barmful affoct on 
maintenance quality and porfoorunce cannot be ignorad. The toam 
u r m e s  that Au) unapment ir vel1 ware of this rirwtion and l r  
addrearing tbir problem. I=provanent in o~ployee ratirfaction and 
work rpirit vould help to retain the highly qualified mech.nicr and 
attract rnv rocruitr. 

Actual mnhourr expended to accomplirh specific maintonance tasks 
ere not roeorded by ALD mechanics or inspectorr. There were no work 
plana or flov chart8 for requencing, prioritirini And distributing 
the ~chedulod work to be accomplirhed during a maintenance check. 
The maintenance rupervirors h e v  whrt -4s going on, but ~iribility 
aids wero not on dirphy which could provide an offoctivo NUIS of 
monitoring check progress ( m e  Item 7 - PUNh'INC 6 PRODUCTIOK 
COKZROL). A board with rlots on which task cards could be grouped 
by aircraft zone, rkills required and work progress rtafur, would 
provide this needed vlribility. 

ALD kepr two reparate deferred item logs for each airplane. One is 
the  llrt of pilot vrito-ups that are deferred. The tern was 
fapierred that this list had no more than one or hro items per 
airplane. The other deferred item log containa those items whose 
correction has been deferred until the next cycle (B plus Quarter C) 
check. A. an a x q l e ,  there were 40 items on the deferred itea.list 
observad regarding airplane N73713 rome of which had been 
outstandin& for rome months. 

Storing and controlling t h e  w e  of on-airplane maintenance to018 and 
GSE vora tbe rerponaibllity of the  rpare parts 8tore. A viable 
calibration control and monitoring system was not in oxirtence (this 
YbL a h 0  dircrured in Item 8 - SHOPS). 
o X i  is reco.aended that there be better control and accountability 

of t0018. It l r  desirable to have a separate tool crib are.. 

10. -: 

The initial maintenance roquirorents for the 737 were ortablished by 
the I'M 737 Waintemncr Peviev bard (m) In 1967. A t  that time, 
the initial inapeetion And werhaul intervals wore 8t.t.d in fli&ht 
bourr bared on 0 .8  flight bOur8 per flight u the  average rtage 
lanlth. While this lQlb pemitted operators to develop a maintenawe 
program compatible with their ovn basic maintenance roquireuntr, it 
vas onvirbged that operator8 rould W e  their methods of continuing 
analyrir and rurveillance to adjust these intervals based on their 
own oxperience and individrul operating envlromnt. 

In general, this process meems to be working well to t h e  desired 
offect uongst most operators. Hovever, in AtiD'r case. 0s evident 
by t h e  deterioroted condition of the high cycle 737s in the fleet, 



236 

APPENDIX I 

t h o  lntont of thir u i n t o m c o  concopt hrr mot born Y t .  Thir h 8  
rorultod from ruch factor8 u the lack of a corrorion provantlop and 
oontrol program. t h e  unurually high tat0 of fll#tt ayclor, the  
@roper wthodr of mtructural r.nplix, mom. miminterprotation of 
cbe M I D  progru, incomplete roportlw of rignificant rtrucwal 
doficioncior to t h e  unufacturor, not accomp~lrhlng rtructural 
tormiruting action and incorroct lirtirq of u n y  componontr u .on 
condition". 

ALO recognizer thore 4re deficioncier with the prorent maintenance 
program and roquortod tochnlcal arsirtance from bein& Customer 
Support i n  developing a 737 uintenance program applicable to AU'r 
current operation and onvironmont. 

The prerent Au, 737 uinterunce check intorvalr (in flight hours) 
are : 

A L C P  
150 750 3,000 15,000 

Variour mrintonance program concepts bared on calendar time 
interval8 were dircwred vith ALO during thir ovaluatlon. One of 
thore ruggerted included the concept of a flvo year rtructural 
inspection progrm with a yearly 'C" check phared into four parts 
and accompllrhed in conjunction vith t h e  .BW check. The "Aa check 
uould be perfomed at approximately one quarter of the .BW check 
interval. 

Another concept which was dimcurred ruggerted a yoarly .Cn check as 
a block including 0 quarter of a .D" check at the m4me t b e .  In 
thir reheme, t h o  'D" check would be completed of the end of t h e  
fourth year, giving an offective .D" chock lnterval of approxt..toly 
22,000 flight CyC108, which is a roalirtfc and aceeptablo interval. 
If NO weeks vero rcheduled for oach 737 airplure .very p a r  in 
order to accompllrh the block .Cw check plus quarter .DW check, it 
vould take 20 vookr for t h e  10 airplane fleet. During the romining 
32 week8 h e n  there rould be no .C" plus quarter .Da check, an 
additional airplano could bo interjected into revenue rorvice. 
Maintenance rchedulor could be arranged to u k e  the 32 w e e k  with an 
oxtro airplane coincide w i t h  0 ' 8  peak pasreryer traffic moaron. 

th8m COnceptua1 progrur 4re u r u ~ e d  to include 4n aggrerrive 
corrosion provontion urd control program, incorporation of a loot 
rtructural inrpection protram (that $ 8 .  no rampling) and 
implementation of the Supplo~ontal Structural Inrpection hog*. 
Implint l a  not practical & o n  the corrorion progru is in place 
bocaure lt lr oarler to lnrpoct t h e  rtrucWe at t h o  8-e time 
tachor than k o e p l ~  rocorb of a m.splin) prop.m. 

Xt i 8  6erlrable.betoro any now u i n t e m c e  program ir Lpleoented, 
that 411 .AlD airplanes undergo a complete rtructural irupectlon, 
lncorporace recornended oxtended life rervice bulletins, and cmry 
out terminating rtructural actlon 80 that oach airplane is in the 
b r t  possible condition. 
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11. p: 

¶bo Durge T o l o r u r e  8Ating (ala) check forms inc1Ud.d in ths 737 
8uppl.wntal  S t ruchuol  Iarpoction Doctment (SSID), 06-37009, br0 
i0tond.d f o r  wo by operotors t o  bmonstrote conplianco r i t h  tho FAA 
Airuorthiness Diroctlvo (ADP) 84-21-06. Coplor of corpletod At0 DTR 
d o c k  forms datod 9/10/87 -re provided f o r  roviow by the Boring 
tobm . 
o It i s  rocollpendod t h a t  a11 A U  DTR check forms ohow the or iginal  

6ate i n  1986 when thoy wore Originally prepared and indieote the  
9/10/07 b t e  as b revision. The roason f o r  this i s  tha t  AD 
04-21-06 roquirod operators t o  incorporote the checks rpocifiod 
i n  the SSID in to  tho i r  mintorunco ptogrun by Novombor, 1985. 

The ALO DTR check f o m s  are r o l l  propared (typod) and oosy t o  
fol low.  WOVeVer, t h e  popenork usod t o  rocord t h e  ~chedulod.  
completod and defer red  inspoet ions bnd recording/roportlng of 
discrepmcies found is vogue and subject t o  possible orrors.  The 
f o r m  contoined a number of orrors  ranging from typogrophico~ and 
misroadfng of the  charts t o  complete misintorpretotion o f  the notor 
and instmetions provided i n  the SSID. I n  addition, there vas some 
misuse of the ovailoble visual inspection methods definod i n  Section 
5 of tho M I D .  For oxample, mGenerol V i s u a l -  chocks by mechanics 
during .Am chocks vere assumed oquivolent t o  mDetoiledm lnspoctions. 
Thls implios  t h o t  an inspector  conducting an intensive visuol  
lnspoctlon of a deto i l  during bn intermediate or  major check has no 
more chance of detecting 0 f o t i p e  crock than 0 mechanic has looking 
a t  the 0-8 deto i l  during an mA’ check. The DTR CUNI nomally used 
t o  represent  inspections by a mechonic during minor checks i s  
identi’fied as %E” (General Visual). 

