
Structural failure, Aloha Airlines, Flight 243, Boeing 737-200, N73711, Near
Maui, Hawaii, April 28, 1988

Micro-summary: This Boeing 737 experienced massive structural failure and
explosive decrompression in cruise.

Event Date: 1988-04-28 at 1345 HDT

Investigative Body: National Transportation Safety Board (NTSB), USA

Investigative Body's Web Site: http://www.ntsb.gov/

Cautions:

1. Accident reports can be and sometimes are revised. Be sure to consult the investigative agency for the
latest version before basing anything significant on content (e.g., thesis, research, etc).

2. Readers are advised that each report is a glimpse of events at specific points in time. While broad
themes permeate the causal events leading up to crashes, and we can learn from those, the specific
regulatory and technological environments can and do change. Your company's flight operations
manual is the final authority as to the safe operation of your aircraft!

3. Reports may or may not represent reality. Many many non-scientific factors go into an investigation,
including the magnitude of the event, the experience of the investigator, the political climate, relationship
with the regulatory authority, technological and recovery capabilities, etc. It is recommended that the
reader review all reports analytically. Even a "bad" report can be a very useful launching point for learning.

4. Contact us before reproducing or redistributing a report from this anthology. Individual countries have
very differing views on copyright! We can advise you on the steps to follow.

Aircraft Accident Reports on DVD, Copyright © 2006 by Flight Simulation Systems, LLC
All rights reserved.

www.fss.aero

 





CONTENTS 

............................. ............. EXECUTIVE SUMMARY : v 

FACTUAL INFORMATION 
............................................ History of  the Flight 1 

............................................... lnjuriesto Persons 5 
............................................ Damage to  Airplane 5 

General ....................................................... 5 
....................................... Fuselage Separation Area 8 

................................... Additional Airplane Damage 10 
........................................... Pressurization System 11 

........................................... Other Dama e 7 11 
......................................... Personnel In ormat~on ...... 11 

.......................................... Airplane Information 12 
General ...................................................... 12 
Lap Joint Design and Bonding History ........................... 13 

..................................... Aloha Maintenance History 21 
......................................... Maintenance Program 21 

................................... Maintenance Records Review 23 
................................................ Service Bulletins 24 

........ FAA Airworthiness Directive (AD) Compliance AD 87-21-08 25 
.................................... Meteorological Information 26 

.............................................. Aids to  Navigation 26 
Communications .............................................. 27 

....................................... Aerodrome Information 27 
FlightRecorders ............................................... 27 
Wreckage and Impact Information .............................. 27 
Medical and Pathological Information ........................... 27 
Fire .......................................................... 28 

............................................... Survival Aspects 28 
Supplemental Oxygen Systems .................................. 28 
Seasearch .................................................... 28 
Rescue and Firefighting Response ............................... 29 

.......................................... Ambulance Response 29 
............................................. Tests and Research 29 

........................................... Pressurization System 29 
Eddy Current and Visual Inspection .............................. 29 
Materials Laboratory Examination .............................. 30 

........................................ Additional Information 31 
General Inspection of Other Aloha Airlines Airplanes ............. 31 
The B-737 Fail-safe Design ...................................... 34 
In-Service Model Fuselage Tests ................................. 35 
Service Difficulty Report Information ............................ 36 
Supplemental Structural Inspection Program (SSIP) ............... 36 
FAA Surveillance of Aloha Airlines Maintenance .................. 37 
Boeing Commercial Airplanes Customer Visits .................... 40 
The National Aviation Safety Inspection Program ................. 42 

........................................ Subsequent FAA Action 45 

ANALYSIS 
General ...................................................... 47 
Origin of Fuselage Separation ................................... 47 
Fuselage Separation Sequence .................................. 50 

............................ Aloha Airlines Maintenance Program 51 

iii 



Effectiveness of  Inspections ..................................... 
Aloha Airlines Corrosion Control ................................ 
Engineering Services ........................................... 
FAA Responsibilities ........................................... 
Issuance and Clarity of Airworthiness Directives .................. 
Needed Research on Corrosion Control and NDI .................. 
FAA Oversight ................................................ 

....................................................... Boeing 
Boeing 737 Certification ....................................... 
Boeing Structures Classification ................................. 
Boeing Visits to  Aloha Airlines .................................. 
Operational Considerations .................................... 
CONCLUSIONS 
Findings ... : .................................................. 
Probable Cause ................................................ 

RECOMMENDATIONS .......................................... 
APPENDIXES 
Appendix A.. Investigation and Hearing .......................... 
Appendix B.. Personnel Information ............................. 
Appendix C- Boeing Service Bulletin 737.53.1039, Rev . 2 ........... 

..FAA Airworthiness Directive 87-21-08 .............. 
. ........ .. Boeing Service Bulletin 737.53AlO39, Rev 3 

.. Boeing Nondestructive Test, 737-53-30-03 .......... 
Appendix D- Boeing Service Bulletin 737-53-1076 ................ 
Appendix E.. Specialist's Factual Report of Investigation, CVR Flight 

Data Readout Report of Investigation ..................... 
Appendix F.. Aloha Airlines Non-DestructiveTesting Reports ...... 
Appendix G.. Summary of Previous Repairs on N73711 ............ 
Appendix H.. SDR Summary .................................... 
Appendix 1.. Boeing MGOS Airlines Maintenance Evaluation ...... 
Appendix J.. FAA Report on Multiple Site Cracking, 

December 18, 1986 ...................................... 



EXECUTIVE SUMMARY 

On April 28, 1988, at 1346, a Boeing 737-200, N73711, operated by 
Aloha Airl ines 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 in juries. The fl ight crew performed an emergency descent 
and landing at Kahului Airport on the Island of Maui. 

The National Transportation Safety Board determines that the 
probable cause of this accident was the failure of the Aloha Airlines 
maintenance program to detect the presence of significant disbonding and 
fatigue damage which ultimately led to failure of the lap joint at S-10L and 
the separation of the fuselage upper lobe. Contributing to the accident were 
the failure of Aloha Airl ines management to supervise properly its 
maintenance force; the failure of the FAA to evaluate properly the Aloha 
Airl ines maintenace program and to assess the air1 ine's inspection and 
qua1 ity 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 6-737 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 surveillance of those programs. 

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

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

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



NATIONAL TRANSPORTAT I ON SAFETY BOARD 
WASHINGTON. D.C. 20594 

AIRCRAFT ACCIDENT REPORT 

ALOHA AIRLINES. FLIGHT 243 
BOEING 737-2009 N7371 L 

NEAR MAUI, HAWAII 
APRIL 28, 1988 

1. FACTUAL INFORMATION 

1.1 H i s t o r y  o f  t h e  F l 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  
t h e  Honolulu In te rna t iona l  A i rpo r t ,  Hawaii, was scheduled f o r  a ser ies  o f  
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 o f  Federal 
Regulations (CFR) Part  121. A capta in  and f i r s t  o f f i c e r  were assigned f o r  
t h e  f i r s t  s i x  f l i g h t s  o f  t h e  day w i t h  a planned f i r s t  o f f i c e r  change t o  
complete t h e  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  d ispatch o f f i c e  about 0500 
Hawaiian standard t ime a t  t h e  Aloha A i r l i n e s  Operations F a c i l i t y .  A f t e r  
f a m i l i a r i z i n g  h imse l f  w i t h  the  f l  i g h t  operat ions paperwork, he proceeded t o  
the  Aloha A i r 1  ines park ing apron and performed t h e  p r e f l i g h t  inspect ion  
requ i red by company procedures before the  f i r s t  f l i g h t  o f  the  day. He s ta ted 
t h a t  t h e  a i rp lane  maintenance l o g  re lease was signed and t h a t  there  were no 
open discrepancies. He prepared the  cockp i t  f o r  the  ex terna l  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  t h e  a i rp lane  i n  predawn darkness, and performed the  v i sua l  
e x t e r i o r  inspect ion  on t h e  l i g h t e d  apron. He s ta ted 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 d u t i e s  i n  the  d ispatch o f f i c e  and then proceeded t o  the  
a i rp lane.  

The crew f l e w  three round t r ip  f l i g h t s ,  one each from Honolulu t o  
H i lo ,  Maui, and Kauai. They repor ted t h a t  a11 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  t h e  normal and expected manner. 
F l  ightcrew v i sua l  e x t e r i o r  inspect ions between f l  i g h t s  were n o t  requ i red 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 p lace f o r  the  
remainder o f  t h e  day. The crew f l e w  from Honolulu t o  Maui and then from Maui 
t o  H i l o .  As w i t h  t h e  previous f l i g h t s  of t h e  day, no system, powerplant, o r  
s t r u c t u r a l  abnormal i t i e s  were noted dur ing these operat ions, and t h e  f l  i g h t s  
were uneventful .  Ne i ther  p i l o t  l e f t  t he  a i rp lane on a r r i v a l  i n  H i lo ,  and t h e  
crew d i d  no t  'perform any v i sua l  e x t e r i o r  inspect ion  nor were they requ i red t o  
do so. 



A t  1325, f l i g h t  243 departed H i l o  A i r p o r t  en rou te  t o  Honolulu as 
p a r t  o f  the  normal scheduled serv ice.  I n  add i t i on  t o  the  two p i l o t s ,  there  
were three f l i g h t  attendants, an FAA a i r  t r a f f i c  c o n t r o l l e r ,  who was seated 
i n  t h e  observer seat i n  the  cockpit ,  and 89 passengers on board. Passenger 
boarding, engine s t a r t ,  t a x i ,  and t a k e o f f  were uneventful .  

The planned r o u t i n g  f o r  Aloha f l i g h t  243 was from H i l o  t o  Honolulu 
a t  f l i g h t  l e v e l  240. Maui was l i s t e d  as the  a l t e r n a t e  land ing a i r p o r t .  

The f i r s t  o f f i c e r  conducted the  t a k e o f f  and en rou te  c l imb  from 
H i l o .  The capta in  performed the  non f l y ing  p i l o t  du t ies .  The f i r s t  o f f i c e r  
d i d  no t  r e c a l l  us ing the  au top i l o t .  

The f l  i g h t  was conducted i n  v i sua l  meteorological  condi t ions.  
There were no advisor ies f o r  s i g n i f i c a n t  meteorological in format ion (SIGMET) 
o r  airman's meteorological in format ion (AIRMET) va l  i d  f o r  t h e  area along the  
planned rou te  o f  f l i g h t .  

No unusual occurrences were noted by e i t h e r  crewmember du r ing  t h e  
departure and cl imbout. As the  a i rp lane leve led  a t  24,000 feet ,  both p i l o t s  
heard a loud "c lap" o r  "whooshing" sound fo l lowed by a wind noise behind 
them. The f i r s t  o f f i c e r ' s  head was je rked backward, and she s ta ted  t h a t  
debr is ,  i nc lud ing  pieces o f  gray insu la t i on ,  was f l o a t i n g  i n  t h e  cockpi t .  
The capta in  observed t h a t  the  cockp i t  e n t r y  door was missing and t h a t  " there  
was b lue sky where the  f i r s t - c l a s s  c e i l i n g  had been." The capta in  
immediately took over the  con t ro l s  o f  t h e  a i rp lane.  He described the  
a i rp lane  a t t i t u d e  as r o l l i n g  s l i g h t l y  l e f t  and r i g h t  and t h a t  the  f l i g h t  
con t ro l  s  f e l t  "1 oose. " 

Because o f  the  decompression, both p i l o t s  and the  a i r  t r a f f i c  
c o n t r o l l e r  i n  the  observer seat donned t h e i r  oxygen masks. The capta in  began 
an emergency descent. He s ta ted  t h a t  he extended the  speed brakes and 
descended a t  an ind ica ted airspeed (IAS) o f  280 t o  290 knots. Because o f  
ambient noise, the  p i l o t s  i n i t i a l l y  used hand s igna ls  t o  communicate. The 
f i r s t  o f f i c e r  s ta ted t h a t  she observed a r a t e  of descent of 4,100 f e e t  per  
minute a t  some p o i n t  dur ing  the  emergency descent. The capta in  a lso  s ta ted  
t h a t  he actuated t h e  passenger oxygen switch. The passenger oxygen manual 
t e e  handle was no t  actuated. 

When the  decompression occurred, a11 t h e  passengers were seated and 
t h e  seat b e l t  s ign  was i l luminated.  The No. 1 f l i g h t  at tendant  r e p o r t e d l y  
was standing a t  seat row 5. According t o  passenger observations, t h e  f l i g h t  
at tendant  was immediately swept o u t  o f  t h e  cabin through a ho le  i n  t h e  l e f t  
s ide  o f  t h e  fuselage. The No. 2 f l i g h t  attendant, standing by row 15/16, was 
thrown t o  t h e  f l o o r  and sustained minor bruises. She was subsequently able 
t o  crawl up and down t h e  a i s l e  t o  render assistance and calm the  passengers. 
The No. 3 f l i g h t  attendant, standing a t  row 2, was s t ruck  i n  t h e  head by 
debr i s  and thrown t o  the  f l o o r .  She suf fered ser ious i n j u r i e s  inc lud ing  a 
concussion and severe head lacera t ions .  



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 if 
the Honolulu ARTCC heard the communication. 

Although Honolulu ARTCC did not receive the first officer's initial 
communication, the control 1 er working fl ight 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 o f t h e  rapid decompression, declared an emergency, and stated the 
need for emergency eq6i pment . 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 del ivery position notified the airport's rescue and 
firefighting personnel, via the direct hot line, that a B-737 had declared an 
emergency, was inbound and that the nature of the emergency was a 
decompression. Rescue vehicles took up alert positions along the left side 
of the runway. 

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

At 1349:00, emergency coordination began between Honolulu Center 
and Maui Approach Control. Honolulu advised Maui Approach 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 fl ight 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 1 ocal control 1 er frequency. 



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 fl ightcrew could communicate 
verbally. The captain gave the command to lower the flaps. Initially flaps 
1 were selected, then flaps 5. When attempting to extend beyond flaps 5, the 
airplane became less controllable, and the captain decided to return to flaps 
5 for the landing. 

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

Using the public address (PA) system and on-board interphone, the 
first officer attempted to communicate with the fl ight 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 1 ight 
did not illuminate. Manual nose gear extension was selected and still the 
green indicator 1 ight 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." 



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 
land ing 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 ,  t he  f l a p s  were extended 
t o  40Â as requ i red f o r  an evacuation. An emergency evacuation was then 
accompl i shed on the  runway. 

Af ter  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  b r idge a t  H i lo ,  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-10L l a p  j o i n t ,  
about halfway between the  cabin door and t h e  edge o f  t h e  j e t  b r idge hood. 
She made no mention o f  the  observat ion t o  t h e  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 

Jn-iur ies W Passenaers Others W 

Fata l  1 * 0 0 1 * 
Serious 1 7 0 8 
Minor 0 57 0 57 
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  A i rp lane 

1.3.1 General 

A major p o r t i o n  o f  the  upper crown s k i n  and s t r u c t u r e  o f  sec t ion  43 
separated i n  f l i g h t  causing an explosive decompression1 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 
cab in  entrance door, rearward about 18 f e e t  t o  t h e  area j u s t  forward o f  t h e  
wings and from the  l e f t  s ide  o f  the  cabin a t  t h e  f l o o r  l e v e l  t o  the  r i g h t  
s ide  window 1 eve1 . 

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

' " ~ 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 .  
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Figure 1. --Boeing 737-200--Body Stations, 
Stringers, and Section Locations. 



Figure 2a. --General view, l e f t  side of forward fusel age, N73711 

Figure 2b. --General view, right side of forward fusel age, 
N73711. Arrow marks fragments of S-4R lodged 

in the leading edge flap. 



1.3.2 Fuse1 age Separat ion Area 

The fuse1 age s t r u c t u r e  cons is ts  p r i m a r i l y  o f  sk in,   frame^,^ and 
 stringer^.^ Skin panels are j o ined  l o n g i t u d i n a l l y  a t  l a p  j o i n t s  where the  
sheet metal o f  t h e  upper s k i n  panel overlaps the  sheet metal o f  t h e  lower 
s k i n  panel about 3 inches. When manufactured, t h i s  overlapped area was 
bonded and r i v e t e d  w i t h  th ree  rows o f  countersunk r i v e t s .  (See 1.6.2 Lap 
J o i n t  Design and Bonding H is tory . )  

The area where the  s t r u c t u r e  was miss ing extended from body 
s t a t i o n 4  (BS) 360 a f t  t o  about BS 540, and c i r c u m f e r e n t i a l l y  from j u s t  above 
the  f l o o r  on the  l e f t  s ide  o f  t he  a i rp lane  ( a t  S-15L), across the  crown and 
down t h e  r i g h t  s ide  t o  a p o s i t i o n  above the  window b e l t  ( a t  S-10R). The 
s t r u c t u r e  from the  top  o f  t he  window b e l t  t o  the  f l o o r  on the  r i g h t  s ide  was 
d i s t o r t e d  severely and bent outward more than 90Â° The s k i n  had peeled i n  
t h i s  area leav ing  the  frames, s t r i nge rs ,  and window fo rg ings  i n  place. On 
the  l e f t  s ide  below the  f l o o r  l e v e l ,  t he  s k i n  had peeled o f f  t he  s t r u c t u r e  i n  
1 arge V-shaped areas. 

F ive  consecutive f l o o r  beams5 a t  BS 420, 440, 460, 480, and 500 
were broken a l l  t he  way through. Also, t he  adjacent f l o o r  beams a t  BS 400 
and 500A were cracked near l y  a l l  t he  way through. The f r a c t u r e s  and cracks 
were s l i g h t l y  t o  the  l e f t  o f  t he  a i rp lane  cen te r l i ne .  The frames a t  these 
same seven s t a t i o n s  were broken on the  l e f t  s ide  j u s t  below the  f l o o r  beams. 
Most o f  t he  center  f l o o r  panels from BS 360 t o  BS 947 were d isp laced upward 
except i n  the  overwing area. The r i g h t  s ide  cab in  f l o o r  panels had n o t  been 
d isp laced and l i t t l e  i f  any d i s t r e s s  had occurred a t  t he  fas tener  l oca t ions  
f o r  these panels. However, on the  l e f t  s ide  o f  t he  a i rp lane  between BS 400 
and BS 500 along the  inboard seat t rack,  t he re  was extensive f l o o r  panel 
displacement. The f l o o r  panels had d isplaced upward and had reached t h e i r  
maximum displacement o f  4 inches a t  BS 440 (matching the  displacement o f  t h e  
broken f l o o r  beams). 

A fuselage sec t ion  from BS 365 t o  BS 420 between S-4R and S-8R was 
trapped between the  l ead ing  edge f l a p  and inboard s ide  o f  t h e  r i g h t  engine 
s t r u t .  Th is  was the  on ly  s i g n i f i c a n t  p iece o f  s t r u c t u r e  from t h e  damaged 

~ 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  members 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  (1)  and r i g h t  ( R )  l e t t e r s  a s  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 .  

^ ~ o d y  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 .  

 l lo or 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  20  i n c h e s  a p a r t ,  r u n n i n g  h o r i z o n 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 .  



area that was recovered. The recovered piece contained two skin repairs 
along S-4R. This section and several samples cut from the remaining fuselage 
skin were submitted to the Safety Board's Materials Laboratory for further 
analysis. (See 1.16.3 Materials Laboratory Analysis.) 

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

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

0 Riaht 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. 

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 300 
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-10L, the skin fracture 
transitioned from several inches forward of BS 540 to 
about 20 inches forward of BS 540 and was not associated 
with any rivet line. At the S-10L lap joint, the 
fracture followed the upper rivet line of the skin lap 
joint from a position 20 inches forward of BS 540 to a 
position about 6 inches forward of BS 540. There were 
indications of preexisting fatigue cracks associated with 
seven consecutive rivet holes along this portion of the 
rivet line. From S-10L 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 of the fuselage to S-10R the fractures in the 
stringers and deformed rivets indicated that the 
separated structure was pulled directly forward. In the 
vicinity of S-11R, a small area of structure had been 
pulled forward and up. Below S-11R, the skin had been 
torn but the departure direction was unclear. 

Indications of preexisting cracks were found in the S-10L lap joint 
forward of BS 540, on each side of a rivet hole in the BS 360 butt strap near 
S-7R, and in lap joint rivet holes in a piece recovered from the right wing. 



All other fractures adjacent to the separation area were typical of 
overstress separations. 

The fracture surfaces and the immediate areas surrounding the 
separation perimeter general 1 y 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 A i  rpl ane 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 
Analysis.) 

The upper fuselage crown separation resulted in damage to overhead 
wire bundles, and a number of circuit breakers in the cockpit were tripped. 
Most of these circuit breakers were related to passenger service unit and 
lavatory wiring. The potable water line was leaking and its conduit was 
broken. The pitot line and the static line to the flight data recorder (FDR) 
were broken, as was the conditioned air distribution dueling. 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 cyl inders were fully discharged. Both engine fire 
bottles were empty, and both of the engine fire extinguisher switches in the 
cockpit had been activated, per the airplane emergency evacuation procedures. 

^ i s b o n d e d  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 luminum f u s e l a g e  s k i n  p a n e l s .  



The hydrau l i c  system was no t  damaged. A l l  t he  land ing  gear were 
down and locked, the  f laps and lead ing edge devices were f u l l y  extended, t h e  
spo i le rs  were re t rac ted,  and there  was no l o s s  o f  hydrau l ic  f l u i d .  An 
examination o f  the  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 h e  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 l ow  valve and t h e  forward ou t f l ow  va lve  were 
f u l l y  closed. The forward out f low valve receives p o s i t i o n  s igna ls  from t h e  
main ou t f l ow  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 i gh t /g round  mode se lec tor  swi tch was found i n  t h e  " 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 out 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 )  
du r ing  ground operat ion. 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;  the  swi tch i s  se t  t o  "ground" t o  
depressurize a f t e r  the  landing r o l l o u t .  

Con t inu i t y  checks showed normal system operat ion. A l l  re levant  
system components were removed from t h e  a i rp lane  f o r  f u r t h e r  func t iona l  
tes ts .  (See 1.16.1 Pressur iza t ion  System.) 

1.4 Other Damage 

None. 

1.5 Personnel In fo rmat i  on 

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

The capta in  was h i r e d  by Aloha A i r l i n e s  on May 31, 1977, as a  B-737 
f i r s t  o f f i c e r .  He was upgraded t o  capta in  on June 1, 1987. He possessed a  
cu r 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 1  im i ta t i ons .  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  the  B-737. A t  t h e  t ime 
o f  t h e  accident,  t h e  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  t h e  B-737. H is  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  the  B-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 1  ines on June 4, 1979, as a  
B-737 f i r s t  o f f i c e r .  She possessed a  cu r 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  c o r r e c t i v e  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 of the  accident, t h e  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  
t h e  B-737. 

A d ispatch records review ind ica ted  t h a t  the  crew had complied 
w i t h  a l l  re levan t  f l  ightcrew duty  t ime l i m i t a t i o n s .  



F l  ightcrew t r a i n i n g  records inc luded documentation o f  normal and 
emergency procedures t r a i n i n g .  The Aloha A i r 1  ines f l  ightcrew t r a i n i n g  
program o u t l i n e  requ i red  emphasis on cockp i t  resource management (CRM) 
concepts; however, t he  t r a i n i n g  program d i d  n o t  inc lude a s p e c i f i c  CRM 
course, and l i n e  o r ien ted  f l i g h t  t r a i n i n g  (LOFT) programs were n o t  conducted, 
nor  were they requ i red  by regu la t i on .  

1.6 A i rp lane In format ion  

1.6.1 General 
v - The accident  a i rp lane,  N73711, a Boeing 737-297, s e r i a l  number 

20209, was manufactured i n  1969 as product ion l i n e  number 152. It was 
equipped w i t h  two P r a t t  and Whitney JT8D-9A engines. The a i rp lane  was 
de l i ve red  on May 10, 1969, t o  Aloha A i r l i n e s ,  t he  o r i g i n a l  operator.  

According t o  the  l i m i t a t i o n s  sec t ion  o f  the  FAA-approved A i rp lane 
F l i g h t  Manual f o r  B-737, N73711, the  maximum zero f u e l  weight i s  
88,000 pounds, the  maximum c e r t i f i c a t e d  t a k e o f f  weight i s  100,000 pounds. 
The actual  weights f o r  the  departure on the  accident  f l i g h t  were ca l cu la ted  
a t  80,253 pounds zero f u e l  weight and 93,133 pounds ac tua l  t a k e o f f  weight. 
The center  o f  g r a v i t y  (CG) computed f o r  departure was 22 percent mean 
aerodynamic chord (MAC). The ca lcu la ted  CG l i m i t s  f o r  t h i s  gross weight were 
4.0 percent and 30.5 percent MAC, respec t i ve l y .  

The Aloha A i r l i n e s  f l e e t  consisted o f  eleven a i rp lanes,  a l l  B-737s. 
Four o f  the  a i rp lanes were considered h igh  time, i n  excess o f  60,000 cycles; 
one was the  worldwide f l e e t  leader.  

A t  the  t ime o f  the  accident,  t he  N73711 had accumulated 35,496 
f l i g h t  hours and 89,680 f l i g h t  cyc les ( landings) ,  t he  second h ighest  number 
o f  cyc les  i n  the  worldwide B-737 f l e e t .  Due t o  the  shor t  d is tance between 
des t ina t i ons  on some Aloha A i r l i n e s  routes, t h e  maximum pressure d i f f e r e n t i a l  
o f  7.5 p s i  was not  reached on every f l i g h t .  Therefore, t he  number o f  
equ iva lent  f u l l  p ressu r i za t i on  cycles on the  accident  a i rp lane  i s  
s i g n i f i c a n t l y  l e s s  than the  89,680 cycles accumulated on the  a i rp lane.  

A rev iew o f  B-737 accidents and inc iden ts  repor ted  t o  the  Safety 
Board revealed one previous mishap i n v o l v i n g  N73711. On February 21, 1979, 
the  a i r p l a n e  was operated i n t o  c l e a r  a i r  turbulence t h a t  r e s u l t e d  i n  ser ious 
i n j u r y  t o  two f l i g h t  attendants. No record o f  any damage o r  requ i red  r e p a i r  
t o  the  a i rp lane  was found. 

There had been one previous accident  i n v o l v i n g  i n - f l  i g h t  s t r u c t u r a l  
f a i l u r e  of a B-737 fuselage. A Far Eastern A i r  Transport, Ltd. (FEAT) 
B-737-200, Republic o f  China r e g i s t r a t i o n  B-2603, experienced an exp los ive  



decompression and in-flight breakup on August 22, 1981 .' The accident 
occurred near Sanyi, Miaoli, Taiwan, and was investigated by the Civil 
Aeronautics Admini stration (CAA) of the Ministry of Communications, Taiwan, 
Republic of China. The Safety Board, Boeing, and the FAA participated in the 
investigation. The Republic of China CAA determined that the probable cause 
of the accident was: 

extensive corrosion damage in the lower fuselage structures, 
and at a number of locations there were corrosion penetrated 
through pits, holes and cracks due to intergranul ar corrosion 
and skin thinning exfoliation corrosion, and in addition, the 
possible existence of undetected cracks because of the great 
number of pressurization cycles of the aircraft (a total of 
33,313 landings), interaction of these defects and the damage 
had so deteriorated that rapid fracture occurred at a certain 
fl ight a1 titude 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 N737111s discrepancy logbook, the fl ight 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 Designand Bonding History 

The B-737 fuselage is divided into four sections with sections 41, 
43, and 46 comprising the majority of the pressure vessel. (See figure 1.) 
These sections, along with section 48, are butt joined at circumferential 
frames to form the entire fuselage. Section 43 forms the forward cabin area 
from BS 360 to BS 540, where the area of skin separation occurred. The 
sections are constructed of circumferential frames and longitudinal stringers 
that are covered by formed aluminum skin panels that are riveted to the 

~ 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 l 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 ,  LTD . ,  B o e i n g  7 3 7 - 2 0 0 ,  B - 2 6 0 3 ,  August  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  copy  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 .  



underlying structure. Each skin panel in the upper lobe of section 43 is the 
length of the entire section --  about 18 feet. 

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

The upper lobe skin panels in section 43 are fabricated from two 
complete preformed sheets of 0.036-inch thick aluminum that are joined 
together using a "hot" bonding process. An acid etch is used to prepare the 
surfaces of the sheets before bonding. Since the epoxy hot bonding material 
is nonreactive at room temperature, the bond is cured at 250Â° 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 1 ine number 291), 
the doubler sheet was milled away chemically at the lap joint locations; for 
production 1 ine number 292 and the subsequent numbers, the doubler sheet was 
retained on the outer panel of each lap joint to provide an extra 0.036 inch 
of material thickness in the joint. (See figures 3, 4a and 4b.) Additionally, 
for production line number 465 and the subsequent numbers, an improved bond 
surface pretreat process using a phosphoric acid anodize was employed. 

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

- ' NOTE: SINGLE THICKNESS AT BOTTOM OF PANEL 

LINE NUMBER 292 &AFTER 

'NOTE: PRODUCTION CHANGE, DOUBLE THICKNESS AT BOTTOM OF PANEL 

Figure 3. --B-737 Lap splice configuration 



LINE NO. 1-291 LINE NO. 292-AND AFTER 

SKIN 
S K I N .  

NOTE: SKIN THICKNESS DIMENSION 0.a in. 

NOT TO SCALE - SKIN THICKNESS IS ENLARGED TO SHOW OETAIl 

Figure 4a.--Lap j o i n t  section between tearstraps 



LINE NO. 1-291 LINE NO. 292-AND AFTER 

Figure 4b.--lap j o i n t  section a t  tearstraps 



Laboratory "coupon" tests9 o f  the  bonded j o i n t s ,  as w e l l  as t h e  "quonset 
hut"10 f u l l  scale fuselage sect ion  fa t igue t e s t  were performed by t h e  Boeing 
Company and were used t o  assess co ld  bond d u r a b i l i t y .  According t o  Boeing, 
t h e  r e s u l t s  i nd ica ted  t h a t  c e r t i f i c a t i o n  requirements were met. 

The e a r l y  serv ice  h i s t o r y  o f  product ion B-737 a i rp lanes w i t h  
cold-bonded l a p  j o i n t s  (p lus  B-727 and B-747 a i rp lanes w i t h  t h e  same 
cons t ruc t ion  technique) revealed t h a t  d i f f i c u l t i e s  were encountered w i t h  t h i s  
bonding process. It was found t h a t  t h e  c leaning and e tch ing process used on 
t h e  s k i n  panels had no t  provided a cons is tent  q u a l i t y  t h i n  sur face oxide t o  
be used as a bonding surface. 

The serv ice  h i s t o r y  compiled by Boeing has shown t h a t  bond q u a l i t y  
can a l so  be degraded if condensation i s  n o t  removed from t h e  scr im c l o t h  
before i n s t a l l a t i o n  o r  i f  t h e  scr im c l o t h  s i t s  a t  room temperature t o o  long 
causing i t  t o  cure prematurely. According t o  Boeing engineers, these 
product ion process d i f f i c u l t i e s  resu l ted  i n  t h e  random appearance o f  bonds 
w i t h  low environmental d u r a b i l i t y ,  w i t h  suscept ib l  i t y  t o  corrosion, and w i t h  
some areas o f  the  l a p  j o i n t s  t h a t  d i d  no t  bond a t  a l l .  Once i n  service, 
moisture cou ld  enter  the  j o i n t  i n  the  areas of disbond, and cor ros ion could 
occur. The moisture and cor ros ion i n  some cases con t r i bu ted  t o  f u r t h e r  
disbonding o f  the  j o i n t  because o f  the  accumulation o f  oxides, water wick ing 
i n  the  j o i n t s ,  and t h e  freeze-thaw cycles. The cold-bond l a p  j o i n t  
product ion process on the  B-737 was discont inued by t h e  manufacturer i n  1972. 
(See f i g u r e  5.) A redesigned smooth, c l o s e - f i  t t i n g ,  " fay"  surface sealed l a p  
j o i n t  w i t h  increased j o i n t  thickness was int roduced w i t h  B-737 product ion 
l i n e  number 292. This i s  a r i v e t e d  j o i n t  w i t h  chromated p o l y s u l f i d e  sea l ing  
compound, but  i t  contains no bonding. Production o f  B-727 l i n e  number 850 
and subsequent numbers and B-747 l i n e  number 201 and subsequent numbers a l so  
inc luded fay  surface sealed l a p  j o i n t s .  

According t o  Boeing engineers, when d i  sbond occurs i n  t h e  bonded 
l a p  j o i n t ,  as designed f o r  the  B-737, t h e  hoop load  t ransfer  through t h e  
j o i n t  i s  borne by t h e  th ree  rows o f  countersunk r i v e t s  t h a t  mechanical ly 
fas ten t h e  sk in  panels together. Because o f  t h e  s i n g l e  th ickness s k i n  
sur face t h a t  was f a c i l i t a t e d  by the  bonded construct ion,  t h e  counters ink f o r  
t h e  f l u s h  r i v e t  heads extended through t h e  e n t i r e  th ickness o f  t h e  outer  
0.036-inch sheet. A k n i f e  edge was created a t  t h e  bottom o f  t h e  ho le  which 
concentrated stresses. These stresses were c y c l i c  w i t h  p ressur i za t ion  loads, 
and f a t i g u e  crack ing u l t i m a t e l y  occurred a t  the  s i t e .  

I n  a c y l i n d r i c a l  fuselage l i k e  t h e  B-737, t h e  c i r cumfe ren t ia l  
p ressur i za t ion  stresses are tw ice  as l a r g e  as t h e  l o n g i t u d i n a l  stresses. As 
f a t i g u e  e f f e c t s  take place, cracks propagate l o n g i t u d i n a l l y ,  perpendicular  t o  
t h e  dominant p ressur i za t ion  (hoop) loads. I n  t h e  B-737, fa t igue cracking 

' * * ~ o u p o n ~  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  
c o n f i g u r a t i o n .  

1 Â ° " a u o n s e  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  
b o t h  t h e  u p p e r  a n d  l o w e r  l o b e .  

i n t  
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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 theouter 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 1 arge areas of delamination (disbonding) will 
eventual 1 y result in fatigue cracking." The SB program out1 ined "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 compliance was not made mandatory by 
the FAA. 

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

Since the release .of Revision 2 an operator has reported 
multiple fatigue cracks on three airplanes which have 
accumulated 40,400/42.,800 fl ight 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. 



Part I of SB 1039 Revision 3 dealt with "Corrosion Inspection" and Part I1 
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 111 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 1 ine numbers 1 through 291, before the accumulation of 30,000 
landings or within the next 250 landings after the effective date of the AD. 
Repairs for cracks found were to be accomplished in accordance with 
instructions contained in the referenced Boeing SB. (The AD and SB revisions 
2 and 3, with nondestructive testing (NDT) instructions, are included as 
appendix C.) 

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

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

1.6.3 Aloha Maintenance History 

1.6.3.1 Maintenance Program 

Airplanes operated by Aloha Airlines are maintained under an 
FAA-approved Continuous Airworthiness Maintenance Program as required by 
14 CFR Part 121, Subpart L. The maintenance, based on guidance provided in 
the Boeing Maintenance Planning Document (MPD) (Document number D6-17594), 
recommended that aircraft maintenance inspections be divided into four series 
of checks with specific recurring frequency. The checks are referred to as 
fol 1 ows : 

A Check~Primary inspection to disclose general 
condition 

B Check--Intermediate check to determine general condition 

C Check--System and component check, airworthiness 
evaluation 

D Check--Structural inspection, determine airworthiness 



A Boeing study of e a r l y  MPD documents revealed over lap between C 
and D check items. Revision A of t h e  MPD i n  1974 r e d i s t r i b u t e d  t a s k  items 
t o  o ther  appropr iate check i n t e r v a l s  and t h e  D check terminology was 
e l  iminated. However, no maintenance i tems were de le ted and many a i  r l  ines, 
i nc lud ing  Aloha, continued w i t h  t h e  o r i g i n a l  terminology. 

Tab1 e 1. --Frequency o f  Inspect ion. 
(by f l i g h t  hours) 

Boei ng Indus t ry  Average Aloha 
Recommendation (1987) Schedule 

The Aloha A i r l i n e s  work schedule f o r  D checks i n i t i a l l y  was 
prepared i n  1972. The tasks from t h e  Boeing MPD were organized i n t o  52 
increments (blocks) t o  be accomplished dur ing the  D check i n t e r v a l .  The C 
check tasks were organized i n t o  f o u r  increments and in teg ra ted  w i t h  the  B 
check schedule o f  work. B, C, and D checks were a c t u a l l y  combined and 
accomplished i n  overnight  segments. 

Aloha A i r 1  ines was p a r t i c i p a t i n g  i n  t h e  Supplemental S t r u c t u r a l  
Inspect ion  Program (SSIP) f o r  Large Transport Ai rp lanes i n  accordance w i t h  
FAA Advisory C i r c u l a r  (AC) 91-56 dated May 6, 1981. The SSIP i s  a continuous 
s t r u c t u r a l  inspect ion  t o  i d e n t i f y  cracks, corrosion, and o the r  damage. While 
t h e  program i s  no t  a s u b s t i t u t e  fo r  t h e  operator 's e x i s t i n g  FAA-approved 
s t r u c t u r a l  inspect ion  program, the  SSIP and t h e  Supplemental S t r u c t u r a l  
Inspect ion  Document (SSID)ll provide t h e  operator w i t h  procedures t o  evaluate 
and supplement t h e i r  e x i s t i n g  program. The SSID provides f o r  the  inspect ion  
o f  S i g n i f i c a n t  S t ruc tu ra l  Items (SSI) t h a t  have damage o r  f a t i g u e  
c h a r a c t e r i s t i c s  t h a t  could a f f e c t  t h e  a i rp lane 's  s t r u c t u r a l  i n t e g r i t y .  
Should c rack ing occur, the  examination o f  SSIs a l lows operators t o  detec t  
f a t i g u e  damage before t h e  a i rp lane 's  res idua l  s t rength  fa1 1 s below t h e  
regu la to ry  f a i l  -safe requirements. (See 1.17.5 Supplemental S t r u c t u r a l  
Inspect ion  Program.) 