In  some cases, BpeCi.1 inspections a re  rt lpulotod i n  the AID DTR 
check forms thot  aro over bnd bbove those roquired t o  m e t  t h e  
roquirod DTR. For example, tho use of more than one Nondestructive 
Inspoct ion ( N D I )  method f o r  an i tem when a s i n g l e  method is 
adequato. This agoin could be due t o  misinterpretotion of the 
progrm roquiromentr. The inspections definod by the DTR ~ystom ore 
the minimum roquirod t o  assure t lmtly detection of fatigue damage i n  
t h e  737 f l o r t ,  rhould it occur. It should be n o t 4  thot  Borne 
operotors choose t o  inspect itoms more frequently than i s  meded t o  
m e t  the required DTR. The roason for  t h i s  is thot  the cost  of t h e  
oxtra inapections is lou compared t o  the cost  of ropoiring oxtonrive 

A list of orrors  ond anorulles found during the roviov of the 
DTR check f o r u  wos discussed v l t h  and l e f t  with AXA porsonntl (this 
list bos been included i n  Appendix F). Corrections ond o l t e m t i v e  
bpprooehes r e r e  provided for  80m of the more 8ipif iCOnt  orrors 
that could be roodily changed. 

f O t l w  
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me DTR chock f o r u  have bora completed on an itom-by-ltom ba r i r  
w i t h  l i t t l e  or 80 cro8r-roforonclng u d e  i n  tormr of q c c e r r  
roquiromntr.  larulot ion r-al, o t c .  tlhllo thlr ir aceoptable, it 
Lr mot the mrt oconomic program. meet8 u e  provldod in the SSID 
ahovlng the i tom o rvbe r r  and DTR check forrr i n  r e l a t i o n  t o  
bapoc t lon  IOIUB. r)rero a re  intondod a8 en a id  t o  plan the progrm 
Ln t o m  of minimizing accerr requlrementr, insulation romoval, o t c .  
For oxample, the .beit available '  lnrpect lon program should be 
doveloped f o r  the DIR chock fora i n  oach inspection area requiring 
t h e  mort frequent accorr. This i n  eUrn detemlner the ropeat accesr 
i n t e r v a l  f o r  a11 t h e  o t h e r  i tomr and. with t h e  approprlate  
inrpoction uthods ,  rill providr more than the roquirod DTR. 

The chock intervals  wed t o  complete the ALO DTR check forms, the 
correrponding 'typical' valuer urod f o r  the o x q l e  progrm i n  the 
737 SSID, and the curront 737 f l o e t  average valuer are  as follovs:  

CHECX -VAL I N  Cy= 

LSYLL ~ l z s s u ? ~  
A 
b 
C 
D 

500 250 160 
2,100 ... 630 
8,100 3,000 2,970 

40,500 21,000 20,500 

As can be aern,  the  ALO intervalr  are much higher than t h e  f l e e t  
avrrage and the typical valuer w e d  t o  dovelop t h e  oxample prograu 
i n  t h e  SSID. Conrequently, i t  18 d i f f i c u l t  t o  oehieve t h e  required 
DTR v i t h l n  the oxir t ing regularly scheduled m i n t e ~ n c e  pro8rau for  
a number of i tems,  and rome r p e c i a l  rupplemental inspections 
(generally l n t e n v l  inspections and/or ND1) w i l l  be roquired. 

k c h  corplotod DIR chock f o m  is included i n  the  Au, A i r  Carrier 
Manual and lr w e d  a8 the ba r l r  for t h e  inspoction instructions.  
k c h  'inrpoctlon package' a180 includer the appropriate p a p  from 
the  FSID rhovlng the general location of the Structural  Significant 
f t o a  (SSI)  t o  be inrpectod. The f i n a l  page(r) i n  ooch package 
includer inr t ruct ions f o r  accerr, cloan.up, inspection and close- 
out .  k c h  8tep rOquirO8 a r i p - o f f  by a mechanic urd for  inspector. 
It V.8 notod tha t  thir same procodure is wed  even vhen the oxirt ing 
rointonancr  program m e t i  t h o  roqulred DTR. Although t h i s  ir 
aceeptablo, i t  could porribly lead t o  rome duplication of inspection 
Lnrtructlohr and e f f o r t .  The inspoction pocluger did not include 
any procodurr or inr t ruct ions f o r  report i ry  dlrcrep.mior  found, 
uhich a re  required as doflnod i n  Section 6 of the SSID. 

Booing rill bo providing arr i r tance t o  completely rortructure the 
Au) 737 maintenance progrm (800. concepts are  detallod i n  Item 10 - 
NAIlOTENANCE ? R O C R A H ) ,  i n c l u d i n g  i n t e g r a t i o n  of  t h e  SSID 
roqu i roun t r .  Therefore, no oxtonrive rbcomenbtionr  regarding t h e  
SSID progran vi11 be u d e  i n  t h i s  report .  Hovever. u n t i l  t h e  new 
program b8comer rvai loble ,  the folloving lr reeolrmended: 
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o Enrure that perronnel rerponrible for p1anniry8 &.*eloping, 
checkin6, lrpluentlng and conductiry t h e  AKJ BSID program, 
familiarire thenrrtver vitb the guideliner o x u p l d  8nd 
procedure8 provided in the 73'1 SSID. ?articular attention rhould 
bo paid to the notes urd inrtructioar uroclated vith &e DIR 
deck  forms. 

o Correct all exirtin& DTR check for88 errors and 
mirinterpretatioru (lirted in Appendix F). Rote, there rry be 
additional errors on the  @Xirt%ng DIR check forma that are not 
lirted in Appendix F. 

o Add a procedure to the IILO Air Carrier N m u l  for reporting 
rtructural dircrepancier in accordance w i t h  Section 6 of the 
SSID. tnrure that a11 Crack8 and previourly unreported 
oc~urrencer of rignificant corrorion imolving a IS1 that were 
detected during earlier SSID inspections be reported to boring. 

Technical training $8 an l8portant and dirtinct function of an 
airline'r technical organitation which provider for rystematlc 
development of perronnel knowledge, ability and competence in 
maintaining the airvorthinerr of the airplanes maintaining 
a88OC%at@d flight equlpment, urd ground aupport equfpaent. It is 
amentia1 that technical perronnel keep pace w i t h  the development of 
nev and complex equipment as well a8 w i t h  the rapid changer in 
concepts and procedures applied to airplme mintemnee. A well- 
planned technical training program i r  required to m e t  current urd 
future needr. Training i r  an experive imerment, however, the 
lack of it can be even w r e  experuive. 

To onrure that the minimum atandards are net and constantly 
rrintained. it i s  necessary to periodically review t h e  oyllabur. 
innovate effective methods of examinatlor , rationally control the 
irrue of conpetency licensing/approvals urd maintain ayrtem o f  
mandatory recurrent training. 

The adverre effect8 of lack of rufficient technical training ere 
longer e1apred timer to complete maintenance tarkr and l e s s  
offective trouble rhooting. hrronnel in component rhopr, hangar, 
line uintenance and outrtationr, lack rufficient technical trouble 
rhooting lenovledge and are not profitlent in umiw rariow types of 

corponentr and order8 of repair part8 Aich u y  not k required. 