Though n o t  r e l a t e d  t o  a i rp lane  fuselage s k i n  i n  sec t ion  43, t h e  
review o f  the  maintenance records found several SSID i tems f o r  which no 
maintenance e n t r y  could be found. These SSID items were F-20, F-22B, F-24B, 
F-29A, and F-29B which per ta ined t o  the  inspect ion  o f  bulkheads and door o r  
hatch frames. Aloha A i r l i n e s  personnel repor ted t h a t  these inspect ions had 
been incorporated i n t o  i t s  l e t t e r  check maintenance program. However, the  

' B o e i n g ,  w i t h  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  a i r 1  i n e s ,  d e v e l o p e d  a n d  
p r e s e n t e d  t o  t h e  F A A ,  p r o g r a m s  t o  e x t e n d  t h e  o p e r a t i n g  l i f e  o f  o l d e r  
a i r p l a n e s  a n d  t o  e n s u r e  t h e  c o n t i n u e d  s a f e  o p e r a t i o n  o f  t h o s e  a i r p l a n e s .  The  
F A A  i s s u e d  A D  8 4 - 2 1 - 0 6  e f f e c t i v e  ~ o v e m b e r  1984 t o  p l a c e  t h e  p r o g r a m  i n  e f f e c t  
f o r  t h e  B - 7 3 7 .  



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 N737111s most recent complete cycle of A, B, C, and D 
checks, the Safety Board examined airplane records from May 15, 1980, to 
April 28, 1988. Aloha Airlines aircraft utilization was such that 8 years of 
flight activity was necessary to accumulate the 15,000 hours which constitute 
the D check inspection interval. There are eight structural inspection 
blocks (portions of the complete D check) that require the removal of 
airplane interior components. These inspection blocks were proposed by the 
airline and approved by the local FAA principal maintenance inspector (PMI) 
to be accomplished sequentially, one block at a time. A one-time heavy 
maintenance hanger visit for a D check was not scheduled. A complete 
interior removal at any one time was not required nor was it accomplished. 

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

The D check structural inspection included an FAA-approved 1/4 
sampling 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 
foll owing 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 



fleet was seen. Swelling and bulging of the skin (pillowing), dished 
fastener heads, pulled and popped rivets, and blistering, scaling, and 
flaking paint were present at many sites along the lap joints of almost every 
airplane. 

Aloha Airlines did not produce evidence that it had in place 
specific severe operating environment corrosion detection and corrosion 
control programs employing the techniques outlined in the Boeing Commercial 
Jet Corrosion Prevention Manual (Boeing Document D6-41910). Program 
requirements in the manual include extensive appl ication of water displacing 
corrosion inhibiting compounds, reapplication at fastener locations and panel 
edges of exterior fuselage skin every 6 months and internal treatment at 
2-year intervals, washing the aircraft at 15-day intervals, plus regular 
buffing and brightening of the unpainted surfaces. Aloha Air1 ines 
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, gal 1 ing, 
scratches, wear, corrosion, rust, evidence of overheating, rubbing, or age) 
without further definition. Aloha Airl ines inspectors and qua1 ity control 
personnel stated that the corrosion was corrected when detected during normal 
inspection and maintenance activities as part of their normal task card 
activity. 

The Safety Board subcategorized and evaluated all pressurization 
discrepancies recorded from 1980 to 1988 to determine adverse trends or 
significant anomalies. This maintenance historical review produced no 
evidence of prior structural overstress incidents for N73711 as a result of 
pressurization or other ma1 function. 

1.6.3.3 Service Bulletins 

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

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 



Due to the method of entering the SBs in the Aloha Airlines 
maintenance records, the recurring nature o f  inspections could not be 
determined. Also, entries for the following four SBs were not located in the 
records: 

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

SB 737-53-1078 Fuselage Window Be1 t Skin Panel 
Inspection and Repair 

SB 737-53-1085 Fuselage Stringer to Frame Tie Clips 
Inspecti on and Rep1 acement 

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

Aloha Airl ines personnel stated that the information contained in 
these particular SBs had been incorporated into Aloha Airl ines 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.. . .It The AD required operators to 
perform a "close visual inspectionoo12 of S-4L and R, and if cracks were 
found, operators were required to perform an eddy current inspection13 of the 
skin around the upper row of lap joint rivets for the full length of the 
panel. Compliance with the AD was required before the accumulation of 30,000 
landings or within 250 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 of upper fuselage recovered after the 

^ l 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  

c l o s e  v i s u a l  i n s p e c t i o n . "  

^ ~ n  eddy  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 O T )  method  i n  
w h i c h  an i n d u c e d  e l e c t r i c a l  eddy  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  such as 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  
eddy  c u r r e n t  t o  change  and a l l o w s  t h e  anomaly  t o  b e  d e t e c t e d .  



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 accompl i shed. 

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 fSorm is then used by management for tracking purposes. A search of the 
record5 for N73711 failed to find a copy of an NOT 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 
additional cracks. 

After maintenance personnel accomplished two sheet metal repairs, 
the first inspector inspected the work and signed the log book. The second 
inspector stated that he performed a complete visual inspection of the 
airplane, including the area inspected by the first inspector and the two 
repaired areas, and he signed off the completion of the AD in the maintenance 
log on November 14, 1987. The related inspections on the lap joints at S-10, 
-14, -19, -20, and -24, which were recommended by SB 737-53A1039 but not by 
the AD, were not accomplished. At the time of the AD inspection and repair, 
N737 11 had accumulated 87.056 cycles. The accident occurred at 
89,680 cycles. 

1.7 Meteorological ~nformation 

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

1.8 Aids to Navigation 

Not relevant to this accident. 

ical cond 'itions. 



1.9 Communications 

There were rad io  communications d i f f i c u l t i e s  between f l  i g h t  243 and 
ATC shor t l y  a f t e r  the explosive decompression. A t  280 t o  290 knots I A S  and 
w i th  a p a r t  o f  the forward cabin s t ructure and the cockpi t  door missing, high 
noise l eve l s  impeded a i  r/ground communications b r i e f 1  y. There were no other 
communication anomal ies. 

1.10 Aerodrome Information 

A f te r  the explosive decompression, the a i rp lane proceeded t o  the 
nearest su i tab le  landing f i e l d ,  Kahului Airport ,  a 14 CFR Part  139 
c e r t i f i c a t e d  Index D a i r p o r t  on the i s land  o f  Maul, Hawaii. The only 
instrument runway, 02/20, i s  6,995 fee t  long, 150 fee t  wide, and constructed 
o f  asphalt w i t h  a grooved surface. 

1:11 F l  i ght Recorders 

The airplane was equipped w i th  a Fa i r ch i l d  model 5424 f o i l  type 
analog FDR, S/N 7274, and a Co l l ins  model 642C-1 cockpi t  voice recorder 
(CVR), S/N 54. A f te r  the accident, the recorders were removed from the 
airplane and sent t o  the Safety Board's F l i g h t  Recorder Laboratory i n  
Washington, D.C. f o r  examination and readout o f  per t inen t  data. (See 
appendix E.) 

Examination o f  the FOR recorded traces indicated tha t  the f l i g h t  
was normal from 1 i f t o f f  t o  the accident. The airspeed t race abrupt ly ceased 
a t  the time o f  the accident and dropped t o  a pos i t ion  below zero KIAS. The 
other recorder parameters appeared t o  operate normally. Peak ve r t i ca l  
acceleration (G) excursions recorded as a r e s u l t  o f  t h e  accident were -0.48 
and t2.95. These peak values were not  sustained. 

The CVR revealed normal communications before the decompression. 
Following the decompression, loud wind noise from the opening i n  the fuselage 
prevented normal cockpi t  conversations. Hand signals were used t o  
communicate. When the airspeed and re la ted  wind noise had been reduced t o  a 
l eve l  where conversations were i n t e l l i g i b l e ,  the f l i gh tc rew discontinued 
using the oxygen masks. Cockpit conversations then continued t o  be recorded 
i n  the normal manner. 

1.12 Wreckage and Impact Information 

The extensive a i r  and surface search o f  the ocean f a i l e d  t o  loca te  
the por t ions o f  the airplane 1 os t  during the explosive decompression. 

1.13 Medical and Path01 ogical  Information 

The f l i g h t  attendant who was ejected from the fuselage was not  
found and she i s  assumed t o  have been f a t a l l y  in ju red  i n  the accident. 

Two passengers who were seated i n  the f i r s t  c lass cabin i n  seats 2A 
and 2C were struck by debr is and w i r ing  which resu l ted i n  mu l t ip le  



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 multiple 1 acerations. 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 
sl ides. 

1.14 Fire 

There was no fire. 

1.15 Survival Aspects 

This was a survivable accident; the fatality was the result of the 
explosive nature of the decompression. The flight attendant was swept 
violently from the airplane and passed through an opening of jagged metal. 
There were blood stains on seat cushions at seat 5A on the left side of cabin 
near BS 500 and on the exterior left side of the fuselage where the flight 
attendant was standing when the decompression occurred. Passengers who 
observed her during the explosive decompression stated that they saw the 
flight attendant pulled upward and toward the left side of the cabin at seat 
row 5. 

1.15.1 Supplemental Oxygen Systems 

The flightcrew and the cockpit observer seat occupant used the 
airpl ane-instal 1 ed crew oxygen system. Postaccident inspection showed that 
both the crew and the passenger oxygen bottles that were located in the 
forward cargo compartment had zero quantity and pressure. The passenger 
oxygen distribution manifolds were part of the material lost during the 
structural separation, and thus, there was no supply of oxygen to the 
first-class and coach cabins. 

1.15.2 Sea Search 

At 1430, the FAA notified the U.S. Coast Guard that an Aloha 
Airlines B-737 was diverting to Maul 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 



CAPE CORWIN was also directed into the search area as was a Marine Corps 
he1 icopter. A full search effort by ships, he1 icopters, and f ixed-wing 
aircraft continued for 3 days without success. 

1.15.3 Rescue and Firefi ghting 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 flightcrew initially communicated the nature of the emergency 
as a "rapid decompression." The full nature of the structural damage was not 
verbalized. ATC notified rescue and firefighting personnel, but did not 
immediately call for ambulance assistance. A subsequent call from the 
flightcrew at 1353, "We'll need assistance for the passengers when we land," 
was confirmed by ATC personnel. Police dispatcher records indicated the 
'Medic I" ambulance was notified at 1358, about the time of touchdown. A 
reason for the notification delay was not determined. The first ambulance 
arrived at the scene at 1405 and radioed-for 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 re1 ief valves, the controller, and the selector panel 
did not reveal any discrepancies. These components were removed from the 
airplane after the accident and subjected to standard acceptance test 
procedures for new units. There were no significant anomalies discovered. 

1.16.2 Eddy Current and visual' Inspection 

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

Initially, the skin around 53 rivets exhibited crack indications 
along S-4L and S-4R, some visually detectable by paint cracks. To make the 
rivet heads more discernible, the paint was sanded off and the skin was 
reinspected. Twenty-eight of the original 53 indications were confirmed 
cracks. Stripping of the paint layers was not attempted. (It is not normal 



Aloha A i r l i n e s  o r  i ndus t ry  p r a c t i c e  t o  remove p a i n t  by sanding.) Two samples 
o f  t h e  l a p  j o i n t  were c u t  from S-4L between BS 727 and 747 and between BS 847 
and 867 f o r  f u r t h e r  examination. 

The eddy cu r ren t  inspect ion  along S-10 and S-14 revealed 17 cracks 
along S-10L and 2 cracks along S-14R. There were no cracks along S-10R o r  
S-14L. No attempt was made t o  s t r i p  t h e  p a i n t  layers.  (Appendix F provides 
d e t a i l s  o f  these inspect ions. ) 

There were 25 loca t ions  where previous fuselage s k i n  r e p a i r s  o r  
rework had been performed. Most o f  these areas consisted o f  ex terna l  doubler 
patches a t  var ious s t r i n g e r  and frame loca t ions .  I n  several areas, 
countersunk r i v e t s  had been replaced w i t h  un iversa l  buttonhead r i v e t s  i n  l a p  
j o i n t s ,  most ly  i n  the  lower lobe. (Appendix fi provides a d e s c r i p t i o n  o f  t h e  
r e p a i r s  o r  reworked areas and t h e i r  locat ions.)  

1.16.3 Mater i  a1 s Laboratory Examination 

Selected pieces o f  the  fuselage s k i n  and associated s t ruc tu res  were 
re turned t o  t h e  Safety Board's Ma te r ia l s  Laboratory f o r  analys is.  These 
pieces inc luded l a p  j o i n t  samples (S-4R, S-4L and S-10L) and a sect ion  o f  a 
c i r cumfe ren t ia l  b u t t  j o i n t  s t rap.  

The l a p  j o i n t  sample, S-4R between BS 360 and BS 420 (found wedged 
i n  t h e  r i g h t  wing area), contained two external  doubler patches. The patches 
were removed t o  examine the  holes f o r  evidence of cracks. There was 
extensive f a t i g u e  cracking i n  the  upper row r i v e t  holes both under and 
between t h e  patches. The examination found one o f  t h e  longest  cracks on t h e  
a i rp lane,  0.27 inch, i n  t h i s  piece. This s t r i n g e r  sec t ion  (S-4R) contained 
t h r e e  areas where t h e  t e a r  s t raps are r i v e t e d  above t h e  primary l a p  j o i n t .  
There was extensive f a t i g u e  cracking present i n  a l l  t h ree  loca t ions .  Also, 
t h e  e n t i r e  cold-bonded l a p  j o i n t  had become disbonded. There was l i g h t  t o  
moderate cor ros ion w i t h  severe cor ros ion (unrepairabl  e dep le t ion  o f  metal ) i n  
some areas. Nearly a l l  o f  t h e  hot-bonded t e a r  s t raps were disbonded i n  the  
v i c i n i t y  o f  t h e  l a p  j o i n t .  

The l a p  j o i n t  samples, S-4L from BS 727 t o  BS 747 and from BS 847 
t o  BS 867, each contained 18 columns o f  l a p  j o i n t  r i v e t s .  The labora to ry  
examination revealed f a t i g u e  cracking i n  t h e  s k i n  adjacent t o  near l y  every 
ho le  i n  t h e  upper r i v e t  row w i t h  t h e  l a r g e r  c rack  lengths  loca ted  i n  t h e  
mid-bay areas ( h a l f  way between two adjacent c i r cumfe ren t ia l  t e a r  straps). A 
comparison o f  t h e  f i n a l  r e s u l t s  o f  the  postaccident on-scene eddy cu r ren t  
i nspec t ion  conducted by Aloha A i r l i n e s  techn ic ians and t h e  Safety Board 
l a b o r a t o r y  f i n d i n g s  revealed t h a t  t h e  on-scene eddy cu r ren t  inspect ion  on ly  
successfu l ly  i d e n t i f i e d  cracks l a r g e r  than 0.08 inch. The 1 aboratory 
examination found f i v e  cracks t h a t  measured 0.08 inch  (+/-.005). The 
postaccident  inspect ion  had i d e n t i f i e d  on ly  one of these f i v e  cracks. This 
c rack- length  inspect ion  thresho ld  o f  0.08 inch  va r ies  from t h e  Boeing NOT 
Manual which states,  "This inspect ion  can f i n d  cracks 0.040 o r  longer 
beneath the  countersunk fas tener  heads.. . ." 



The l a p  j o i n t  piece, S-4L, from BS 519 t o  BS 536, e x h i b i t e d  f a t i g u e  
cracking from 16 consecutive r i v e t  holes along t h e  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 i n g l e  f a t i g u e  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 leng 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 of 
t h e  crack inc lud ing  t h e  hole) measured 0.53 inch. Both t h e  cold-bonded l a p  
j o i n t  and the  hot-bonded t e a r  st raps i n  t h i s  area had disbonded. L i g h t  t o  
moderate cor ros ion was present on the  prev ious ly  bonded surfaces. 

A t  t h e  request o f  the  Safety Board, Boeing performed a s t r i a t i o n  
c o u n t  on several o f  the  l a r g e r  f a t i g u e  cracks from the  s k i n  along S-4R and 
s - ~ o L \ ~  determine age and crack propagation ra te .  Although data could n o t  
be obtained from .a1 1 the  cracks examined, Table 2 provides t h e  est imated 
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-10L 

Specimen 
l o c a t i o n  

Estimated number 
o f  cycles (+/-20%) 

Crack leng th  
i n  inches 

An examination o f  t h e  b u t t  s t rap  section. from BS 360 a t  S-7R 
revealed c i r cumfe ren t ia l  l y  propagating f a t i g u e  cracks from both s ides o f  a 
r i v e t  ho le  j u s t  f o r w a r d  o f  the  j o i n t  l i n e .  The fa t igue 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  t h e  No. 1 engine con t ro l  cables were a l so  
examined f o r  cond i t i on  and f a i l u r e  mode. The separat ion areas o f  t h e  No. 1 
engine c o n t r o l  cables were cleaned and -examined. Each break exh ib i ted  
corrosion;  on ly  a few o f  the  i n d i v i d u a l  wires were r e l a t i v e l y  unaffected. 
Many o f  t h e  strands exh ib i ted  cor ros ion damage through most o f  t h e  w i re  
diameter. 

1.17 Add i t i ona l  In format ion 

1.17.1 General Inspect ion  o f  Other Aloha A i r 1  ines  Airp lanes 

The Safety Board reviewed 2-year maintenance records o f  t h r e e  o ther  
h igh-cyc le  B-737s operated by Aloha Air1 ines--N73712, N73713, and N73717. 
A l l  o f  t h e  requ i 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  S S I D  items p e r t a i n i n g  t o  bulkheads and 
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door o r  hatch frames which a l so  were no t  addressed i n  t h e  Component 
H i s t o r i c a l  Record cards o f  t h e  accident a i rp lane.  The same SBs t h a t  had been 
app l icab le  t o  t h e  maintenance o f  N73711 were app l ied  t o  t h e  th ree  ai rp lanes.  

I n  accordance w i t h  AD 87-21-08, N73712 had been inspected on 
November5, 1987. A t  t h e  t ime of t h e  inspect ion, t h e  a i rp lane  had 
accumulated 32,642 hours and 87,551 cycles. NO defec ts  were repor ted dur ing 
t h a t  inspect ion.  On A p r i l  9, 1988, w i t h  an accumulated 33,676 hours and 
90,051 cycles, t h e  a i rp lane  was hangared fo r  heavy maintenance. It was t h e  
h ighest  cyc le  6-737 i n  the  wor ld  f l e e t .  Fol lowing t h e  N73711 accident, t he  
N73712 a i rp lane  received a thorough cor ros ion/ fa t igue inspect ion  and 
eva luat ion  o f  the  s t ruc ture .  It was determined t h a t  t h e  a i rp lane  was beyond 
economical repa i r .  It was dismantled on t h e  s i t e  and so ld  f o r  p a r t s  and 
scrap. 

On A p r i l  14, 1988, N73713 had accumulated 32,026 hours and 
85,409 cycles and received i t s  l a s t  A check. No discrepancies were noted 
du r ing  t h a t  inspect ion.  The inspect ion  requ i red by AD 87-21-08 had been 
accomplished on December 15, 1987, a t  83,488 cycles. I n  1984, Aloha A i r l i n e s  
submitted a Service D i f f i c u l t y  Report (SDR) t o  r e p o r t  a 7 1/2-inch crack on 
t h i s  a i rp lane.  The crack was located along t h e  t o p  row o f  r i v e t s  along the  
l a p  j o i n t  a t  S-10R. The discrepancy l o g  e n t r y  r e f e r r e d  t o  SB 737-53-1039. 
Fol 1 owing t h e  N73711 accident, N73713 received a thorough cor ros ion/ fa t igue 
inspect ion  and eva luat ion  o f  the  s t r u c t u r e  which ind ica ted  t h a t  t h i s  a i rp lane  
was a l so  beyond economical repa i r .  The a i rp lane a lso  was dismantled on the  
s i t e  and so ld  f o r  p a r t s  and scrap. 

On A p r i l  27, 1988, N73717 had accumulated 39,986 hours and 
68,954 cyc les  and received i t s  l a s t  A check. No discrepancies were noted 
du r ing  t h a t  inspect ion.  The inspect ion  requ i red by AD 87-21-08 was 
accomplished on January 12, 1988, a t  67,429 cycles. The M1B maintenance form 
s ta ted  t h a t  both a v i sua l  and an eddy cu r ren t  inspect ion  had been 
accomplished. The e n t r y  showed t h a t  t h e  fuselage crown from S-4R t o  S-4L had 
been repa i red a t  s t a t i o n  BS 540. Also, cor ros ion of the  forward sect ion  o f  
t h e  s k i n  j o i n t  on the  l e f t  s ide  from S-9L t o  S-4L r e s u l t e d  i n  repa i rs .  

A f t e r  t h e  N73711 accident, N73717 remained parked f o r  almost 
6 months awai t ing  f i n a l  d i spos i t i on .  It was then flown on a f e r r y  permi t  t o  
an independent a i r c r a f t  overhaul f a c i l i t y  f o r  refurbishment. During i n i t i a l  
inspect ion  a f t e r  p a i n t  s t r i pp ing ,  f a t i g u e  crack ing was found v i s u a l l y  a t  
m u l t i p l e  r i v e t  l o c a t i o n s  on t h e  S-14R l a p  j o i n t  a t  BS 380 and numerous 
t e a r s t r a p  d i  sbonds and s k i n  cor ros ion s i t e s  were apparent. A1 1 outstanding 
SB ac t ions  and terminat ing  (permanent) r e p a i r s  fo r  the  ADS p e r t a i n i n g  t o  t h e  
s t r u c t u r e  were accomplished. The a i rp lane  was out  of se rv i ce  f o r  about 
1 year. 



1.17.2 The B-737 F a i l - s a f e  Design 

Boeing designed the  B-737 f o r  an "economic serv ice  l i f e n q 4  o f  
20 years and t o  inc lude 51,000 f l i g h t  hours and 75,000 cycles. A t  t h e  t ime 
t h e  B-737 was c e r t i f i c a t e d  i n  1967, Federal A i r  Regulat ions requ i red  t h a t  t h e  
a i rp lane 's  s t r u c t u r e  be capable of sus ta in ing 80 percent o f  l i m i t  load15 w i t h  
any complete o r  obvious p a r t i a l  f a i l u r e  o f  any s i n g l e  s t r u c t u r a l  element. 
However, t h e  B-737 was designed t o  sus ta in  f u l l - l i m i t  load t o  account f o r  
dynamic e f f e c t s .  The f a i l  -safe design c r i t e r i a  f o r  the  B-737 es tab l ished by 
t h e  manufacturer requ i red t h a t  the  fuselage be able t o  wi thstand a  40-inch 
crack  wi thout  su f fer ing  catas t roph ic  f a i l u r e .  These c r i t e r i a  were der ived 
from an est imate o f  t h e  maximum external  damage expected t o  occur t o  t h e  
fuselage as a  r e s u l t  o f  ex terna l  damage t h a t  might occur from the  penet ra t ion  
o f  p r o j e c t i l e s  produced by an uncontained engine f a i l u r e .  There was no 
cons idera t ion  g iven t o  the  j o i n i n g  o f  adjacent cracks which might develop 
du r ing  extended serv ice  o ther  than normal " s ta te -o f - the -a r t "  f a t i g u e  
evaluat ion.  Boeing design inc luded the  placement o f  t e a r  st raps w i t h  10-inch 
spacing i n  the  fuselage sk in  i n  both d i r e c t i o n s  ( l o n g i t u d i n a l  and 
c i rcumferent ia l )  t o  r e d i r e c t  running cracks from externa l  damage i n  a  
d i r e c t i o n  perpendicular t o  t h e  crack. The f a i l - s a f e  concept was based upon 
t h e  theory  t h a t  the  r e d i r e c t i o n  o f  a  progressing crack would cause t h e  
fuselage s k i n  t o  " f l a p "  open, re leas ing i n t e r n a l  pressure i n  a  c o n t r o l l e d  
manner w i thout  adverse1 y a f f e c t i n g  the  res idua l  s t rength  o f  t h e  fuse l  age as a  
who1 e. 

Supporting the  s k i n  are c i r c u m f e r e n t i a l l y  or ien ted frames spaced 
20 inches apart  and l o n g i t u d i n a l l y  o r ien ted  s t r i n g e r s  located 10 inches 
apart .  Each area. bounded between adjacent frames and s t r i n g e r s  (20 inches by 
10 inches) i s  considered a  frame bay. The f a i l - s a f e  design requirement was 
t o  a l l ow  f o r  f a i l u r e  w i t h i n  two frame bays wi thout  compromising t h e  
s t r u c t u r a l  i n t e g r i t y  o f  the  fuse l  age. 

Boeing demonstrated t h e  a b i l i t y  of t h e  fuselage t o  f a i l  s a f e l y  
w i t h i n  two frame bays du r ing  c e r t i f i c a t i o n  o f  the  a i rp lane  by " g u i l l o t i n e "  
t e s t s  on a  fuselage h a l f  sect ion.  The g u i l l o t i n e  t e s t s  invo lved two 15-inch 
blades loca ted  near l y  s ide by s ide  which were used t o  penetrate 
l o n g i t u d i n a l l y  the  t e s t  fuselage sect ion  w i t h i n  two adjacent frame bays w h i l e  
i t  was under f u l l  pressure. The g u i l l o t i n e s  produced an instantaneous 
40-inch separat ion i n  t h e  fuselage s k i n  w i t h  a  break i n  t h e  center  t e a r  
s t rap.  As an t i c ipa ted  by t h e  design, t h e  separat ion red i rec ted  i t s e l f  
c i r c u m f e r e n t i a l l y ,  produced a  f l ap ,  and r e s u l t e d  i n  a  c o n t r o l l e d  
decompression. S i m i l a r  r e s u l t s  were obtained when t h e  g u i l l o t i n e  t e s t  was 
o r ien ted  c i  rcumferent i  a1 l y  . 

' 4 ~ o t i n g s s  d e f i n i t i o n  f o r  "economic s e r v i c e  l i f e m  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  (51 ,000  f l i g h t  hours  and 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  which would cause s i g n i f i c a n t  o p e r a t o r  
maintenance  expense.  

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



During the c e r t i f i c a t i o n  program f o r  the B-737, some o f  the 
knowledge gained on the B-727 f u l l  -scale c e r t i f i c a t i o n  t es t i ng  was used by 
Boeing t o  va l idate fa t igue performance on the B-737. Skin thickness o f  the 
B-737 (0.036 inch) was s l i g h t l y  less than tha t  o f  the B-727 (0.040 inch). 
However, fa t igue  tes t i ng  o f  a complete B-737 was not  accomplished as i t  was 
on the B-727. That i s ,  the complete B-727 fuselage was cycled f o r  
60,000 cycles (one economic design 1 i f e  goal ) during c e r t i f i c a t i o n  whereas 
the B-737 fuselage design concept was demonstrated by fa t igue tes t i ng  a 
representative crown-to-keel ha1 f section o f  the fuselage. The t e s t  section 
f o r  the B-737, o r  "quonset hut," was cycled 150,000 times t o  f u l l  
pressur izat ion d i f f e r e n t i a l  (two times the 75,000-cycle economic design l i f e  
goal). No fa t igue cracks developed on the t e s t  section and no disbonding 
occurred. These t e s t  resu l ts  were used t o  v e r i f y  the B-737 fa t igue  l i f e  
expectations. 

There was no consideration given i n  the fa t igue evaluation t o  the 
p o s s i b i l i t y  o f  disbonding o r  the e f fec ts  o f  corrosion on the strength o f  the 
fuselage l a p  j o i n t s .  

1.17.3 In-Service Model Fuse1 age Tests 

I n  1986, Boeing acquired a B-737 tha t  had been involved i n  an 
in-serv ice accident. A t  the Safety Board pub1 i c  hearing, Boeing personnel 
stated t h a t  the airplane was purchased f o r  two reasons: 

t o  conduct a thorough teardown o f  the airplane from nose t o  
stern, from wing t i p  t o  wing t i p ,  fuselage, wing, empennage; 
and also t o  run some damage tolerance tes t i ng  o f  the a f t  
fuselage, since the a f t  body was i n  good condit ion, t o  v e r i f y  
some areas we wanted t o  understand fu r ther  about pressure 
bul kheads. 

The fuselage, l i n e  No. 90, was acquired w i th  j u s t  over 59,000 
actual f l i g h t  cycles. Lap j o i n t  and tear  s t rap bonds were inspected and 
found t o  be i n  good condit ion. Boeing then applied over 70,000 addi t ional  
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 NOT a t  79,000 cycles. I n  September 1987, a t  
89,000 cycles, there were about 15 c racks  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  point ,  Boeing engineers placed addi t ional  straps 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 pub l i c  hearing, Boeing 
indicated 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 o f  a 
catastrophic f a i l u re .  Boeing fu r ther  indicated tha t  the added straps would 
not  a l t e r  the resu l t s  o f  the fa t igue test ing.  

When addi t ional  cycles were applied, ind iv idual  cracks jo ined t o  
form a la rge  crack t h a t  grew t o  about 32 inches a t  100,000 cycles. Testing 
continued t o  100,673 cycles; when the crack reached almost 40 inches, the 
sk in  flapped and control  l ed  pressure release occurred. During the l a t t e r  
por t ion  o f  the test ing,  the s t ructure and sk in  y ie lded (deformed), and the 
crack gap remained open w i th  i n t e r i o r  insu la t ion  mater ia l  v i s i b l e  a f t e r  each 
f u l l  pressur izat ion cycle. 



1.17.4 Service D i f f i c u l t y  Report Information 

The FAA SDR data base was queried by the Safety Board a f t e r  the 
accident f o r  information per 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  the date of the 
accident, 1,352 records were found. O f  these, 198 were repor ts  o f  fuselage 
sk in  cracks, and 10 o f  these reports were o f  cracking a t  o r  near l a p  j o i n t s .  
S ix  o f  the 10 repor ts  involved lap  j o i n t s  i n  the upper lobe, whi le  the 
remaining 4 reports indicated cracks from the lower lobe o f  the fuselage. 
(See Appendix H.) One repor 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 reports 
were among the f i r s t  291 B-737 airplanes assembled by Boeing. 

There were 18 SDRs on f i l e  per ta in ing t o  airplanes i n  the Aloha 
A i r l i n e s  f l e e t .  Three reports were on l ap  j o i n t  cracks/corrosion previously 
c i ted,  and two reports were about upper lobe sk in  cracking where l a p  j o i n t  
involvement could not be established from the information given. Three o f  
the repor ts  pertained t o  lower lobe sk in  corrosion; an addi t ional  three 
repor ts  c i t e d  corrosion a t  cargo door frames and the nose gear wheel wel l  
structure.  The remaining seven reports involved cracks i n  fuselage s t ructure 
other than sk in  o r  l ap  j o i n t s .  

1.17.5 Supplemental St ructura l  Inspection .- Program (SSIP) 

As the high-time airplanes i n  the world f l e e t  o f  j e t  t ransport  
category airplanes began t o  approach t h e i r  o r i g i na l  1 i fe t ime design 
objectives, the industry 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 
objectives. This concern u l t imate ly  l ed  t o  a requirement f o r  a s t ruc tu ra l  
reassessment o r  audi t  and the development o f  a continuing s t ruc tu ra l  
i n t e g r i t y  program f o r  older t ransport  airplanes. The a i r  t ransport  airframe 
manufacturers developed the required programs, u t i l 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 ruc tu ra l  
i n t e g r i t y  programs have resul ted i n  d i rected inspections o f  SSIs (any de ta i l ,  
element, o r  assembly t ha t  contr 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  control  loads and whose f a i l u r e  could a f f ec t  the 
s t ruc tu ra l  i n t e g r i t y  necessary f o r  the safety o f  the airplane) a t  appropriate 
i n i t i a t i n g  thresholds and repeated in te rva ls  t o  detect fa t igue damage before 
the loss o f  residual  strength o f  the airplane's structure. 

I n  1978, the por t ion  o f  14 CFR 25.571 dealing w i th  f a i l - s a f e  
requirements was revised t o  r e f l e c t  s ta te-of - the-ar t  advances i n  f rac tu re  
mechanics and s t ruc tu ra l  analysis. The new regulat ion required consideration 
o f  damage growth character is t ics  a t  mu1 t i p l e  s i tes,  and an inspection program 
t o  incorporate these analyses t o  ensure t ha t  the damage was detected before 
the residual  strength o f  the airplane dropped below the regulatory f a i  1 -safe 
requirements. This 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  the 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  residual  strength 



w i t h  t h e  presence o f  m u l t i p l e  a c t i v e  cracks, extensive ana lys is  o f  crack 
growth ra tes ,  and incorpora t ion  o f  these engineering determinations i n t o  t h e  
a i rp lane 's  maintenance program. Boei ng appl i e d  t h e  same method01 ogy t o  t h e  
reassessment o f  t h e  e a r l y  model a i rp lanes t h a t  was developed t o  c e r t i f i c a t e  
t h e  model s 757/767 i n  accordance w i t h  rev ised a i rwor th iness regu la t ions .  
The development o f  the  program was a cooperat ive e f f o r t  between Boeing and an 
i n d u s t r y  s tee r ing  group. The FAA and t h e  C i v i l  Av ia t i on  Au tho r i t y  o f  t h e  
U n i t e d  Kingdom were observers, and t h e  FAA subsequently mandated 
implementation o f  t h e  program by an AD. For t h e  B-737, t h e  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  crack ing 
had occurred i n  t h e  f l e e t  and t h a t  the  h ighest  t ime a i rp lanes were t h e  ones 
t h a t  would encounter cracks f i r s t ,  Boeing recommended a candidate f l e e t  o f  
h igh- t ime a i rp lanes t o  be inspected under the  SSIP. For the  B-737, t h e  
candidate f l e e t  consisted o f  about 125 ai rp lanes,  i nc lud ing  t h e  accident 
a i rp lane  operated by Aloha A i r l i n e s .  Pos i t i ve  crack i n d i c a t i o n s  were t o  be 
repor ted promptly t o  Boeing, where the  discrepancy would be evaluated. I f  
the  problem was app l icab le  t o  the  r e s t  o f  the  f lee t ,  an SB f o r  inspect ion  o r  
r e p a i r  would be issued and subsequently mandated by t h e  FAA through AD 
act ion.  Since the  program was devised t o  de tec t  instances o f  p rev ious ly  
unknown f a t i g u e  cracking o f  a s t ruc ture ,  the  S S I  was t o  be dropped from t h e  
program once f a t i g u e  cracking became known and corrected through t h e  AD 
process. 

During the  program formulat ion,  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 inc luded i n  t h e  SSIP. 
Only t h e  SSIs where damage detec t ion  was t o  be achieved through planned 
inspect ion  were inc luded i n  the  SSIP. One of t h e  c l a s s i f i c a t i o n s  by which 
SSIs were excluded from d i r e c t e d  supplemental inspect ions was t h a t  o f  "damage 
obvious o r  mal funct ion  evident . "  An example o f  a s t r u c t u r e  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 evident  through f u e l  
leakage, and fuselage minimum gage s k i n  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 s k i n  i n  t h e i r  s t r u c t u r a l  inspect ion  requirements. 

A1 oha A i r l  ines  had incorpora ted t h e  SSIP i n t o  t h e  maintenance 
programs o f  t h e  candidate a i rp lanes they operated. Among these a i rp lanes 
were N73711, t h e  accident a i rp lane,  and N73712, as s ta ted before,. t h e  h ighest  
cyc le  737 i n  t h e  wor ld f l e e t .  

Aloha A i r l  ines '  incorpora t ion  of t h e  SSID program i n t o  i t s  
maintenance schedule was approved by t h e  FAA. The SSID provides t h e  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 r e c t e d  supplemental inspect ions.  Aloha 
A i  rl ines had n o t  discovered o r  reported any i tems f o l l  owing t h e  performance 
o f  SSID inspect ions.  

1.17.6 FAA Surve i l  1 ance o f  Aloha A i r l  ines  Maintenance 

The FAA's P r i n c i p a l  Maintenance Inspector  (PMI) has t h e  
responsi b i l  i t y  t o  oversee an a i r 1  ine 's  compliance w i t h  Federal regu la t ions  
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w i th  respect t o  maintenance, preventive maintenance, and a1 te ra t i on  programs. 
The PMI determines the need for and then establ ishes work programs f o r  
survei l lance and inspection of the a i r l i n e  t o  assure adherence t o  the 
applicable regulations. A por t ion  of the PMI's pos i t ion  descr ip t ion reads as 
fol lows: 

Provides guidance t o  the assigned a i r  c a r r i e r  i n  the 
development of required maintenance manual s and record 
keeping systems. Reviews and determines adequacy o f  manuals 
associated w i th  the a i r  ca r r ie r ' s  maintenance programs and 
revis ions thereto. Assures t ha t  manuals and rev is ions comply 
w i t h  regulatory requirements, prescribe safe practices, and 
furn ish c lear  and spec i f i c  ins t ruc t ions  governing maintenance 
programs. Approves operations spec i f icat ions and amendments 
thereto. 

Determines i f  overhaul and inspection time 1 im i ta t ions  warrant 
revis ion.  

Determines i f  the a i r  ca r r i e r ' s  t r a i n i n g  program meets the 
requirements o f  the FARs, i s  compatible w i th  the maintenance 
program, i s  proper1 y organized and e f f e c t i v e l y  conducted, and 
resu l t s  i n  t ra ined and competent personnel. 

D i rects  the inspection and survei l lance o f  the a i r  ca r r i e r ' s  
continuous airworthiness maintenance program. Monitors a11 
phases o f  the a i r  ca r r i e r ' s  maintenance operation, inc lud ing 
the fol lowing: maintenance, engineering, qua1 i t y  control ,  
production control ,  t ra in ing,  and r e l i a b i l i t y  programs. 

A t  the Safety Board's pub l i c  hearing on the accident, the PMI f o r  
Aloha A i r l i n e s  a t  the time o f  the accident stated tha t  he was t ra ined as an 
FAA a i r  c a r r i e r  inspector and had been assigned t o  Aloha A i r l i n e s  since 
January 1987. He attended a recent course i n  maintenance planning; however, 
he had no t  received any spec i f i c  t r a i n i n g  i n  corrosion control ,  mu l t i p l e  s i t e  
fa t igue  damage, o r  management o f  high time "lead the f l e e t "  aging a i r c r a f t .  
He stated t h a t  he was not aware o f  an FAA course devoted s p e c i f i c a l l y  t o  P M I  
duties. 

The Honolulu FAA F l  i g h t  Standards D i s t r i c t  O f f  i c e  (FSW-13) held 
the FAA c e r t i f i c a t e s  o f  Aloha A i r l i nes .  The o f f i c e  Work Planning Management 
System (WPMS) records were reviewed f o r  a i r c r a f t  records examinations and 
spot and ramp inspections accomplished on N73711 and N73712, f o r  6 months 
before the accident. The review o f  these records disclosed t h a t  a l l  required 
WPMS a c t i v i t i e s  had been accomplished and tha t  the PMI maintained a 
continuous survei l lance o f  the a i r l i n e .  I n  addit ion, the PMI had been 
informed when sk in  cracks on S-4L and S-4R were found on N73712 on 
A p r i l  26, 1988. No record was found nor required i nd i ca t i ng  t h a t  the PMI 
examined the S-4R repa i r  on N73711 which was signed o f f  by the Aloha A i r l i nes  
inspector on November 14, 1987. 



FAA su rve i l l ance  o f  Aloha A i r l i n e s  maintenance a c t i v i t i e s  was 
organized around t h e  d a i l y  work schedule of the  PMI. I n  a few cases, t h e  PMI 
v i s i t e d  t h e  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  t h e  morning t o  
assess maintenance prac t ices .  I n  most cases, h i s  v i s i t s  took p lace a f t e r  t h e  
m a j o r i t y  o f  t h e  maintenance work had been accomplished. Thus, t h e  PMI 
p r i m a r i l y  observed completed maintenance ac t ions  r a t h e r  than work i n  
progress o r  t h e  ac tua l  cond i t i on  o f  a i rp lanes before t h e  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 f requent  
v i s i t s  t o  observe Aloha A i r l i n e s  maintenance program impossible. The PMI was 
respons ib le  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 ions .  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 t h e  P a c i f i c  bas in  and were 
s i t u a t e d  i n  t h e  People's Republic o f  China, Taiwan, Hong Kong, Singapore, t h e  
Ph i l ipp ines,  and Hawaii. He s ta ted t h a t  t h e  t r a v e l  d is tances reduced t h e  
t ime a v a i l a b l e  f o r  su rve i l l ance  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  t h e  organ izat 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 t h e  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  reso lve  t h i s  issue. The PMI 
be l 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 Spec i f i ca t 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  t h e  t ime of the  accident  was dated 
August 30, 1982, we l l  before the  a r r i v a l  of t h e  cu r ren t  PMI. A 0-check 
i n t e r v a l  o f  11,000 hours was extended t o  15,000 hours by t h e  previous PMI a t  
t h e  request o f  the  operator.  The t ime increase was based on t h e  "exce l len t  
re1 i a b i l  i t y  o f  the  a i r f rame s t r u c t u r e  and inspect ions (which) d isc losed no 
s i g n i f i c a n t  f indings. .  . ." The Aloha A i r l  ines Maintenance Manual conta in ing 
t h e  D check programT6 had been establ ished i n  1972. 

Further, t h e  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  t h e  Safety Board p u b l i c  hear ing t h a t  
o the r  members o f  the  FSDO, inc lud ing  t h e  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  the re  were no problems w i t h  t h e  
maintenance department. The new PMI s ta ted t h a t  he was n o t  made aware o f  t h e  
h igh- t ime s ta tus  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 rece ive  any 
in format ion regarding the  in -se rv i ce  model t e s t i n g  o f  t h e  B-737 conducted by 
t h e  manufacturer i n  t h e  f a l l  o f  1987. 

'^The PMI does not formally approve the airline manual or changes, but 
the PMI has the responsibility to review the manual and promptly advise the 
operator when any portion is found unacceptable. (Reference, Airuorthiness 
I n s p e c t o r s  Handbook, Department of Transportation, Federal Aviation 
Administration, Order 8300.9 July 25, 1985, Chapter 6, Section 4, Maintenance 
Manual Requirements.> 



1.17.7 Boeing Comnercial Airplanes Customer V i s i t s  

As an adjunct t o  the Aging Fleet Program required by the SSID, 
Boeing i n i t i a t e d  a program t o  assess aging airplane structures and systems. 
The Boeing Aging Fleet Evaluation Program 'consisted o f  Boeing survey teams 
v i s i t i n g  operators t o  assess the condi t ion o f  aging 707, 720, 727, 737, and 
747 airplanes by observing selected airplane structures, systems, and 
maintenance programs. The program also provided Boeing w i th  informat ion on 
problems encountered by the operators during maintenance. The object ives o f  
t h i s  program were t o  observe the effectiveness o f  maintenance programs, 
observe the effectiveness o f  corrosion prevention and control ,  gather 
information t o  ensure safe and economic operation o f  aging airplanes, and 
p r o m o b  improved design o f  new airplanes. T h i r t y - f  i ve operators from 
19 countr ies i n i t i a l l y  were selected f o r  and agreed t o  host team v i s i t s .  . 

Aloha Airline's was one o f  the operators v i s i t e d  by the Boeing team. 
The se lect ion o f  Aloha was based on i t s  operation o f  the highest f l  ight /cycle 
t ime airplanes i n  the B-737 f l e e t  and the f a c t  t ha t  several o f  Aloha A i r l i nes  
B-737s had exceeded 75 percent o f  the airplane's design l i f e  objectives. 

The Boeing team's f i r s t  v i s i t  t o  Aloha A i r l i n e s  maintenance 
f a c i l i t y  occurred from September 17 t o  23, 1987. During t h i s  v i s i t ,  the team 
surveyed N73712 whi le i t  was i n  f o r  a heavy maintenance inspection. From 
October 22 t o  29, 1987, the team returned t o  survey N73713. 

On October 28, 1987, senior Boeing executives met w i t h  Aloha 
A i r l  ines' president and ch ie f  executive o f f i c e r  and i t s  v ice president o f  
operations t o  discuss the f ind ings o f  the survey team. A t  t h i s  meeting, 
Boeing personnel voiced t h e i r  concern about the corrosion and sk in  patches 
found on the two airplanes. A t  t ha t  time, Boeing personnel recommended, 
among other things, t ha t  Aloha A i r l i nes  "put present airplanes down f o r  a 
per iod o f  30 t o  60 days and t o t a l l y  s t r i p  and upgrade the structure."  

I n  a l e t t e r  dated October 27, 1987, Aloha A i r l i n e s  requested the 
Boeing Maintenance and Ground Operations Systems (MGOS) organization t o  
evaluate Aloha A i r l  ines maintenance operations. According t o  Aloha A i r l  ines 
management s ta f f ,  the request was generated by t h e i r  concern t o  upgrade and 
modernize t h e i r  maintenance program. A Boeing team v i s i t e d  Aloha A i r l i n e s  
f a c i l i t i e s  and evaluated i t s  maintenance program i n  November 1987. 

A s im i l a r  "aging f l e e t n  survey o f  N73717 was accomplished from 
January 8 t o  15, 1988. A t  t h a t  time, the Boeing team observed the repa i r  o f  
a S-4 body sk in  lap  sp l i ce  whi le the airplane was i n  f o r  heavy maintenance. 

The MGOS repor t  on maintenance operations was del ivered t o  Aloha 
A i r l  ines January 30, 1988, and contained 37 recommendations. (See 
appendix I.) 

On A p r i l  14, 1988, Aloha A i r l i n e s  met w i t h  Boeing t o  discuss the 
f ind ings o f  the aging a i r c r a f t  survey team and the MGOS recommendations w i th  
Aloha A i r l i n e s  management. Boeing personnel stated they were under the 
impression t h a t  Aloha A i r l i nes  was planning t o  delay the recommended 



structural overhaul of its high-time airplanes. In fact, at that time, a 
high-time airplane (N73712) was in the hangar for heavy maintenance. Boeing 
personnel requested that the FAA PMI be excluded from this meeting in order 
to "protect the confidential relationship existing between Boeing and the 
customer air1 ines. " The following recommendations were made by Boeing to 
Aloha: 

Reinstate plan to conduct comolete structural inspection on at 
least the following airplanes: N73711, N73712, N73713, N73717. 

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

Initiate be1 ly skin rep1 acement program. 

Reinstate existing corrosion control program immediately. 

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

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

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

After the accident, Aloha Air1 ines responded directly to the Safety 
Board with comments addressing the Boeing visits and its documentation. 
Regarding the maintenance organization evaluation, Aloha Airlines stated that 
they had initiated actions to comply with many of the recommendations before 
they received the report. Their reply in part said: 

Prior to the issuance of the January 30, 1988, maintenance 
organizational evaluation, many of the recommendations had 
already been implemented. Since that date and prior to April 
28, 1988, several major programs, including the total 
reorganization of the Qua1 ity Assurance and Maintenance 
departments, have been accomplished. The remaining 
recommendations, including a new heavy maintenance program 
currently being written by Boeing, are in the process of 
being implemented. This program will tailor Aloha's current 
corrosion control practices to Boeing's recommended corrosion 
control procedures. 

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



asked Boeing t o  provide addi t ional  t r a i n i n g  f o r  inspectors i n  
non-destructive t es t i ng  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 technical publ icat ions and a new manager o f  shops 
posi t ion.  An addi t ional  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 ther  than i n  
overnight segments. As p a r t  o f  the new "C" check package, 
c r i t i c a l  f low charts 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  evaluation, Aloha A i r1  ines noted t h a t  
Boeing d i d  not  p resent  t h e i r  b r i e f i n g  (and s l i d e  presentation) 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 fu r the r  stated: 

Boeing's reference t o  "the deter iorated condi t ion o f  h igh 
cycle 737's" i s .  i l l u s t r a t i v e .  When discussing the condi t ion 
o f  these a i r c r a f t  f o l  1 owing the commencement o f  Boeing's aging 
f l e e t  analysis w i th  ( o f f i c i a l s )  o f  Boeing, Aloha's President 
and Vice President o f  Operations were assured tha t  the 
a i r c r a f t  were sa fe  t o  con t inue  i n  operation. This 
teleconference occurred on October 16, 1987. These assurances 
were given during Boeing's aging f l e e t  evaluation. 

L ike many a i r l i nes ,  Aloha had r e l i e d  upon FAA designated 
engineering representatives and engineers from Boeingfs 
Customer Support group t o  assure s t ruc tu ra l  i n t e g r i t y .  I n  
addit ion, Boeing has maintained an on-si t e  customer support 
o f f i c e  manned by a Boeing customer service representative 
since 1969. Aloha has an e f f ec t i ve  program o f  s t ruc tu ra l  
repair .  A l l  required s t ruc tu ra l  terminating actions have been 
accomplished. Aloha has 42 years o f  corrosion cont ro l  
experience i n  a harsh environment. I n  fact ,  Boeing v i s i t e d  
Aloha f o r  i t s  aging f lee t  analysis whi le two Aloha a i r c r a f t  
were undergoing scheduled corrosion cont ro l  and repai r .  While 
Aloha a i r c r a f t  experienced a high number o f  f l i g h t  cycles, i t  
i s  also t r ue  tha t  those same a i r c r a f t  f l y  a t  lower a l t i t udes  
and pressure d i f f e r e n t i  a1 s than other a i r  ca r r ie rs .  

1.17.8 The National Av ia t ion Safety Inspection Program 

As p a r t  o f  the FAAf s National Aviat ion Safety Inspection Program 
(MASIP), a no t i ce  published by the FAA on A p r i l  13, 1987, " In te r im Guidance 
For Conducting Indepth Inspections", states, "The object ive o f  indepth 
inspections i s  t o  determine a i r  c a r r i e r  compliance w i th  the FARs, Including 
company procedures and po l i c i es  t ha t  are FAA approved, and w i t h  w r i t t e n  FAA 
guidance material." Guidance i n  the form o f  inspect ion c r i t e r i a  i s  provided 



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 
instructed to: 

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

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

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

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

This inspection reveals that the present management group has 
the knowledge and expertise to perform the technical tasks 
conducive for the airline function. However, it will be shown 



throughout the report, that TSAA [A1 oha] management has fa1 len 
short of being able to accomplish its obligation for 
compliance of the FAR'S particularly in the area of Continuing 
Analysis and Surveil 1 ance, and Maintenance Re1 i abi 1 ity. 

A selection of representative NASIP findings follows: 

2.2.4 Operations Specifications, Page 11 of 15 
authorizes "Re1 iabil ity Programs" based on the 
fol 1 owing : 

Propul sion System Re1 iabil i ty Control Program Pratt 
and Whitney JT8D-7, JT8D-9, and JT8D-17, document 
dated July 2, 1971. 

Auxiliary Power Unit Re1 iabil ity Program Airesearch 
GTC P-85-129 document, dated March 16, 1972. 

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

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

2.4.1. Training records for Aloha Airl ines Inspectors 
do not contain a description or source of the 
material used for training in non-destructive 
testing. 

2.4.2. Training records for 3 Supervisors have no 
entries. 

2.4.3 Examination of processes used in maintenance 
revealed that composite materi a1 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 
o f  training received as required by Aloha 
Airl ines manual . 



Aloha Airlines, Inc. Continuing Analysis and 
Survei 1 1  ance 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 A1 oha Airlines General Maintenance Manual 
(GMM), Section 3-31, Authority For Change 
states, "All major repairs and alterations 
which are not covered by manufacturer's 
approved data shall require FAA approval." 
This is incorrect because the manufacturer's 
data must be FAA approved. 

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

1.17.9 Subsequent FAA Action 

The day following the Aloha Airlines accident, the FAA issued AD 
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 -10L and R and all circumferential splices between BS 360 and 1016. 

After the receipt of more information, AD ~88-09-51 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 of cracking or 
corrosion. The FAA received reports from 18 operators reporting a total of 
49 findings of corrosion or minor. cracking (small, isolated cracks). 
Fourteen airplanes had multiple site cracking (cracks emanating from six or 
more adjacent fasteners). 



A postaccident evaluation 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-Pacific Region. The 
team was inst ructed t o  conduct an in-depth inspect ion o f  the Aloha A i r l i nes  
s t ruc tu ra l  inspection program and review the compliance w i th  s t ruc tu ra l  
airworthiness d i rect ives.  A hands-on inspection o f  the Aloha A i r 1  ines f l e e t  
was not  undertaken. 

AD 88-22-11 became effect ive on November 21, 1988, requ i r ing  the 
inspections o f  l ap  spl ices and tear  straps; AD 88-22-12 was e f f ec t i ve  on 
December 1, 1988, requ i r ing  the inspections o f  bonded doublers and 
c i rcumferent ia l  spl ices. I n  addit ion, the mandatory rep l  acement o f  the 
r i v e t s  along the upper rows o f  the l ap  spl ices was proposed by a new Notice 
o f  Proposed Rulemaking (NPRM) signed on October 27, 1988. The f i n a l  r u l e  was 
pub1 ished as AD 89-09-03 and became e f fec t i ve  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  industry task force l e d  by the A i r l i n e  
Transport Association, has recommended t o  the FAA a modi f icat ion o r  
replacement program t o  assure the airworthiness o f  o lder  a i r c r a f t .  The task 
force involved some 150 in ternat ional  experts representing the a i r l  ines, 
airframe manufacturers, regulatory agencies, National Aeronautics and Space 
Administration, and professional av ia t ion mechanics from the United States 
and Asian and European nations. 

As a r e s u l t  o f  the indust ry  e f f o r t ,  ea r l y  models o f  Boeing 727, 
737, and 747 airplanes w i l l  undergo i n tens i f i ed  maintenance and inspection 
procedures, many o f  which w i  11 require modif icat ion o r  rep l  acement o f  
selected areas o r  par ts  ra ther  than continued inspection. A i r c r a f t  areas 
af fected w i l l  include l ap  j o i n t s  and bonded j o i n t s  which have experienced 
delamination o r  corrosion. I n  addit ion, widescale modif ication, rep l  acement 
of a i r c r a f t  s t ruc tu ra l  materials, f i t t i n g s  and sk in  has been recommended on 
the basis o f  service experience. Many o f  the changes (terminating actions) 
are a1 ready being accompl i shed a t  a i  r l  ine maintenance bases. Boeing 
consolidated a l l  o f  the proposed modif ications i n t o  a s ing le  document f o r  
each airplane type i n  March 1989. The FAA issued an NPRM f o r  each airplane 
type which proposes the mandatory completion of the modif icat ions l i s t e d  i n  
the Boeing documents when an airplane 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 airplane manufacturers' o lder 
model airplanes are a1 so under review w i th  s im i l a r  proposals f o r  consolidated 
service documents. 

I n  addit ion, the FAA F l i g h t  Standards Service created an ongoing 
Aging F leet  Program. Aging f l e e t  evaluation teams were formed w i th  
spec ia l is 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  ines t o  evaluate, through over-the-shoulder 
inspection, the effectiveness o f  the a i r l  ine's corrosion cont ro l  programs, 
s t ruc tu ra l  inspection techniques, and AD accompl ishment. The goal o f  the 
Aging F leet  Program i s  t o  recommend methods, pol  icy,  o r  regulatory 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  applying maximum e f f o r t  i n  the 
appl icat ion o f  s t ruc tu ra l  inspection programs t o  al low aging f l e e t  airplanes 
t o  continue safe ly  i n  revenue service. 



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  
app l icab le  Federal Av ia t i on  Regulations and company p o 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  
app l icab le  regu la t ions .  Meteorological cond i t ions  were n o 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  no t  
c o n t r i b u t e  t o  the accident. 

The Safety Board determined t h a t  t h e  accident sequence i n i t i a t e d  
w i t h  t h e  s t r u c t u r a l  separat ion o f  t h e  pressur ized fuselage skin.  As a r e s u l t  
o f  t h i s  separation, an explosive decompression occurred, and a 1 arge p o r t i o n  
o f  the  a i rp lane  cabin s t r u c t u r e  comprising the  upper p o r t i o n  o f  sec t ion  43 
was l o s t .  

The Safety Board's ana lys is  o f  t h i s  accident inc luded an eva luat ion  
o f  the  s t r u c t u r a l  and meta 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, t he  Safety Board 
analyzed the  q u a l i t y  and e f fec t iveness of Aloha A i r l i n e ' s  maintenance 
p rac t i ces  and t h e  FAA's overs ight  of 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 accurate ly 
by t h e  assigned personnel. The Safety Board a l so  evaluated t h e  6-737 
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 t h e  FAA regarding the  cont inu ing a i rwor th iness o f  h igh 
time/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 i n a l l y ,  due t o  concerns about t h e  cont inu ing a i rworth iness of 
aging t ranspor t  category a i r c r a f t  under e x i s t i n g  p o l i c i e s ,  pract ices,  and 
regu la t ions ,  the  r e p o r t  analyzes t h e  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  1 i f e  based on 
proper maintenance, inspect ion  and repair.. 

2.2 O r i g i n  o f  Fuselage Separat ion 

A postaccident examination of N73711 revealed t h a t  t h e  remaining 
s t r u c t u r e  d i d  n o t  conta in  t h e  o r i g i n  o f  t h e  f a i l u r e .  Since the  sea and a i r  
search d i d  n o t  l o c a t e  recoverable s t r u c t u r e  from t h e  a i rp lane,  i t was 
necessary t o  determine t h e  f a i l u r e  o r i g i n  by examining and analyz ing t h e  
remaining s t r u c t u r e  and t h e  a i rwor th iness h i s t o r y  of t h e  a i rp lane.  

An examination o f  t h e  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 t h e  s k i n  and 
r i v e t s  forward o f  t h e  j o i n t  center1 ine. Af t  of t h e  j o i n t  center l ine ,  near l y  
a l l  o f  t h e  r i v e t s  remained i n  t h e  s p l i c e  doubler. These r i v e t s  were deformed 
a f t .  al though t h e  r i v e t s  between S-5L and S-4R were a l so  deformed t o  the 
r i g h t  o f  a f t .  Th is  deformation ind ica ted  t h a t  t h e  s k i n  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 i m i l a r l y ,  t h e  s k i n  a t  the  
b u t t  j o i n t  a t  BS 540 ( a f t  edge o f  sec t ion  43) was i n t a c t  a t  t h e  t ime o f  the 



separation, as ind ica ted by t h e  forward deformation o f  t h e  r i v e t s  I n  t h e  
s p l i c e  doubler. The BS 540 frame i t s e l f  a lso  was i n t a c t .  Th is  evidence 
ind ica ted  t h a t  t h e  primary f a i l u r e  had o r ig ina ted  a t  a l o c a t i o n  between 
BS 360 and BS 540 and t h a t  the  sk in  a t  these b u t t  j o i n t s  was p u l l e d  away i n  
tens ion overload as a r e s u l t  o f  the  primary f a i l u r e .  

As a r e s u l t ,  t h e  areas along the  l o n g i t u d i n a l  separat ion o f  sec t ion  
43 were examined as a l i k e l y  area f o r  the  o r i g i n  o f  t h e  f a i l u r e .  Very l i t t l e  
o f  t h e  s t r u c t u r e  i n  sec t ion  43 from the  l e f t  s ide  o f  t h e  fuselage above t h e  
f l o o r  was found. The frames between BS 360 and 540 on t h e  l e f t  s i d e  had 
broken a t  f l o o r  l e v e l  w i t h  a substant ia l  p o r t i o n  o f  the  s t r u c t u r e  separat ing 
outward, downward, and a f t .  This mode of separat ion was corroborated by t h e  
degree o f  ingest ion  damage t o  the  l e f t  engine and lead ing edge damage t o  t h e  
l e f t  wing and ho r i zon ta l  s t a b i l i z e r .  

I n  add i t ion ,  the  r i g h t  s ide o f  the  fuselage p o r t i o n  o f  sec t ion  43 
t h a t  remained w i t h  the  a i rp lane was severely d i s t o r t e d  and bent outward more 
than 90Â° F ive  consecutive f l o o r  'beams a t  BS 420, 440, 460, 480, and 500 
were broken a l l  t he  way through. Also, adjacent f l o o r  beams a t  BS 400 and 
BS 500A were cracked near l y  a l l  t he  way through. Most o f  t h e  center  f l o o r  
panels on t h e  l e f t  s ide  from BS 360 t o  BS 947 had l i f t e d .  

The r i g h t  s ide  cabin f l o o r  panels were no t  displaced, and l i t t l e  i f  
any d i s t r e s s  had occurred a t  the  fastener l oca t ions  f o r  these panels; 
however, f l o o r  panels on the  l e f t  s ide  o f  t h e  cabin between BS 400 and BS 500 
along the  inboard seat t r a c k  were displaced. This damage suggested t h a t  the  
i n i t i a l  f a i l u r e  was on the  l e f t  s ide  o f  the  fuselage. Further, t h e  s i z e  and 
the  c h a r a c t e r i s t i c s  o f  t h e  separated area, coupled w i t h  t h e  i n t a c t  s t r u c t u r e  
a t  BS 360 and BS 540, ind ica ted t h a t  the  de fec t  was o r ien ted  l o n g i t u d i n a l l y  
along t h e  fuse1 age. 

The severely damaged l e f t  cabin f l o o r  suggests t h a t  t h e  o r i g i n  o f  
t h e  i n i t i a l  f a i l u r e  area was on t h e  l e f t  s ide  o f  t h e  fuselage. As the  cabin 
pressure i n  t h e  upper lobe was released, the  pressure i n  t h e  lower lobe was 
contained by t h e  cabin f l o o r .  However, the  cabin f l o o r  was no t  designed t o  
sus ta in  a l a r g e  pressure d i f f e r e n t i a l .  Consequently, t he  cabin f l o o r  o f  
N73711 de f lec ted  upward during. decompression, and f l o o r  panel f a i l u r e s  
allowed re lease o f  t h e  pressure i n  the  lower lobe. 

Studies conducted by Doug1 as A i r c r a f t  f o l l  owing a f o r e i g n  operated 
DC-10 accident1 ' r e l a t e d  t o  a cargo door f a i l u r e  d isc losed t h a t  d i s t r i b u t i o n  
o f  t h e  pressure d i f f e r e n t i a l  du r ing  an explosive decompression peaks a t  t h e  
p o i n t  o f  t h e  opening i n  t h e  fuselage. Th is  pressure peak a l so  can cause t h e  
maximum damage t o  t h e  f l o o r ,  depending on t h e  s t rength  o f  t h e  f l o o r  
s t ruc ture ,  t h e  magnitude o f  t h e  pressure d i f f e r e n t i a l  t h a t  e x i s t s  before  t h e  
f a i l u r e ,  and the  s i ze  o f  the  opening i n  t h e  fuselage. 

^ ~ 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. 



The p o i n t  o f  maximum f l o o r  d e f l e c t i o n  on N73711 occurred a t  and t o  
the  l e f t  o f  t he  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  sus ta in  cabin 
seat loads. Therefore, t h e  Safety Board concludes t h a t  t h e  i n i t i a l  f a i l u r e  
occurred on t h e  l e f t  s ide  o f  the  fuselage i n  sec t ion  43, probably near BS 
440. 

Because o f  the  damage p a t t e r n  on N73711 and the  se rv i ce  h i s t o r y  o f  
t h e  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 t h e  
t h r e e  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 e l iminated as t h e  l o c a t i o n  o f  o r i g i n  o f  t h e  
f a i l u r e  because o f  t h e  a f t  and r i g h t  movement o f  the  separated s t r u c t u r e  
along BS 360 between S-5L and S-4R. The movement i nd ica ted  t h a t  t h e  o r i g i n  
was lower and t o  the  l e f t  o f  S-5L a t  t h e  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 t h e  window 1 i n e  
and above the  f l o o r  1 ine) ,  there  would have been on ly  a small fuselage wa l l  
remaining above t h e  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  fo 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  wa l l  outward t o  break t h e  frames. 
However, t h e  fuselage on the  l e f t  s ide  was t o r n  ex tens ive ly  i n t o  the  lower 
lobe, and the  fuselage frames had separated above and below t h e  f l o o r  l i n e .  
Thus, t h e  Safety Board concludes t h a t  the  separat ion 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-10L. 

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 of a t  l e a s t  seven adjacent r i v e t  
holes i n  the  s k i n  along the  l a p  j o i n t  a t  S-10L. Although t h i s  was no t  the  
f a i l u r e  o r i g i n ,  such crack ing i s  i n d i c a t i v e  o f  t h e  type o f  p reex is tent  
c rack ing t h a t  probably was present along random areas o f  t h e  l a p  j o i n t  a t  
S-10L. 

Further, a passenger had noted and l a t e r  repor ted a s k i n  crack a f t  
o f  t h e  forward e n t r y  door near a t o p  row o f  l a p  j o i n t  r i v e t s  f o r  S-10L wh i le  
boarding t h e  a i rp lane.  (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  t h e  observation.) The Safety Board bel ieves t h a t  the  
t o p  r i v e t  row was cracked a t  the  S-10L l a p  j o i n t  j u s t  a f t  o f  BS 360 before 
t h e  accident f l i g h t  takeo f f .  

Add i t i ona l l y ,  passengers seated on t h e  l e f t  s ide  o f  t h e  a i rp lane  
s ta ted  t h a t  t h e  l o c a t i o n  o f  the  missing f l i g h t  at tendant  immediately before 
t h e  decompression was i n  t h e  a i s l e  a t  seat row 5. During the  decompression, 
evidence ind ica tes  t h a t  t h e  f l i g h t  at tendant  was e jec ted from t h e  a i rp lane  a t  
a l o c a t i o n  corresponding t o  S-10L near BS 440. 

Consequently, t h e  Safety Board determines t h a t  t h e  fuselage of 
N73711 most probably f a i l e d  c a t a s t r o p h i c a l l y  along S-10L, i n i t i a l l y  near 
BS 440, a l l ow ing  the  upper fuselage t o  r i p  f ree.  The reason f o r  t h i s  
ca tas t roph ic  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 lapp ing"  of the  
s k i n  as designed, was evaluated by the  Safety Board. 



50 

2.3 Fuse1 age Separation Sequence 

The red i rec t ion  o f  a longi tud ina l  fuselage crack, and thus the 
success o f  the f lapping mechanism t o  safely decompress an airplane, depends 
on the i n t e g r i t y  o f  the s t ructure ahead o f  the crack t i p .  If tear  straps are 
disbonded, they become ine f fec t i ve  because s t i f fen ing i s  l os t ,  and the crack 
can propagate as i f  the tear  straps d i d  not ex is t .  I n  t ha t  case, cont ro l led 
(safe) decompression may not occur. 

Mu1 t i p l e  s i t e  damage (MSD) describes mu1 t i p l e  fa t igue  cracks along 
a r i v e t  l i n e .  MSD can range from a few fa t igue cracks among many r i v e t  holes 
t o  the worst case o f  small, v i sua l l y  undetectable fa t igue cracks emanating 
from both sides o f  r i v e t  holes along a complete row o f  sk in  panel fasteners. 
It i s  t heo re t i ca l l y  possible t ha t  t h i s  worst case condi t ion may r e s u l t  i n  a 
catastrophic f a i l u r e  o f  the fuselage before any crack i s  v i sua l l y  detected. 
The presence o f  MSD also tends t o  negate the f a i l - s a f e  capab i l i t y  o f  the 
fuselage. An FAA repor t  on the subject o f  MSD i s  included as appendix J. 

The MSD found during service on other B-737 l ap  j o i n t s  i n  the 
worldwide f l e e t  was i n  random areas along the l ap  j o i n t s .  The i n i t i a l  
occurrence o f  disbonded l ap  j o i n t s  i n  random locat ions leads t o  fa t igue 
cracking i n  random areas. Inspections and examinations o f  the remaining 
por t ion  o f  the accident airplane i n  the upper lobe a f t  of the fuselage 
separation area revealed tha t  the MSD was most prevalent i n  the mid-bay areas 
(between adjacent c i rcumferent ia l  tear  straps). Fatigue cracks up t o  
0.53 inch i n  length were evident i n  the l ap  j o i n t  along S-10L near BS 520. 
The section o f  S-4R recovered from the r i g h t  wing leading edge contained 
numerous fa t igue  cracks tha t  stemmed from disbonding o f  the cold-bonded lap  
j o i n t  and d i  sbonding o f  the hot-bonded tear  straps. 

The intended funct ion o f  the bond ( t o  carry  the hoop stress and 
fa t igue  loads through the l ap  j o i n t )  i s  l o s t  when the j o i n t  i s  disbonded and 
the r i v e t s  must carry  the load. Because the l ap  j o i n t  r i v e t s  are 
countersunk, the k n i f e  edge created by the countersink produces a stress 
concentration t ha t  leads t o  fa t igue cracking from the r i v e t  hole. Therefore, 
whi le  a disbonded l ap  j o i n t  can withstand the pressur izat ion cycles t ha t  a 
proper ly bonded j o i n t  i s  intended t o  carry, the l ap  j o i n t  becomes more 
susceptible t o  fa t igue cracking. 

It i s  probable t ha t  numerous small fa t igue  cracks along S-10L 
jo ined t o  form a large crack (or  cracks) s im i l a r  t o  the crack a t  S-10L tha t  
the passenger saw when boarding the accident f l i g h t .  The damage discovered 
on the accident airplane, damage on other airplanes i n  the Aloha A i r l i nes  
f l e e t ,  fa t igue  s t r i a t i o n  growth rates, and the service h i s to ry  o f  the B-737 
l ap  j o i n t  disbond problem led  the Safety Board t o  conclude that,  a t  the time 
of the accident, numerous fa t igue  cracks i n  the fuselage sk in  l ap  j o i n t  along 
S-10L l inked  up qu ick ly  t o  cause catastrophic f a i l u re  o f  a large section o f  
the fuse1 age. 

The Safety Board bel ieves tha t  s u f f i c i e n t  fa t igue  cracking o r  tear  
s t rap disbond (or  a combination o f  both) existed i n  the l ap  j o i n t  a t  S-10L 
t o  negate the design-intended cont ro l led decompression of the structure.  



The Safety Board f u r t h e r  be1 ieves t h a t  Aloha A i r l  ines  had 
s u f f i c i e n t  in format ion regarding ' lap j o i n t  problems t o  have implemented a 
maintenance program t o  detec t  and r e p a i r  t h e  l a p  j o i n t  damage. The 
in format ion ava i lab le  t o  Aloha A i r l i n e s  on l a p  j o i n t  problems inc luded t h e  
fo l lowing:  

o the B-737s i n  the  Aloha A i r l i n e s '  f l e e t  were 
h igh-cyc le  a i rp lanes accumulating cycles a t  a f a s t e r  
r a t e  than any o ther  operator; 

o Aloha A i r l i n e s  operated i n  a harsh cor ros ion 
environment; 

o Aloha A i r l i n e s  prev ious ly  had discovered a 7.5-inch 
crack along l a p  j o i n t  S-10L on another B-737 
ai rp lane;  

o Boeing had issued, and records i n d i c a t e  t h a t  Aloha 
A i r l i n e s  was aware o f ,  a SB covering l a p  j o i n t  
inspect ion  and r e p a i r  i n  1972, rev ised i n  1974, and 
upgraded t o  an ASB i n  1987; and 

o the  FAA had issued an AD i n  1987 r e q u i r i n g  
inspect ions o f  the  l a p '  j o i n t s  along S-4 and 
re ferenc ing the  Boeing ASB, which c a l l e d  f o r  
inspect ion  o f  o ther  l a p  j o i n t  locat ions ,  i nc lud ing  
along S-10. 

2.4 Aloha A i r l i n e s  Maintenance Program 

The Safety Board i d e n t i f i e d  three factors o f  concern i n  t h e  Aloha 
A i r l  ines maintenance program. They were: a h igh accumulat ion o f  fl i g h t  
cyc les  between s t r u c t u r a l  inspect ions, an extended t ime per iod between 
inspect ions t h a t  allowed the r e l a t e d  ef fects of l a p  j o i n t  disbond, corrosion, 
and f a t i g u e  t o  accumulate, and the  manner i n  which a h i g h l y  segmented 
s t r u c t u r a l  inspect ion  program was imp1 emented. 

The Aloha A i r l i n e s  s t r u c t u r a l  D check inspect ion  i n t e r v a l  f o r  t h e  
cont inu ing a i rwor th iness o f  t h e i r  B-737 f l e e t  was approved by t h e  FAA a t  
15,000 hours. The se lec t ion  o f  15,000 hours appears t o  have been more 
conservat ive than t h e  20,000-hour i n t e r v a l  recommended by Boeing . However, 
because o f  t h e  d a i l y  frequency o f  shor t  du ra t ion  f l i g h t s ,  t h e  r a t e  of 
accumulation o f  f l i g h t  cycles on Aloha A i r l i n e s  a i rp lanes exceeded t h e  r a t e  
which Boeing forecast  when the  B-737 MPD was created. Aloha A i r l i n e s  records 
o f  a i r c r a f t  u t i  1 i z a t i o n  ind ica ted t h a t  t h e i r  a i rp lanes accumulated about 
th ree  cyc les  f o r  each hour i n  service. The Boeing economic design l i f e  
p ro jec t ions  were based on accumulating about 1 1/2 cycles per  f l i g h t  hour. 
Thus, Aloha A i r l  ines  a i rp lanes were accumulating f l i g h t  .cyc les  a t  tw ice  t h e  
r a t e  f o r  which t h e  Boeing MPD was designed. Even w i t h  an adjustment fo r  
p a r t i a l  p ressur i za t ion  cycles on shor t  f l i g h t s ,  and thus p a r t i a l  l oad ing  of 
t h e  fuse1 age, the  accumulation o f  cycles on Aloha A i r l  ines  a i rp lanes remained 



high and continued t o  outpace t h e  o ther  B-737 a i rp lanes i n  t h e  wor ld  f l e e t  
and Boeing's assumptions i n  developing the  MPD. 

The Aloha A i r l  ines maintenance program d i d  no t  adequate1 y recognize 
and consider the  ef fect  of the  r a p i d  accumulation o f  f l i g h t  cycles. The 
Safety Board notes t h a t  f l i g h t  cycles are t h e  dominant concern i n  t h e  
development o f  fa t igue cracking i n  pressur ized fuselages and t h e  accumulation 
o f  damage as a r e s u l t  of f l i g h t  and land ing loads. The Aloha A i r l i n e s  
maintenance program allowed one and one h a l f  t imes t h e  number o f  f l i g h t  
cycles t o  accumulate on an a i rp lane  before t h e  appropr iate inspect ion.  The 
Safety Board be1 ieves Aloha A i r l i n e s  created a f l  ight -hour  based s t r u c t u r a l  
maintenance program wi thout  s u f f i c i e n t  regard t o  f l  i g h t  cyc le  accumulation. 

The Boeing MPD assumed a 6- t o  8-year i n t e r v a l  f o r  a complete D 
check cycle, and t h e  Aloha A i r l i n e s  D check maintenance program requ i red 
8 years t o  complete a D check cycle. The Safety Board be l ieves t h a t  t h e  
8 year inspect ion  i n t e r v a l s  i n  the  Aloha A i r l  ines maintenance program was t o o  
lengthy  t o  permit  e a r l y  d e t e c t i o n ,  o f  disbond r e l a t e d  corrosion, t o  a l l ow  
damage repa i r ,  and t o  implement cor ros ion contro l /prevent ion w i t h  t h e  maximum 
use o f  i n h i b i t i n g  agents. 