The high number of new hirer vlthin the lart p a r  in the ALO 
uintenmce 88CtiOn and Technical Divirion urugewnt nOCeS8it.teS a 
thorough 737 tochniea1 training program. tpharir rhould be plated 
to include familiarity wfth the Technical lolielet & troeedures 
Manual. Recurrent or refrerher courrer are required for the 
experienewd perronnel . Management hve1opment And leaderrhip 
training would be beneficial to n e w  aupemirion. 

telt aqUipDOnt. Thi8 YerUlt8 in USUleC08Sary ?@DOVal Of rerviceablr 
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The prerent l oca t ion  of the  Tochnlcrl t r a i n i n g  c l u r r o c u  u p a r t  of 
the u in tenance  b u r  ir mrt cornranlent f o r  condue t lu  tbe prac t i ca l  
.b.ndl-on. upec tm i n  +be w a r  and 8hopr. 

o It ir r o c o m e d e d  that plurr k  de to provide 737 t r a in ing  t o  
a11 u i n t e n r n c e  w c h m i c r  rrho h V b  not y e t  roceivod trainlrq fo r  
thir r0d.l airplurr. 

o It lr reconended t h a t  ALO adopt a policy requiring all  technical 
poreorme1 t o  receive minhum of one veek of re f re rher  t ra in ing  
oach year.  To be ef foc t ive ,  thir t r a in ing  program rhould require 
mandatory attendance, u r l t t e n  t e r t i n g  and minimum t a r t  .corer f o r  
completion of c r e d i t .  Special  ompharlr or even oxtra t r a in ing  
8hould be given t o  foraoen and la rpec tor r .  

o It ir recornended t h a t  mnagement developoent and loaderrhip 
t r a in ing  COUIB~L be given t o  a11 recently appointed supervirion. 

It is recommended t h a t  c a r r e t t e r  on various rpec ia l i red  t ra in ing  
aspect8 be acquired t o  be w e d  i n  t h e  hangar o r  t h e  ahopc t o  
arr i r t  with .on-the-jobw t r a in ing .  

It  ir recomended t h a t  rpee ia l ized  t r a in ing  courier be conridered 
8uch a8 r t r u c t u r a l  r e p a i r ,  co r ros ion  preventloo 6 con t ro l ,  
r igging and nondertructiva t e r t i n g .  

Training 8hould not be infer red  t o  mean forual clarrroom courrcc 
only.  The e f f ec t ive  exposure of key perronnel may take the f o m  of 
~ e m i n a r r ,  conferencer, w e t i n g r ,  o r  even just a purporeful r i r l t  t o  
an equivalent ope r r to r ' r  f a c i l i t y .  Such exporure also eerves t o  
broaden the person'r outlook and maker t h e  perronnel mppreciate the 
1 8 p o r t a n c e  o f  c o n t r o l  r y r t e m r  , p r o c e d u r e s ,  foedback  and 
comunication. 

o 

o 

13. 

Comprter appl lca t loru  a r e  being gradually introduced i n t o  t h e  ALO 
Technical department. Each additional tark t ha t  can be placed on 
t h e  computer c a n  h e l p  t o  i n c r e a r e  p r o d u c t i v i t y  and c r e a t e  
u t i l i z a t i o n  L p r o v e m n t r .  

The team war i n f o m d  that ALO har born w i n g  a computerized rpr rc  
p a r t r  inventory cont ro l  ryrtem fo r  r rve ra l  year r .  Thir By8tem uses 
the  ALO 8 a i n f r . w  computer. ALO'r technical D b r u p D e a t  appeared t o  
be aati8fi.d u i t h  thir  8yr t .n .  

Apart from t h i r  imen to ry  cont ro l  ryrtem, t h e  only other venture 
i n t o  computerlzation by the  technical deparment uar in June, 1987 
with  t h e  purchare of  one module from the DASH #ofmare prckage 
(developed by a Canedian company). The DASH module currently being 
i8phmented l e  the .Rotable Part8 Nrintenance.. During t h e  team's 
r i r l t ,  co-onent h i r to ry  data uar i n  t h e  process of k i n g  entered 
i n t o  t h e  corputer.  
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'Ibe follwin,g reco~endntioru are -de: 

m i b r  th. fomulatien of a urtor plan for tho eprl&nt of 
collputorization in the  tochnieal divirion utiliziry input. from 
e11 potontial Ullrl. Compatibillty of t h e  differont w e r  
roquiromantr rhould be roviovod a8 well u how thoy cooploment 
oach othor. The plan rhould contain the roquiramonts and 
rchodu1od thing for aach potontial w o r  group, the  intogration 
of orch requirement into t h e  ovorall plan with appropriate 
uulyros and options (ruch A# whothar to continue w i t h  the DASH 
ryrtu or conmider othor roftware packages which u y  h v e  more 
Crpbbility). Ibc mstor plan rhould be poriodieally reviouod by 
top unagement and modified to roflect changing needs. 

By contacting other oporatorr, a deterrimtion can be u d e  of hov 
and to what dogror they have lmplementod the  w e  of computers in 
their tochnical operations. being Customer Support Ius ln the 
pas+ also arsirted operator8 under Contract tn the pluming and 
Loplomentation of computerization. 

k montloned in Item 7 - ?RODUCTION lUNNINC 6 COKIROL, the ontfre 
componont tracking and control ryrtom l r  a prime emdidate for 
computerization. Although the teem was not ab10 to determine the 
full capabilities of t h e  DASH rystem, t h e  m e  of infomation that 
would be oxpoctod from an offective rtate-of-the-art computerized 
cooponont data base would include: a11 rolevmt lnforrution for oach 
componont , includf ng part number, rorfal nuaber , momenclature , total 
rccumulated hours and cycles, rhelf life, mainton~nce control 
procosr, on-aircraft inspection requirements for Oc components, IiT 
componont removal and life lbits, rtore lrrue data, inrtallation 
and romoval data, location within the component rotation cycle at 
Ury ti-, 8hOp loading8 and findings, unhOW8,  modification 8t8hu ,  
lntorchan~eablllty , urd indication of in-house caprbillty or ropafr 
agency. Such information is vital in performing a erodible 
roliabillty uwlyrfr program and performance forocast. The rystem 
will a h 0  rupport 8hOp work planning and reheduling, rurpover 
plannlng, pioce part and component inventory bdj\utDeJtt and 
budgeting and cost control. 

When t h e  toam member6 wanted to check rome tochnical rocorda (ruch 
u remico bullotln Incorporation lirts by individual airplane) t h e  
responre roc8iVod was that the roquestod data would mot be mailable 
in t h o  desirod format until the system is cooputorizod. The toam 
fools that lmponding computorizatlon l r  mot ~~fficlont rouon for 
dolaylng tho proparation of certain tocords u m u l l y .  Ia the 
proront rlturtion, the roqufrod lnfor8atfon to&ardiq #om?ce 
bullotln lncorporation on a specific A U  airplun could probably be 
OXttbCtOd by tho rovirw of variour different rocorb but it would be 
a long and uduour procoss. Recognizing thir, AID had alroady betun 
.to momally prepare an AD cowlimce list per Airphm. The m x t  
m u p  rhoad be the preparation of service bulletin accomplirhwnt 
118tr for mach airplane. 
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o It 1s racomendad that cartain tachnlcal racords, much u marvice 
bullrtln accomplishment on oach airplane, be praparad VnUJly. 
lnltlal priority rhould ba givan to racording the rtaful of the 
rtmcturd rarvica bullatins. Tbrse particular rocor& rhould 
prova to ba ospacially uaeful to U vhile oparating ravaral 
f h e t  laader high cycle airplanar and whare airplanes arm baing 
added or ramoved from the flaet due to tha varlous laasing 
arrmngawnts. 

10. 