O f  add i t i ona l  concern t o  the  Safety Board was Aloha A i r l i n e s '  
p r a c t i c e  o f  inspect ing  the  a i rp lane  i n  small increments. The Aloha A i r l i n e s  
D check inspect ion  o f  the  B-737 f l e e t  was covered i n  52 independent work 
packages. L imi ted areas o f  the  a i rp lane  were inspected du r ing  each work 
package and t h i s  p r a c t i c e  precluded a comprehensive assessment o f  the  o v e r a l l  
s t r u c t u r a l  cond i t i on  o f  the  a i rp lane.  

The Safety Board bel ieves t h a t  t h e  use o f  52 blocks/independent 
work packages i s  an inappropr ia te  way t o  assess t h e  o v e r a l l  cond i t i on  o f  an 
a i rp lane  and e f f e c t  comprehensive r e p a i r s  because o f  t h e  p o t e n t i a l  f o r  a i r  
c a r r i e r s  t o  hur ry  checks i n  order t o  keep a i rp lanes i n  serv ice.  Further, t h e  
f a c t  t h a t  t h e  FAA found t h i s  p r a c t i c e  t o  be acceptable w i thout  ana lys is  i s  a 
mat ter  o f  ser ious concern. 

The e f fec t iveness o f  Aloha A i r l i n e s  inspect ion  programs was f u r t h e r  
l i m i t e d  by t ime and manpower cons t ra in ts  and inadequate work p lanning 
methods. Maintenance scheduling p rac t i ces  u t i l i z e d  t h e  overnight  non f l y ing  
per iods t o  accomplish B checks which, i n  r e a l i t y ,  inc luded po r t i ons  o f  t h e  C 
and D check items. . However, s ince there  were usua l l y  no spare a i rp lanes i n  
t h e  f l e e t ,  i t  was obvious t o  both t h e  maintenance and inspect ion  personnel 
t h a t  each a i rp lane  would be needed i n  a f u l l y  operat ional  s ta tus  t o  meet t h e  
next  day's f l y i n g  schedule. Thus, o n l y  a few hours were ava i lab le  dur ing 
each 24 hour per iod  t o  complete B, C and D inspect ion  items and t o  perform 
any re1 ated o r  unscheduled maintenance on the  a i rp lane.  

The Safety Board bel ieves t h a t  t h e  FAA should inc lude i n  I t s  
procedures f o r  the  approval o f  a i r 1  i n e  maintenance programs, dev ia t ions  i n  
a i rp lane  use by the  operator  as compared t o  t h e  manufacturer's o r i g i n a l  
design estimate, tempered by t h e  operat ing h i s t o r y  o f  t h e  e x i s t i n g  f l e e t .  A 



calendar cap f o r  l o w - f l i g h t  hour operators and a maximum cyc le  l i m i t  f o r  
shor t  f l i g h t  operators are more appropr iate inspect ion  i n t e r v a l s  f o r  these 
operators. 

The Safety Board a l so  bel ieves t h a t  t h e  FAA should reevaluate t h e  
c r i t e r i a  and 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 r g e  number o f  independent work packages (segments) t o  be spread over 
t h e  normal D check i n t e r v a l .  The Safety Board recognizes t h e  concept t h a t  t h e  
D check, as o u t l i n e d  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  on i n v o l v e s  ex tens ive  work which may take several days. 
Comprehensive s t r u c t u r a l  inspect ions f o r  aging airplanes, l i kewise,  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 furb 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 y e a r l y  b lock  C checks w i t h  a phased 1/4 D check 
inspect ion.  Any dev ia t i on  from t h i s  " f u l l  a i rp lane"  inspect ion  a t  "seasonal 
schedul i n g  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 operat ions 
s p e c i f i c a t i o n s  are approved by the  PMI. Many PMI decis ions r e q u i r e  knowledge 
o f  a i rp lane  engineering and human performance fa r  beyond t h e  c a p a b i l i t i e s  o f  
any one i n d i v i d u a l .  The Safety Board b e l i e v e s  t h a t  t h e  PMI should be 
requ i red  t o  seek add i t i ona l  assistance o r  i npu t  from other  d i v i s i o n s  o f  t h e  
FAA and, through channels, from the  manufacturer and o ther  operators. The 
types o f  input ,  t h e  sources f o r  both a i rworth iness and f l i g h t  standards 
in format ion and the  cond i t ions  under which such inpu t  should be used, need t o  
be reviewed and guidance developed by t h e  FAA so the  PMI can perform h i s  
d u t i e s  more e f f e c t i v e l y .  Therefore, the  Safety Board be l ieves t h a t  the  FAA 
should develop and provide guidance t o  t h e  PMI f o r  t h e  approval o f  a i r l i n e  
maintenance plans which are modi f ied s i g n i f i c a n t l y  from t h a t  o u t l i n e d  i n  the  
MPD. 

2.4.1 Ef fect iveness o f  Inspect ions 

An examination o f  t h e  remaining p o r t i o n  o f  t h e  S-4R fuselage 
s t r u c t u r e  o f  N73711 ind ica ted  t h a t  t h e  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 r e p a i r s  were accomplished. A1 though Aloha 
A i r 1  ines  maintenance personnel s ta ted t h a t  an eddy cu r ren t  inspect ion  o f  t h e  
remaining r i v e t s  i n  t h e  panel was conducted t o  comply w i t h  t h e  requirements 
o f  t h e  AD, no mention o f  t h i s  inspect ion  was found i n  t h e  maintenance 
records. 

I n i t i a l  examination o f  t h e  l a p  j o i n t  between t h e  two r e p a i r s  
d isc losed v i s u a l l y  detectable f a t i g u e  cracks t h a t  emanated from t h e  fas tener  
holes o f  t h e  t o p  row o f  r i v e t s .  Laboratory examination revealed t h e  presence 
o f  many more cracks t h a t  were we l l  w i t h i n  the  eddy cu r ren t  detec tab le  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 t h e  r e p a i r s  and 
forward and a f t  o f  t h e  r e p a i r s  s t i l l  contained t h e  o r i g i n a l  con f igu ra t ion  
countersunk r i v e t s .  



S t r i a t i o n  counts of f i v e  o f  the la rges t  fa t igue  cracks t h a t  were 
present i n  the upper fastener holes of the section outside 'the repaired area 
indicated these cracks grew less than 0.020 inch during the time between the 
inspection i n  November 1987 and the accident. A t o t a l  o f  2,624 cycles had 
accumulated on the accident airplane during t h i s  time. A f te r  the accident, 
the cracks ranged i n  length between 0.110 t o  0.154 inch. Therefore, a t  the 
time o f  the AD inspection 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 inspections performed by Aloha inspectors on N73711 
a f t e r  the accident could not  detect cracks t ha t  were less  than 0.08 inch i n  
l e n g t h ,  but the inspection re1 i a b l y  detected cracks t h a t  were l a rge r  than 
0.08 inch. Since the s t r i a t i o n  counts indicated cracks existed i n  the 
s t ructure 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 ize 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-4R during the 
November 1987 inspection. This f ind ing  suggests t ha t  e i t he r  the eddy current 
inspect ion was not  performed i n  November o r  t ha t  the q u a l i t y  o f  the 
inspect ion was such tha 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 th  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 reportedly was given an eddy current inspect ion 
and two inspectors performed independent v isual  inspections. F i r s t ,  the 
human element associated w i th  the v isual  inspect ion task i s  a factor .  A 
person can be motivated t o  do a c r i t i c a l  task very wel l  ; but when asked t o  
perform tha t  same task repeatedly, factors  such as expectation o f  resu l ts ,  
boredom, task length, i s o l a t i o n  during the inspect ion task, and the 
environmental condit ions a l l  tend t o  inf luence performance r e l i a b i l i t y .  

Another f ac to r  t ha t  can a f f ec t  the human element involved i n  
maintenance and inspection pertains t o  the e f f e c t  o f  c i rcadian rhythms on 
human behavior. A i r l i n e  maintenance i s  most o f ten  performed a t  n igh t  and 
dur ing the ea r l y  morning hours; the time o f  day tha t  has been documented t o  
cause adverse human performance. Maintenance programs are most e f f ec t i ve  i f  
task schedul ing takes i n t o  account the possible adverse e f f ec t s  o f  sleep 
loss, i r r e g u l a r  work and r e s t  schedules, and circadian factors  on the 
performance o f  mechanics and inspectors. 

For example, compl iance w i th  AD-87-21-08 required a close v isual  
inspect ion o f  the l ap  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 
resu l t s  o f  the inspection were t o  be re l i ab le .  The AD required a "close 
v isual  inspection" 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. Inspection o f  the r i v e t s  required 
inspectors t o  c l imb on scaf fo ld ing and move along the upper fuselage carry ing 
a b r i gh t  l i g h t  w i th  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 airplane when i t  was necessary t o  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 



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

The difficulties in conducting visual inspections was discussed by 
Dr. Colin Drury, a professor of Industrial Engineering at the State 
University of New York at Buffalo, during the Safety Board's public hearing. 
He indicated that in the inspection process, it is not easy for the human 
being to perform a consistent visual search because (1) the area the searcher 
can concentrate on at any one time is 1 imited by the conspicuity or size of 
the defect to be looked for and (2) the search process may not be systematic 
enough; therefore, the searcher is prone to miss areas that were thought to 
have been covered. Further, there is the vigilance decrement during long 
inspection periods that have low event rates and to some extent involve 
social isolation. Dr. Drury testified that humans tend to detect fewer 
signals" as time goes on, but also they give fewer "false detection alarms." 
What is happening in those cases is that inspectors will change the criteria 
of what they will report to the extent that an increasingly larger defect is 
needed before they will judge it to be reportable. Such vigilance decrements 
occur during very long and isolated inspection duty times in which there is a 
low probability of finding a defect. In such cases, the human being tends to 
proceed through the task by saying no when a decision is to be made. 

Another factor that may have affected the performance of Aloha's 
maintenance and inspection personnel is related to the quality of support 
provided by Aloha management to assist these persons in the performance of 
their tasks. Proper training, guidance, and procedures are needed as well as 
an adequate working environment, sufficient aircraft down time to perform the 
tasks (i .e. flexible scheduling), and an understanding of the importance of 
their duties to ensure the airworthiness of the airplanes. Aloha Airlines 
training records revealed that 1 ittle formal training was provided in ND1 
techniques and methods. The inspector who found the S-4R lap joint cracks 
requiring repair stated that only on-the-job training (OJT) had been 
provided since he became an inspector in August 1987; his training records 
show formal NDI training on September 17, 1987, when a 2-hour training 
session was given by a Boeing representative. Records indicate the inspector 
who provided the initial OJT had only 2 hours of formal NDI training, during 
the same 2-hour training session on September 17, 1987, provided by Boeing. 
Thus, the Safety Board is concerned about how much knowledge the inspector 
staff may have possessed about disbonding, corrosion, and fatigue cracking at 
the time that they were required to perform the critical AD inspection task. 
In fact, during deposition proceedings, the inspector who performed the first 
AD inspection on N73711 could not articulate what he should look for when 
inspecting an airplane for corrosion signs. 

Also, Aloha's flying schedule involved full utilization of its 
airplane fleet in a daytime operation. Thus, the majority of Aloha's 
maintenance was normally conducted only during the night. It was considered 



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 B-737 
airplanes. The FAA received 49 reports of corrosion or cracks not previously 
found; 14 of these instances involved multisite cracking. No matter how 
well organized a corrosion detection and crack detection program may be and 
no matter how dedicated and vigilant the NDI work force, the inspection 
process is inherently susceptible to some error rate. Therefore, the Safety 
Board be1 ieves that the terminating action of AD-T88-10-11, which consisted 
of drilling out the existing rivets and replacing them with protruding head 
rivets, an action adopted immediately by a number of airlines, was superior 
to the option in the AD that permitted repeated inspections and patching of 
cracks; a process that included substantial potenti a1 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 know1 edgeabl e 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 



techno1 ogy, composite materi a1 s 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 wi 11  actual1 y 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 be1 ieves that the FAA should examine the regulations governing 
the certification of aviation maintenance technican schools and the 1 icensure 
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 formal 1 y recognized the 
importance of NDI skills and have required in-depth training, skill 
demonstration, licensing and recurrent certification of NDI personnel. While 
NDI technology and techniques in some industries in the United States are 
quite advanced and personnel certification follows the American Society for 
Nondestructive Testing (ASNT) 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 critical i ty and complexity, the Safety Board 
believes that the NDI maintenance function should be reviewed by the FAA with 
a view towards requiring formal training, ski1 1 demonstration, 
apprenticeships, and formal 1 icensing and recurrent certificaton for NDI 
inspectors. 

Selection of inspection personnel was another issue raised during 
the investigation of this accident. The concern was expressed about what 
kinds of characteristics are appropriate to consider when selecting persons 
to perform an obviously tedious, repetitive task such as a protracted NDI 
inspection. Inspectors normally come up through the seniority ranks. If 
they have the desire, knowledge and skills, they bid on the position and are 
selected for the inspector job on that basis. However, to ask a technically 
know1 edgeabl e person to perform an obvious1 y tedious and exceeding1 y boring 
task, rather than to have him supervise the qua1 ity 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 be1 ieves 
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. 



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 A1 oha Ai rl i nes Corrosion Control 

The policies, procedures, and organization of Aloha Airlines 
aircraft maintenance and inspection program significantly affected the 
control of corrosion on its airplanes. According to airplane maintenance 
records, lap joint and other areas of corrosion were detected, but corrective 
action was frequently deferred without recording the basis for such 
deferrals. Routine inspection task cards contained the "check for corrosion" 
instruction for specific areas; however, a programatic approach to corrosion 
prevention and control of the whole airplane was not evident. It appears 
that even when Aloha Airlines personnel observed corrosion in the lap joints 
and tear straps, the significance of the damage and its criticality to lap 
joint integrity, tear strap function, and overall airplane airworthiness was 
not recognized by the Aloha Airlines inspectors and maintenance managers. 
This was particularly noteworthy when one considers that Aloha Air1 ines 
indicated that SB737-53-1039, Revision 2 (1974), was incorporated in their 
maintenance plan. The overall condition of the Aloha Airlines fleet 
indicated that pilots and line maintenance personnel came to accept the 
classic signs of on-going corrosion damage as a normal operating condition. 

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

Since the point of maximum upward floor deflection (hence maximum 
cable deflection) was at BS 440 in the cabin, the actual location of the 
throttle cable failures (in the wing leading edge) seemed an unlikely one. 
Additionally, the broken cable ends lacked the unraveling that is 
characteristic of cables that fail in tension overload. When the appropriate 
cable sections were removed from the airplane and inspected more closely, 
there were indications of corrosion. These observations were confirmed by 
laboratory examination which concluded that the diameters of many of the 
individual wires that comprise the cables had been reduced significantly by 
corrosion damage. This corrosion 1 ikely 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 
also exhibited extensive surface corrosion where they were routed through the 
leading edge of the wing. These cables may have remained intact during the 



separation sequence only because o f  the much smaller amount o f  f l o o r  beam 
def lec t ion  t ha t  occurred on the r i g h t  side 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 
o f  corrosion described i n  Boeing Service Le t te 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  the' discovery by Aloha 
A i r l i n e s  t ha t  a carbon steel th rus t  control  cable had corroded and frayed. 
Only f i v e  o f  the seven strands o f  the cable were reported in tac t .  The 
remaining f i v e  strands were also corroded, and the corrosion was present on 
the e n t i r e  length o f  tha t  por t ion of the cable routed through the wing 
leading edge. 

The Boeing recommended act ion fol lowing t h i s  discovery was t o  
rep1 ace the ca rbon  s tee l  engine control  cab1 es w i th  corrosion res is tan t  
s ta in less steel  cables- on the production 1 ine beginning w i th  production 1 ine 
number 503 which was del ivered i n  September 1977. Boeing recommended t h a t  
operators o f  ex is t ing  airplanes replace the o r i g i na l  carbon steel  cables on 
production l i n e  numbers 1 through 502 as required. A t  t h i s  date, the number 
o f  a i r c r a f t  modified i n  accordance w i th  the applicable SL has not been 
establ ished accurately. Laboratory examination of the separated cables from 
N73711 confirmed tha t  they were the o r i g i na l  carbon steel type. The Safety 
Board i s  concerned tha t  Aloha A i r l i nes  d i d  not take advantage o f  the 
manufacturer's correct ive act ion f o r  these cables, especial ly i n  1 i g h t  of 
t h e i r  i n i t i a l  discovery o f  the problem and recogni t ion o f  t h e i r  own harsh 
operating environment. 

The record establishes tha t  corrosion problems were detected by 
Aloha maintenance personnel and, on occasion, repai rs  were deferred without a 
f u l l  evaluation by management o f  the airworthiness imp1 ica t ions  o r  
appropriate reference t o  the s t ruc tu ra l  r epa i r  manual. This leads the Safety 
Board t o  conclude tha t  economic considerations, a l ack  o f  s t ruc tu ra l  
understanding, airplane u t i l i z a t i o n ,  and the 1 ack o f  spare airplanes were 
factors  which may have induced Aloha A i r l i nes  t o  al low these deferrals.  

2.4.3 Engineering Services 

A t  the time o f  the accident, Aloha A i r l i nes ,  l i k e  many small 
operators, d i d  not have an engineering department. Some o f  the functions tha t  
are usual ly  performed by engineers a t  large a i r 1  ines were accompl ished by 
Aloha A i r1  ines Qua1 i t y  Assurance (QA) department. 

The respons ib i l i t i es  o f  an a i r l i n e  engineering department general ly 
Include evaluating and implementing manufacturer's SBs and ADS, evaluating 
a i rp lane accidental o r  corrosion damage, designing o r  evaluating repairs, 
establ ish ing a i r c r a f t  maintenance schedule speci f icat ions,  and providing 
technical  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 qua1 i t y  assurance a c t i v i  tes. 

The condi t ion o f  high cycle 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 ap  j o i n t  corrosion, mu l t ip le  repairs, and and detect ion o f  
fa t igue  cracking i s  an example o f  what can occur i n  the absence o f  regular 



and knowledgeable evaluations of aircraft condition by qua1 ified engineering 
staff. 

A1 oha Ai rl 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-10R and could have inspected all the lap joints 
called out in the referenced SB while they accomplished the requirements of 
AD 87-21-08. The same concept applies to the SL recommending replacement of 
engine control cables which were recognized by Aloha as susceptible to 
corrosion. 

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

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

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

The Safety Board believes that the continued airworthiness of 
airplanes as they age would be enhanced by including qualified engineers in 
the operator's organization. While the Safety Board recognizes that 
situation may be economically unreal istic for all operators, it be1 ieves that 
an equivalent level of safety can be achieved only by using engineering 
representatives from some other source. Qua1 if ied engineers could evaluate 
service information and airworthiness directives with particular respect to 
the fleet aircraft and operating conditions. The assistance of these 
qualified engineers may be available through an industry group or the 
manufacturer. The Safety Board, therefore, recommends that the FAA require 
airline operators that do not have a functioning engineering department to 
maintain a formal a1 ternative 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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knowledae. or the reauired programs to meet its responsibility to ensure the 
continu~dstructural integrity o f  its airplanes. 

2.5 FAA Responsi bi 1 ities 

2.5.1 Issuance and Clarity of 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 fatigue testing of a B-737 aft body section. Within 
the same time frame, the FAA issued AD 87-21-08 which required mandatory 
inspection for 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 Airlines accomplished the inspections and repairs 
associated with the AD, they omitted inspections of lap joints other than 
those along S-4 and they did not replace the remaining fasteners in the upper 
row of the S-4R lap joint with protruding head rivets, as outlined in Boeing 
ASB 737-53A1039. The AD pertaining to the lap joint inspections states, in 
part: 

Repair a1 1 cracks and tearstrap del aminations found 
result of the above inspections prior to further f 
in accordance with Boeing Alert Service Bul 
737-53A109, Revision 3, Dated August 20, or 
FAA-approved revisions. 

The appropriate section of the ASB states, in part: 

as a 
'1 ight 
letin 
1 ater 

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. 



While operators have in terpreted the repa i r  ins t ruc t ions  l i s t e d  i n  
the AD note as requ i r ing  the i n s t a l l a t i o n  o f  the prot rud ing.  head r i v e t s  as a 
pa r t  o f  the repair ,  the FAA personnel stated t h a t  i t s  i n ten t  was t o  have 
protruding head fasteners i ns ta l l ed  throughout the sk in  panel j o i n t  where 
cracking was found. 

Repairs of the S-4 j o i n t  by Aloha A i r l i n e s  were accomplished using 
the procedure i n  the Structural  Repair Manual and excluded replacing the 
remaining f l ush  jo in t - fastners .  The Safety Board bel ieves tha t  the 
i n s t r u c t i o n s  conta ined i n  t h e  AD were inexact  and subject t o  
misinterpretat ion.  

Such confusion i l l u s t r a t e s  the d i f f i c u l t y  inherent i n  attempting t o  
present technical information so tha t  i t can be in terpreted proper ly by the 
users o f  the information. I n  the case o f  t h i s  AD, i t  i s  bel ieved tha t  the 
repa i r  ins t ruct ions could have been presented more exp l i c i t y .  This was, i n  
fact ,  done i n  subsequent ADS per ta in ing t o  the same subject. 

The Safety Board i s  sa t i s f i ed  t ha t  the terminat ing act ion f o r  the 
disbonding o f  B-737 lap  j o i n t s  and tear  straps requ i r ing  replacement o f  the 
upper r i v e t  row i s  an e f f ec t i ve  measure t o  correct  t h i s  recognized B-737 
deficiency. 

However, laboratory examination o f  the S-4R l ap  j o i n t  sample from 
the accident airplane revealed another area o f  concern w i th  ear ly  l i n e  number 
B-737 airplanes. Fatigue cracks were found emanating from the fastener holes 
o f  a s i gn i f i can t  number o f  r i v e t s  i n  the middle row o f  the l ap  j o i n t .  The 
Safety Board i s  concerned tha t  because o f  the extended l i f e t i m e  o f  the B-737 
afforded by the terminating act ion mandated f o r  the upper r i v e t  row, the 
lower r i v e t  row on the inner (lower) sk in  panel eventual ly w i l l  be a loca t ion  
f o r  fa t igue  cracks t o  develop. These cracks, i f  they occur, cannot be 
detected externa l ly  by v isual  means since they are covered by the outer skin 
panel. The FAA and Boeing should continue t o  evaluate the ear ly  model B-737 
airplanes t o  determine the types o f  inspections, inspection in terva ls ,  and 
cor rec t i ve  actions t o  be i n s t i t u t e d  i f  a s ign i f i can t  fa t igue cracking problem 
develops i n  the middle and lower row o f  l ap  j o i n t  fasteners. 

2.5.2 Needed Research on Corrosion Control and NDI 

While i t i s  the respons ib i l i t y  o f  the operator t o  develop and 
implement a proper and complete maintenance program appl icable t o  the 
operating environment, the Safety Board be1 ieves tha t  the FAA should def ine 
acceptable corrosion control  program parameters and provide them as a guide 
f o r  both the operator and the PMI. The Safety Board bel ieves t h a t  an 
operator's comprehensive corrosion control  program, f u l l y  supported by the 
manufacturer and enforced by the FAA, i s  a c r i t i c a l  and necessary step i n  the 
continued airworthiness o f  an aging airplane f l ee t .  

The Safety Board also bel ieves tha t  the FAA should assume the lead 
r o l e  i n  encouraging fu r ther  research i n t o  improved corrosion detect ion and 
prevention methods. Many areas of an airplane are d i f f i c u l t  t o  inspect f o r  
corrosion. For example, w i t h i n  lap  jo in ts ,  the corrosion can go undetected 



until it is so severe that the damage is evident visibly from the condition 
of the outer skin. There have been various experiments on NOT inspection 
methods but none have proved effective in all cases. The NOT equipment 
manufacturers appear able to supply very technical equipment to other 
industries; however, in the aviaton industry, neither the most technically 
advanced and automated equipment nor the human factors involved in using such 
equipment effectively have been pursued thoroughly. The FAA and aircraft 
maintenance interests should challenge the NDT equipment manufacturers with 
the specific needs for the aviation industry in order to develop improved, 
economical, state-of-the-art equipment and to employ methods which minimize 
human performance inadequacies. 

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

2.5.3 FAA Oversight 

The Safety Board has issued numerous safety recommendations 
pertaining to the surveillance of air carrier maintenance by the FAA. 
Generally, these safety recommendations have addressed maintenance problems 
with specific aircraft, revisions to manuals, and accident or special study 
identified areas for survei 1 1  ance program improvement. After the Aloha 
Airl ines accident, the Safety Board probed deeper into the FAA's surveil1 ance 
program, including NASIP. The investigation and analysis of the accident 
revealed several areas of concern including staffing levels and FAA 
philosophy regarding maintenance surveil 1 ance. 

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

As a result of the FAA sponsored Safety Activity Functional 
Evaluation (Project SAFE) in 1984, the FAA Flight Standards System is now in 
a 5-year program to improve inspect ion guidance, field survei 1 1  ance, and 
standardization. The FAA has been allocated additional hiring authority and 
funds to increase the number of air carrier inspectors. While additional 
personnel will improve the staffing situation, the Safety Board is concerned 
about the qualifications of the newly hired inspectors and the training of 
the inspector force. Because there are a limited number of candidates who 
have extensive air carrier backgrounds, the FAA has had to hire people with 
general aviation or military backgrounds or transfer inspectors from general 



a v i a t i o n  assigments. As a r e s u l t ,  t h e  new inspectors 'are n o t  f u l l y  f a m i l i a r  
w i t h  a i r  c a r r i e r  maintenance programs and prac t ices .  Although t h e  FAA 
provides a 6-week i n d o c t r i n a t i o n  f o r  t h e  new inspectors, i t  requ i res  several 
years o f  on- the- job experience t o  make t h e  inspectors most e f f e c t i v e .  Then 
they progress on a career path t h a t  leads toward being appointed as a PMI. 
There i s  no s p e c i f i c  formal t r a i n i n g  course f o r  PMIs. Add i t i ona l l y ,  
recu r ren t  t r a i n i n g  i s  sporadic and d i f f i c u l t  t o  a t t a i n ,  r e s u l t i n g  i n  a work 
fo rce  t h a t  must t r y  very hard t o  s tay  ahead o f  the  operators and q u i c k l y  
advancing a i r c r a f t  technology. 

Increased FAA inspector  s t a f f i n g  l e v e l s  should he lp  w i t h  t h e  
manpower requirements necessary t o  review paperwork t h a t  ensures t h a t  
a i r l  i nes have compl i e d  w i t h  Federal regu la t ions .  However, w i thout  proper FAA 
inspect ion  o f  actual  a i rp lane  condi t ion,  l e s s  responsib le o r  knowledgeable 
operators can operate a i rp lanes o f  dubious s t r u c t u r a l  and mechanical 
i n t e g r i t y .  The paperwork review system has become so entrenched i n  FAA 
inspect ions t h a t  an a l t e r a t i o n  . o f  phi losophy i s  requ i red  t o  c reate  an 
e f f e c t i v e  maintenance s u r v e i l  1 ance program. 

The Safety Board sought t o  i d e n t i f y  e x i s t i n g  boundaries o f  
r e s p o n s i b i l i t y  o f  t h e  PMI regarding regu la to ry  compliance and t h e  l e v e l  o f  
maintenance qual i t y  demonstrated by the  assigned a i r  c a r r i e r .  Evidence o f  
accoun tab i l i t y  o f  t h e  PMI and d i s t r i c t  o f f i c e  f o r  t h e  performance o f  t h e  
assigned c a r r i e r ( s )  was n o t  apparent. Evidence suggests t h a t  FAA 
su rve i l l ance  and inspect ion  programs are d i r e c t e d  toward t h e  a i r  c a r r i e r ,  and 
t h e  in-house eva luat ion  o f  PMI performance i s  o r ien ted  toward q u a n t i t y  o f  
work and t h e  a b i l i t y  t o  handle approvals smoothly and d i r e c t l y .  The Safety 
Board i s  concerned t h a t  the  PMI has the  a u t h o r i t y  t o  approve c r i t i c a l  areas 
o f  a i r  c a r r i e r  maintenance programs wi thout  being he ld  responsib le f o r  those 
approvals. There does no t  appear t o  be an e f f e c t i v e  method i n  p lace f o r  FAA 
management t o  make r e c u r r i n g  qual i t a t i v e  assessments o f  PMI approvals. 

Followup o f  the  NASIP f i nd ings  i s  a l so  i n d i c a t i v e  o f  a l a c k  o f  PMI 
accoun tab i l i t y .  The negat ive f i nd ings  o f  an a i r l  i n e  maintenance program are 
placed i n t o  t h e  overs ight  o f  the  PMI t o  promote and moni tor  c o r r e c t i v e  
act ion.  That i s ,  a negative s i t u a t i o n  may occur under t h e  j u r i s d i c t i o n  and 
su rve i l l ance  o f  a PMI and y e t  he i s  responsib le t o  evaluate and fo l lowup on 
c o r r e c t i v e  act ion.  Therefore, t h e  accoun tab i l i t y  f o r  the  on-going q u a l i t y  o f  
t h e  PMIs work performance does no t  appear t o  e x i s t .  

It appears t h a t  t h e  cu r ren t  survei  11 ance system can 1 ead t o  "rubber 
stamp" approvals and endorsement o f  an a i r  c a r r i e r ' s  operat ions and 
maintenance programs. Improvements are needed t o  encourage and support the  
PMI's e f f o r t s  t o  secure compliance and t o  promote upgraded l e v e l s  o f  
performance by t h e  assigned a i r  c a r r i e r  i n  both sa fe ty  and r e l i a b i l i y  areas. 
Without such improvements, t h e  system o f  program approval can be d r i v e n  by 
t h e  momentum and i n t e r e s t s  o f  t h e  a i r  c a r r i e r .  I t appears the  present system 
i s  sustained by t h e  personal i n t e g r i t y  and ded icat ion  of t h e  concerned FAA 
inspector  personnel r a t h e r  than by an FAA system t h a t  inc ludes adequate 
overs ight  and i n t e r n a l  review. With t h e  cu r ren t  environment, o n l y  the  most 
mot ivated PMIs w i l l  ma in ta in  t h e i r  sense o f  r e s p o n s i b i l i t y  t o  ensure maximum 
e f f i c i e n c y  and safety.  The Safety Board recognizes t h e  need fo r  increased 



FAA management emphasis on the accountability of a PMI's performance. Both 
regional and headquarters Flight Standards staff should become more involved 
in assessing and ensuring PMI accountability. 

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

The FAA management's primary tool for overseeing 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 survei 1 1  ance responsi bil i ties. 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 suggeststhat 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 Airl ines 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 
Airl ines' high-cycle airplanes and Aloha Airl ines' 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" qua1 itative 
program to complement the current "Federal regulation compl i ance" approach. 
That is, under the current philosophy, the FAA examines air1 ine records for 
compliance with regulations, and some negative findings (violations) result 
in enforcement actions for which there are clear guide1 ines. 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 



preamble t o  t h e  1987 NASIP r e p o r t  of Aloha A i r l i n e s ,  t h e  FAA team stated, 
"Aloha A i r l i n e s '  Maintenance Management has been remiss i n  t h e i r  
r e s p o n s i b i l i t i e s  by n o t  being able t o  recognize t h e i r  own de f i c ienc ies ,  as 
t h i s  r e p o r t  w i l l  indicate. ' '  "Responsi b i l  i t i e s "  apparent1 y r e f e r s  t o  
regu la t ions  under which Aloha A i r l  ines i s  charged w i t h  main ta in ing i t s  
a i rp lane  i n  an a i rwor thy  cond i t i on  (FAR 121.363). "Def ic iencies"  i n  t h i s  
case apparent ly  re fers  t o  items which the  FAA be1 ieves Aloha A i r l  ines should 
c o r r e c t  t o  operate sa fe ly .  There was no nat iona l  FAA program t o  evaluate and 
v e r i f y  t h e  q u a l i t y  o f  t h e  c o r r e c t i v e  act ions, nor  t o  determine t h e  t ime l iness  
o f  such act ions.  For example, t h e  NASIP team found t h a t  Aloha A i r l i n e s  
...does n o t  have an e f f e c t i v e  i n t e r n a l  a u d i t  program." A1 though FAR 121.373 
" C o n t i n u i n g  a n a l y s i s  and surve i l lance"  addresses an a i r  c a r r i e r ' s  
r e s p o n s i b i l i t y  t o  mainta in a system f o r  cont inu ing ana lys is  and su rve i l l ance  
of i t s  inspect ion  and maintenance programs, the  FAA NASIP inspectors 
apparent ly  concluded t h a t  t h e  regu la t ion  was t o o  sub jec t ive  t o  use as a basis 
fo r  enforcement a c t i o n  t o  assure t h a t  Aloha A i r l i n e s  cor rec ted d e f i c i e n c i e s  
i n  t h e i r  i n t e r n a l  a u d i t  program. 

Technical ly ,  as s ta ted by the  FAA, i f  an a i r l i n e  complies w i t h  t h e  
regu la t ions ,  i t  i s  "safe." However, many regu la t ions  are sub jec t i ve  i n  
nature  and are subject  t o  i n t e r p r e t a t i o n .  Consequently, even w i t h  several 
s i g n i f i c a n t  negative f i nd ings  by a NASIP team, as was t h e  case w i t h  Aloha 
A i r l i n e s ,  t h e  a i r l i n e  was allowed t o  cont inue operat ions wi thout  making 
immediate changes and wi thout  having t o  se t  deadl ines f o r  completion on 
recommended act ions.  I n  fac t ,  t he  overs ight  and c loseout  o f  c o r r e c t i v e  
ac t ions  suggested by the  NASIP team were l e f t  t o  the  Aloha A i r l i n e s  PMI, 
under whose j u r i s d i c t i o n  and r o u t i n e  su rve i l l ance  the  discrepancies had been 
a1 1 owed t o  e x i s t .  

Some negat ive f i nd ings  o f  t h e  FAA NASIP team were s i m i l a r  i n  nature  
t o  t h e  f i n d i n g s  o f  t h e  Boeing team t h a t  evaluated Aloha A i r l i n e s  maintenance 
program i n  November 1987 and the  "aging f l e e t "  survey team t h a t  v i s i t e d  Aloha 
A i r l i n e s  i n  January 1988. Although several c o r r e c t i v e  ac t ions  were taken by 
Aloha A i r l i n e s  i n  e a r l y  1988 and several o thers  were i n  process a t  t h e  t ime 
o f  t h e  accident,  Aloha A i r l i n e s  continued f l i g h t  operat ions un in ter rupted 
du r ing  t h i s  period, desp i te  the  negative nature o f  many o f  these f ind ings.  

The Safety Board i s  concerned t h a t  an a i r 1  i n e  t h a t  i s  charged by 
r e g u l a t i o n  t o  conduct operat ions i n  a c e r t a i n  manner can be found i n  
noncompliance w i t h  the  i n t e n t  o f  the  regu la t ions  and yet ,  i t  can cont inue 
commercial f l i g h t  operat ions wi thout  substant ive i n t e r r u p t i o n  o r  c o r r e c t i v e  
ac t ions  taken. I f  an a i r l i n e  i s  e i t h e r  unable o r  u n w i l l i n g  t o  develop and 
main ta in  an e f f e c t i v e  maintenance and inspect ion  program, t h e  cu r ren t  FAA 
overs ight  phi losophy w i l l  no t  prevent de f i c ienc ies  from occurr ing, and i t  
w i l l  n o t  v e r i f y  t h a t  substant ive and t i m e l y  c o r r e c t i v e  ac t ions  have been 
taken. Furthermore, the  FAA d i d  n o t  i n tend  t o  a c t u a l l y  " inspect"  Aloha 
A i r l i n e s  f l e e t  t o  v e r i f y  i f  t h e  a i rp lanes were, i n  fac t ,  safe. The f i nd ings  
o f  t h e  Safety Board f o l l o w i n g  t h e  accident o f  N73711, regarding t h e  q u a l i t y  
o f  Aloha A i r l i n e s  maintenance program, suggests t h a t  the  FAA r o u t i n e  and 
spec ia l  inspect ion  programs were no t  e f f e c t i v e  i n  v e r i f y i n g  t h a t  the  
a i rp lanes were maintained i n  a safe, a i rwor thy  cond i t ion .  



2.6 Boeing 

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, a 
consideration for MSD was not a part of the certification requirements, nor 
is it required now. This is demonstrated by the fact that there is no 
specific FAA requirement for full -scale fatigue testing to multiple projected 
service lifetimes of an airplane. Boeing attempted to assure fatigue life by 
testing the representative half fuselage section to two lifetimes. However, 
the durability of the lap joint cold bond appears to be the governing factor 
producing multiple site fatigue cracking in the B-737 lap joints. The Safety 
Board believes that the Boeing fatigue tests of the fuselage to two lifetimes 
did not generate fatigue cracking, probably because the lap joint and tear 
strap bonds on the test article were initially of good quality. Nonetheless, 
the Safety Board be1 ieves in light of the increased knowledge of and concern 
for the occurrence of MSD, the difficulties that may be encountered in 
detecting this type of damage and the catastrophic failure that may result 
from such damage, full -scale fatigue testing to a minimum of two projected 
service 1 ifetimes 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 lifetime. 

The Safety Board is also concerned about other Boeing transports, 
including some B-727 and early B-747 airplanes, that utilize the cold bond 
construction. The Safety Board recognizes that the design of B-727 and B-747 
airplanes is less susceptible to fatigue cracking problems in the lap joints 
as early in the service life as those that arose in the B-737 fleet. 
However, a significant number of these airplanes are being used beyond the 
economic service life predicted by the manufacturer. The approach to 
fatigue testing for the early B-727 and B-747 airplanes was similar to that 
performed during the B-737 certification in that it did not include the 
possibility of in service lap joint disbonding. Additionally, although the 
entire airplane was tested in each case, only one service life objective was 



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 life. 