The Tachnical Supply sac$ion 1 s  prasently part of 'the mame 
dapartment r s  Production Planning. A8 rho- in Item 3 - 
ORCANIUTION and Appendix E - PROPOSED A U  TECHNICAL ORCANIUTION, 
it 1s  recornended that Technical Suppi) be a raparatr dmpsrtment 
roporting to tha Staff Vice Presidant, Maintanance 4 QA, 

Significant progress has barn made in the stores arm. in the lart 
fav  months, but much further development rauins to be rccomplished. 

Tha main rtoras araa has barn cleaned up and a cataloging and 
atorage system lmpleaentad. A computarited lnvantory control 
program 1s w e d  and a rotable parts maintenance module has rrcantly 
baen acquired as part of t h e  DASH computer rystam ( m e  Itam 13 - 
CWPUTERXUTION). Stock levels appear to be adequate with vary few 
complaints from the hangar floor. 

Shipping and raceivfn) 1s accomplirhed from the iirle..yr of the 
rtoraroom. On rome days, this causes axtrrme congertion. 

o It 1s ratommended that U astablish a separate area dmvoted 
oxclurive1y to the shipping and recaiving of parts. 

Com~anrntr 
di ;a o t 1 y 
componants 

which have barn ramovad from the airplane are often rant 
to the applicable rhop. It is desirable that thase 
be first sant to Storer where they rhould be placad in a 

qrukantint area until it can be drternined if the raplacamnt part 
correctad the problam. If the replacement part does hot rolve the 
problam. the ramoved componant can be tagpd as rarvicoable and 
rrturmd to rtock. 

Combustiblr flrapable utarials wera lntarnixad w i t h  othar psrts in 
t h a  8toraroom despltr stata~rnt in the Aloha Carrlar Nu~ual, 
Soctlon 3-46. *Storage of combustlbla flmaabla mtrrlals (for 
axupla, palnt thinnar rolvants, lubricants, otc. ) rhould b 
anclorad in airtight metal containers.. This i s  a dangerous 
practlca which could rasult ln mot only the loss of t h o  #toreroom 
a i d  its contantr, but possibly t h e  hurgar as wall. 

Tool 8torrgr bppeqrd to ba done in a bapharard u n m r  throughout 
the  rtoreroom and out on t h e  hangar floor. This causer congestion 
and wasted tiae when a rpecial tool must ba located. It appaared 
thet racurity end tool check-out procedures would be beneficial (a 
recommendation on a reparate tool room 1 s  made in Item 9 - 
M ~ l U W N A N P F  
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u. v: 
Airplane maintenAnce in hawar8 .nd ahopr briryt together many 
4iacipllnar of evory trade urd rkl11. Thir concentration of 
poraosunl, &e llritr of mpaco in  vhich tk.y work, .ad the  vu ie ty  
of activitior, praPido a roal eh~llonge to mate working practicer. 
h f o t y  diroctly affecta operational efficiency and airplane 
diqatch. lot only do w a f e  practicer urd condition8 rorult in  
hJuri.8 to porronne1 urd damage t o  equipment, but they 4180 cause 
eortly ddayr. aroful adheronce to adopted rafety rturdards urd 
precautions rill poatly roduce, or ollminrte b a r b  present in  
rhop, h n g u  and raap uou urd operations. 

o It 18 rocouendod that t h e  porition of Safoty Coordinator be 
u r l p d  under tho  Qruliy krururce deparknt. 

o It ir rocouended that tho technical divirion omployoer be 
encouraged to take an lnterort in mafry by foming ur employee 
mafety carmittor urd appointing '8afety monitor#-. They can 
conduct Bafety walk-through inrpection8 , arygert tnv interert- 
arouring approachor urd procedurer, urd act a8 a pipeline to 
hand10 mafety mggertionr from other omployerr. llemberrhip of 
Che mafoty emittoe rhould be rotated in order to Bet the 
w t l m m  mmbor of uplOyee8 imolved. Co.1~itte8 urborr oould be 
~ l v o n  flrrt aid, CtR and other apecial training to increare their 
value and B h O  add to their foeling of involvement i n  the 
program. -0 trained, aome identification of thoir rkill. such 
u a .firat aid or CPR- aign above thrir work area, CUI alert 
porrormel in UI omergmcy 8itUtiOn. 

A copy of Dooing'r Accident and Fire trevontion runul (Appendix F) 
lr to be rupplied under aeparate cover. 

16. B: 

Qwllfiod, oxprrionced, tochnical perronnol are in hi& demand in 
tbe .piation lndustxy, are cortly to train m d  develop, they take 
long load tin8 to attain proficiency in their fie16. but are h r r  
8ortly to rouin than to replace with rnv recruit8 t b t  (Nlt be 
traimd and developed ovor long period8 in order to rogain a 
utiafactoxy atat. of produetivity. 

me vagor, 841ariar urd frinp benefit8 rhould be competitlvs with 
etber aprrbtOt8 urd roflect the  market V d W 8  applicablo to their 
Skill#. It 18 preferable for the tochnieal pW80nne1 to rtay4n 
Qir mue jobs ad acquire the reasoning and oxportire that come 
vltb time, expotionce, continuour practice r a d  proferrional 
dwmlopwnt. 

AlilLhough k u a i i  18 a derlrable place to apend a vacation, i t  i r  
tmforhmrto1y l rolatlvoly oxpensive place to live. All, has bad 
difficulrg in recnafting tochnical perronnel. Lome conrideration 
war b . 1 ~  8lve.n to initiating an apprentice training rchome. The 
t o u  coneurr that the creation of an apprenticerhip prograa $8 an 
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-e t o t a l  number of IIC) tochnical porrormel (d i r rOprdiw those 
urocfa tod  ulth Tochnlcal #-ply .ad u t i l i t y  r o m ~ c a r ,  fo r  axapple, 
airplane c l o a n 4 )  i r  about 165 or approximately 17 por airplane. A 
eorparativo rtudy dono a tow p a r r  a80 indfcatod tht the  avorage 
a r b o r  of technical porronnrl fo r  oporatorr ui thin th. pnitod States 
to ta l8  about 27 por a i rplum. 'Ibe teu'r obrervatfonr conffrm the 
mad fo r  a d d f t i o d  unpowor at  Al& i n  rpecffic areal  u dircwred 
throughout th f r  report. Alro,  addftioa&l perromel rould be needed 
t o  L p l u e n t  tho propored reorpni ra t ion  u rhovn i n  Appendix E. 

o It i r  recomonded that an intanrive offor t  be made t o  h i re  more 
perronnel a8 needed in arch department i n  the technical divlrfon. 
For a11 rupervlrory and unagewnt  poritfons, it $8 dosirable to  
arrfgn ruftable tmderrtudior r h o  cur be trained t o  u r m e  t h e  
por i t fon  of t he  appl icable  ruperviror  o r  u n a g e r  i n  t h e i r  
absence. 

17. -: 

Yfth a11 the  aforomentioned factor8 i n  place, afnorthfners  and 
prof i tab i l i ty  n o w  raqulre the Organitation t o  uork i n  harmony and i n  
Miron both i n t e n u l l y  and oxtenul ly ,  around the clock and around 
the nehlork, i n  the air and on the around. This i r  only porrfble 
ufth t h e  o r t a b l l r h m t  of an oxtensfve and rel iable  c-fcation 
network and the cult ivation of proper eomunfcative aptitude and 

The nomtork rhould rork uhen urd as roqulred urd t h e  rubrequent 
interactfon rhould convey the mrrage i n  the r igh t  context and 
atrorphere. The cosrmfcatfon nom rhould be that  correct mrraget  
be coweyod on t h e ,  i n  the r ight  manner, by t h e  right mans -- oach 
tlme and o v e y  t h e ,  ufth acknowledgement. 