2.6.2 Boeing Structures Classification 

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

Boeing believes that their current FAA approved inspection program 
is adequate for detecting lead cracks resulting from MSD before the damage 
becomes critical. However, the Aloha Airl ines 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 Air1 ines 

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

While responsibility for determining the operational airworthiness 
of the aircraft rests primarily with the operator, both the 'manufacturer and 
the FAA have a responsibility to verify that conditions do not appear that 
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 



requ i re  in format ion  about a i rp lane  performance and cond i t i ons  i n  se rv i ce  i n  
order  t o  reso lve  d i f f i c u l t i e s  and provide c o r r e c t i v e  ac t ions  t o  operators. 
Evaluat ions by the  FAA o f  t he  cond i t i on  o f  a i rp lanes t o  v e r i f y  regu la to ry  
compliance and enforcement should be performed as an independent ove rs igh t  
measure t o  ensure t h a t  t he  operator/manufacturer exchange cont inues. When 
Boeing prevented t h e  Aloha A i r l i n e s  PMI from at tend ing a  meeting a t  which 
Boeing presented the  r e s u l t s  o f  i t s  evaluat ion, Boeing s ta ted  t h a t  i t  was 
mot ivated by a  corporate concern t o  preserve t h e  p r i vacy  o f  communication 
between operators and the  manufacturer. 

Manufacturers should mainta in p r i v a t e  customer contac ts  b u t  they 
must reserve the  o p t i o n  t o  n o t i f y  the  FAA regarding the  aspects o f  a i r  sa fe ty  
o f  any i n d i v i d u a l  operator  should such a  need a r i se .  Boeing d i d  n o t  i n fo rm 
t h e  FAA o f  t he  cond i t i on  o f  t he  Aloha A i r 1  ines a i rp lanes,  nor  was i t  requ i red 
t o  by regu la t i on .  Boeing determined t h a t  an unsafe c o n d i t i o n  "could develop" 
i n  t h e  Aloha A i r l i n e s  a i rp lanes t h a t  were surveyed i f  c o r r e c t i v e  ac t ions  were 
not  taken and p re fe r red  t o  discuss the  f ind ings  e x c l u s i v e l y  w i t h  Aloha 
A i r l i n e s .  

T i t l e  14 CFR 21.3, "Reporting of Fa i lu res ,  Mal funct ions,  and 
Defects," i s  intended t o  ensure t h a t  the  FAA becomes aware o f  serv ice  
d i f f i c u l t i e s  t h a t  are not  repor ted  through the  e x i s t i n g  se rv i ce  d i f f i c u l t y  
system. The l a p  j o i n t  and t e a r  s t rap  cor ros ion  and p o t e n t i a l  f a t i g u e  
c rack ing problems were we1 1  known and c o r r e c t i v e  a c t i o n  was being formulated. 
The Safety Board recognizes t h a t  al though Boeing had no regu la to ry  o b l i g a t i o n  
t o  r e p o r t  t he  f i n d i n g s  o f  t h e i r  survey o f  Aloha A i r l i n e s  t o  the  FAA, the  
Safety Board considers i t  a  p o t e n t i a l  benef i t  t o  r e p o r t  such informat ion.  
Therefore, t he  Safety Board be l ieves  t h a t  the  FAA should evaluate the  sa fe ty  
b e n e f i t s  t h a t  may be gained from manufacturer's survey informat ion,  such as 
aging a i r c r a f t  repor ts ,  and take appropr iate measures t o  ensure such data  
remain accessib le t o  the  appropr iate a u t h o r i t i e s .  The FAA's eva luat ion  
should l ead  t o  more e x p l i c i t  c r i t e r i a  and gu ide l ines  t o  operators and 
manufacturers about what in format ion  should be repor ted  t o  the  FAA under t h e  
p rov i s ions  o f  14 CFR 21.3. 

2.7 Operat ional Considerat ions 

The magnitude o f  t he  accident  was w e l l  beyond any a n t i c i p a t e d  
emergency scenario. The f l i g h t c r e w ' s  ac t ions  were cons is tent  w i t h  s imula tor  
t r a i n i n g  s i t u a t i o n s  which minimize the  exposure t o  phys io log i ca l  e f f e c t s .  
The f l  ightcrew's success i n  managing the  mu1 t i p l e  emergency s i t u a t i o n s  and 
recover ing  t h e  a i r c r a f t  t o  a  safe land ing speaks we l l  o f  t h e i r  t r a i n i n g  and 
airmanship. 

The cabin crew a l so  performed i n  a  h i g h l y  commendable manner when 
faced w i t h  a  t o t a l l y  unpredicted event. The i r  bravery i n  moving about t o  
reassure t h e  passengers and prepare them f o r  land ing was exemplary. 

The Safety Board reviewed three opera t iona l  areas : assessment o f  
i n - f l  i g h t  s t r u c t u r a l  damage; a i  r/ground emergency communications; and 
emergency ambul ance response. 



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  short1 y a f te r  the  explosive decompression. The Safety 
Board notes t h a t  speed brakes and 280 t o  290 KIAS were used wi thout  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  cockp i t  door was 
missing and sky was v i s i b l e  overhead). The IAS used i n  t h e  descent, al though 
i t  minimized t h e  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 t h e  e f f e c t  o f  
exposure. The open fuselage break was a l so  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  a irspeed 
as much as poss ib le  and avoid h igh maneuvering loads." The Safety Board 
considers t h a t  eva luat 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 o f  
emergency descent ( t a r g e t  airspeed, con f igu ra 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 
the re fo re  suggests t h a t  the  FAA issue an A i r  C a r r i e 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  ai rworth iness as s ta ted i n  the  operators manual before tak ing  any 
a c t i o n  t h a t  may cause f u r t h e r  damage o r  the  breakup o f  a damaged ai r f rame. 

I n  the  course of t h i s  accident, ATC changed frequency f o r  pr imary 
r a d i o  contac t  w i t h  t h e  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 ,  t h e  
crew estab l ished contact  w i t h  Maui Tower; Maui Tower was i n i t i a l l y  no t  
apprised o f  the  f u l l  nature o f  t h e  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 du r ing  
normal operat ions; however, Maui Tower received both t h e  emergency 
transponder code and conf i rmat ion o f  a p ressur i za t 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 t h e  workload o f  a crew dur ing an emergency. Further, an 
e r r o r  du r ing  the  handoff could r e s u l t  i n  l o s t  communications and a poss ib le  
l o s s  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 l so  concerned about t h e  circumstances 
surrounding t h e  ambulance response a t  the  Maui a i r p o r t .  Had t h e  ambulance 
se rv i ce  been n o t i f i e d  e a r l i e r  by t h e  con t ro l  tower and been w a i t i n g  a t  t h e  
a i r p o r t  when t h e  a i rp lane  1 anded, t h e  serious1 y i n j u r e d  passengers could have 
been t r e a t e d  and t ransported t o  t h e  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 
serv ices 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 
scenario. 
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3. CONCLUSIONS 

Findings 

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

Weather was not a factor in this accident. 

A1 though Aloha Air1 ines operated according to the FAA 
operating certificate and operations specifications, the 
qua1 i ty of A1 oha Ai rl ines maintenance and inspection program 
was deficient. 

There was no evidence of preexisting failure or malfunction of 
the airplane's air conditioning, pressurization, pneumatic, or 
electrical systems that could have contributed to the fuselage 
failure. 

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

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

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

The fatigue cracking initiated from the knife edge associated 
with the countersunk lap joint rivet holes; the knife edge 
concentrated stresses that were transferred through the rivets 
because of lap joint disbonding. 

The disbonding of lap joints and tear straps originated from 
manufacturing difficulties encountered with surface 
preparation and/or bond materi a1 processing during the 
construction of the airplane which resulted in lap joint bonds 
with low environmental durability or a lack of bonding. 

Although a representative fuselage section of a Boeing 737 was 
tested to 150,000 cycles during certification, the test did 
not reflect the fatigue performance of the actual fleet 



aircraft because the test parameters did not consider the long 
term effects of disbonding, corrosion, and fatigue cracking in 
the lap joints as experienced in airline service. 

Disbonding of B-737 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 imp1 ications of mu1 tiple site damage 
were not realized, a permanent solution was not determined, 
and corrective action was relegated to repetitive visual 
inspections and damage repair. 

There was sufficient information available to Aloha Air1 ines 
to alert it to the cracking problems associated with the 
deterioration of lap joint bonds, and Aloha should have 
followed a maintenance program to detect and repair cracking 
before it reached a critical condition. 

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

It was not determined whether Aloha Airlines actually 
performed the required eddy current inspection in compliance 
with AD 87-21-08 or whether it was performed ineffectively. 

A properly conducted eddy current inspection, performed in 
accordance with AD-87-21-08 in November 1987, would have 
detected additional fatigue cracks in the holes of the upper 
rivet row of the lap joint along S-4R. 

FAA licensed Aircraft and Powerplant mechanics are not 
required to be knowledgeable in the maintenance and inspection 
of modern contemporary airplanes because the training 
curriculum has not kept pace ' with aviation industry 
techno1 ogy. 

There are human factors issues associated with visual and 
nondestructive inspection which can degrade inspector 
performance to the extent that theoretically detectable damage 
is overlooked. 

A1 oha Ai rl ines management fai 1 ed 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. 



Because of the inexact instructions in AD 87-21-08, Aloha 
Airlines maintenance personnel did not replace the S-4R lap 
joint upper row countersunk rivets with protruding head 
rivets. 

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

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

The PMI was not specifically trained to deal with the lap 
joint corrosion and disbonding problems of the B-737. His 
efficiency was further eroded when he was excluded from the 
informational 1 oop regarding Boeing aging aircraft 
inspections of Aloha airplanes and not apprised of the 
program between the FAA Aircraft Certification Service and 
Boeing regarding structural testing of an in-service airplane. 

Principal Inspectors have difficulty initiating safety 
improvements in air carrier operations and maintenance 
programs outside the "regulatory compl iance" approach, and 
they must resort to salesmanship and persuasion unless an 
enforcement is clearly viable. 

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

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

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

3.2 Probable Cause 

The National Transportation Safety Board determines that the 
probable cause of this accident was the failure of the Aloha Airlines 
maintenance program to detect the presence of significant disbonding and 
fatigue damage which ultimately led to failure of the lap joint at S-10L and 



the separation of the fuselage upper lobe. Contributing to the accident 
were the failure of Aloha Airlines management to supervise properly its 
maintenance force; the failure of the FAA to evaluate properly the Aloha 
Airlines maintenance program and to assess the airline's inspection and 
qua1 ity 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 durabi 1 i ty, corrosion, and premature fatigue 
cracking . 

4. RECOMMENDATIONS 

As a result of its investigation of this accident, the National 
Transportation Safety Board made the fol 1 owing safety recommendations: 

--to the Federal Aviation Administration: 

Provide specific guidance and proper engineering 
support to Principal Maintenance Inspectors to 
eval uate modifications of air1 ine maintenance 
programs and operations specifications 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 I I, Priority Action) (A-89-54) 

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

Require formal certification and recurrent training 
of aviation maintenance inspectors performing 
nondestructive inspection functions. Formal 
training should include apprenticeship and periodic 
skill demonstration. (Class 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. Require operators to 



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 
B-737 airplanes that have incorporated lap joint 
terminating action (protruding head solid fasteners 
installed in the upper row of all lap splices) to 
detect any fatigue cracking that may develop in the 
middle or lower rows of fuselage lap joint fastener 
holes (for both the inner and outer skin panels) or 
in the adjacent tear strap fastener holes, and 
define the types of inspections, inspection 
intervals, and corrective actions needed for 
continuing 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 I I, 
Priority Action) (A-89-59) 

Issue an Airworthiness Directive for B-737 airplanes 
equipped with carbon steel engine control cables to 
periodically inspect the cables for evidence of 
corrosion and if there is such evidence, to 
accomplish the actions set forth in Boeing Service 
Letter 737-SL-76-2-A. (Class 11, Priority Action) 
(A-89-60) 

Require that air carrier maintenance departments use 
the engineering services available from the 
manufacturer or other sources to periodically 
evaluate their maintenance practices including 
structural repair, compliance with airworthiness 
directives and service bulletins, performance of 
inspection and quality assurance sections and 
overall effectiveness of continuing airworthiness 
programs. (Class I I, Priority Action) (A-89-61) 

Revise the National Aviation Safety Inspection 
Program objectives to require that inspectors 
evaluate not only the paperwork trail, but also the 
actual condition of the fleet airplanes undergoing 
maintenance and on the operational ramp. (Class 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) 



Evaluate the qual ity 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 accountabi 1 i ty for the qual i ty 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 a1 1 current1 y 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 I I, Priority Action) (A-89-67) 

Discontinue classification of fuselage skin as 
'ma1 function evident" or "damage obviousn 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 I I, Priority Action) (A-89-68) 

Issue an Air Carrier Operations Bulletin for all air 
carrier flight training departments to review the 
accident scenario and reiterate the need to assess 
airplane airworthiness as stated in the operators 
manual before taking action that may cause further 
damage or breakup of a damaged airframe. (Class 11, 
Priority Action) (A-89-69) 



--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 real i stic and acceptable calendar 
and flight cycle intervals. (Class 11, Priority 
Action) (A-89-70) 

Initiate a corrosion prevention and control program 
designed to afford maximum protection from the 
effects of harsh operating environments (as defined 
by the airplane manufacturer). (Class 11, Priority 
Action) (A-89-71) 

Revise and upgrade the technical division manpower 
and oraanization to provide the necessary 
management, quality assurance, engineering, 
technical traini na and production personnel to 
maintain a high "level of 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 
bulletins, performance of inspection and qua1 ity 
assurance sections, and overall effectiveness of 
continuing airworthiness programs. (Class 11, 
Priority Action) (A-89-73) 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

James L. Kolstad 
Acting Chairman 

Jim Burnett 
Member 

John K. l auber 
Member 

Joseph 1. N a i l  
Member 

J.emoine V. Dickinson. Jr . 
Member 



Joseph T. Nai l ,  Member, f i l e d  the fo l lowing concurring/dissenting 
statement: 

While I concur w i t h  most o f  the major i ty 's f indings, I disagree 
w i th  the probable cause and cer ta in  conclusions . Industry 's best engineers 
reviewed the car r ie r ' s  records, knew of i t s  high-cycle operations, and even 
inspected some o f  Aloha's 737 f leet .  No o n e ~ n o t  Boeing, Aloha nor the FAA 
p r i nc ipa l  maintenance inspectors--recognized o r  predicted the c r i t i c a l  
nature o f  the m u l t i - s i t e  cracking o r  tha t  the a i r c r a f t  h u l l  was about t o  
rupture. I f  a " f a i l u r e "  occurred, i t was a system fa i l u re .  Could those who 
designed, inspected o r  maintained the a i r c r a f t ,  given t h e i r  knowledge a t  the 
time o f  the accident, have reasonably foreseen t h i s  accident was about t o  
happen? I th ink  not. I would have preferred t o  c i t e  simply "the presence o f  
undetected disbonding and fa t igue cracking" as the probable cause. I agree 
w i t h  the ma jo r i t y  t h a t  cont r ibut ing t o  the f a i l u r e  t o  detect the h u l l  defects 
were systems, programs or  decisions o f  a l l  the par t ic ipants .  But I emphasize 
these are simply cont r ibut ing factors, not  the probable cause o f  the 
accident. 

The major i ty 's probable cause i s  too narrow and I therefore cannot 
agree t h a t  Aloha's maintenance program was the probable cause o f  the 
accident. I would have supported the fo l lowing probable cause: 

The National Transportation Safety Board determines t h a t  the 
probable cause o f  t h i s  accident was the presence o f  undetected d i  sbonding and 
fa t igue  cracking which l ed  t o  the f a i l u r e  o f  the fuselage l ap  j o i n t  a t  S-10L. 

Contr ibut ing t o  the accident were: the f a i l u r e  o f  Aloha A i r l i n e s  
management t o  supervise i t s  maintenance force properly; the f a i l u r e  o f  the 
Federal Aviat ion Administrat ion t o  assess the qua1 i t y  and effectiveness o f  
the Aloha A i r1  ines maintenance program; the f a i l u r e  o f  FAA Airworthiness 
D i rec t i ve  87-21-08 t o  requi re  inspection o f  a l l  the l ap  j o i n t s  as proposed by 
Boeing A l e r t  Service B u l l e t i n  737-53A1039; and the lack  o f  a complete 
terminat ing act ion (nei ther generated by Boeing nor required by the FAA) 
af te r  the discovery o f  d i f f i c u l t i e s  i n  the ear ly  production 0-737 co ld  bond 
l a p  j o i n t .  

/s/ Joseph T. Ma11 
Member 

June 14. 1989 
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APPENDIXES 

APPENDIX A 

INVESTIGATION AND HEARING 

1. I n v e s t i g a t i o n  

The Washington Headquarters o f  t h e  National Transportat ion Safety 
Board was n o t i f i e d  o f  the  Aloha A i r l i n e s  accident w i t h i n  a shor t  t ime a f t e r  
t h e  occurrence. A f u l l  i n v e s t i g a t i o n  team departed Washington, DC a t  0800 
eastern d a y l i g h t  t ime t h e  fo l l ow ing  morning and a r r i v e d  i n  Maui 1400 Hawaiian 
standard t ime on the  same day. The team was composed o f  t h e  f o l l o w i n g  
i n v e s t i g a t i v e  groups: Operations, Structures/Systems, Maintenance Records, 
Metal1 urgy, and Surv ival  Factors. I n  addi t ion,  s p e c i a l i s t  repor ts  were 
prepared t o  summarize f i nd ings  re levant  t o  the CVR and FOR. 

Par t i es  t o  the  f i e l d  i n v e s t i g a t i o n  were Aloha A i r l i n e s ,  t h e  FAA, 
t h e  Sta te  o f  Hawaii Department of Transportat ion A i r p o r t s  D iv is ion ,  t h e  
Boeing Commercial Ai rp lane Company, t h e  A i r  L ine P i l o t s  Association, the  
In te rna t iona l  Associat ion o f  Machinists, and the  Associat ion o f  F l i g h t  
Attendants. 

2. Pub1 i c  Hearing 

A 4-day p u b l i c  hearing was he ld  i n  Seat t le,  Washington, beginning 
on J u l y  12, 1988. Par t i es  represented a t  the  hearing were t h e  FAA, Aloha 
A i r 1  ines, Boeing Commercial Ai rp lane Company, and t h e  A i r  L ine  P i l o t s  
Associat ion. 



APPENDIX B 

PERSONNEL INFORMATION 

Captain Robert Lawrence Schornstheimer 

Captain Robert L. Schornstheimer, 44, was h i r e d  by Aloha A i r l i n e s  
on May 31, 1977. The capta in  holds A i r l i n e  Transport P i l o t  (ATP) C e r t i f i c a t e  
NO. 1958730 w i t h  a i rp lane mul t iengine land r a t i n g s  and commercial p r i v i l e g e s  
i n  a i rp lane  s ing le  engine land. The capta in  i s  type ra ted  i n  t h e  Boeing 737. 
The capta in  was issued a F i r s t  Class Medical C e r t i f i c a t e  on November 25, 
1987, w i t h  no l i m i t a t i o n s .  

On. January 7, 1988, t h e  capta in  completed recu r ren t  ground t r a i n i n g  
on t h e  Boeing 737. On February 17, 1988, the  capta in  received a p r o f i c i e n c y  
check i n  a B-737 s imula tor  a t  another major a i r l i n e s  f a c i l i t y .  The capta in  
had f lown a t o t a l  o f  8,500 hours, 6,700 hours o f  which were i n  t h e  Boeing 
737. During the  l a s t  90 days, 60 days, and 30 days before the  accident,  t h e  
capta in  had flown: 107 hours, 4 minutes; 72 hours, 3 minutes; and 41 hours, 
23 minutes, respect ive ly .  I n  the  24 hours previous t o  t h e  accident, t h e  
capta in  had f lown 4 hours and 26 minutes and had a t o t a l  du ty  t ime o f  8 hours 
and 50 minutes. 

F i r s t  O f f i c e r  Made1 i n e  Lynn Tompkins 

F i r s t  O f f i c e r  Madeline L. Tompkins, 37, was h i r e d  by Aloha A i r l i n e s  
on June 4, 1979. The f i r s t  o f f i c e r  holds ATP C e r t i f i c a t e  1907395, w i t h  
commercial p r i v i l e g e s  i n  a i rp lanes s i n g l e  and mu1 t i eng ine  land and g l i d e r  
aero tow only. The f i r s t  o f f i c e r  was issued an FAA F i r s t  Class Medical 
C e r t i f i c a t e  w i t h  no r e s t r i c t i o n s  on January 5, 1988, w i t h  the  l i m i t a t i o n  t h a t  
'Holder s h a l l  wear c o r r e c t i v e  lenses wh i le  exerc is ing t h e  p r i v i l e g e  o f  her  
airman c e r t i f i c a t e . "  

The f i r s t  o f f i c e r  q u a l i f i e d  as a Boeing 737 f i r s t  o f f i c e r  on 
June 30, 1979. Her most recent  recur rent  ground t r a i n i n g  and p r o f i c i e n c y  
check were both completed on A p r i l  8, 1988. The f i r s t  o f f i c e r  had f lown a 
t o t a l  o f  8,000 hours, 3,500 hours o f  which were i n  t h e  Boeing 737. During 
t h e  l a s t  90 days, 60 days, and 30 days before the  accident, t he  f i r s t  o f f i c e r  
had flown: 189 hours, 29 minutes; 128 hours, 27 minutes; and 58 hours, 
46 minutes, respect ive ly .  I n  the  24 hours previous t o  the  accident, t he  
f i r s t  o f f i c e r  had f lown 1 hour and 5 minutes and had a t o t a l  du ty  t ime o f  
3 hours and 20 minutes. 

F l  i g h t  Attendant Cl arabel 1 e Lansing 

F l i g h t  Attendant C l  a rabe l le  Lansing, 58, was employed by Aloha 
A i r l i n e s  on August 1, 1951 and she had completed recu r ren t  emergency t r a i n i n g  
on September 29, 1987. She was assigned e x i t  L-1 f o r  t a k e o f f  and landing. 



F l i g h t  Attendant M iche l le  Honda 

F l i g h t  Attendant Miche l le  Honda, 35, was employed by Aloha A i r l i n e s  
on J u l y  1, 1974 and she had completed recur rent  emergency t r a i n i n g  on 
December 9, 1987. She was assigned e x i t  R-3 f o r  t a k e o f f  and landing.  

F l i g h t  Attendant Jane Sato-Tomita 

F l i g h t  Attendant Jane Sato-Tomita, 43, was employed by Aloha 
A i r l i n e s  on December 1, 1969 and she had completed recur rent  emergency 
t r a i n i n g  on January 5, 1988. She was assigned e x i t  R - 1  f o r  t a k e o f f  and 
landing. 

Inspector  M i l  f r e d  Y. K. Soong 

Inspector  Wi l f red  Y .  K. Soong was employed by Aloha A i r l i n e s  i n  
June, 1966 i n  the  l i n e  maintenance department. He has served as an Aloha 
A i  r l  ines maintenance supervisor . He holds FAA A i rp lane and Powerpl ant  
License 1687694 and has 22  years experience i n  a i r c r a f t  maintenance. He was 
appointed t o  h i s  present p o s i t i o n  as an inspector  i n  September, 1987. 
M r .  Soong t e s t i f i e d  t h a t  h i s  inspector  t r a i n i n g  was received through 
on-the- j o b  i n s t r u c t i o n .  M r .  Soong's A1 oha A i r l  ines Formal T ra in ing  Record 
contains one en t ry  f o r  the  per iod subsequent t o  h i s  appointment as an 
inspector ,  an NDI workshop presented by Boeing f o r  2 hours. 

Senior Lead Inspector  Edward Hatsumoto 

Senior Lead Inspector  Edward Matsumoto was employed by Aloha 
A i r l i n e s  i n  January, 1960, as a mechanic. He has served as an Aloha A i r l i n e s  
inspector  and foreman. He holds FAA Airp lane and Powerplant License 1450079 
and has more t h a n  33 years experience i n  a i r c r a f t  maintenance. 
M r .  Matsumoto's Aloha A i r l  ines Formal Tra in ing Record i s  s i l e n t  from 1968 
u n t i l  September 17, 1987, when he attended an NDI workshop presented by 
Boeing f o r  2 hours. 
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BOEING SERVICE BULLETIN 737-53-1039, Rev. 2 

TRANSMITTAL SHEET 

Boeing Service Bul le t in  737-53-1039 

h i s  sheet  t ransmits  REVISION 2 dated February 8, 1974 1, . Service Bu l l e t i n  737-53-1039, BODY S K I N  LAP JOINT 
INSPECTION AND REPAIR. . 

.. 

NOTE: This revis ion cons t i tu tes  a complete reissue.  

SUMMARY 

This revis ion i s  issued t o  add a spec i f i c  corrosion and 
fa t igue  damage inspect ion program, expand the  e f f e c t i v i t y  
t o  include a i rp lanes  sealed i n  production, de le te  u l t r a -  
sonic  void and fee le r  gage inspections, de l e t e  severa l  
u l t rason ic  thickness measuring instruments and incorporate 
outstanding s t a t u s  change notices.  

Airplanes on which lap jo in t s  were sealed per Service 
Bu l l e t i n  53-1017, SEALING O F  COLD-BONDED STRUCTURE FOR 
CORROSION PROTECTION, as  an adhesive de te r io ra t ion  and 
corrosion preventive measure require corrosion and fa t igue  
damage inspect ion per  t h i s  revision. 

Airplanes on which j o in t s  were refastened per previous 
i s sues  of this b u l l e t i n  or the  methods de t a i l ed  i n  
S t ruc tu ra l  Repair Manual, 53-30-1, Figure 5 ,  require  
corrosion inspect ion only per t h i s  revision. 

A l l  pages of t h i s  revis ion contain new, revised or 
re located  information. 

REVISION HISTORY 

Original  Issue:  Ju ly  19, 1972 
Revision 1 : October 11, 1972 

BOEING COMMERCIAL AIRPLANE COMPANY 
CUSTOMER SUPPORT 
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THE BOEING COMPANY COMMERCIAL AIRPLANE G R W P  
P.O. BOX 3707 SEATTLE, WASHINGTON 98124 

S E R V I C E  , B U L L E T I I  
ATA . NO: 737-53-1039 

SYSTEM: 53 DATE: ~ u l y  i s ,  1972 
1 737 REVISION 2: February 8,  1974 

I SUBJECT! BODY S K I N  LAP J O I N T  INSPECTION AND REPAIR 

I. Planning Information 

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

1. Airplanes  Affected 

This change is appl icable  only t o  the a irp lanes  
l i s t e d  below. 

CUSTOMER 6 
CUSTOMER NO. 

( A I R  FRANCE) 
PG204CPG222 

MODEL & 
SERIES 

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

MFG. SERIAL NU- 

1 9 6 0 1  AND 

REGISTRY NO. 

N4504M AND 

737-53-1039 
Page 1 of 29 
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BOEING SERVICE BULLETIN NO. 737-53-1039 

CUSTOMER 6 MODEL 6 
CUSTOMER NO. SERIES MFG. SERIAL NO. REGISTRY NO. 

AH ( A I R  ALGERIE) 1 PL716 737-206 20544 

AP (AIR CALIFORNIA) 
PG271-PG274 737-293 19306 THRU 19309 N461GB THRU N464GB 
PG275CPG276 737-293 19713 AND 15714 N465GB AN0 N467GB 

AQ (SOUTHWEST AIRLINES CO.1 
PG279 737-293 20336 

AR ( ARGENTINAS) 

I PH705-PH7C8 737-287 
PH741CPH742 737-2 87 
PY007CPY008 737-287C 

CP (CANADIAN PACIFIC)  
PG501-PG504 737-217 
PG505 737-217 
PJ031CPJ032 737-217 

20403 THRU 20406 
20523 AN0 20537 
20407 AN0 20408 

19884 THRU 19867 
19888 
20196 AND 20197 

LV-JMW THRU LV-JMZ 
LV-JTO AN0 LV-JTO 
LV-JNO AN0 LV-JNE 

LN-SUS AN0 LN-SUP 
LN-SUA 
LN-SUG 

CF-CPB THRU CF-CPE 
CF-CPU 
CFCPV AN0 CC-CPZ 

FL (FRONTIER) 
PG621CPG622 737-2CO 20070 AN0 20071 N7378F AND N7379F 
PG623CPG624 737-2CO 20072 AN0 20073 N7372F AN0 N7370F 
PG62 5 737-2CO 20074 N7371F 
PG626-PG630 737-291 20361 THRU 20365 N7373F THRU N7377F 
PG431 737-214 19681 N73BOF 

Jul  19/72 
REV. 2: Feb 8/74 
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CUSTOMER C MODEL C 
CUSTOMER NO. SERIES MFG. SERIAL NO. REGISTRY NO. 

20480 THRU 20485 VT-EAG THRU VT-EAL 

I N  I I R I S H  INTERNATI 
PG251CPG252 737-248 19424 AN0 19425 EI-ASA AND EI-AS8 
PG253CPG254 737-248 20221  AND 20222 El-ASF AND El-ASG 

1 PG255 737-248 20223 â‚¬1-A 
PY321-PY323 737-248QC 20218 THRU 20220 El-ASC THRU El-ASE 

I I R  ( IRAN)  
PH731CPH732 737-286 20498 AND 20499 EP-IRF AND EP-IRG 
PY021 737-2 86C 20500 EP-I RH 

LH I LUFTHANSAJ 
PA001-PA004 737-130 19013 THRU 19016 
PA005-PA008 737-130 19017 THRU 19020 
PA009-PA021 737-130 19021  THRU 19033 
PA022 737-130 19794 I PY341-PY346 737-230QC 20253 THRU 20258 

MO ( A I R  MADAGASCAR) 
PG375 737-282 20231 

MI  (MARITIME INV 6 SHIPPING) 
PL801 737-2A6 20194 

1 PL712 737-212, 20521 
PY301CPY302 737-242C 19847 AND 19348 

I PY303CPY304 737-242C 20455 AND 20496 

NH (ALL NIPPON) 
PG571EPG572 737-281 20226 AND 20227 
PG573CPG574 737-281 20276 AN0 20277 
PG575CPG576 737-281 20413 AND 20414 

I PG577-PG580 737-281 20449 THRU 20452 
PG58lCPG582 737-281 20506 AND 20507 
PG583 737-281 20508 

Jul 19/72 
REV. 2: FÃ§ 8/74 

0-ABEA THRU D-ABED 
0-ABEF THRU D-AEE: 
0-ABEK THRU 0-AbEK 
D-ABEY 
0-ABBE THRU D-A8HE 

LN-MTC AND LN-MTO 

CF-NAU 
CF-NAB AND CF-NAH 
CF-NAQ AN0 CF-NAP 

JA8401 AN0 JA8402 
JA6403 AND JA8405 
JA8406 AN0 JA8407 
JA8408 THRU JA8411 
JA8412 AN0 JA8413 
JA8414 
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BOEING SERVICE BULLETIN NO. 7 3 7 - 5 3 1 0 3 9  

CUSTOMER C MODEL C 
CUSTOMER NO. SERIES MFG. SERIAL NO. REGISTRY NO. 

NZ (NEW ZEALAND) 
1 PG199 

PG401-PG403 
PG436 
PG704 

15758 
19929 THRU 19931 
20156 
20344 

19418 THRU 19422 
19423 AND 20211 
20212 THRU 20216 
19073 
15547 AN0 19548 
15555 

* 
ZK-NAC THRU ZK-NAE 
ZK-NAK 
ZK-NAJ 

N734N THRU N738N 
N740N AND N741N 
N743N THRU N747N 
N752N 
N749N AND N751N 
N9049U 

PS (PACIFIC SOUTHWEST) 
PG432CPG433 737-214 19632 AND 19920 N379PS AND N380PS 
PG435 737-214 20155 N382PS 
PG437-PG440 737-214 20157 THRU 20160 N984PS THRU N987PS 

I PG441 737-214 20368 N988PS 

PV (EASTERN PROVINCIAL) 
PG651CPG652 737-2E1 
PJ072 737-2E1 

PW (PACIFIC WESTERN) 
PG434 737-214 

1 PH701EPH702 737-275 
PX701 737-275C 

SA (SOUTH AFRICAN) 
PG351CPG352 737-244 
PG353 737-244 

1 PG354-PG356 737-244 

20396 AND 20357 CF-EPL AND CF-EPR 
20300 CF-EPC 

19921 CF-PWM 
19742 AN0 20142 CF-PWO AN0 CF-PWC 
19743 CF-PWE 

19707 AND 19708 ZS-S6L AND IS-SBM 
20229 ZS-SBN 
20329 THRU 20331 ZS-seo THRU 7s-SBR 

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



APPENDIX C 

BOE1NG SERVICE BULLETIN NO. 737 -531039  

CUSTOMER & . MODEL C 
CUSTOMER NO. SERIES MFG. SERIAL NO. REGISTRY NO. 

SO (SINGAPORE AIRLINES LTO. 1 
PC001CPC002 737-112 19768 AND 19769 9V-BFD AND 9V-BBC 
PC0036PC004 737-112 19770 AN0 19771 9V-BFE AND 9V-BBE 
PC005 737-112 19772 9V-6FF 

TM (OETA) 
< 

PH703CPH704 737-281 20280 AN0 20281 CR-BAA AN0 CP-bAb 
1 PY031 737-2BIC 20536 CR-BAC 

TS (ALOHA) 
1 PA231CPA232 737-159 19679 AN0 19630 N73715 AND N73717 

PG701EPG702 737-297 20209 ANO 20210 NT3711 AND N73712 
PG703 737-297 20242 N73713 

TZ (TRANSAIR LTD.) 
1 PY004EPY005 737-2A9C 202C5 AND 20206 CF-TAO AN0 Cf-TAN 

UA (UNITE01 
PG001-PG004 737-222 19039 THRU 19042 N9001U THRU NYO94U 

I PG006-PG034 737-222 19044 THRU 19072 N9006U THRU N9034U 
PG038-PG040 737-222 19076 THSU 19078 N9038U THRU NS040U 
PGO43-PGO4B 737-222 19549 THRU 15554 N9043U THRU N9048U 
PG050 737-222 19556 N9050U 
PG051-PG075 737-222 19932 THRU 19956 N9051U THRU N9075U 

VP (VASP SAO PAULO) 
PG471-PG475 737-2A1 20092 THilU 20096 PP-SMA THRU PP-SME 

WA (WESTERN) 

I PG201-PG203 737-247 19598 THRU 19600 NtSOlW THRU N4502W 
PG205-PG22C 737-247 19602 THRU 19617 N4505W THRU N4520.1 
PG221 737-247 20125 N4521W 
PG223-PG230 737-247 20127 THRU 20134 N4523W THRU N453PÃˆ 

Jul 19/72 
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BOEING SERVICE  B U L L E T I N  NO. 7 3 7 - 5 3 - 1 0 3 9  

CUSTOMER C MODEL C 
CUSTOMER NO. S E R I E S  MFG. S E R I A L  NO. REGISTRY NO. 

Z D  ( B R I T A N N I A )  
PG331CPG332  7 3 7 - 2 0 4  19709 AND 1 9 7 1 0  G-AVRL AND G-AVRM 
P J l O l C P J 1 0 2  737-204 19711 AN0  1 9 7 1 2  G-AVRN AND G-AVRO 
PJ103CPJ104  737-204 2 0 2 3 6  AN0  2 0 4 1 7  1;-AWSY AN0 G-AXNC 
P Y 3 6 1 C P Y 3 6 2  7 3 7 - 2 0 4 C  2 0 2 8 2  AND 2 0 3 8 9  G-AXNA AN0  G-AXN8 
P G 0 3 6  7 3 7 - 2 2 2  19074 G-AZNZ 

Number not available. 

The following operators included i n  the original imsue of 
this  service bulletin are no longer affected and therefore 
have been deleted from the effectivity: 

1 GERMAN REPUBLIC and MALAYSIA-SINGAPORE AIRLINE. 

Jul 1 9 / 7 2  :-\ 
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BOEING SERVICE BULLETIN NO. 737-53-1035 

2. Spares Affected 

No Boeing s u p p l i d  spare*. 

Reason - 
The longi tudinal  l ap  jo in t s  on affected 737 airplanes  were 
manufactured by placing a room tampÃ§ratur curing epoxy 
adhesive (BMS 5-10) between the overlapped skins p r io r  t o  
f lush r ive t ing  the skins together. The purpose of the bond 
was to improve fa t igue l i f e .  

Seven operators have reported instances of de te r io ra t ion  
of t he  adhesive used t o  bond the lap joints  resu l t ing  i n  
jo in t  delamination and c o r r o s i o n  on t h i r t y  a i rplanes .  
This condition was found on airplanes with as  low as  3000 
flight-hours. The deter iorated areas varied from small 
i so l a t ed  pockets t o  areas s i x  fee t  or more i n  length. In 
most instances these areas could be posit ively i den t i f i ed  
only a f t e r  corrosion caused exter ior  skin bulges, cracks 
o r  missing fas tener  heads. Airplanes operating i n  wan* 
moist climates are  the most susceptible t o  adhes2v-s 
deter iorat ion.  

In  a l l  instances of jo in t  deter iorat ion reported t o  da te ,  
none of the  jo in t s  had developed fatigue cracks. Some of 
the  a i rplanes  with large areas of delaminatio.?., had 
accumulated i n  excess of 20,000 cabin pressur iz t ion  
cycles. Prolonged operation with large areas  of 
delaimination w i l l  eventually r e su l t  i n  fatigue crackizg. 
The time a t  which fa t igue cracks w i l l  occur depends on the 
degree of delamination and the presence of corrosion. AT-. ..; 
e f f ec t i ve  bond,especial ly  i n  the upper portion of the  
j o in t ,  w i l l  delay cracking. I t  is emphasized t h a t  fa t igue  
crack vulnerabi l i ty  exist.s only where there  a re  iazqe 
areas of delamination. 

Laboratory tests have shown tha t  for the  l i g h t e s t  gage 
skins  ( .036 inch) t he  theoret ical  fatigue l i f e  of a lap  
j o in t  with a  l a rge  area of delamination would be reduced. 
The reduced fa t igue l i f e  of a  l i gh t  gage delaminated j o i n t  
i s  a t t r i bu t ed  to the sharp edge a t  the  base of the  
fas tener  head countersink. Heavier gage skins i n  a  jo in t  
w i t h  large delaminated areas axhibi t  higher fa t igue  
s t rength  because the edge a t  the  base of the  countersink 
is  not as  sharp. Lap jo in t s  with outer skin gages . 0 5  
inch and greater  have sa t i s fac tory  fa t igue l i f e  even i n  a  
completely delaminated condition. However, these jo in t s  
a r e  s t i l l  subject  t o  corrosion damage. 

REV. 2: Fob 8/7U 
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Subsequent t o  the o r i g i n a l  i s s u e  o f  this b u l l e t i n  the 
bonded l a p  j o i n t s  were sea l ed  i n  production t o  prevent  
mois ture  c o n t a c t  w i t h  t h e  cured adhesive. RÃ§cen s e r v i c e  
exper ience  w i t h  both  f a c t o r y  s e a l e d  and ope ra to r  s ea l ed  
j o i n t s  i n d i c a t e s  t h a t  s e a l i n g  has  n o t  been success fu 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  mois ture  may e n t e r  the j o i n t  around the e x t e r n a l  head 
of j o i n t  f a s t e n e r s .  Because of this, t h e  e f f e c t i v i t y  is 
expanded to  i n c l u d e  a l l  a i r p l a n e s  wi th  bonded l a p  jo in t s .  

Descr ip t ion  

This  b u l l e t i n  r e v i s i o n  (Revision 2)  i s  i s sued  t o  desc r ibe  
t h e  minimum cor ros ion  and f a t i g u e  damage in spec t ion  
program f o r  main ta in ing  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 co r ros ion  in spec t ion  por t 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  i n spec t ion  f o r  s k i n  
bulges ,  c racks  or missing f a s t e n e r  heads i n d i c a t i n g  
s u b s t a n t i a l  co r ros ion ,  and an e x t e r n a l  LPS-3 appl ica t ion .  
The frequency of cor ros ion  in spec t ion  should be based on 
ope ra to r  exper ience  but  should n o t  exceed s i x  month 
i n t e r v a l s  f o r  j o i n t s  i n  t h e  lower lobe  of t he  body and one 
year  i n t e r v a l s  f o r  j o i n t s  i n  t h e  upper lobe. The f a t i g u e  
damage i n s p e c t i o n  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  i n spec t ion  of t he  j o i n t  o u t e r  s k i n  adjacent  t o  t h e  
head o f  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  
i n s p e c t i o n  i s  a p p l i c a b l e  only t o  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  .056 inch  and should comence upon 
accumulation of 30,000 cabin  p re s su r i za 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  
a r e a s  w i t h  l a r g e  delaminations,  t h i s  inspec t ion  is  
recommended a t  a l l  j o i n t  a r e a s  where t h e  ou te r  s k i n  gage 
i s  less than  .056 inch  because s e r v i c e  experience has  
revea led  t h a t  there i s  d i f f i c u l t y  i n  dis ,cr iminat ing bonded 
j o i n t  a r e a s  from delaminated a r e a s  when no corros ion  i s  
p resen t  i n  the delamination.  

Because o f  de laminat ion  repor ted  on s e a l e d  l a p  j o i n t s ,  t h e  
e f f e c t i v i t y  is expanded t o  inc lude  a i r p l a n e s  wi th  bonded 
l a p  j o i n t s  t h a t  were sea l ed  i n  production.  Airplanes on 
which l a p  j o i n t s  were sea l ed  per  Se rv ice  B u l l e t i n  53-1017, 
SEALING OF COLD-BONDED BODY STRUCTURE FOR CORROSION 
PROTECTION, are cons idered  the same as those  a i rp l anes  
s e a l e d  i n  product ion  and r e q u i r e  cor ros ion  and f a t i g u e  
damage in spec t ion .  Airplanes on which j o i n t s  were 
r e f a s t e n e d  p e r  previous  i s s u e s  of this b u l l e t i n  or one of 
the methods d e t a i l e d  i n  S t r u c t u r a l  Repair Manual, Subjec t  
53-30-1 Figure 5, r e q u i r e  co r ros ion  in spec t ion  only. 

J u l  19/72 
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The u l t r ~ o n i c  void and f n l e r  gage inspections a m  
deleted becure ,  although soma opÃ§rator have used then 
with aatisfat-torv r Ã § u l t s  n n y  operators have a-rienced 
d i f f i cu l ty  becaum of confusion and Â¥isunderatanding 
concerning inspection limitations and interpretation of 
remits. Several ultrasonic thickness measuring 
instruoents are deleted because operator6 have reported 
that  the depth of noderate to severe corrosion could not 
be determined using these inatrunillts. 

0. Approval 

The repair described herein has been approved by the FAA 
Designated Engineering Kepresentative a t  The Booing 
company. 

E. Manpower 

Approximate un-hours and crew size for individual tasks 
are as follows: 

Airplane 
C r w  Size Down-Time 

I 
Owration Man-Hours (tlours) 

1 Corrosion Inspection 2 40 20 

1 Fatigue Inspection 2 40 2 0 

Fatigue .and/or 
Corrosion Repair 

Dependent on number, location and size of repairs 
required. 

F. Material - Price and Availability 

I t  is reeounended that  the parts and mte r ia l s  identified 
in paragraph 1I.A. be furnished or fabricated from 
operator's existing stock or purchased directly from 
industry sources. Accordingly, price and delivery data i s  
not included i n  support of th i s  bulletin. 

REV. 2 1 Fab 8/74 
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G. Tooling - Pr ice  and Avai lab i l i ty  

Special  u l t rasonic  or lw frequency eddy-current f t i n g  
e q u i p ~ n t ,  Vi8u-Lok ina t a l l a t i on  t oo l s  and Unisink Head 
Bulbed Cherrylock i n s t a l l a t i on  tools may b e  needed 
depending on operator 's  course of action. I f  such 
eaui~irmt is  desired,  it is recom~nded  that it be 
f i n d s h e d  from operator 's  ex i s t i ng  inventory or purchased 
d i r e c t l y  from induatry sources. Accordingly, p r ice  and 
delivery data  is  not included i n  support of t h i s  bu l le t in .  

H. Weight and Balance 

Change i n  weight and balance w i l l  depend on number, type 
and s i z e  of repa i r s  and amount of sealant  and/or LPS-3 
applied. 

I. References 

1. Existing Data: 

a. S t ruc tura l  Repair Manual D6-15565, Subject 51-10-2, 
53-30-1, 53-30-2, 53-30-3 and 53-30-1. 

b. Seeing Non-Destructive Test Manual, Document 
D6-7170, Par t  1 and Par t  4 

c. Boeing Service Bul le t in  53-1017, Sealing of 
cold-~onded s t ruc ture  For Corrosion Protection 

2. New o r  revised data supplied i n  support of t h i s  
bu l le t in :  

None 

J .  Publications Affected 

The modification described herein a f f ec t s  the following 
publication: 

Publication Chapter and/or Section 

737 S t ruc tura l  Repair 
Manual 

J u l  19/72 
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11. Mate r i a l  Information 

A. P a r t s  m i r e d  P e r  Airplane 

NOTE: A l l  or a por t ion  of t h e  following is required  
depending on opera to r ' s  course of action. 

p m n t i t y  P u t  Number Nomenclature 

A* Required Sea S t r u c t u r a l  Repair Sealant  
Mumal, Subject  53-30-11 

A* Required LPS-3 Water Displacing 
Corroiion Inh ib i t -  
i ng  Compound 

A* m i r e d  NAS1398D8-( ) Blind Rivet 

A* I f q u i r e d  PLT1007-6- ( ) Visu-Lok Blind 
Fastener 

A* Required CR 2235-6-1 ) Unisink Head Bulbed 

I 
Cherrylock 

Vendor Information 

Boeing P u t  No. 

- 
- 

8 .  P a r t s  I f q u i r e d  to ~ o d i f y  spa res  

None 

C. m V 9 d  P u t 8  

Nons 

- 

J u l  19/72 7 

Vendor P a r t  No. 

LPS-3 

PLTl007-6-1 1 

Vendor 

LPS Laboratories,  Inc. 
2050 Cotner Ave. 
Los Angeles, Ca l i f .  90025 

The National Screw and 
Mfg. co. 
3U23 S. Garf ie ld  Ave. 
Lo8 Angeles, Cal i f .  90022 

CR 2235-6-( ) Townsend Co. 
Cherry Rivet ~ i v .  
1224 E. Warner Ave. 
Santa Ana, Cal i f .  92707 
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D. S p e c i a l  Tools  and Equipment Required 

1. One or more of t h e  fo l lowing test ins t ruments ,  
s u i t a b l e  f o r  co r ros ion  d e t e c t i o n  and t h i c k n e s s  
measurement8 may b e  r equ i r ed  depending on operator's 
courae  o f  a c t i o n  and may b e  obta ined  from t h e  
fo l lowing manufacturers: 

Instrument Vendor Information 

Appl ica t ion  1 Instrument 1 Vendor 1 
Corrosion 
d e t e c t i o n  and 
t h i c k n e s s  esti- 
mation - low 
frequency 
eddy -current  
method 

EM-1500 Automation I n d u s t r i e s  
S h e l t e r  Rock Road 

NET-3 Nortec Inc. 
3001 George Wash. Way 
Richla:~d,  Wash. 

2. Power t o o l s  may be used t o  i n s t a l l  Visu-Lok 
f a s t e n e r s .  For a p p l i c a b l e  t o o l s  con tac t  t h e  
Nat ional  Screw C Mfg. Co. 

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

3. Reference s t anda rds  are requ i r ed  f o r  u se  wi th  l o w  
frequency eddy-current i n spec t ion  ins t ruments .  
Reference s t anda rd  number one and two a r e  r equ i r ed  
f o r  passenger a i rp l anes .  A l l  t h r e e  s t anda rds  a r e  
r equ i r ed  f o r  cargo  a i r p l a n e s .  Fab r i ca t e  p e r  
F igure  1 .  

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

Phasemaster 

Nanoscope 4 12 

Laser  Systems C 
E1ectrc)nics Inc.  
Tullahoma, Tenn. 

Van Waters C Rodgers Co. 
1363 SCI. Bonnie Beach Pl .  
Los Anyeles, C a l i f .  
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6. The following tools may be used t o  i n s t a l l  th i s ink  
Read Bulbed Cherrylock fas teners t  

Pu l l  Gunt G-68@ 
Flush Fastener 
Pu l l  Head1 H687-6C 

Vendor I Townsend Co. 
Cherry Rivet Div. 
1224 E. Warner Ave. 
S m t a  h a ,  Calif. 92707 

5. The following equipment has been tes ted and found 
s a t i s f ac to ry  fo r  bl ind applichtion of LPS-3 and is 
t o  be operator fabricated.  Equivalent operator 
designed equipment m y  a lso  be used as  long as it 
is  designed t o  apply only the  minimum mount of 
LPS-3 required t o  sa tura te  the  void and t o  prevent 
LPS-3 contamination of insulat ion materials. This 
equipment i s  fo r  use with the  one row blind 
fas tener  jo in t  refastening metho13 detai led i n  Par t  
I V  - Repair Data. 

Equipment - Method I (Optional to Method 11) 

1. Four ounce pump type oi lcan modified t o  
incorporate a stop, s top screw, spring a d  
spec ia l  nozzle. Fabricate per Figure 2 ,  

2. Lap jo in t  sample for practice and s top 
adjustment. Fabricate per Fxgure 3. 

J u l  19/72 
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E N 0  OF NOZZLE SHOULO CONTACT SKIM 
FOR PROPER APPLICATION.  

ADJUST STOP SCRCM SO THAT ONE PUMP 
QSTnOXE M I L L  OISCHARCE . I 0  TO . I S  

CUBIC CENTIMETERS OF LPS-3 .  

BLIND LPS-3 mPLICATOR - METHOD 1 

Jul 19/72 737-53-1039 
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DETAIL  I 

FIGURE 2. BLIND U S - 3  APPLICATOR - tlETHOD I 

737-53-1039 
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+ M I L L  110. 2 1  ( . I 5 9  111CH D I A . )  Mit AND 
INSTALL R I V E T  BACRl5CE5OI ). 

6 M I L L  110. 5  t . 2 0 5  IKCH D I A . )  HOLE. 

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

Jul 19/72 737-53-1039 
REV. 2: Fmb 8/74 17 
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Equimnt - nethod I1 (Optional to U e t h d A  

NOTE* To reduce application the, it is suggested 
that this equipment be made in quantity so 
that meveral upper row fastener holes in the 
repair area nay be treated simltaneously. 

1. Applicator tip, stop collar and a length of clear 
plastic tubing. Fabricate and assemble per Figure 
4. 

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

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



E>-MAKE APPLICATOR TIP FROM ANY CONVENIENT NON-METALLIC 
M A T E R I A L  E I T H E R  S O L I D  OR HOLLOW. I F  S O L I D  M A T E R I A L  
I S  USED. D R I L L  A HOLE FOR THE MAJORITY OF I T S  
LENGTH AS SHOWN. I F  HOLLOW M A T E R I A L  I S  USED, S U I T A B L Y  
PLUG ONE END. 

DIAMETER OF T I P  DEPENDENT ON HOLE S I Z E  I N  S K I N  AN0 
& T I P  MATERIAL.  F I T  OF T I P  I N  HOLE SHOULD BE A L I G H T  

INTERFERENCE F I T  TO PRECLUDE AM APPRECIABLE AMOUIIT 
OF L P S - 3  FLOWING PAST THE T I P  A H 0  DOWN THE INNER 
SURFACE OF THE S K I N .  THE 1NTE11T I S  TO HOLD THE 
L P S - 3  SUPPLY AT THE F A V I N G  SURFACE. CORRECT T I P .  
DIAMETER I S  BEST DETERMINED EXPERIHEI ITALLY.  

CLEAR 
P L A S T I C  
TUBING 

\ 
I K S U L A T I O M  , BLANKET 

\ 

b;!:;\,FOUR . 0 3  D I A .  OISCHARGE HOLES 9 0  DEGREES 

TOOL USAGE I N S T R U C T I O N S  

1. OETERMINE OUTER S K I N  THICKNESS AT HOLE AND ADJUST STOP 
COLLAR SO THAT DISTANCE FROM CENTER OF DISCHARGE HOLES TO 
STOP COLLAR CQI IA IS  nlJTER SKI11 T I I ICKI IESS.  

2. INSERT T I P  I N T O  FASTENER 1lOLC UTtT IL  STOP CONTACTS S K I N ,  

3. F I L L  CLEAR P L A S T I C  T U B I I I G  W I T H  I P S - 3  TO A L E V E I  
APPROKIMATELY . 5  I N C H  M O V E  OISCIIARGE I IOLES.  

4. ALLOW TOOL T O  REMAIN IN PLACE r o q  APPROX1MATELY 5 M I ~ U T E S  
TO A C H I E V E  MAXIMUM PENETRAT10 l l .  A  V I S U A L L Y  APPARENT DROP 
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111. Accomplishment I n s t r u c t i o n s  

The fo l lowing program o u t l i n e s  the minimum requirements  f o r  
main ta in ing  the s t r u c t u r a l  i n t e g r i t y  of l a p  jo in t s .  The 
i n s p e c t i o n  f o r  co r ros ion  w i l l  d e t e c t  s eve re  co r ros ion  
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 
i n s p e c t i o n  f o r  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  c racks  
(.25 inch  i n  l e n g t h  and g r e a t e r )  emulat ing from upper row 
f a s t e n e r  ho le s .  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  doubters .  I n  t h e  fol lowing 
i n s p e c t i o n s  each panel  i s  t r e a t e d  as fi s e p a r a t e  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  o f  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. 

1 P a r t  I - Corrosion Inspect ion  and Repa& 

I On a l l  a i r p l a n e s ,  accomplish t h e  fol lowing co r ros ion  
i n s p e c t i o n  and LPS-3 app l i ca 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 jo in t s .  

A. Visua l ly  i n s p e c t  e x t e r n a l  s u r f a c e  of l a p  j o i n t  f o r  
s k i n  bulges  ad jacen t  t o  f a s t e n e r s ,  s k i n  cracks  caused 
by seve re  cor ros ion ,  dished f a s t e n e r  heads o r  missing 
f a s t e n e r  heads. 

B. I f  co r 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 cor ros ion  damage f o r  f u l l  l eng th  
of t h e  panel  j o in t .  Extent: of damage nay be 
determined us ing  t h e  low frequency eddy-current  
i n s p e c t i o n  i n  P a r t  I11 o r  by any o t h e r  s u i t a b l e  means. 
Corrosion nay be removed by l o c a l  blend o u t  i f  t h e  
b lend o u t  depth  does no t  exceed 10 percent  of t he  s k i n  
th i ckness  except  t h a t  i n  smal l  l o c a l  a r e a s  no t  
exceeding 3 inches  i n  length  i n  any 20 inches  of j o i n t  
a s k i n  th i ckness  reduct ion  of 20 percent  is acceptable  
and i n  small l o c a l  a r eas  n o t  exceeding 1.5 inches  i n  
l eng th  i n  any 20 inches  of j o i n t  a s k i n  th ickness  
r educ t ion  o f  40 percent  is acceptable.  I n  a reas  where 
s k i n  th i ckness  is reduced by 40 percen t  it i s  
sugges ted  t h a t  a fay ing  s u r f a c e  sea l ed  shim and 
o v e r s i z e  pro t ruding  head f a s t e n e r s  be i n s t a l l e d  i f  
t h e r e  are e x i s t i n g  f a s t e n e r  h c l e s  i n  t h e  rework area .  
A f t e r  co r ros ion  removal r e f a s t e n  t h e  j o i n t  per  P a r t  I V  
o r  S t r u c t u r a l  Repair Manual, Sub jec t  53-30-1, F igure  
5, Method I o r  11. Corrosion exceeding the above 
l i m i t s  should b e  repai red  p e r  S t r u c t u r a l  Repair  
Manual, Sub jec t  53-30-3. 

J u ~  19/72 
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C. I n  panel jo in t  areas  where no corrosion indicat ions  
Â¥r found, apply LPS-3 t o  joint  external edge and 
fas tener  external  heads i n  joint  per operator ' s  
standard procedure (Ref. Structural  -pair Manual, 
Subject 51-10-2). For maximum penetration, it i s  
suggested t h a t  LPS-3 be applied t o  the jo in t  edge 
under pressure using equipment such as an a i r l e s s  
pa in t  spray pump. 

NOTE: F i l l e t  s ea l  along the  edge of the  lap  j o in t  
prevents LPS-3 application t o  the jo in t  edge 
but need not be removed unless deteriorated.  
Reestablishment of deteriorated f i l l e t  s e a l  is 
optional. 

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

Pa r t  I1 - Fatigue Damage Inspection and Repair 

On a l l  a i rplanes  upon accumulation of 30,000 cabin pressuriza- 
t ion  cycles, accomplish t he  following inspection for  fa t igue  
cracks annually i n  joint  areas where the joint  outer skin gage 
i s  less than .056 inch. 

With the aid of a br ight  l igh t ,  visually inspect the 
body skin forward and a f t  of the  headof  the lap j o in t  
upper r o w  fas teners  for fatigue cracks. See Figure 5. 

I f  fa t igue cracks a re  found, eddy-current inspect '  t he  
skin adjacent t o  a l l  joint  upper row fastener heads 
t he  the  f u l l  length of the panel i n  which cracks were 
found. See Nondestructive Test Document D6-7170, Par t  
6, Subject 53-30-00 for  inspection equipment and 
technique. 

Repair fa t igue cracks using a repair  s imilar  t o  t h a t  
shown i n  Structural  Repair Manual, Subject 53-30-3, 
Figure 16, and replace a l l  remaining upper row f lush 
jo in t  fas teners  i n  t ha t  panel joint  with oversize 
protruding head fasteners per Par t  I V  - Repair Data. 

Areas where no fa t igue cracks are  found should be 
reinspected annually. Reinspection for fatigue cracks 

be terminated be replacing the ex is t ingupper  row 
z y j o i n t  fasteners with standard protruding head so l i d  
fas teners  per Par t  Iv. tiowever, a-  corrosion 
inspection program should be maintained. 

J u l  19/72 
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FIGURE 5 .  FATIGUE CRACK LOCATION 

Jul  19/72 737-53-1039 
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I Par t  111-Low Frequency Eddy-Current Corrosion Damage Inspection 

Eddy-current instruments w i t h  low frequency capabi l i ty  provide 
a rapid method of locat ing moderate to severe corrosion on 
inner  and outer  j o in t  skin faying surfaces. Instruments of 
t h i s  type provide an estimate of skin thickness loss  by the  
comparison method. Although a precise  measurement i s  not 
obtained, the  method is f a s t ,  does not require paint s t r ipp inq  
o r  a couplant, does not require access t o  the  i n t e rna l  s i de  of 
the jo in t  and can inspect  inner and outer  skin faying surfaces  
simultaneously. 

Technical information on low frequency eddy-current inspection 
w i l l  be published i n  Boeing ;Jondestructive Test i.lanua1, 
Document D6-7170. 

A. Equipment 

1. The following instruments, o r  equivalent, may be used. 

NOTE 1: These instruments should have frequency 
capab i l i t i e s  o r  modules l i s t e d  i n  
Table I. 

2: See paragraph 11.0.1 for  instrument vendor 
information. 

2. U s e  a f l a t  spr ing loaded eddy-current probe compatii-le 
t o  the  instrument used. Probes with wear p la tes  are 
suggested i f  large areas  are  t o - b e  scanned. 

B. Prepare surface f o r  inspection by removin? dust and d i r t  
per operator ' s  standard procedure. 

C. Cal ibrate  instrument fo r  simultaneous inspection of inner 
and ou te r  j o in t  sk in  faying surfaces as follows: 

1. Se t  up instrument t o  operate on correct  frequency f o r  
applicable sk in  thickness. See Table I. 

J u l  19/72 
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Adjust f o r  l i f t - o f f  per instrument manufacturer's 
ins t ruct ions .  

Using reference standard, check instrument response to 
a 10 percent l o s s  i n  inner skin thickness. It is 
suggested t h a t  instrument s e n s i t i v i t y  be s e t  such t h a t  
a 10 Dercent thickness reduction w i l l  cause a 10 - ~- . - - - ~  ~ 

percent change in  meter reading. 

Inspect a rea  i n  question per Step D. 

D. Inspect area  i n  question as  follows: 

1. Place probe on l a p  joint  between fas teners  and ad jus t  
deter to approximately mid scale.  

2. Scan area i n  question fo r  indicat ions  of corrosion. 
Sever i ty  of  corrosion w i l l  be indicated by magnitude 
of meter change. 

NOTE 1: It is suggested t h a t  par t i cu la r  a t tent ion 
be paid t o  the upper edge of the  joint .  

2: T h i s  inspection w i l l  not discriminate 
between corrosion on outer  and inner skin. 
I f  it is desired t o  determine i n  which 
skin the  corrosion is  located the  
instrument should be s e t  up on correct  
frequency per Table I t o  inspect outer  
skin only. 

J u l  19/72 
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TABLE I. 

Low Frequency Eddy-Current Frequencies 

Skin Thickness R> I Frequency (KHZ) 

outer and faying surface  
inner akin only. 

1 faying 
surface.  B> I 

E> See Structural  Repair Manual Subject 53-30-2 
f o r  skin  thickness i n  a part icular  area. 

E>Minimum frequency s e l e c t i o n  required for  locat inq 
and estimating corrosion damage. 

E> Applicable t o  737-200C airplanes only. 

J u l  19/72 
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P u t  I V  - Repair D a t a  

The following repa i r s  are used to restor* the fat igue l i f e  of 
a &laminated jo in t  a n a  or to refas ten a joint separated f o r  
corrosion removal. The one row standard fastener repa i r  is a 
permanent repair which replaces the exis t ing flush fas teners  
i n  the  j o in t  upper row with oversize protruding head r ive t s .  
This repa i r  may be used as a preventive modification and is 
opt ional  to those de ta i led  i n  S t ruc tura l  Repair Manual Subject 
53-30-1 f o r  jo in t  refastening. The one r o w  blind fas tener  
r epa i r  is s imi la r  t o  the one row standard fastener repa i r  
except b l ind  fas teners  a re  used. This repair  is l i f e  l imited 
depending on the  type of fas tener  used and the  gage of the  
outer  skin a t  the  joint .  After ins ta l la t ion ,  the bl ind 
fas teners  should be regularly inspected for  looseness o r  
working. After they have been i n  service fo r  the  s t a t ed  
period, a fa t igue crack inspection a s  detailed i n  Par t  I1 
should be i n i t i a t e d  i n  the  repa i r  area or  the  blind fas teners  
should be replaced by standard r i ve t s  i n  which case fa t igue 
crack inspection i s  not necessary. 

NOTE: The following repa i r s  may not be used i n  corroded 
areas  where the skin thickness would be less  than .032 
inch a f t e r  corrosion removal. For repair  of corroded 
areas  exceeding t h i s  l i m i t ,  see Structural  Repair 
Manual, Subject 53-30-1, Figure 5 Method I or  11. 

One Row Standard Fastener Repair 

A. I f  jo in t  was separated, remove loose adhesive, apply brush 
on chemical f i lm treatment (Alodine or  I r i d i t e )  and one 
coat of chemical and solvent r e s i s t an t  primer t o  metal 
faying surfaces.  After primer has dried,  apply sealant  t o  
faying surfaces.  See S t ruc tura l  Repair Manual, Subject 
53-30-4 fo r  faying surface sealants .  

B. I f  j o in t  was not separated, i n j ec t  as  much LPS-3 as 
possible  i n t o  t he  joint .  See Structural  Repair Manual, 
Subject 51-10-2 fo r  LPS-3 application. 

C. I n s t a l l  fas teners  per Figure 6. 

Ju1  19/72 
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One Sow Blind Fastener Repair ( l i f e  l imited) 

This r epa i r  is l i f e  limited. The following f a t i g u e l i v e s  were 
establ ished by t e s t i ng  which assumed the  absence of bond, 
fa t igue  cracks and corrosion and are to be calculated from the  
time bl ind fas teners  are  ins ta l led  i n  the  joint. I f  b l ind  
r i v e t  NAS1398D8-( is ins ta l led ,  a fatigue l i f e  improvement 
of approximately 15,000 additional cabin pressurization cycles  
nay be expected i f  the  outer skin is l e s s  than .056 inch 
thick.  I f  t he  outer  skin is .056 inch thick or  greater  a l i f e  
improvement of approximately 30,000 cabin presssur izat ion 
cycles may be expected. I f  Visu-Lok blind r i ve t  PLT1007-6-( ) 
o r  Unisink Head Bulbed Cherrylock CR 2235-6-( i s  i n s t a l l ed  
a fa t igue  l i f e  improvement of approximately 30,000 addi t ional  
cabin pressur izat ion cycles may be expected. After 
i n s t a l l a t i o n ,  the  blind fasteners should be inspected f o r  
looseness o r  working a t  regular major maintenance i n t e rva l s  t o  
ensure t h a t  the  indicated fatigue l i f e  i s  achieved. After the  
fas teners  have been i n  service for the above s ta ted  period, 
inspection fo r  fa t igue cracks per Par t  I1 a t  these fas tener  
locat ions  should be i n i t i a t e d  unless replacement with standard 
protruding head r i v e t s  is accomplished. 

A. Remove ex is t ing  upper row r ive t  i f  it i s  3/16 inch 
diameter o r  smaller. 

NOTE : I f  ex i s t ing  fas tener  i s  s t e e l  or a r i v e t  l a rger  
than 3/16 inch diameter, removal i s  not required 
a s  t h i s  location w i l l  have a sa t i s fac tory  fa t ique  
l i f e .  

B. Enlarge ex i s t i ng  hole with Size F (.257 inch diameter) 
dri l l  i f  b l i n d x i v e t  NAS1398D8-( ) is t o  be i n s t a l l ed ,  No. 
3 (.213 inch diameter) d r i l l  i f  Visu-Lok blind r i v e t  
PLT1007-6-( ) is t o  be ins ta l led  or  No. 5 t.205 inch 
diameter) drill i f  Unisink Head Bulbed Cherrylock CR 2235- 
6 - (  ) is to be ins ta l led .  Careful hole d r i l l i n g  i s  
advised to keep hole diameter as close t o  minimum as  
possible.  

NOTE; Visu-Lok blind r i v e t  PLT1007-6-( ) o r  Unisink Head 
Bulbed Cherrylock CR 2235-6-( 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 bl ind 
r i v e t  NAS1398D8- ( ) . 

J u l  19/72 
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C. To achieve the lux- service l i f e  u s o c i a t e d  w i t h  b l ind 
fastonex i n s t a l l a t i o n ,  it is u s e n t i a l  t h a t  no corrosion 
bo p r w n t .  It is sugq*s td  t h a t  LPS-3 be applied to 
jo in t  faying surface through each open fastener hole uaing 
equipumt similar to that &ta i l ed  i n  paragraph II.D.5. 
A f t T  appl icat ion,  remove a l l  traces of LPS-3 from 
ax te rna l  sk in  surface w i n g  a 111 nixture  of Â¥ethy e thy l  
ketone md toluene. 

NOTE 1s Contamination of insulat ion bluiketa w i t h  LPS- 
3 is  no t  t o  be pÃ§mit tÃ§ 

2: LPS-3 appl icat ion r e s t r i c t i ons  detai led i n  737 
S t ruc tura l  Repair Manual, Subject 51-10-2 
concerning application i n  the  v ic in i ty  of 
oxygen systoms nust be observed during bl ind 
appl icat ion of LPS-3. 

31 For f u l l  width delminat iona both external  end 
b l ind  i n t e rna l  application of LPS-3 i s  
suggested. 

41 Application by aerosal can has been found t o  
be unsat isfactory for  bl ind application due t o  
t he  l ikelihood of ovr -sa tura t ion  from an 
uncontrolled spray end possible continination 
of insu la t ion  b lmkets .  However, it is 
s a t i s f ac to ry  fo r  external  application where 
f u l l  width deleminations are found and excess 
Â¥mount of LPS-3 nay be wiped up. 

0. I n s t a l l  b l ind  r i v e t  NAS1398D8-( 1 ,  Visu-Lok blind r i v e t  
PLT1007-6-( ) o r  Uniaink Head Bulbed Cherrylock CR 2235-6- 
( ) aÂ applicable with Â¥eÂ¥l~  PR1131G or  PR1436S 
under r i v e t  head. 
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. I 1 2  I N C H  I F  R I V E T  Ã‡S20470AD7-  I S  INSTALLED. 
. 3 5 0  I N C H  I F  R I V E T  MS20470AO9-(  I I S  IMSTALLCD. 

B>.~>E>~ovÃˆ OF E X I S T I N G  FASTENER NOT REQUIRED. I F  E X I S T I H C  FASTENER U 4 S  
I E ~ O V E O .  INSTALL NEU FASlEÃˆE O f  S A M  TTPE AUO S I Z E .  

T Y P I C A L  LAP JOINT 

FIGURE 6 .  MECHANICAL J O I N T  FASTENING METHOD 

737-53-1039 
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AIRWORTHINESS DIRECTIVE 
AwATK1M STWDMOS NATKMU mL0 onKI 
PO (OX MHO 
OKLAHOMA an. OMAHOM* 7312s 

87-21-08 BOEING: Amendment 39-5752. Applies to Model 737 
8eries 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. The 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 i s  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 stringer 4, both left and right side of fuselage, 
from stations 360 to 1016. In addition, perform a tearstrap 
inspection for delamination. Repeat the eddy current 
inspections at intervals not to exceed 10,000 landings and the 
delamination inspections at intervals not to exceed 20,000 
landings. 

C. Repair all cracks and tearstrap delaminations found as 
a result of the above 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 3,000 
landings for loose or missing fasteners. Also, if blind 
fasteners are used in the skin repair, prior to the 
accumulation of 15,000 landings after installation, or within 
250 landings after the effective date of this AD, whichever is 
later, and thereafter at intervals not to exceed 4,500 
landings, perform the inspection as detailed in paragraph A, 
above. 

D. Terminating action for the inspect.ions 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 modiEications required by 
this AD. 

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

This amendment becomes effective November 2, 1987. 
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FOR FURTHER INFORMATION CONTACT: Ms. Barbara J. Baillie. 
Airframe Branch, ANM-120s; telephone (206) 431-1927. Mailing 
address: FAA, Northwest Mountain Region, 17900 Pacific Highway 
South, C-68966. Seattle, Washington 98168. 
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BOEING COMMERCIAL AIRPLANE COMPANY P.O. BOX 3707 SEATTLE. WASHINGTON -124 

REVISION TRANSMITTAL SHEET 

Booing Service Bulletin 737-53A1039 

This sheet truismits REVISION 3 dated August 20, 1987 
of SÃ§rvic Bulletin 737-53A1039. "BODY SKIN LAP JOINT INSPECTION 
AND REPAIR". 

NOTE: This revision constitutes a complete reiaaue. 

SUMMARY 

This revision is issued to upgrade this service bulletin to an *ALERT1 
status and to advise operators of recent service experience that 
warrants changes to the inspection cycle frequency after initial 
inspection at the 30,000 flight cycle threshold. 

Airplaneeffeciivity is updated to reflect current airplane ownership. 

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

Airplanes on which lap Joints were refastened per previous issues of 
this bulletin or the methods detailed in Structural Repair Manual, 
53-30-1. Figure 5, require corrosion inspection only per this revision. 

All pages of this revision contain new, revised, or refonmtod 
infoitation, therefore the revision bars- in the left margin have been 
omitted. 

REVISION HISTORY 

Original Iesue: July 19, 1972 
Revision 1: October 11, 1972 
Revision 2: 
Revision 3: 

February 8, 1974 
August 20, 1987 
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00EING C W E R C I A L  AIRPLANE COMPANY P.O. BOX 3707 SEATTLE. WAWINGTON 98H1 

SUBJECT: BODY SKIN LAP JOINT 
INSPECTION AND REPAIR 

BACKGROUND 

The longitudinal skin lap joint? on 
affectea airplanes were assembled with 
a room temperature curing epoxy 
adhesive strip between the overlap. 
Prior to Revision 2 operators reported 
deterioration of the aaheslve causing 
aelaoination and providing a place for 
corrosion to form. Revision 2 was 
released to provide inspection, repair 
and terminating action for 
aforementioned condition. Since issue 
cf Revision 2 a", operator has reported 
~ultiple fatigue cracio in the outer 
Skin of delaminated lap Joints where 
no corrosion had formed. Therefore 
Revision 3 is issued to revise the 
repeat inspection cycles for fatigue 
c r a w  inspection. 

ACTION 

Per Revision 3. all airplanes should 
receive a close .visual inspection of 
each skin lap Joint for corrosion 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 : 737-53Al039 
DATE: July 19, 1972 

REVISION 3: Auguat 20, 1987 

Upon accumulation of 30,000 flight 
cycles or if this threshold has been 
exceeded, the aforementioned lap 
Joints should receive a viaual fatigue 
damage inspection and an eddy current 
inspection under one of the options 
described in the bulletin. 
Termination of the fatigue damage 
inspection is accomplished by 
incorporation of the preventive 
modification consisting of instilling 
universal head rivets in the upper row 
of lap Joint fasteners in conjunction 
with ensuring that failsafe tear 
straps are functional. 

EFFECTIVITY 

All 737 airplanes Line Number 1 thru 
291 

MANPOWER 

Elapsed 
Total Time 

Applicability Nan-How8 J J  

Inspection 
Part I 60 15 

Part I1 
TYPO I 40 10 
Type I1 
Opt A 148 37 
Opt B (a) 260 65 
Opt C (a) 260 65 

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

MATERIAL INFORMATION 

Operator-furnished parts 

Summary Page 1 of 2 
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F A I L  SAFE 
TEAR STRAP 
C O N N E C T I O N  

A D H E S I V E  OW FASTENERS 

LOME 
S K I N  

TYPICAL SKIN LAP JOINT 

'2 
Aug 20/87 
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BOEING COMMERCIAL AIRPLANE COMPANY P.O. BOX 3707 SEATTLE, WASHINGTON a124 

ATA NO: 737-53~1039 
SYSTEM: 5330 

737 
DATE: ~ u i y  19, 1972 

REVISION 3: August 20, 1987 

SUBJECT: BODY SKIN LAP JOINT INSPECTION AND REPAIR 

THIS SERVICE BULLETIh. IS BEING SENT TO EACH AFFECTED OPERATOR. IF THE 
OPERATOR HAS LEASED AIRPLANES, THIS SERVICE BULLETIN SHOULD BE FORWARDED TO 
THE LESSEE. IF THE OPERATOR HAS SOLS AIRPLANES OR TRANSFERRED AFFECTED SPARES ..--.. n.i.ir.IK THE LAST SIX MONTHS, THIS SERVICE BULLETIN SHOULD BE FORWARDED TO THE 
NEW OWNER, UNLESS CONFIRMATION HAS BEEN RECEIVED THAT BOEING HAS INCLUDED THE 
NEW OPERATOR ON THE DISTRIBUTION LIST. 

. 
J.. PLANNING INFORMATION 

A. Effectivity 

1. Airplanes Affected 

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

This change is applicable only to airplaneslisted below. 