On technical and operational ~ t t o r r ,  it i r  recommended th4t a very 
good rapport (with Conrtant dialogue) oxfr t  betueen the Flight 
Qpera t ions  and Tochnfcal d i v i r i o n r  t o  make eure t h a t  oach 
appreciate8 the other 'r  problems urd conrtrafnts, and highlight uh4t 
t he  Technical Div l r ion  i r  dofng t o  f ind  ro lu t ions .  Fl ight  
Operation8 can provide valuable inputs on actual operating condition 
and technical  de fec t r .  Thfr i n  tu rn  can contr ibute  t o  more 
effective trouble rhooting, timely rect i f icat ion,  minh i t i ry  dohyr ,  
h p r o v i w  dirpatch r e l i ab i l i t y  and reducing costs.  &bove a l l ,  lt  
rhould promote the cur rader fe  of the Technical Dfvirion and Flight 
Operatfonr a8 partnrrr  i n  a complete t o u ,  t o  v f n u f n  ud operate 
aafe airplaner on the pound and Ln tbe air. 

The ram@ a p p l i e r  u i t h  the  a i r p l a n e ,  ongine and component 
~ n u f b c t u r o r s .  The chnnel r  of comunfcatfon rhould be ortablirhed, 
kept open urd  made ~va f l ab le  a t  any time. In th i r  regard, Booring i s  
p1oared t o  h v e  our Field Service Reprerentatlve located on r i t e ,  
and ue ue1com any requests for further information re&ardin& thlt  
report ,  o r  other in-rervfce problems, t o  be dfrected throulh h i t  
office.  

a t t i tude uong  Duf f .  
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1. mRPosE. 

T N s  =port .eta forth the C O n C l U d O M  and recorendatlms of a team whose 
prpome uam to  review the large tranaport category airplane manufacturers 
8pproach to Nultiple S i t e  Damage (ED) and the m f e  decompression failure mode 
for the mtructurus of their var iou  models. 
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Ix. INTRODUCTION 

The present ruler for  t h e  s t ruc tu ra l  design of a i r c r a f t  have evolved from 
uccesrful experiencer am well as from lesson. l e a n e d  i n  aervice. Most of 
the ea r ly  propeller/reciprocating engine t r u u p o r t  oategory a i rp lanes  were 
ro t i r ed  for reasons of technical obsolesence and hence f o r  these airframes, 
&erlatricr never k c u e  a r t ruc tu ra l  i n t eg r i ty  irsue. Airframe in teg r i ty  h8s 
boon rchhved  with philorophiem N c h  am # a f t l i f e ,  fail-Mfe, and most 
n c o n t l y ,  &mge fo lonnce .  
m o o p i z e d  the problems of geriatrics by requiring the  preparation of 8 
Continued Airworthiness DocrmPent/Supplemental fnrpection Document (SID) t o  
asmure the  mtructural in tegr i ty .  

It has become a concern of the  FAA that the  i n i t i a l  g e r i a t r i c  assersments did 
not  adequately oonridrr Hul t ip le  S i t e  Dmmage (MSD). 
defined as a condition which occurs a f t e r  extended serv ice  use wherein a 
mtructure has r u f f i c i e n t  cracking i n  adjacent or neighboring fas tener  holes 
t o r  

I n  1978 the Federal Aviation Administration (FAA) 

Hul t ip le  S i t e  Damage is 

(1) prec ip i t a t e  a n e t  sec t ion  y ie ld  f a i l u r e  mode; and/or ( 2 )  degrade its 
f .il-..fe capabili ty.  

The basic concern involving HSD is that current inspection programs a r e  not 
oriented t o  in te r roga te  the s t ruc ture  f o r  the m a l l  cracks associated with one 
mode of ISSD. 
j o i n  together i n t o  a l a rge  critical cnck .  
these -11 flaws (approximately 0.2 inch i n  length) on operational airplanes.  

There i r  considerable evidence t h a t  KSD can and has developed i n  airplane 
rtructure.  For example, a teardown inspection of the  BAC 1-11 f a t igue  t e s t  
a r t i c l e  indicated a possible 100-inch r t r i p  of MSD. 
anomalies, discussed later i n  t h i s  report ,  concerning t h i s  example. The DC-9 
h a  h d  HSD occur i n  aervice a t  several  locations,  including the  fuselage 
crown skin and a f t  prossure bulkheads. The cataatrophic destruction of each 
of the  A-300 fuselage f a t igue  test sections was a t t r i bu ted ,  a t  l e a s t  i n  par t ,  
t o  HSD. 
patches of USD as did  the cockpit crown skin on the  E-767. An USD crack i n  
the  k747 fuselage Crown sk in  was found in service. 
observed a l so  i n  wing r t ruc tures .  Hultiple S i t e  Damage i n  the lower surface 
of the KC-135 wing lowered the service l i f e  of t h a t  component from 18,000 t o  
8,500 hours. 
revealed l S D  i n  the  lower w i n g  sp l i ce  s t r ingers .  
perfomed i n  the  l a t e  sevent ies  on the C-5A wing showed t h a t  fa i l - sa fe ty  of 
t h i s  wing would have been s igni f icant ly  impaired by MSD a t  approximately 7500 
f l i g h t  hours. 
inspections had been perfowed. 

The B-747 accident of August 12, 1985, gave cause f o r  an additional concern.. . 
It was believed that cracking i n  the a f t  pressure bulkhead would lead t o  a 
oontrolled decompression f a i l u r e  mode. This, however, did not  appear t o  
happen. 
B-767 a f t  pressure d a m s  indicated thet the controlled decompression f a i l u r e  
mode was not re l iab le .  Since the rupplemental inspection documents f o r  some 
a i rp lanes  rely on controlled decompression, the va l id i ty  of these documents 
was in quertion. 

This mode occurn when these ana l l  uninspectable cracks ruddenly 
It may be impractical  t o  f ind  

However, there  a r e  some 

Fatigue k s t a  on the  k767 and &747 a f t  pressure bulkheads exhibited 

This phenomenon has been 

A teardown inspection of a 707-300 a i rp lane  with 13,600 f l i g h t s  
The teardown inspection 

Hany more examples would no doubt be evidehf i f  more teardown 

Subsequent crack growth and residual r t rength  tests onB-747 and 
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Based on the cancernr, oxpressed above, the Hanager of the  FAA Aircraf t  
C e r t i l i c a t i o n  Division (ANH-?OO) directed that a team be assembled to  a s ses s  
h r g e  transport c8tegox-y 8 i rp lanes  r e l a t ive  t o  t h e i r  po ten t ia l  f o r  ?ED and 
their c8pabi l i ty  t o  8ccommodate controlled decompression. 
ao t ion r  t o  88fn ta in  mafety on operational airplanes were to be developed. 
lumger of the  Airframe Branch, S e a t t l e  Aircraft  Cer t i f ica t ion  Office 
(M4-12OS) was tasked wi th  heading the  team, conducting the review, and 
prwiding the appropriate recommendations. 

Recmmandations for 
The 
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111. R E V I E W  TEAM. 