LISTING BY CUSTOMER CODE A N D V A R I A B L E  NUMBER 

ALO PG046 PG629 PG701-PG703 PG705 PY001 
PY003 PY005 

AMW PG036 PG33 1 PG577 PJ102 PL801 

ANA PG57B-PG5B1 PG563 

Jul 19/72 
Ã‡EV 3: Au: 20/87 
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L IST ING BY CUSTOMER CODE AND VARIABLE NUMBER (CONTINUED) 

ANS PLB02 

ARC PH705-pH708 PH741-pH742 PY007-PY008 

ARL P6251-PG255 PGS73 PG575 PY121-PY323 

AWW PC004 

AZE PA001 PA003-PA004 PCOOS 

BRI  PJ103-PJ104 PYStl -PY362 

BRT PJ001-PJ002 PLBOS 

CGA PG224 

C H I  PG572 PG574 

CLF PA231-PA232 PC036 PG201 
PG222 PG271-PG276 PG278 

CNV PG35I  

COP PC001 

CPA PGÃ‡51-PC45 PJOSI-PJ032 PJ072 

OAL PG202-PG203 PG205 PG207 
PG216 PG218-PC221 

DLH PY345-PY346 

EAG PY381 

EGN PGOS7 P6208 PG210 

ERA PG026 PG028-PG029 

FAT PA002 PA005 P6055 P6226 P 6 2 2 8  
PG23O 

FCT PC002 

FRO ~ 6 0 5 6  ~ 6 0 6 4  PGIÃˆ ~ 6 2 2 5  ~ 6 2 2 ~  
PG432-PG433 PG44I-PG442 PG621-PC628 PC6SO PC704 
P1.711 

IND PH709-pH713 

Jul  19/72 
REV. 3: Aug 2 0 / P  
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L IST ING BY CUSTOMER CODE AND VARIABLE NUMBER (CONTINUED) 

I R N  pH731 PY021 

LAM pH703 PY031 

HAD PG375 

HAL P L 7 l 6  

M ID  PG279 

MXG PC005 PG223 

HAS PA099 

NKA PG582 

NOR PY301-PY30G 

PAA PG020-PGO21 PGOGS PG047-PG048 PG434 

PEX PA006-PA022 PG501-PG505 

P I E  PG04l-PGO42 PGO49 PG073 PC206 
PGfi74 PG576 

PRS PG332 PGGOl-PGdO2 PG436 P J 1 0 1  
PY34l-PY3GG 

PWA PL712 

SAA PG353-PG356 

SBG PY004 

TAC PC059 PG352 

TAN P J 0 7 1  

TAV PG074 

UAL PG001-P6004 PGOO6-PG019 PG022-PC025 PG027 PC030 
PG032-PGO33 PG038-PGOGO PG044-PG045 PG051-PG054 PG057 
PG060-PG063 PG065-PG072 PG075 

VSP PG435 PG437 PG439-PG440 PG471-PG473 PX071 

Jul 19/72 
REV. 3: Aug 20/87 
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LISTING BY VARIABLE NUMBER 

2. ' Spares Affected 

None 

Jul 19/72 
REV., 3: Aug 20/87 
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0.  Ruson  

Tile longi tudina l  l a p  Jolnta on a f f ec t ed  a i r p l a n e s  wem 8saombld  
by placing a mom t m p e r a t u r e  cur ing  epoxy adhoaive (BMS 5-10) 
between t h e  overlapped s k i n s  p r i o r  t o  f l u sh  r i v e t i n g  t h e  s k i n s  
tO6OtbÃ‡r 

P r io r  t o  Reviaion 2, aeven operatopa had pÃ§porte liutmoc o f  
doter lora t ion  o f  the adheaive uÃˆÃ t o  bond t h e  U p  Jo in t s  
r c u l t i n g  i n  Jo in t  d e l u i n a t i o n  and oormaion on t h i r t y  
airplanes.  Ibis condit ion m a  found on a i r p l a n e s  w i t h  a8 low as 
3,000 f l i g h t  hours. The de t e r io ra t ed  arÃ§a varied froa amall 
i so l a t ed  pockets t o  a r e a s  s i x  f e e t  o r  wre i n  length. In wst 
ins tances  these a r e a s  "were pos i t i ve ly  i d e n t i f i e d  after oorpoaion 
had caused e x t e r i o r  s k i n  bulges, c racks  o r  Bisaing faa tener  
heads. Airplanes operat ing i n  want  moist cl imates were more 
suscept ib le  t o  adhesive de ter iora t ion .  

I n  a l l  ins tances  o f  Jo in t  de t e r io ra t ion  reported p r i o r  t o  
Revision 2, none had developed f a t i g u e  cracks. SoÃ of t h e  
a i rp l anes  w i t h  l a rge  a reas  of d e l m i n a t i o n ,  had accumulated i n  
excess o f  20,000 f l i g h t  cycles.  Prolonged operat ion w i t h  l a r g e  
a r e a s  of delamination w i l l  eventual ly r e s u l t  i n  f a t i g u e  cracking. 

Laboratory t e a t s  have ahom that f o r  t h e  th innes t  gage ak in  C.036 
inch) t he  theo re t i ca l  f a t igue  l i f e  o f  a l a p  j o i n t  with a l a r g e  
area  o f  ae laolna t ion  is reduced. This  reduction is  a t t r i b u t e d  
t o  t he  sharp kn i f e  edge of t he  countersink f o r  t h e  f a s t e n e r  
head. Thicker gage s k i n s  exhibi ted a higher f a t i g u e  s t r e n g t h  
because the  edge o f  t h e  countersink is not  a sharp edge. 

Subsequent t o  t h e  o r i g i n a l  i s s u e  o f  t h i s  b u l l e t i n  t h e  bonded l a p  
j o i n t s  were sealed i n  production t o  prevent moisture contac t  with 
t h e  cured adhesive. Service experience with both fac tory  sea led  
and opera tor  sealed j o i n t s  (Ref. b e i n g  Service  Bu l l e t in  
737-53-1017) Indicates that s ~ l -  I r a  no t  boon s w o w f u l  i n  
preventing adhesive de ter iora t ion .  *Therefore, t h e  e f f e c t i v i t y  
was expanded t o  include a l l  a i rp l anes  with fac tory  sea led  bonded 
l a p  Jo in ts .  

Since t h e  mluse o f  Revision 2 an  opera tor  has  fpor tod  mul t ip le  
f a t i g u e  omcka on three a i rp l anes  which b a v  aeeumlated  
40.400/42,800 f l i g h t  hours and 44,700/49,900 f l i g h t  cycles. 
h c k a  were loca ted  i n  t h e  upper s k i n  a t  s t r w r  four  (5-4). 
l e f t  and r i g h t ,  S-10 r i g h t  and S-14 r i g h t ,  between Body S ta t ions  
360 MCT 907. 

ThepÃ§fore Revision 3 l a  issued t o  up-grade t h i s  8ervlce bu l l e t in  
t o  an  'ALERT.' s t a t u s  and t o  r e v i s e  t h e  r epea t  inspect ion 
thresholds f o r  de tec t ing  f a t i g u e  cracking o f  t h e  ou te r  sk in  panel 
a t  t h e  l a p  j o i n t  upper row o f  fasteners' .  

J u l  19/72 
REV. 3: A u ~  20/87 
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The Inspection and repair of apeelfled skin lap Joints per th ls  
servlce bulletin is divided Into two pwts. tart one is for 
corrofion and tart two is for fatl#ue. 

tart I, oorrosion lnspeetlon aod protection d l 8  for a olw 
vlaual e x t e n r l  liupectlon of akin lap Joint* for  skin buigoa, 
craoka and/or Â ¥ t r i n  fÃ‘fo b u d 8  ladlofttln# ~ubateot la l  
corrosion, and from the airplane oxterlor iia applleatlon of a 
corrosion inhibitor (Ref. BHS 3-23). Tbe l'mquency of tart I 
inspection should be based on operator's o m  exporiaow but 
should not exceed six mnt? interval8 for l o w r  lob* lap Joints 
and one year Interval8 for upper lobe lap Joint*. Tbere is no 
temliuting action for tart I laapection. 

tart I1 fatigue d u a g *  inspection of the lap Joint* a t  StriacÃ§r 
4. 10, 14.  19. 20, and 24 l a  to  coÃ‘Ã‘n upon the accumulation of 
30,000 flight cycles as indicated below. 

Two typea of inapectlon are called for: 

Type I - An external eloae via&! inspection of the cr i t ica l  
upper row of faatener holes for cracks a t  each lap 
Joint where the outer skin. cf is leas th*o 0.056 
inch. 

Type I1 - A high frÃ§auenc eddy current inapectlon (NOT) of the 
akin adjacent to  the fastener head8 of the c r i t i ca l  
upper row of lap Joint fasteners a t  each lap Joint for 
crack8 where the outer akin gage l a  lesa than 0.,056 
inch and a v l a u l  inspection of the tear straps, as  
noted in the options below. 

For affected airplanes which have accumulated 30,000 f l ight  
cycle8 or more, perfom tbe Type I hapeotion a t  w x t  vCvotxc&, 
b u t  not to  exoeed 4,500 fligbt cycles af ter  receipt of Revision 3 
of t h l s  aervice bulletin. If  no Cracks are round, repeat Type I 
inspection a t  4,500 f l l a t  cycles intewalÃ until  the threshold 
for Type I1 inspection is reached. Type I1 inapection cooiists 
of three optiona. a l l  with i n i t i a l  threaholda a t  the next Major 
Structural Maintenance Period (D eirck) 8ft.T reaching 30,000 
f l ight  cycles b u t  within 10,000 Cycl*~ of receipt of Revision 3 
o f t h l s  service bulletin. 

Jul 19/72 
REV. 3: Aug 20/87 
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PLEASE REPORT YOUR PLANNED ACTION AND INSPECTION RESULTS TO 
BOEING CUSTOMER SUPPORT AS SOON AS EACH INSPECTION IS COMPLETE. 

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

NOTES: 1. Contaot BoÃ§ln for inatruotiona if any damuod m a  
excwd the specified liclta. To expedite Booing 
reaponae, bo apcclfic when definirq and looatlac the 
damage. Cimu~3tanoea luding up to the damgo and 
any aeoondry effect- ubon known, abould bo Included 
in the communication and followed up by aketahoa and 

+photographa when appropriate. In addition, -re 
corrosion la involved, length, width, and m t c t  
depth of clean-up are required. 

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

2. Prior or concurrent incorporation of Sorvioe Bulletin 
737-53Al012, "Lower Lobe Hot-Bonded Skin Purl 
Inspection, Repair, and Panel Replacementm, is 
recommended on commonly affected airplurs. 

This service bulletin has been reviewed by the Federal Aviation 
Administration (FAA) and the (repairs and) Bodifi08ti0n8 h w i n  
comply with the applicable Federal Aviation Regulations (FAX'a) 
and are FAA approved. 

Jul 19/72 
REV. 3: A u ~  20/67 
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E. Manpower 

Approximate man-hours and a crew s i z e  f o r  indiv idual  task8  are as 
follows: 

Inspection 
Par t  I 

Par t  I1 
Type I 
Type I1 
Option A 
Option B (a) 
Option C ( a )  

Fatigue and/or 
Corrosion Repair 

(a )  Time quoted does not  included t h e  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 e  o f  r e p a i r s  required. 

F. Material - Pr ice  and Ava i l ab i l i t y  

It is recommended t h a t  t h e  parts and materials i d e n t i f i e d  i n  
Paragraph 1 I . A  be furnished o r  f ab r i ca t ed  from opera tor ' s  
e x i s t i n g  stock o r  purchased d i r e c t l y  from indus t ry  sources. 
Accordingly, pr ice  and de l ivery  da ta  is no t  included i n  support  
o f  t h i s  bul le t in .  

G. Tooling - Pr ice  and Ava i l ab i l i t y  

1. Eddy current  t e s t i n g  equipment, Visu-Lok i n s t a l l a t i o n  to018 
and Uniaink Head Bulbed Cherrylock i n s t a l l a t i o n  too l8  n y  
be needed depending on opera tor ' s  course o f  ac t ion .  I f  
such equipment is doaired,  it is reooÃ‘Ã‘nd that it be 
furnished from operator 's  e x i s t i n g  inventory or purchased 
d i r e c t l y  from indus t ry  sources. Accordingly, p r i ce  and 
de l ivery  da ta  is not included i n  suppor? o f  t h i s  bu l l e t in .  

2. The t o o l  i d e n t i f i e d  i n  Paragraph II.C.5 My be obtained 
through: Monarch Marking Syatwaa 

P.O. Box 608 
Dayton, Ohio 115401 

Par t  Nu~ber  Quan t i ty  - Pr ice  

PRY-1 1 t o o l  per  Package $2.95 
PRY-1 4 t o o l s  per  Package $9.50 

J u l  19/72 
REV. 3: A u ~  20/87 
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H. Weight and Balance 

Change i n  weight and balance w i l l  depend on number, type and s i ze  
of repairs and uount of ~ ~ t l a n t  (Ref. BMS 5-95) and/or ~ 0 s i O n .  
inhibitor ( I f f .  BMS 3-23) appl ied .  

I. References 

1. Existing Data: 

a.  Structural Repair Manual %-15565. Sub jects  51-10-2, 
53-30-1, 53-30-2, 53-30-4 Md 53-30-4 

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

c. Boeing Service Bulletin 737-53-1017. .Sonling of 
Cold-Bonded Structure For Corrosion Protectionn 

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

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

2. New or revised data supplied i n  support of t h i s  service 
bulletin: 

None 

J. Publications Affected 

The modification described herein a f fec t s  the  following 
p ~ b l i ~ t i o n :  

Publication Chapter-Section 

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

J u l  19/72 
REV. 3: Aug 20/87 
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X I .  MATERIAL INFORMATION 

A. Parta Reaulred Per Airplane 

NOTE: All  o f  t h e  f0llOWing M y  be required depending on 
operator 's  oowae o f  aot lon.  

Quanti ty 

Aa Required 

As Required 

As Required 

A s  Reouired 

A s  Required 

A s  Required 

A s  Required 

Pa r t  Number Namonelatur* 

See S t r u c t u r a l  Repair Sea lant  
Manual, Subject  53-30-4 

BMS 3-23 o r  equivalent  Water Displacing . Corrosion Inh ib i t i n& 

NAS1398DS-( ) 

PLT1007-6-( 

CR 2235-6-( ) 

MS20H70D5-5 

BMS 5-95, Class B 

Vendor In fomat ion  

Boeing Par t  No. Vendor Pa r t  No. 

- PLT1007-6-( 

B Par ts  Required t o  Modify Scree8 

None 

compound 

Blind Rivet 

Visu-Lok Blind 
Fastener 

Unisink Head Bulbed 
Cherrylock 

Rivet 

Sea lant  

Vendor 

The National Screw and Wg. 
Co. 
3423 S. O T f l e l d  Avo. 
Los -Angolea, Calif .  90022 

Townsend Co. 
Cherry Rivet Div. 
1224 E. Warner Ave. 
Santa tea, Calif .  92707 

J u l  19/72 
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C. Special  Tools and b u i d n t  Required 

1. Low frequency eddy cu r ren t  inspec t ion  instruments f o r  corrosion 
l o s s  m m s u r f n t  are l i a t e d  i n  t h e  Booing Nondotruc t ive  T c t  
Hulual %-37239, Pa r t  6, 51-00-00, Figure 5. 

Two corrosion reference  s tandards  fabr loa ted  from 0.036 inoh 
and 0.040 inch c lad  aluminun s h e e t  are required t o  p e r f o m  
oorroaion l o s s  ~ a s u r ~ n t s .  

2. Power too l s  may be used t o  i n s t a l l  Viau-Lok fas teners .  For 
appl icable  t o o l s  contac t  tho  National S c r e w  t Mfg. Co. 

3. The following too l8  any be used t o  i n s t a l l  Unisink b u d  B u l b d  
Cherrylock fas teners :  

Pu l l  Gun: G-684 
Flush Fasten*? Pu l l  Head: H661-6C 
Vendor: Townsend Co., Cherry Rivet Div. 

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

4. The following equipment has been t e s t e d  and found a a t i a f a c t o r y  
f o r  blind appl ica t ion  o f  corrosion i n h i b i t o r  and is t o  be 
operator  fabr ica ted .  Equivalent opera tor  designed eouipment 
may a l s o  be used a s  long a s  'it i s  designed t o  apply only the  
minimum amount o f  corrosion i n h i b i t o r  required t o  s a t u r a t e  t h e  
void and t o  prevent contamination o f  i n su la t ion  materials .  
This equipment i s  f o r  use w i t h  t h e  one row blind f a s t ene r  j o i n t  
re fas tening  method de t a i l ed  i n  Pa r t  I V  - Repair Data. 

5. The following t o o l  is s u i t a b l e  f o r  use i n  Part  I11 - T u r  
S t r ap  Inspection f o r  disbond. 

Nomenclature Par t  Number 

Econo-Pry 

An equivalent t o o l  may be used a t  opera tor ' s  d i sc re t ion .  
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Eouiment - Method I (Optional t o  Method 11) 

1. Pour ounce pump typo o i l c u  m d i f l a d  t o  incorpora te  a a top ,  
Â¥to  Â ¥ C r e w  8pPinf l i d  apÃ§CiÃ 00~8le. P a b r i m t o  PO? 
Fiaur* 3. 

2. Lap Joint -pie f o r  practic* l i d  a top  a d J i u t Ã ‘ n t  
Fabrioate por Flgum 4. 

Equipoent - nethod I1 (Optional t o  Uetbod I) 

NOTE: To pwluca app l l ea t ion  t f .  It l a  a u c f t e d  tint t b i a  
equipmedt be Bade i p  quant i ty  ao  t h a t  aevera l  upper row 

f a s t e n e r  boles  i n  t h e  r e p a i r  area u y  be t r e a t e d  
s imul tu rous ly .  

1. Applicator t i p ,  a top  c o l l a r  and a length  of c l e a r  p l a f t i e  
tubing. Fabricate and aaaemble pÃ§ Figure 5. 

2. Determine ou te r  s k i n  thickness (737 S t ruc tu ra l  Repair 
Manual Subject  53-30-2. Figure 2 and Figure 3) .  

D. Exist ing Pa r t s  Accountability 

None 
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111. ACCOMPLISHMENT INSTRUCTIONS 

NOTES: 1. The following program ou t l ines  t h e  minimum r e ~ u i r e m e n t s  f o r  
maintaining the s t r u c t u r a l  i n t e g r i t y  o f  a k i n  l a p  Jo in ts .  
The inspect ion f o r  corrosion w i l l  d e t e c t  severe corrosion 
requi r ing  repair by I n s t i l l i n g  r e p a i r  doublers. The 
inspect ion f o r  f a t igue  damage w i l l  d e t e c t  l a r g e  f a t i g u e  
cracks (0.25 inch i n  length m d  g r e a t e r )  emanating from 
upper row- fas t ene r  holes. These cracks  w i l l  be l a r g e  
enough t o  r equ i r e  r e p a i r  by I n s t a l l a t i o n  o f  r e p a i r  
doublers. In  t he  following inspect ions  each panel is 
t r e a t e d  as a sepa ra t e  e n t i t y  and t h e  inspect ion  r e s u l t s  o f  
one panel r e l i a b l y  Cannot be used t o  i n d i c a t e  t h e  condi t ion  
of another. 

2. On t he  f igures ,  unless  otherwise spec i f ied :  

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

- Tolerance on l i n e a r  dimensions o t h e r  than r i v e t  and 
bol t  edge margin is plus o r  minus 0.03 

- Tolerance on r i v e t  and b o l t  edge margin is plus o r  
minus 0.05 

- Angular to lerance  i s  plus o r  minus 2 degrees 

- Hole s i z e  f o r  standard s o l i d  r i v e t s  is per  737 
S t ruc tu ra l  Repair Manual Chapter 51 

Par t  I - Corrosion Inspection and Repair 

On a l l  a i rp l anes ,  accomplish t h e  following corrosion inspect ion  and 
app l i ca t ion  o f  corrosion i n h i b i t o r  BMS 3-23 o r  eauiva lent  (Ref. 
Corrosion Prevention Manual Par t  1, Section 20-60-00) a t  s i x  month 
i n t e r v a l s  on lower lobe Jo in t s  and one year  i n t e r v a l s  on upper lobe 
Jo in ts .  

A. Visually inspect  ex t e rna l  sur face  of each l a p  J o i n t  f o r  akin 
bulges ad jacent  t o  f a s t ene r s ,  sk in  cracks  caused by severe 
corrosion,  dished f a s t ene r  beads o r  missing f a s t e n e r  heads 
between Body S ta t ion  178 and 1016 (See Figure 1). 

0.  I f  corrosion ind ica t ions  noted i n  S tep  A are found, determine 
ex ten t  o f  corrosion damage f o r  f u l l  length  o f  t h e  panel Joint .  
Extent 'of damage may be determined using low frequency eddy 
cu r ren t  inspec t ion  (Ref. 737 Nondestructive Test  Manual D6-37239, 
Par t  6, 51-00-00 Figure 5)  o r  by any o t h e r  s u i t a b l e  means. 
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C. Corrosion may be removed by l o c a l  blend o u t  i f  t h e  blond ou t  
depth does not exceed 10  percent  o f  t h e  ak in  th ickness  except as 
follows : 

1. In  a m 1 1  l o c a l  arbas not  exoeeding 3 i n i h e s  I n  length  i n  
any 20 inches o f  Jo in t ,  a ak in  t h l e t a r a a  reduction o f  20 
percent is acceptable. 

2. ID ca l l e r  areas no t  exceeding 1.5 inches  In lÃ§nct i n  m y  
20 inches o f  Jo in t  a ak in  thickness reduction of 40 percent 
is acceptable. In areas where s k i n  th:Lckness is reduced by 
40 percent it l a  suggested that a faying  su r f ace  sea led  
shim and oversiza protruding head f a s t ene r s  be i n s t a l l e d  i f  
t he re  a r e  e x i s t i n g  * f a s t e n e r  holes  l.n t h e  rework area.  
After corrosion removal r e f u t e n  t h e  Jo in t  per 737 
S t ruc tu ra l  Repair Manual Subject 53-30-1, Figure 5, Method 
11 o r  111. 

3. Corrosion exceeding t h e  above limits should be repaired per  
737 S t ruc tu ra l  Repair Manual Subject  53-30-3. 

D. In panel l a p  jo in t  a r eas  where no corrosion ind ica t ions  a r e  
found, apply corrosion i n h i b i t o r  t o  joint, ex t e 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 r u c t u r a l  Repair 
Manual Subject 51-10-2). For m x i ~ u o  penetrat ion.  it is 
suggested t h a t  corrosion i n h i b i t o r  be appl ied  t o  ttfe Jo in t  edge 
under pressure using equipment such as an  airless pa in t  spray 
PUP. 

NOTE: F i l l e t  s e a l  along t h e  edge o f  t h e  l a p  Jo in t  prevents 
corrosion i n h i b i t o r  app l i ca t ion  t o  t h e  Jo in t  edge, but need 
not  be removed unless  de ter iora ted .  

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  I1 - Fatigue Damage Inspect ion and Repair 

On a l l  a i rp l anes  accomplish t h e  following Type I and Type I1 
inspect ions  f o r  f a t igue  cracks i n  l a p  Jo in t s  a t  S t r inge r s  4, 10, 14, 
19,  20, and 24 where the  j o i n t  o u t e r  ak in  gbge is less than .056 inch  
a t  t h e  i n i t i a l  thresholds indica ted  i n  Paragraph 1.C. Description. 

Type I Inspect ion 

A. With t h e  a i d  o f  a b r igh t  l i g h t ,  v i sua l ly  in spec t  t h e  l a p  Jo in t  
e x t e r i o r  body akin,  forward and a f t  o f  t h e  f a s t ene r  heads i n  t h e  
upper row fa s t ene r s  f o r  f a t i g u e  cracks  (See Figure 1). 

B. I f  any crack is found, eddy cu r ren t  Inspect  t h e  akin  adjacent  t o  
a l l  Jo in t  upper row f a s t e n e r  heads t h e  f u l l  length o f  t h e  panel 
i n  which cPack(s) were found. See 737 Nondestructive Test h n u l  
D6-37239, Part 6, Subject  53-30-03 f o r  inspect ion  equipaent and 
technique. 
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C. Repair f a t igue  cracks using a r e p a i r  8-r t o  that mhown i n  137 
S t ruc tu ra l  Repair Manual Subject  53-30-3, T i m  16, and r e p l a w  
a l l  m i n i n g  upper r o w  f luah  Jo in t  f a s t ene ra  i n  that purl J o i n t  
with overs ize  protruding b a d  s o l i d  f a s t e n e r s  per  Pa r t  I V  - 
Repair Data. Thia i n  conjunction with Pa r t  111 - T u r  S t r a p  
Inspmt lon  and Repair l a  t e r B l M t l n g  a c t i o n  for P u t  I1 
inspect ions f o r  t he  a f fÃ§c te  purl. 

D. I n  sk ln  purls whore no fatlpr oraeka arm found, rw-t 
inspect ion every 4500 f l i g h t  cyolea u n t i l  t h e  tiwashold f o r  Type 
I1 inspect ion is reached. Panel r e l m p e c t i o n  par PÃ§r I1 f o r  
f a t igue  cmoks  m y  be deferred for t h e  f a t i g u e  l l f e  l o e r Ã ‘ e n  
s t a t e d  f o r  t he  p a r t i c u l a r  fastenor by aocoapliahing bl ind 
f ietoner  i n Ã § t a l l e t l o  per PÃ§r I V  - Repair h t a  o r  m y  be 
termliuted by replac ing  t h e  e x i s t i n g  upper row o f  f l u sh  Jo in t  
fastonera with s tandard protruding bead s o l i d  fas tenor8  per PÃ r̂ 
I V  - Repair Data and accomplishing P a r t  X I 1  - Tear S t r a p  
Inspection and Repair. Howver, Pa r t  I - Corroiion Xupect lon  is 
t o  be continued. 

Type I1 Inspection 

A. Accomplish a h i g h  freQuency eddy cu r ren t  in8poctlon (HOT) f o r  
cracks i n  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  o f  
t h e  f a s t ene r  heads i n  t h e  upper. row o f  f u t e n e r s  (See F ~ U M  1) 
using one o f  t h e  following t h r e e  options.  See 737 Nondestructive 
Test  Manual D6-37239. Par t  6, Subject  53-30-3. 

NOTE: After ~ ~ ~ o m p l i e h a 0 n t  of first hiah  frequency eddy cu r ren t  
inspect ion,  n o t i f y  Booing Customer Support o f  inspec t ion  
r e s u l t a .  Thia information is r e ~ u o s t e d  to.. a i d  i n  
de tern lna t ion  o f  fu tu re  changes t o  t h i s  sewice bul le t in .  

Contact: Booing CoÃ‘rcia Airplane Coapmy 
Attention: MÃ§iugwr Alrlio* Support 

Option A - A t  next  Ã ‘ J o  S t r u c t u r a l  H>intÃ§auo Period (D obook) 
after roaching 30,000 flight CyCl08, but  within 10,000 fliÃ§ti 
cyc le s  a f t e r  r ece ip t  o f  Revision 3 Of t h e  s e w i c e  b u l l e t i n  and a t  
20,000 f l i g h t  cyc l e s  i n t e r v a l s  t h e r e a f t e r ,  accomplish t h e  
followin&: 

1. Accomplish HOT inspect ion  o f  t h e  critical up- row of 
f u t o n e r a  f o r  each s k i n  l a p  joint. 
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2. If no cracks a r e  found, accomplish Type I inspact ion  a f t e r  
6,000 f l i g h t  cyc le s  and the rea f t e r  a t  3,000 f l i g h t  cyc le  
intervals u n t i l  next NDT. Panel re inspect ion  per Par t  I1 
m y  be deferred f o r  t h e  f a t igue  l i f e  incromont a t a t ed  f o r  
t h e  pa r t i cu l a r  f a s t ene r  by a C 0 ~ p l i s b i n g  b l ind  f aa t ene r  
i n s t a l l a t i o n  per fart I V  - Repair Data o r  m y  be t a r a ina t ed  
by replacing t h e  ex i s t i ng  uppor row o f  f a s f n o r a  with 
protruding h u d  s o l i d  fas teners  per Par t  I V  - Repair Data 
and aocomplishlng Par t  I11 - T u r  i l tmp  &pection and 
Repair. 

3. If cracks are found, accomplish r e p a i r  a t a l l a r  t o  that 
shown i n  737 S t r u c t u r a l  Repair Manual Subjec t  53-30-3, 
Figure 16  and replace  a l l  remaining upper row fa s t ene r s  i n  
t h a t  panel j o i n t  w i t h  protruding head s o l i d  f a s t ene r s  per 
Par t  I V  - Repair DÃˆt and accomplish Part I11 - Tear S t r a p  
Inspection and Repair. Ibis c o n s t i t u t e s  t T B l u t l n ~  a c t i o n  
f o r  Par t  I1 Fatigue Damage Inspect ion f o r  t h e  a f f ec t ed  
panel. 

Option B - A t  next major S t ruc tu ra l  Maintenance Period (D cheek) 
a f t e r  reaching 30,000 f l ight  cycles,  but within 10,000 f l i g h t  
cycles a f t e r  r ece ip t  of Revision 3 of t h i s  s e r v i c e  b u l l e t i n  and 
at  20,000 f l i g h t  cyc le  i n t e r v a l s  t h e r e a f t e r ,  accomplish t h e  
following: 

1. Accomplish NOT inspect ion  o f  t h e  c r i t i c a l  upper r o w  o f  
f a s t ene r s  f o r  each akin l a p  j o i n t ,  and accomplish Par t  I11 - Tear S t r a p  Inspect ion and Repair. 

2. If no Cracks a r e -  found and tear s t r a p  bond l a  i n t a c t ,  
accomplish Type I inspect ion a t  6,000 flight cyc le  
i n t e r v a l s  u n t i l  next  NDT inspect ion  a t  prescribed 
threshold,  o r  de fe r  inspect ion f o r  t h e  f a t i g u e  l i f e  

"increment s t a t e d  f o r  t h e  p a ~ t i c u l a r  f a s t e n e r  by 
accomplishing 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 D a f  o r  ' terminate inspect ion  by replac ing  t h e  
e x i s t i n g  upper row o f  f a s t ene r s  w i t h  protruding head a o l i d  
f a s t ene r s  per  Per t  I V  - Repair Pa-. 

3. I f  cracks are found i n  t h e  f a s t ene r  row, accompliab a 
r e p a i r  s i m i l a r  t o  t h a t  shown i n  737 S t r u c t u r a l  Repair 
Manual Subject  53-30-3, Figure 16  and replace  a l l  r e u i n i n g  
upper row fa s t ene r s  i n  t h a t  panel Jo in t  with protruding 
head s o l i d  f a s t ene r s  per Par t  I V  - Repair Data. Thin i n  
conjunction w i t h  funct ional  t e a r  s t r a p s  is terminatin& 
a c t i o n  f o r  Pa r t  I1 inspect ions  f o r  t h e  a f f ec t ed  panel. 
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Ootion C - A t  next major S t r u c t u r a l  k i n t e n a n c e  Period (D o l r c k )  
a f t e r  reaching 30,000 f l i g h t  cyc les ,  but within 10,000 flight 
cycles  a f t e r  r ece ip t  o f  Revision 3 o f  t h i s  s e rv i ce  b u l l e t i n  and 
a t  10,000 f l i g h t  cyc le  i n t e r v a l s  t h e r e a f t e r ,  accompliah t h e  
following: 

1. Accomplish NDT inspect ion o f  t h e  critical upper row of 
f a s t ene r s  f o r  w e b  akin  l a p  Jo in t  and accomplish PTt 111 - 
Tear S t r ap  Impac t ion  and Repair a t  altenrte WDT 
inspect ion,  f o r  panels with no cracks  o r  tear s t r a p  disbond 
o r  w i t h  repaired tear s t r aps .  

2. If cracks a r e  found i n  t h e  f a s t e n e r  row, accomplish r e p a i r  
s i m i l a r  t o  t h a t  shown i n  737 S t r u c t u r a l  Repair Manual 
Subject 53-30-3, Figure 16  and replace  a l l  remaining upper 
row fa s t ene r s  i n  t h a t  panel j o i n t  w i t h  protruding head 
s o l i d  fasteners'  per  Par t  I V  - Repair Data. m i a  i n  
conjunction w i t h  function*! tear s t r a p s  is t T K l n a t i n g  
ac t ion  f o r  Par t  I1 i n s p e c t i c i s  f o r  t h e  a f f ec t ed  panel. 

3. I f  no cracks a r e  found. Pa r t  11 inspect ion  f o r  t h e  a f f e c t e d  
panel may be terminated by replac ing  t h e  upper row o f  
fas teners  i n  t he  panel j o i n t  w i t h  protruding heed s o l i d  
fas teners  per  Par t  I V  - Repair Data and ensuring funct ional  
t e a r  s t r aps .  

8 .  If blind r i v e t s  a r e  i n s t a l l e d  o r  have been previously i n s t a l l e d  
f o r  f a t igue  l i f e  improvement, t hese  l a p  j o i n t s  are sub jec t  t o  the 
above Type I and Type I1 Inspect ion when t h e  l i f e  improvement 
i n t e r v a l s  s t a t e d  i n  Par t  I V  o f  t h i s  s e r v i c e  b u l l e t i n  are exceeded. 

In addi t ion ,  i f  bl ind r i v e t s  are i n s t a l l e d  or have been 
previously i n s t a l l e d ,  accomplish a one-time t e a r  e t m p  inspect ion  
and r e p a i r  per Par t  I11 - Tear S t r a p  Inspect ion and Repair a t  
next  Major S t ruc tu ra l  HBintenance Period (D check). 

C. Par t  I - Corrosion Inspect ion is t o  be continued p e r  t h i s  service 
b u l l e t i n  regard less  o f  a c t i o n s  taken per Type I1 Inspect ions.  

P a r t  I11 - Tear S t rap  Inspection and Repair 

On a l l  a i rp l anes ,  accomplish t h e  following delamination and/or 
cor ros ion  inspect ion a s  required per  t h e  i n s t r u c t i o n s  i n  Pe r t  I1 - 
Fatigue Damage Inspect ion and Repair. 

A. Gain aceess t o  t h e  i n t o r i o r  a i d e  o f  t h e  a i r p l a n e  akin. 
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0. Visually inspect  the bond edge o f  t h e  doubler/ tear  s t r a p  f o r  
s igns  o f  delamination and/or corrosion , ( h e  Figure 2). 

NOTE: I f  diabond is auapooted, inert tool (ST ) between ak in  
and s t r ap .  Pushing ou t  on s k i n  p u r l  m y  be reouired f o r  
t o o l  insertion. Twist tool t o  oonfirm diabond and t o  
inspect  f o r  corrosion. 

C. I f  oorrot ion Is found, r ~ o v  por Par t  I. 

D. In  a t r ap  a r e a s  where diabond snd/or oorroalon baa been found 
and/or removed, r e f a s t en  s t r a p  per Figure 2,  D e t a i l  I. 

Par t  I V  - Repair Data 

The following r e p a i r s  a r e  used t o  r e s t o r e  t h e  f a t igue  l i f e  o f  a 
de lmlna ted  j o i n t  a r ea  o r  t o  r e fa s t en  a j o i n t  separated . f o r  corrosion 
romoval. The Method I11 fas t ene r  r e p a i r  per  737 S t ruc tu ra l  Repair 
Manual Subject 53-30-1 is a permanent r e p a i r  which replaces the  
e x i s t i n g  f lush  f a s t ene r s  i n  t h e  l a p  j o i n t  upper row w i t h  oversize 
protruding bead r i v e t s  and may be used as a preventive modification. 
The one row blind f a s t ene r  r e p a i r  i s  s i m i l a r  t o  t h e  aforementioned 
f a s t ene r  r epa i r  except bl ind f a s t ene r s  a r e  used. This r e p a i r  is l i f e  
H a l t e d  depending on the  type of f a s t ene r  used and t h e  gage of t he  
ou te r  sk in  a t  t he  jo in t .  After  i n s t a l l a t i o n ,  t h e  bl ind faatonera 
should be regular ly  inspected f o r  looseness o r  working. After they 
have been i n  se rv i ce  f o r  t h e  s t a t e d  period, a f a t igue  crack inspect ion  
a s  de t a i l ed  i n  Par t  I1 should be i n i t i a t e d  i n  t he  r e p a i r  a rea .  The 
blind fas teners  nay be replaced with protruding head s o l i d  r i v e t s  i n  
conjunction with f a t igue  crack inspect ion  and Pa r t  I11 - Tear S t r a p  
Inspection and r e p a i r  f o r  terminating ac t ion  f o r  Par t  I1 inspection?. 

When acoomplishing the  Method I11 fas t ene r  r e p a i r  per 737 S t r u c t u r a l  
Repair Muiual (SUM) Subject  53-30-01 as a preventive modification on 
a i rp l anes  t h a t  have exoeeded 40.000 f l i g h t  oyolea, p ~ f o r m  a high 
frequency eddy ourrent  inapootion o f  t h e  l a p  j o i n t  open holes  bÃ§for 
overs iz ing  f o r  protruding head  r i ve t a .  If OrackÃ a r e  found, r e p e a t .  
eddy current  inapect ion o f  hole  a f t e r  overa iz lng  t o  aaaure crack  
removal. Airplanes previously modified per SUM, Method I11 s o l i d . r i v e t  
f a s t ene r  r epa i r ,  received terminating ac t ion  and do not  r equ i r e  f u r t h e r  
Fatigue Duuge Inspection. 

NOTE: The following r e p a i r s  nay not  be used i n  corroded areas where t h e  
ak in  thiokness would be l e a a  than -032 inch  after o o r r o d o n  
ramoval. For r e p a i r  o f  corroded a r u a  exoeeiling t h i a  l l~ i t ,  aee  
737 S t ruc tu ra l  Repair Hanir l  Subject  53-30-1, Figure 5, Method I1 
o r  111. 