James W. Hart, Jr., Chirman Uanager, Airframe Branch, S e a t t l e  Ai rcraf t  
Cer t i f ica t ion  Office,  A i rc ra f t  
Cer t i f ica t ion  Division, Foderal Aviation 
Adminirtntion, Northwest Mountain Region 

William Per ra l l a  

W. A. von Brockdorff 

Iven Connnlly 

Thomas Swift  

Dr .  James W .  Uar 

Dr .  John W. Lincoln 

IC. I. Leikach 

Supervisor, Airframe Branch, S e a t t l e  
Ai rcraf t  Ce r t i f i ca t ion  Office,  Ai rcraf t  
Cer t i f ica t ion  Division, Federal Aviation 
Administration, Northwest Mountain Region 

Uanaeer, Airframe Branch, Long Beach 
Aircraf t  Ce r t i f i ca t ion  Office,  Ai rcraf t  
Cer t i f ica t ion  Division, Federal Aviation 
Administration, Northwest Mountain Region 

Aerospace Engineer, Regulations Branch, 
Transport Standards S t a f f ,  A i rc ra f t  
Cer t i f ica t ion  Division, Federal Aviation 
Adminiatration, Northwest Mountain Region 

National Resource S p e c i a l i s t  - Fracture 
Uechanics/Metallurgy, Federal Aviation 
Adminiatra t i on  

Hunsaker Professor of Aerospace Education, 
Departnent of Aeronautics and Astronautics, 
Massachusetts I n s t i t u t e  of Technology 

St ruc tura l  Technical Expert - Aeronautics? 
Systems Division/Engineering F l igh t s  
Systems, Wright-Patterson Air Force Base 

Head f o r  Tac t ica l  A i rc ra f t ,  S t ruc tures  - 
Naval A i r  Systems Command, Washington, D.C. 
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l u l t i p l e  Sit. Damage i a  more acute f o r  the fuselage of an airplane than f o r  
the wing becauae each f l i g h t  applies approximately two-thirds of the limit 
pressurization condition, whereas the load cycle8 on the w i n g  during each 
f l i g h t  may be re l a t ive ly  benign. Thus, it appear. t h a t  fuselages of the 
p rewnt  trurmporta w i l l  acc~mulate fatigue damage a t  a higher rate than w i l l  
the wings. Acoordingly, only the fuselage was aaaeased. 

Letter8 wen aent to Booing, Douglea, and Lockheed c i t i n g  the team's purpose 
and noting t h a t  a m e e t i n g  with each manufacturer would be arranged. Similar 
l e t b r a  were aent to the Civi l  Aviation Authority - United Kingdom (CMUK), 
the French Direction Cenerale de 1'Aviation Civile (DGAC) , and the Dutch 
Rijkaluchtvaartdienat (RLD). 
eppointed t o  determine: 

The letters 8tated that a team had been 

1. For the funelage, Including the pressure bulkheads, were inspection 
in t e rva l s  under the aupplemental atructural  fnapection program predicated on 
cracks t u n i n g  a t  tearatraps o r  frames? 

a. If inapectiona are predicated on cracks turning, what test  data 
are available t o  ahow crack8 w i l l  turn? 

If inspection8 a re  required, w h a t  a r e  the d e t a i l s  of the 
inspections? 

b. 

2. What i a  the  threahold for multiple rite cracking and what data 

What inapections/actions a re  recommended t o  maintain safety for the 

val idates  th is  threshold? 

3. 
multiple site cracking problem? 

Transport category airplanes which exceed 75,000 pounds taxi weight and are  in  
extensive use by the a i r l i n e  industry were reviewed. Those reviewed uere: 

BAC 1-11 DC-8 L1011 B-737 8.767 
BAe 146 DC-9 B-707 B-747 A-300 

Dc-10 B-727 B-757 A-31 0 

Diacuaaiona of the meetings with each manufacturer follow. 

BAe 146 and BAC 1-11 

The team met with D r .  John Bristow of the CMUK t o  discuss the BAC 1-11 and 
the BAe 146. 
eonsidered controlled decompression of the structure as an obvious fai lure .  
Impectiona of the s t ructure  a re  required t o  preclude catastrophic fa i lure .  

The BAe 146 is a relat ively new airplane and fatigue tests are a t i l l  in 
progreaa. 
of expected operational uae. 
team'. recommendationm. 

Dr. Briatow atated t h a t  neither the BAC 1-11 nor the BAe 146 

The fatigue t e a t  a r t i c l e s  w i l l  be cycled fo r  a t  l e a s t  two lifetimes 
The BAe 146 w i l l  be viewed i n  l i gh t  of the 
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The BAC 1-?7 f m t Q w  t e m t  a i rp lane  vas cycled f o r  114,000 f l i gh t s .  There was 
no bardown inspection of the t e s t  a r t i c l e  and It was 8ubsequently dertroyed. 
A a t ruc tu ra l  i n t eg r i ty  a u d i t  war conducted on the BAC 1-11 t o  allow an 
increase beyond Its l i fe  limit of 60,OOO f l i gh t s .  The a u d i t  war based on an 
engineering aaseamnent of an Allegheny Air l ines  a i rp lane  with 48,000 service 
cycler. 
war found in the critical fuselage longitudinal and circumferential  r p l i c e s  as 
-11 a8 in the  wing. It appeared t h a t  there  may have been a 100-inch a t r i p  of 
MSD. However, USD team members were concerned r ince  there  were meveral 
inntancer of multiple cracks extending from fas tener  holes. 
mode d id  not  appear t o  be typ ica l  of fa t igue  but may have been caused by 
manufacturing problems. Portions of the fuselage akin were cu t  from the  
airframe and f a t igue  teated. Additional analyses were performed. The aud i t  
resu l tad  i n  a new l i f e  l i m i t  of 85,000 f l i g h t s  and a aupplemental inspection 
program f o r  t he  a i rp lanes  beyond 60,000 f l i gh t s .  Should the  85,000 f l i g h t  
l i f e  limit be exceeded, the  aud i t  w i l l  have t o  be continued t o  rupport the  
mafety of the UC 1-11. Should the  inspection program f ind  USD i n  the a reas  
of concern, a fu r the r  reassesament w i l l  be neceaaary t o  determine the  next  
o r l t i c a l  USD nreas. 

A tmardown lnnpectlon f o r  USD was performed. Uul t lp le  Site Damage 

This  cracking 

DC-8, 9*  and 10 

Hone of the  Douglas models depend on controlled decompression t o  announce a 
a t ruc tu ra l  problem. 

DOughS believes that c(sD threaholds a re  in excess of current f l e e t  cycles and 
O p m m t i O M l  l ives .  
cycles accumulated on t h e i r  full-scale fa t igue  test a r t i c l e s  and the m a l l  
amount of fa t igue  cracking found. Additionally, the longitudinal r p l i c e s  of 
the  DC-10 are  designed so the fa t igue  f a i lu re s  w i l l  be readi ly  v is ib le .  

Douglas agrees that  NSD is a poten t ia l  problem. 
fa t igue  t e s t i n g  w i l l  provide assurance tha t  HSD w i l l  not occur i n  the  
operational l i f e  of an airplane.  

Inspections of c r i t i c a l  elements a re  necessary. 

They base t h i s  be l ie f  on the vas t  number of pressure 

They believe t h a t  su f f i c i en t  

L-1011 - 
Lockheed has not  considered controlled decompression i n  t h e i r  damage to le ran t  
assessment of the L-loll. 

Lockheed discussed the  fa t igue  t e s t  program accomplished on the L-1011. 
believe MSD thresholds a re  beyond l i v e s  demonstrated by component and full- 
8cale t ea t s .  
life. It 1s expected that 8kin cracks will appear a t  the first r i v e t  
attaching the fuselage rk in  t o  each frame on e i t h e r  8ide of each s t r inge r ,  
before MSD becomes a problem. 
the crown akin and s t r ingers .  
the fuselage, Lockheed expects t h a t  the  cos t s  t o  repa i r  these cracks w i l l  
force the retirement of the airplane and t h a t  HSD therefore w i l l  never be 3 
problem. 
t h a t  fa t igue  f a i l u r e s  w i l l  occur in readily v i s ib l e  areas. 

Lockheed believes t h a t  USD is properly accounted f o r  when su f f i c i en t  fatigue 
tests are conducted t o  ahow t h a t  the airplane has acceptable fa t igue  
cha rac t e r i s t i c s  throughout the expected l i f e  of the airplane. 

They 

A l l  c r i t i c a l  parts have been subjected t o  t e s t a  t o  show adecuate 

This  was demonstrated on a component t e s t  of' 
Since there a re  thousands of there  d e t a i l s  i n  

The L-1011 longitudinal mplicea have been deaigned and tes ted  83 
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bocing AirplMeS 

Booing's damage t o l e ran t  assesment considers the lead crack growing out of a 
fastener hole, wcondary cracks out of the 8ame fastener hole, and independent 
cracks a t  sdjacent f a s b n e r  holes. 

Doem has four  categories for structures. 

Category 1 - Secondary structure. 
Category 2 - Structure t h a t  is malfunction evident i f  it cracks o r  f a i l s .  
Category 3 - Structure t h a t  requires an inspection program t o  maintain 

u f e t y .  
Category 4 - Safe l i f e  structure. 

Booing's posit ion on E D  fs t ha t  the current inspection program does account 
for  the poasibi l i ty  of USD. They strongly believe that USD which could cause 
net 8ection yielding problems w i l l  not be a problem becauem there w i l l  always 
be a lead crack t h a t  w i l l  be found by the i r  current inspection program. 

Booing's mpplemental inspection program fo r  the  pressure shell is based on 
cracks turning or  gapping mf f i c fen t ly  t o  allow aafe decompression (flapping - 
Booing's Category 2 structure).  
747/767 aft  preasure bulkhead design involving a reinforced center ring and 
the addition of heavy t e a r  straps. These tests have demonstrated a fatigue 
l i fe  over three and a half times the design l i fe  goal, and controlled 
decompression f o r  very large radial  cmckr in the lap splices.  Structural  
inspection documents w i l l  be changed, or  other action proposed, t o  require 
inspections f o r  ear ly  airplanes with unmodified dcwes. 

Based on the Boeing presentations, it is the concensus of the team that  Boeing 
MY not have included a l l  of the significant aspects and scenarios of MSD i n  
t h e i r  damage to l e ran t  assessments. The majority of the team believes t h a t  the 
data  base is not auff ic ient  to  support the lead crack hypothesis. 

Booing h s  completed tests of a modified 

A3004310 

Ur.  Claude Frantzen of the French DCAC was contacted t o  determine i f  
repreaenbt ives  of the DCAC could come t o  Seatt le,  Washington, t o  discuss the 
A300 and A310 airplanes relat ive to the team's efforts.  H r .  Frantzen advised 
that a similar  team had been created by the W A C  t o  conduct a similar review 
of the A300 and U l O .  He noted t h a t  an exchange of reports should give each 
Authority the data necessary t o  move forward on the problems of concern. 

Team Discussions 

It -8 noted t h a t  of the four manufacturers whose airplanes had been reviewed, 
only Booing aonsiders and accounts f o r  controlled decompression i n  the i r  
supplemental s t ruc tu ra l  inspection program. 

I n  reviewing the r e s u l t s  of the i n i t i a l  discussions, the team det6rminei that  
an additional understanding of the manufacturers' approach in dealing w i t h  CIS3 
was necessary. Letters were sent t o  BoeFng, Douglas, and Lockheed 
( infomation copies t o  CMUK, the French DCXC, and the Dutch RLD) asking the 
f ollowing: 
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1. Inspections aro a nocossary fngrodiont i n  maintaining the health of the 

If E D  fa present, it would a p p a r  tha t ' t ho  c r i t i c a l  

Accordingly, how is  this accountod f o r  in tho h p e c t i o n  programs 

fleet. 
machos critical length. 
crack r i o e  oould bo advorsoly a f f e c k d  n r u l t f n g  fn the  hrpec t fona  king 
inadequate. 
f o r  tho  p r e r s u n  8holl. 

Inspoction i n k r v a l a  a r e  based on finding a load crack k f o r o  it 

2. Thoro may bo aases whore mafoty is maintained through controllod 
docoaprrsaion. Should ?ED be present in N c h  aroas o r  in bays adjacont t o  
8uch aroas,  it would soom t h a t  ?ED may advorsoly a f foc t  the  u f o t y  of the 
airplan.. Ploaso comment on how t h i s  a f f o c t s  the a i rp lanes  i n  your f l e e t .  

cracks propagating from a long r o w  of faatenor holor may not  a r r e r t  should the 
cracks join. 
vory omall duo to not  sec t ion  yiolding botwoen adjacent crack t ips .  
follow that sophisticatod Won Dostructivo Inspection (WDI) kchniquer would bo 
n q u i r e d  t o  f ind  t h e m  -11 cracks. The kam boliovor that thoso cracks may, 
In f8&, be too  8mall t o  hrvo 8 ru f f i c ion t  probabili ty of dokct ion .  P h a s e  
adviso the  8 i Z e  of these cracks fn the c r i t i c a l  a roas  of the  prossure sha l l .  

Tho manufacturers' responses t o  the quostions wero as follows: 

Question 1: 

3. The bm'8 concern with cracking i r  t h a t  n l s t i v o l y  equal longth 

It is  boliovod that the c r i t i c a l  crack longth f o r  thir mode is 
It would 

Douglas does not oxpect load crack rosidual strongth t o  be 
a f fec ted  by IUD. W i t h  tho oxcoption of a fow cases, the large number of 
cwponont and full-scale k a t s  t o  l i v e s  well i n  oxcoas of anticipated 
operational l i v e s  demonstrator that USD throsholds a r e  i n  oxceas of 
oporational l ives.  
sh.11 u n t i l  o ther  obvious damage has been detected. 
s t r o s s  lovela, good d e t a i l  design, and the oxtensive test program conducted 
which aubstantiated t h i s  conclusion. Booing believos tho i r  servico and test 
evidonce shows that USD occurs nonunifomly with cracking i n  m a l l  groups of 
fas toner  holos. 
it dovolops i n  those loca l  aross. 

Lockheed belioves that  USD w i l l  not appear i n  t h e  pressure 
T h i s  is based on low 

Their fnapoction programs aro ostablished t o  find cracking as 

Question 2: Both Douglar and Lockheed noted t h a t  the question was not 
applicable t o  them as thoy do not consider controlled decomproasion. 
bolievos that service oxperionco and t o s t  ovidoncc substantiated tha t  l lsD 
occurs in mall noncontiguous areas. They account f o r  w h a t  they conridor 
n a l i s t i c  HSD in the .valuation of a l l  s t ruc ture  oxpectod to provide safety by 
controllod docompresnion. 

Boeing 

Question 3: According t o  Douglas, i n  highly loaded 8ra68 USD crack r i z e s  
would be small. They a l so  believe that widcrpread, detailod fnspoctions. f o r  
USD are not foas ib le ,  urd f o r  this reason thoy test components u rd  full-scald . 
a r t i d o r  f a r  beyond the  anticipated oporational l i vo r  of tho airplanes. Where 
USD has occurrod in sorvice, NDI inspectiom have beon n c m e n & d  which w i l l  
d o k c t  t he  cracks bmforo t h y  bocome a u f e t y  problom. Lockhood bolieves tha t  
the n ~ l t .  of thoir k a t  program ahow that HSD w i l l  not occur in the absence 
of pr io r  d e k c t a b l o  cracks. Thoir inspection program is basod on finding 
those pr ior  oracks ra ther  than the  USD cracks. 
cracking sconario prodicated on m a l l ,  equal longth cracks joining up to  form 
a long orack is noithor r o a l i s t i c  nor probable. 

Booing boliovea that a 

They beliovo it is probable 



255 

APPENDIX 3 



APPENDIX J 

256 

v. S U r n Y .  

Multiple S i t e  Damage ( I S D )  is defined as a crack- phenooenon r N c h  may occur 
in structure along r o w 8  of fas tener  holes after extended r e n i o e  uuge. There 
arackr may lead to a ne t  rection f a i l u r e  mode or  degrade the 8tructure'8 f a i l -  
u f e  capabili ty.  Becaure t h e w  c n c k s  a re  r i m a l l y  undetoot.ble, it m y  be 
porrible t o  have a long r t r i n g  of there cracks jo in  and o a u n  a mtartrophe 
before crack detection. 
metvice data t o  mupport the  existence of this mode of USD. 

As indicated in t h i n  report ,  there a r e  considerable d i f f e r m c e s  Fn the 
manufacturers' approaches t o  addrerr WD i n  their a i r c r a f t .  
be a concensus among the  manufacturers that  if thoir a i r c r a f t  were flown long 
enough, there would be cracking a t  multiple rite81 but  not a11 agreed t h a t  
t h i s  would cons t i tu te  l l s D  as defined i n  this report. 
man~fac turer ' r  position; Boeing believes tha t  the potonti81 for  USD is already 
accounted for  in t h e i r  i n r p c t i o n  program and a lead crack w i l l  alwayr precede 
a condition where t h e  s t ruc ture  w i l l  f a i l  from net rec t ion  yielding. Douglar 
believer that they design and test t o  enrure that  USD will not oocur in the 
operational l i fe t ime of their aircraft. Lockheed derigns t h e i r  a i r c r a f t  80 
t h a t  detectable cracks precede the  occurrence of USD. 

The team i n  t h e i r  de l ibera t ions  came t o  aeveral generic conclurions regarding 
lISD and its poten t ia l  f o r  occurrence on large t ranrpor t  category a i r c ra f t .  
These a r e  set f o r t h  in the conclusions portion of this report. 

It  is possible t o  derign pressure s t ruc ture  t o  f a i l  in a controlled manner and 
cause a controlled decompression r a the r  than an explosive decompresrion. Some 
mupplemental s t ruc tu ra l  inspection programs a re  based on a controlled 
decompression announcing s t ruc tu ra l  cracks ra ther  than inspections. 
f a i l u r e  of the J A L  B-747 a f t  presrure bulkhead, the  likelihood of controlled 
decompression f o r  that design of pressure bulkhead came under question. 
Neither B r i t i r h  Aerospace, Douglas, nor Lockheed considered controlled 
decompression in  developing the s t ruc tura l  inspection programs f o r  t h e i r  
airplanes;  Boeing does take t h i s  f ac to r  i n to  account. 

It  i r ,  therefore, necerrary t o  acquire k a t  and 

Thore appaared t o  

To restate the U.S. 

With the  
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Tin tern had the  following conclusions: 

included in the astmssment am operating unmfely because of WD. 
judgement of th. team that the  a i r c r a f t  have been designed t o  sound damage 
folennce pr inc ip le8  to e ~ u r e  oafe operation. 
prraued the  developnent of inspection programs and have been responsive t o  
m d i f i c a t i o n  rued& 

1. A t  this tiW the team sees  no evidence that any  of t h e  a i r c r a f t  
It  is the  

The manufacturers aggressively 

2. 
the potential Sor USD. 
memrios, but there were q u i t e  limited i n  scope. It appears that there  may 
k 8011. iIbport.nt cracking scenarios omitted t h a t  would lead t o  s ign i f i can t  
reductform Ln c r i t i c a l  crack size and consequently a f f e c t  inspection methods 
and intervals. 

The previous g e r i a t r i c  asresmnents may not have adequately considered 
Hany of these assesemants considered multiple cracking 

3. The 8 t ruotura l  i n t eg r i ty  of older a i r c r a f t  may i n  the  fu tu re  be 
impaired by net  section yielding or degradation of fa i l - sa fe ty .  
observed enough USD in aervice and tests to fee l  confident t h a t  t h i s  condition 
18 possible. 

wrvice experience interpreted through teardown inspections. 
the b e t  data  in the l i t e r a t u r e ,  there  is considerable s c a t t e r  i n  the 
8 b t h t i C a l  oonclusions that may be dram.  Some of the  data supports the 
BOO- claim that the detection of the lead crack w i l l  precede f a i l u r e  through 
HSD. Other d a b  ind ica tes  t h a t  t h i s  approach could lead t o  an uninspectable 
HSD oondition. Consequently, t o  make a meaningful statement about a 
pa r t i cu la r  model, one needs b examine test and teardown inspection data for 
that aircraft. 

The team has 

4. Assesment of !ED on a given a i r c r a f t  should be based on tests o r  
If one exarrines 

5. For a l l  a i r c r a f t  examined i n  th is  assessment, the  ex i s t ing  data base 
A s  i n su f f i c i en t  t o  determine the  onset of ?ED.  This uncertainty should be 
reduced for t he  DC-9 when the teardown inspection da ta  has been analyzed. 
However, fo r  most of the o ther  a i r c r a f t ,  the lack of good teardown inspection 
i n f o a s t i o n  18 preventing a good evaluation f o r  the onset of HSD. 

6. Depending on d e t a i l  design f o r  fuselage skins a s  th ick  as .056 inches, 
Controlled Decaopre8rion (CD) is M acceptable f a i l u r e  mode f o r  the 
oy l ind r i ca l  portions of Boeing'a curren t  f l e e t  of a i rp lanes ,  even in the 
pneenoe  of ED. 
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The tmam h s  the following reccmmendations: 

1. As W g e s t e d  by CAAUK, Service Bulletin sl/A/PN/5830 should be u d e  
mand~tory f o r  a11 BAC 1-11 airplanes. 
w i l l  oxceed 85.000 f l i g h t s ,  another mtructrual audi t  ahould take place. 
rrrponsible FAA Airoraft  Cert i f icat ion Office (ACO) rhould follow through 
accordingly. 

the responsible FAA ACO mhould nview t h e m  in l i gh t  of the n c o l e n d . t i o n s  ret 
f o r t h  in t h i s  report  urd take action as appropriate. 

The a f t  preaaure domes on the Booing airplaner, except f o r  the B-767, 
were i n i t i a l l y  considered Category 2 mtructure. 
structure should be Identified as Category 3. The I*.pomible FAA ACO should 
require inspections t o  r id  the cracks before a revere p r o b l a  is oncountend. 

If it appears a BAC 1-91 In memice 
The 

2. When the Fnnch DCAC reports become available on the A300 and A310, 

3. 
Tests indicate # a t  this 

4. Regarding USD: 

a. Each manufacturer mhould e s k b l i a h  a &h bare t o  determine the 
threshold and severity of M D  by a t  l ea s t  one of the following. 

I. Extended fatigue tests beyond the anticipated service l i f e  by 
one lifetime accmpanied by bardown inapections. 

Teardown inspections of hightime service sirplanerr a w e n t e d  
by component tests, fatigue,  and fracture analysis. 

2 .  

3. Other FAA-approved means. 

From the data base each manufacturer should aument the fnrpection 
program a s  appropriate. 
controlled decompression is used f o r  possible HSD effects. 

The FAA mhould mandate the inspection programs. 

b. 
He mhould also examine each case where 

E. 

Revise Advisory Circular (AC)  25.571-1A, t o  c lar i fy  that  the damage 

If the operational l i f e  exceeds the 

5. 
tolerance assesment must be large enough i n  scope t o  account for  the 1ike:y 
operational life of the airplane type. 
i n i t i a l  l i f e  assumption, it w i l l  be necessary for  the manufactunr to  ruit.bly 
account f o r  thin fact .  
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