J u l  19/72 
REV. 3: Aug 20/87 
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A. One Row Standard Fastener Repair 

1. I f  joint was separated, romove looae adhesive, apply bruab 
on chemical film trutmont (Alodine or I r id i te)  and one 
coat of chemical and solvent f a i a t u t  pr imr  t o  metal 
faying surfacc.  Afte p r l n r  tec dried, apply a o a l u t  t o  
faying surfaces. See 737 Structural Repair Manual Subject 
53-30-4 for faying surface aÃ‘tents 

2. I f  Joint wa not separated, inject Â¥ much corrosion 
inhibitor as possible into the Joint. See 737 Structural 
Repair Manual Subject 51-10-2 for corpoaion inhibitor 
application. 

3. Instal l  fasteners, see 737 Structural Repair (tenual Subject 
53-30-1, Figure 5 Method 111, and inspect tear strap. 

B. One Row B l i n d  Fastener Repair ( l i f e  limited) 

This repair is l i f e  Halted. The followlo& fatigue lives were 
established by testing which assumod the absence of bond, fatigue 
cracks and corrosion and are to  be calculated from the time blind 
fasteners are installed in the joint. I f  blind rive: 
NAS1398D8-( ) i s  installed, a fatigue l i f e  improvement of 
approximately 15,000 f l ight  cycles m y  be expected. I f  Visu-Lok 
blind rivet PLT1007-6-( ) of Unisink Head Bulbed Orrrylock CR 
2235-6-( i s  ' i n s ta l l ed  a fatigue l i f e  impro~ement of 
approximately 30,000 f l ight  cycles my be expected. Blind 
fasteners should be inspected for looseness or working a t  regular 
major maintenance intervals t o  ensure that the indicated fatigue 
l i f e  is achieved. Inspect fastener locations for fatigue cracks 
per Part I1 after  f l ight  cycle extension has been reached, unless 
replacement w i t h  standard fasteners per Part 1V.A is acompiiahed. 

1. Remove existing upper row rivet i f  it is 3/16 inch d i a n t e r  
o r  f u l l e r .  

NOTE: I f  existing fastener is s tee l  or,  larger than 3/16 
inch diameter, removal is not required, as  t h i s  
location w i l l  have a satisfactory fatigue l i fe .  

Jul 19/72 
REV. 3: A u ~  20/67 



BOEING SERVICE BULLETIN 737-53Al039 

2. Enlarge ex i s t i ng  hole  with, S i ze  F (0.257 inch  d i m t o r )  
d r i l l  i f  bl ind r i v e t  BAS1398D8-( l a  t o  be i n s t a l l e d ,  No. 
3 (.213 inch d i u ~ t e r )  d r i l l  i f  Visu-Lok b l ind  r i v e t  
PLTl007-6-( ) is t o  be i n s t a l l e d ,  o r  No. 5 (.205 inch  
d i ~ t e r )  d r i l l  i f  Uniaink Head Bulbed Qrrrylock CR 
2235-64 ) l a  t o  be in s t a l l ed .  Careful hole  d r i l l 4  is 
advised t o  keep . .hole diameter a8 C:LOBO t o  as 
possible. 

NOTE: V~BU-Lok bl ind r i v e t  PLT1007-6-1 ) o r  Dnisink b a d  
Bulbed Qrrrylock CR 2235-6-( ) 88y be w e d  t o  
rep lace  5/32 inch diameter r i v e t a  only. For 
replacement o f  3/16 inch diameter rivts use b l ind  
r i v e t  NAS1398D8-( 1. 

3. To achieve the  maxima se rv i ce  l i f e  assoc ia ted  with b l ind  
f a s t ene r  i n s t a l l a t i o n ,  it is e s s e n t i a l  that no oorroaion be 
present.  It is  suggested t h a t  corrosion i n h i b i t o r  be 
applied t o  j o i n t  faying sur face  through each open f a s t e n e r  
hole  using equipment similar t o  t h a t  d e t a i l e d  i n  P a r w p h  
II.D.4. After app l i ca t ion ,  remove a l l  t r a c e s  o f  corroaion 
i n h i b i t o r  from ex te rna l  sk in  sur face  using a 1:l mixture o f  
methyl e t h y l  ketone and toluene. 

NOTES: 1. Contamination o f  i n su la t ion  blankets  with 
corrosion i n h i b i t o r  is not t o  be permitted. 

2. Corrosion i n h i b i t o r  app l i ca t ion  r e s t r i c t i o n s  
de t a i l ed  i n  737 S t r u c t u r a l  Repair Muuu l  
Subject  51-10-2 concerning app l i ca t ion  i n  t h e  
v i c i n i t y  o f  oxygen systems must be observed. 

3. For f u l l  w i d t h  delaminations both ex te rna l  fcnd 
b l ind  i n t e r n a l  app l i ca t ion  of oorrosion 
i n h i b i t o r  is suggested. 

4. Application by aerosol  can has  been found to  be 
unsa t i s f ac to ry  f o r  bl ind app l i ca t ion  due to  the 
l ike l ihood o f  over-saturat ion from a n  
uncontrol led spray and possible contamination 
o f  i n su la t ion  blankets. However, it i8  
s a t i s f a c t o r y  f o r  ex t e rna l  a p p l i u t i o n  MbTe 
f u l l  width delaminations are found and exoeaa 
amounts o f  oorrosion i n h i b i t o r  m y  be wiped up. 

4. . I n s t a l l  b l ind  r i v e t  NAS1398D8-( ). ViurLok b l ind  
r i v e t  PLT1007-64 ) of  Unisink Head Bulbad Qrrrylook 
CR 2235-6-( ) a s  appl icable  w i t h  wet aea l an t  (Ref. 
BMS 5-95) under r i v e t  head. 

APPENDIX C 
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SEE DETAIL I 

FIGURE 1. LAP JOINT INSPECTION 

Jul 19/72 
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BOEING SERVICE BULLETIN 737-53A1039 

FRAME 
S T A T I O N  

DETAIL I 
TYPICAL SKIN LAP JOINT 

FIGURE 1. LAP JOINT INSPECTION 

19/72 
3: Aug 20/87 
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BOEING SERVICE BULLETIN 737-53Al039 
1 

T Y P I C A L  F A T I G U E  
CRACK LOCATION 

C R I T I C A L  UPPER 
ROW OF FASTENERS \ OUTER OR 

UPPER S K I N  
I 

INNER 'OR 
LOWER S K I N  

DETAIL I 1  

(T) ~ccompiiah Part I visual Inspection of akin panel lap joints for 
corrosion and/or delamination, located at Stringer8 4, 10, 14, 19, 20, 
and 24. 

(?) Accomplish Part I1 Inspection of the lap Joint upper row of faatenera. 

FIGURE 1. LAP JOINT INSPECTION 

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

Jul 19/72 
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BOEING SERVICE BULLETIN 737-53A1039 

0.32 TYPICAL 
\ 

BONDED AREA 

OUTER SKIN  

DETAIL 1 

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

(?) ~f corrosion or disbond is suspected, insert tool (ECONO-PRY or 
eauivalent) between skin and strap to determine if strap is disbonded 
or if corrosion u s  occurred. An outward push on skin while inserting 
tool will aid in identification of weak or disbonded f a r  atrap 
connections. 

@ Drill 0.159-0.171 diameter bole at locations shown and install fastener 
MS20470D5-5 wet witn sealant (Ref. BUS 5-95). 

FIGURE 2. TEAR STRAP INSPECTION AND REPAIR 

Jul 19/72 
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BOEING SERVICE BULLETIN 737-531039 

NOZZLE 

TYPE OILCAN INSULATION 

BRASS TUBING 
3 / 3 2  ( 0 . 0 9 4 )  0.0.. 
1/16 ( 0 . 0 6 2 )  1 . 0 .  
(ANY OTHER SUITABLE 
MATERIAL HAY BE USED 

DETAIL I 

FIGURE 3. BLIND CORROSION INHIBITOR APPLICATOR - METHOD I 
Jul 19/72 
REV. 3: tug 20/87 
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BOEING SERVICE BULLETIN 737-53A1039 

(T) End of nozzle should cont ic t  akin for Proper applioation. 

(T) Adjust stop screw so  that  one PUP stroke w i l l  diachsrga 0.10 t o  0.15 
cubic centimeters of corrosion inhibitor. 

@ ~ p p l y  a maximum of 0.15 cubic o m t i Ã ‘ t e r  of oorroaion inhibi tor  t o  
upper edge of Joint a t  each upper row faateaer hole where a blind 
fastener w i l l  be installed.  R*te of Â¥ppl iCat i~  mould approximately 
e ~ u a l  ra te  a t  which corrosion inhibitor flows down the akin onto the 
joint for maximum joint saturation. CorrOCt application r a t e  is 
established by t r i a l  application using a Joint sample fabricated per 
Figure 4. 

(̂ ) Splattering of corrosion inhibi tor  on insulation blankets is not t o  be 
allowed. 

(s) Spring aids  i n  controlling application rate.  

FIGURE 3. BLIND CORROSION INHIBITOR APPLICATOR - METHOD I 

J u l  19/72 
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-'- D R I L L  N 0 . 2 1  ( 0 . 1 5 9  I N C H  D I A M E T E R )  HOLE AND 
1 '. 

I N S T A L L  R I V E T  B A C R ~ S C E ~ D (  Ãˆ 

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

0.50 T Y P I C A L  

0 . 0 4 0  TO 0 . 0 6 3  I N C H  
T H I C K  AL ALLOY 
SHEET L T Y P I C A L  ) 

5.00 T Y P I C A L  

STANDARD 
STRINGER 

T Y P I C A L  

a Fabricate # l i p  Joint Sample8 a s  shown (used for  adjustment and praotice 
o f  applying corrosion inhibitor by Method 1). 

FIGURE It. LAP JOINT SAMPLE 

Jul 19/72 
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BOEING SERVICE BULLETIN 7 3 7 - 5 3 A 1 0 3 9  

CLEAR 
PLASTIC  
TUBING 

APPLICATOR 

STOP COLLAR 

DISCHARGE 

STR 1 NGER 

FIGURE 5. BLIND CORROSION INHIBITOR APPLICATOR - METHOD 11 

Jul 19/72 
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TOOL FABRICATION INSTRUCTIONS 

(T) Hake app l i ca to r  t i p  from any convenient n o n - m o t a ~ i c  oftorial e i t h e r  
s o l i d  o r  hollow. I f  s o l i d  mater ia l  is used, d r i l l  a hole  f o r  t h e  
majori ty of its length a s  shown. If hollow mater ia l  Is used, s u i t a b l y  
plug one end. 

(?) Diameter of t i p  dependent on hole  s i z e  i n  sk in  and t i p  material .  F i t  
of t i p  i n  hole  should be a l i g h t  i n t e r f e rence  f i t  t o  preclude an  
appreciable amount of corrosion i n h i b i t o r  flowing pas t  t h e  t i p  and down 
the  inner  sur face  of t he  skin. The i n t e n t  is t o  hold t h e  cor ros ion  
i n h i b i t o r  supply a t  the faying surface. Correct t i p  diameter is bes t  
determined experimentally. 

@ D r i l l  four  0.03 dia.  discharge holes 90 degrees apar t .  

Ĉ ) Make s top  c o l l a r  fro= any s - ~ l t a b l e  me ta l l i c  o r  non-ae ta l l ic  ma te r i a l  
and i n s t a l l  s e t  screw. - C w L  e USA3E INSTRUCTIONS 

(s) Detercine ou te r  sk in  thickness a t  hole and a d j u s t  s t o p  c o l l a r  s o  t h a t  
d is tance  from center  of discharge holes  t o  s t o p  c o l l a r  equals  o u t e r  
akin thickness. 

(&) I n s e r t  t i p  i n t o  f a s t ene r  hole u n t i l  s t o p  contac ts  skin.  

Q  ill c l e a r  p l a s t i c  tubing w i t h  corrosion i n h i b i t o r  t o  a l e v e l  
approximately 0.5 inch above discharge holes. 

(s) ~ l l o w  too l  t o  remain i n  place f o r  approximately 5 minutes t o  achieve 
maximum penetration. A v i s u a l l y  apparent drop i n  f l u i d  l e v e l  may o r  
may not occur depending on void s i z e  and gap between t h e  skins.  It t h e  
gap between t h e  sk ins  l a  very small  t h e  f l u i d  l e v e l  may no t  appear  t o  
drop. However, t e s t a  i n d i c a t e  t h a t  t he  void a rea  is never the less  
sa tura ted  w i t h  corrosion i n h i b i t o r  and therefore  t h e  lack  o f  a v i sua l  
drop i n  f l u i d  l eve l  is unimportant. 

FIGURE 5. BLIND CORROSION INHIBITOR APPLICATOR - METHOD I1 

J u l  19/72 
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BOEING NONDESTRUCTIVE TEST.737NDT. 53-30-03 

mmsfiw'm ~-k- 

EFFECTIVITY 
CU..MBÃˆHM sfrr 

NONDESTRUCTIVE TEST 
MODEL: ALL 
SERVICE BULLETIN 
REFERENCE: 53A1039 

?ART 6 - EDDY CURRENT 
LONGITUDINAL LAP JOINTS - WITHOUT FASTENER REMOVAL 

1. @rDose 

A. To find cracks in the critical (upper) row of faatmÃ§r of 
longitudinal akin lap Joints using nigh frequ~ncy eddy current, 
without rÃ§fflovÃ of fasteners. 

8.  The cracks usually start on the inner surface of the outer skin at the 
edge of the oounteraink. From there they propagate Out along the 
faying surface. See Fig. 3 for an illustration of a typical crack. 
This inspection can find cracks 0.040 inch or 1onger.beneath the 
countersunk fastener heads in skin of 0.036 inch and 0.010 inchthick. 

m: A procedure for use wlth fasteners m m o w d  is P u t  6, 53-30-00, 
Fig. 1. 

2. Eauiment 

m: Refer to Part 1, 51-06-00 far infomation on equipment 
manufacturers. 

A. Any eddy current instrument that can operate at 100 kHz and satisfy 
the performance requirements of this procedure u y  be used. The 
following equipment was used in the development of this procedure: 

(2) MIZ-10A, MIZ-LOB, Zetec Inc. 

(3) Locator UH, Hocking Instruments 

B. Probe~Use one of the following or slmilar probe: 

(1) 0.125 inch dianrter, 3 inch long shielded pencil probe, P/N 
HP-30, NOT Product Engineering 

(2) 0.187 inch diameter, 3 inch long unshielded pencil probe, P/N 
OP-30, NOT Product Engineering 

(3) Unshielded locator probe, P/N 29P101, Hooking Instruments 

C. Reference Standard -- Refer to Fig. 1. 
D. Probe Guide Ã Draft-n Circle Template. Refer to Fig. 2. 
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3. m a r a t i o n  f o r  Insvection 

A. Hake sure  the  inspection area is clean. 

B. Locally r n o v  th i ck  pa in t  as n w s u r y  only t o  f ind  t h e  rivet bÃ§ads 
\ Paint mmoval is not  required t o  do t h e  inspeotion. 

.L 

I. U t r u m e n t  Calibrat ion . 
A. Do t h e  initial- ca l ibra t ion .  Refer t o  Par t  6, 51-00-00, Fig. 4. S e t  

Locator UH t o  inspect  aluminum. 

B. Put t h e  probe guide on t h e r e f e r e n c e  standard. 

C. Visually center  one o f  t h e  holes around t h e  r i v e t  head. Choose a hole 
that posi t ions the  pencil  probe t o  scan t h e  edge of t h e  countersink. 
Refer t o  Fig. 2. The hole chosen should give the  best  de tec t ion  of 
t he  a r t i f i c i a l  crack i n  t h e  countersink of t he  reference standard. 
Ident i fy  t h e  hole se lec ted  on t h e  probe guide. 

D. With the  probe guide held f i rmly i n  place, scan around t h e  
circumference o f  t he  r i v e t  head. Monitor inat-nt response. The 
operator should be ab le  t o  c l ea r ly  ident i fy  between the  sudden 
instrument response f r o m  t h e  reference standard crack and the slow 
instrument r e s p n s e  from an o f f  center  condition. 

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

5. Insvection Procedure 

A. Identify t h e  fas tener  locat ion t o  be inspected. 

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

C. Scan around t h e  head with the  pencil  probe while monitoring t h e  eddy 
current  instrument 

D. Ident i fy  on t h e  fuselage any locat ions which give an  instrument 
response that is equivalent t o  t h e  reference a tmdard  c r i ck  response. 

6. Dsvec t ion  Results 

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

Part  6 
53-30-03 
Page 2 

737 NDT 
Oct 15/87 
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Cnmm'mC'L 
NONDESTRUCTIVE TEST 

I (DM NOTCH OH EQUIVALENT 
TO 0.006 WIDE 

1 
t 

I 
SECTION A-A 

om0 0- 

NOTES 
Â ALL DIMENSION* ARI  IN INCHES POM Ml CRACK STANOARO 

Â MATCMIAI- S T 3  OR T4 AL CLAD 
"̂  CHILL NO. 10 10.111 INCH DIAJ 

HOLE AN0 COUNTERSINK 100Â 
TOP SHIIET. 

I 
Â TOLIMANCI: X.X 1 O M  

X.XXX Â &OOC. ETCH on STIIL rrusr 
EXCEPT AS NOTID 

Reference Standard 363 
figure 1 

?& 6 
53-30-03 

Page 2 
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NONDESTRUCTIVE TEST 

W E  GUIDE 
(DRAFTSMAN CIRCLE TEMPLATE) 

FLUSH MEAD 
FAfTCNCM HIM* UHlCWIO FCNCIU 

HIMI OUIDI 
TIMTLATt 

\ 

P u t  6 
53-30-03 
Page L 

Instrument Calibration 
Figure 2 
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Oct 15..Â¥Â¥ 



APPENDIX C 

TYPICAL LAP JOINT 

CLAD SUWACE \ 

SECTION A 4  

Countersink in Longitudinal Lap Joints 
F i w e  3 

737 m 
Oct 15/87 

P u t  6 
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BOEING SERVICE BULLETIN 737-53-1076 

IOEIMG COUMEIICIAL AIRPLANE COUMNT P.0. BOX 1TO SEATTLE, WJUHINCTW vat14 

SUBJECT' FUSELAGE - BOMBED SKIN PANEL ATA: 5330 No: 737-53-1076 
INSPECTION AND REPAIR DATE: October 30, 1986 

BACKGROUND EFFECTIVITT 

Since 1970, 20 operator8 have -ported Urn Number 1-464 
62 occurrences of d e l u l n a t l o n  or 
c o r n i o n  of bonded crown o r  a ide  KkNPOUER 
Â¥kin on 41 airplanes w i t h  from 10,100 
t o  49,100 f l i gh t  hour* and from 7,700 Total Hul-Hours - 30 
t o  36,600 f l i gh t  cycles. Of these (External Inaptction m y )  
occurrences, 3 were in the f o m r d  
crown. 13 in the  f o r n r d  aide,  10 i n  MTEltIAL INFOKfUTION 
the a f t  crown, 15 i n  the a f t  aide,  1 
in the body crown over the wing center  Ilene 
section. and 9 i n  locations not 
identif ied.  

Inspection per t h i s  bul le t in  w i l l  
determine the  a t r u c t u r i l  condition of 
the bonded crown u d  aide skin-doubler 
aaaemblies, one belly akin between BS 
259.5 to BS 360, and a portion of a 
belly akin from BS 1016 t o  BS 1026. 
Bond aeparat ion,  corrosion and akin CROW 
c r a c k i q  ubich iS  not detected could ARE 
r e su l t  In expensive repai rs ,  o r  cabin 
presaurizttlon d i f f i cu l t i e s .  

ACTION 

i t  the next scheduled D cheek, o r  
within 4 years from receipt  of 
bullet ip;  whichever occurs f i r a t ,  
aeeompliah a v isua l  extern81 and 
in terna l  Inspection for  corrosion and TRINGER 26 

d t lÃ‘ lO8 t i  O f  bonded skin-doubler 
usemblies. Se le$~lvely  inspect per PORWARD ENTRY 
t h i s  bullet in the 'crown and Side sk ins  AND GALLEY AREA 
from Body Sta t ion  (BS) 259.5 to BS 
1016. bel ly akins from BS 259.5 t o  BS AREAS O F  I N S P E C T I O N  
360, a ten Inch s t r i p  fro* BS 1016 t o  
BS 1026, and the  edges of the fuselage 
door cutouta. Relnapect m a s  a t  each 
subsequent D check. Permanent repai rs  
my  be a c c ~ p l i s h e d  per 737 St ruc tura l  
Repair Manual. Temporary repai rs  may 
be accomplished per t h i s  aervice 
bulletin. 
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SPECIALIST'S FACTUAL REPORT OF INVESTIGATION, CVR 
FLIGHT DATA READOUT REPORT OF INVESTIGATION 

JAMES R. CASH 
AIR SAFETY INVESTIGATOR 

The reader of t h i s  repo r t  i s  cautioned t h a t  the  t ransc r ip t i on  o f  a CVR 
tape i s  not  a precise science but  i s  the  best product possible from an NTSB 
group invest iga t ive  e f f o r t .  The t ranscr ip t ,  o r  pa r t s  thereof. i f  taken out  o f  
context, could be misleading. The attached CVR t ransc r ip t  should be viewed as 
an accident invest iga t ion  t o o l  t o  be used i n  conjunction w i th  other evidence 
gathered dur ing the invest igat ion.  Conclusions o r  in terpre ta t ions should not  
be made using the t ransc r ip t  as the sole source o f  information. 
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NATIONAL TRANSPORTATION SAFETY BOARD 
Bureau of Technology 

Washington, D.C. 20594 

May 26, 1988 

GROUP CHAIRMAN'S FACTUAL REPORT OF INVESTIGATION 
COCKPIT VOICE RECORDER 

DCAHA88054 

A. ACCIDENT 

Location: Near Haul, Hawaii 
Date : April 28,1988 
Tine : 1346 Hawaii Standard Time (HST) 
Aircraft:  loh ha Airlines, Booing 737, ~73711 

B. 

James R. Cash, National  rans sport at ion Safety Board Chairman 
Quentin 3. Smith, Federal  viat ti on 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. A transcript was prepared of 
the final 16 minutes of the fair quality 32 minute recording 
(attached). 

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:OS 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 
backgroundnoise there were no inter-cockpit conversations 
identified until 1349:32 HST. The intellioibilitv of the 

~ - - - - - -. . - 
inter-cockpit conversations was low due tothe high level of 
wind and background noise present in the cockpit after the 
structual failure. Once the aircraft descended and flowed 
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  group'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 :  

1344:56 CAM-3 we l l - -we  have f r i e n d s  c e l e b r a t i n g  t h e i r  
50 th  ann i ve rsa ry  

1353:16 CAM-1 they 've  p i cked  up some o f  your*  
t r ansm iss ions  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  you r  b u t  t hey  c a n ' t  hear  me. 

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

1353:27 CAM-2 a l l 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 *  

' H 3 1 : i a  'CMmct* t n e - ' v e r y L o a k ~  

1357:18 CAM-1 no nex t  t o  t h e  t ake  t h e  asymmetr ica l  
f l a p s  p a r t i a l  

1358:Ol 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  
t h e  brakes. 

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

1358:45 CAM-2 one reve rse  

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

1358:48 CAM-1 * okay shu t  p u t  i t  down 

1358:50 CAM-1 (De le te  s tatement)  

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

1359:05 CAM-1 okay *** t h e  emergency evacuat ion  

1359:07 ((sound s i m i l a r  t o  ACM seat  no i ses ) )  

1359:18 CAM-1 okay everybody who g e t  o u t  I'll go 
th rough i t  you go 
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*how do you get this up 

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

CAM-2 fire extinguishers are discharged. 

fames R .  Cash 
Electronics Engineer 
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TRANSCRIPT OF A  COLLINS MODEL 64ZC-1 COCKPIT VOICE RECORDER S/N 
54 REMOVED FROM ALOHA AIRLINES BOEING 737 WHICH MAS INVOLVED I N  
AN ACCIDENT ON APRIL 28. 1988. NEAR MAUI. HAWAII 

CAM 

RDO 

- 1 

- 2  

- 3  

- 7  

TWR 

UNK 

I 

I 

% 

0 

( 0 )  

NOTE : 

Cockp i t  a rea  microphone v o i c e  o r  sound source 

Radio t r ansm iss ion  f rom acc iden t  a i r c r a f t  

Voice I d e n t i f i e d  as Capta in  

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

Voice i d e n t i f i e d  as Junpseat Passenger 

Voice u n i d e n t i f i e d  

Kahu lu i  Loca 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 l i g i b l e  word 

Nonpe r t i nen 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  

Ques t ionab le  t e x t  

E d i t o r i a l  i n s e r t i o n  

Pause 

A l l  t imes  a r e  expressed I n  Hawai i  Standard Time o n l y  
those  r a d i o  t r ansm iss ions  t o  and f rom t h e  acc,.dent 
a i r c r a f t  were t r a n s c r i b e d .  



TIME 6 

1344:22 

CAM 

1344:35 
CAM-3 

1344:42 
CAM-1 

134452 
CAM- 1 

1344:s 
CAM-3 

1345:04 
CAM-1 

1345:Ol 
CAM- 1 

1345:22 
CAM-1 

1345:26 
CAM-3 

1345:28 
CAM-1 

c!mmu 

((start of transcript)) 

((sound of altitude chine)) 

** 

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

well -- we're celebrating fifteenth 
anniversary* 

YUP 

where's that ~at'ional Weather Service weather 
station out here is that at the old tower 

yeah old tower they they 

at  the base of it oh yeah 

-1- 

AIR-GROUND COMMUNICATION 
TIME 6 ~~ 



1345:32 
CAM-1 they don't have any radios 

o r  anything or any a i r  t o  
ground radios do they 

AIR-GROUND C O H H U N ~  
TIME 6 
= m  

1345:43 
CAM ((sound o f  increased wind noise)) 

1345:44 
CAM-? (( sound o f  scream)) 

C AM ((sound o f  dramatic increase i n  cockpit 
wind notse)) 

(( no cockpit conversations Mere 
heard t i 1 1  1349:32)) 

(( a l l  radio transmissions were made 
using the oxygen mask microphone u n t i l  

1349: 57)) 

1346:13 
ROO-2 center Aloha two fo r ty  three 

1346:44 
ROO-2 center Aloha two f o r t y  three Wns 

going down -request lower 



JNTRA-COCKPIT 
TIME 6 
sweet cx!umI 

1346:55 
ROO-2 center Aloha two fo r ty  three 

1347:25 
RDO-2 center Aloha two fo r ty  three 

1347:44 
RDO-2 Haui approach Aloha two for ty  three 

1348:Ol 
ROO-2 Haui tower Aloha two for ty  three 

1348:ll 
RDO-2 Haui tower Aloha two for ty  three 

we're inbound fo r  landing 

1348:29 
ROO-2 Haul tower Aloha two fo r ty  three 

1348:34 
TWR ca l l l n *  toner say again 

1348:35 
RDO-2 Haui tower Aloha two fo r ty  three 

we're inbound fo r  landing we're Just 
ah t o  the west o f  Hakena Just t o  the 
east o f  Hakena desending out o f  
thirteen and w have rapid depr-we 
are unpressurized -declaring an 
emergency 



JNTRA-COCKPIT 
TIME 1 
sQ!m cmmI 

AIR-GROUND COMMUNICATION 
TIME 1 

i s  that Aloha two for ty  four on the 
emergency 

Aloha two fo r ty  three 

ah two for ty  s ix  

Aloha two four three 

Aloha two fo r ty  three say your 
vosi t ion  

we're Just ah t o  the east o f  Hakena 
point descending out o f  eleven 
thousand --request clearance in to  
Maui fo 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 



AIR-GROUND COMMUNICATION 
TIME 6 ~~ 
1349:47 
TWR Aloha two fo r ty  three winds zero 

four zero a t  one f i ve  a l t i m t e r  two 
niner niner niner just to  ver i fy  
again you're breaking up your c a l l  
sign i s  two fourty four I s  that 
correct or two for ty  three 

((crew stopped using oxygen mask microphone)) 

1349:57 
ROO-2 two fo r ty  three Aloha two for ty  

three 

1349:59 
TWR two fo r ty  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 
RDO-2 Aloha two fo r ty  three 

1350:41 
CAM-2 do you want M t o  ca l l  fo r  anything else 



JNTRA-COCKPU 
TIME 1 
s!?!&E c!mcu 

1351 :30 
((sound o f  engine ign i t ion whine starts)) 

1351:48 
CAM- 1 

1351:51 
CAM-3 I'm f ine 

1352:lO 
CAM-2 okay i t ' s  possible 

1352:12 
TMR Aloha tw for ty  three you s t i l l  up 

AIR-GROUND C O H M U N I C U  
TIME 6 ~~ 
1351:OO 
TWR Aloha two for ty  three can you come 

up on one one niner point f i ve  

1351:04 
R W - 2  two for ty  three 

1351 :07 
ROO-2 can you hear us on one ninteen f i ve  

two for ty  three 

1351: 19 
ROO-2 Maul tower - two fo r ty  three i t  

looks l i k e  we've l os t  a door we have 
a hole i n  t h i s  ah l e f t  s ide o f  the 
a i rcraf t  



TIME 1 
sssa&t ciQmra 
1352:14 
CAM-2 can't ** 

1352:56 
CW-2 want the gear 

1352:15 
RDO-1 a f f ima t i ve  

1352:17 
TWR Aloha two f o r t y  three Maul 

1352:23 
RDO-1 ah two Aloha two for ty  three i s  ah - 

1352:32 
RDO-2 Maul tower two forty three 

1352:36 
TWR Aloha two fo r ty  Aloha two forty 

three if you hear ident 

1352:48 
TWR Aloha two f o r t y  three roger I got 

your ident straight i n  runway two 
cleared t o  land wind zero four zero 
at  two zero 



1352:57 
CAM- 1 

1352:58 
CAM-2 

1352:59 
CAM- 1 

1353:OS 
CAM-2 

1353:07 
CAM- 1 

1353:W 
CAM-2 

1353:13 
CAM-1 

1353:16 
CAM-1 

1353:22 
CAM- 1 

1353:27 
CAM-2 

1353:29 
CAM- 1 

want the gear 

do you want i t  down 444. 

flaps f i f teen  landing 

here we go 

we've picked up some o f  your airplane 
business r i gh t  there i think that they 
can hear you they can't hear me 

ah t e l l  him ah we'll need assistance t o  
evacuate t h i s  airplane 

r i gh t  

we m l l y  can't co iunicate with the 
f l i g h t  attendents but we'll need 
trucks and we'll need ah a i r s ta i r  fm Aloha 

TIME 1 
m!!!!xL!aJm 



UTRA-COCUPU 
TIME 1 
s!n!u WYJW 

1353:35 
CAH-2 a l r igh t  

1354:14 
CAM-1 feels l i k e  manual reversion 

1354:18 
CAM- 1 f l i g h t  controls feels l i k e  manual 

A I R - G W N O  C- 
TIME 1 
s!mx 

1353:40 
RDO-2 

1353:42 
TWR 

1353:44 
Roo-2 

1353:52 
TMR 

1353:57 
RDO-2 

Maul tower two f o r t y  three can you 
hear me on tower 

3' 

Aloha two for ty  three I hear you 
loud and clear go ahead 

ah we're gunna' need assistance we 
can not cmunicate with the f l i g h t  
attendants ah we'll need - -  
assistance fo r  the passengers when 
we land 

okay 1 understand you gunna' need an 
ambulance i s  that correct 

affirmative 



1354:23 
CAn-1 

1354:25 
CAM-2 

1354:26 
CAM- 1 

1354:28 
CAM-1 

1354:30 
CAM-2 

1354:31 
CAM-1 

1354:34 
CW-2 

1354:37 
CAM 

mmI 

well we could the hole 

I how i t  yeah 

ah 

can we maintain al t i tude okay 

le t ' s  t r y  f ly ing let 's t r y  f l y ing  with the gear d m  
hew 

a l r igh t  you got i t  

((sound o f  gear being lowered)) 

AIR-GROUND COMMUNICATION 
TIME 6 ~~ 

1354:42 
THR Aloha two for ty  three can you give 

vour souls on board and vour 
f u d  on board 

1354:45 
CAM-1 do you have a passenger count f o r  tower 

1354:47 
ROO-2 we ah eighty f i ve  - eighty s ix  plus 

f i v e  crew members 



1354:53 
CAM-2 they s t i l l  don't understand 

1355:31 
CAM- 1 IMM fa r  IMM fa r  t i l l we intercept 

AIR-GROUND C-1- 
TIME 6 
s L 4 u  

1354:52 
TWR 

1354:56 
RDO-2 

1354:59 
TWR 

1355:W 
RW-2 

1355:02 
TMR 

1355:06 
RDO-2 

okay and ah Just t o  ver i fy  you broke 
up i n i t i a l l y  you do need an 
ambulance i s  that correct 

roger how many do you think are 
injured 

MC have no idea we can not 
cmunicate with our f l i g h t  
attendent 

okay we'll have Ã‘bulanc on the my 

there's a possib i l i ty  that ah we 
won't have a nose gear 



1355:39 
CAM-2 down here 

1355:41 
CAM-1 yeah back K up fo r  now 

1355:52 
CAM-1 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 
o f  we do not have a safe nose gear down 
indication 

AIR-GROUND COWUNICATI~ 
TIME 6 ~~ 

3' 

1356:02 
TNR Aloha two for ty  three wind zero f i ve  

the e q u i p n t  i s  i n  place 

1356:06 
ROO-2 okay be advised we have no nose gear 

we are landing 
without the nose gear 

1356:ll 
TMR okay i f  you need any other 

assistance advise 

1356:13 
ROO-2 - we'll need a l l  the eauiment 

you've got 

1356:33 
CAM-2 I s  It easier to  control with the flaps 

1356:35 
CAM-1 yeah put 'em at  f i ve  



1356:41 
CAM-2 CM you get back over 

1356:43 
CAM-1 yeah I'M wrk in '  on i t  

1356:48 
CAM- 1 can you give w a Vee speed fo r  a 

flaps f i ve  landing 

1356:54 
CAM- 1 f igure- e- a- *be a par t ia l  flaps and 

hold that fo r  quite a while 

1357:ll 
TMR Kahului airport  winds zero four a t  

one six 

1357:15 
CAM-2 a n  you turning back 

1357:17 
CAM- 1 what 

1357:18 
CMM no ** next t o  the take the reference 

flaps par t ia l  f laps 

1357:36 
CAM-2 do you want the flaps down as MO land 



AIR-GROUND COMHUNICAm 
TIME 6 ~~ 

1357:37 
CAN- 1 yeah a f te r  we touch down 

1357:40 
CAM-2 okay 

1357:41 
TMR Aloha two for ty  three wind zero f i ve  

zero at  two zero 

1357:45 
RW-? ((sound o f  two mike keys)) 

1358:M 
CAM- 1 

ref 's fo r ty  plus t h i r t y  

f laps one t o  f i f teen  

one f i f t y  three 

Vee r e f  fo r ty  plus t h i r t y  one thru 
f i f teen  

how l i c h  i s  that 

ah ref --one twenty two 

on* twenty 

one f i f t y  



JNTRA-CQEKEU 
TIME 6 
SoYW !xlJ!mu 
1358:07 
CAM-1 m e  f i f t y  what 

1358:08 
CAM-2 one f i f t y  two 

1358: 10 
CAM- 1 r ight 

1358:23 
CAM-2 want BC to  go flaps forty - help you to  

1358:25 
CAM- 1 no 

1358:27 
CAM-2 okay 

1358:28 
CAM-1 on the ground 

1358:38 
CAM-1 ( they' l l  find) 

((sound o f  touchdown)) 

1358: 12 
TUR Aloha two four three Just for your 

information the gear appears down 
gear appears down 

1358:14 
ROO-? ((sound o f  two mike keys)) 



JNTRA-COCKPU 
TIME 6 
su!m 
1358:45 
CAM-2 

1358:46 
CAM- 1 

CAM-2 

1358:48 
CAM-1 

1358:49 
CAM-2 

1358:50 
CAM-1 

1358:52 
Cffl-1 

1358:54 
CAM-2 

!x-!Km 

one reverse no - 

okay 

thrust reverser 

okay shut it down 

shut it down 

YUP 

now ** l e f t  engine 

flaps 

AIR-GROUND COMMUNICATION 
TIME 1 
W!U CONTENT 

1358:55 
WR Aloha two forty three just shutter 

down where you are everything f ine 
the gear did- the f i r e  trucks are on 
the way 



JNTRA-COCKPIT 
TIME 6 
m!!u 
1359:Ol 

1359:05 
CAN-2 

CAM- 1 

1359:06 
CAM 

1359:12 
CAN-1 

1359:ll 
CAM-1 

1359: 18 
CAM- 1 

1359:22 
CAM-2 

135925 
CAM-1 

1359:29 
CAM-3 

1359:32 
CAM- 1 

!mmct 

((sound o f  engine Ignit ion whine stops)) 

that's o f f  

okay star t  ca l l  fo r  the emergency 
evacuation 

((sound o f  engine winding down)) 

the flaps are down good 

go through the checklist and s tu f f  

okay everybody who can get out I'll 
go through It you go out the steps 

do you want m t o  help t h e  

le t ' s  see when it i s  

how do you get t h i s  up 

ah squeeze It together squeeze it 
together squeeze the top together 
with the bottom 

-17- 

AIR-GROUND COMMUNICATION 
TIME 6 
S Q M C L m  



UTIW-COCKPU 
TIME 1 
SOUBCE 
1359:37 
CAM-3 

135998 
CAM-2 

1359:39 
CAM- 1 

1359:40 
CAM-? 

1359:45 
CAM-1 

1359:49 
CAM-1 

135953 
CAM-2 

CAM- 1 

1359:56 
CAM- 1 

-18- 

A I R - G R O W  C ~ M U Q U  
TIME i. ~~ 

parking brake 

set 

stowed speedbrakes emergency evacuation 
f i r e  

ah does it say f i r e  the bott les anywhere 
okay we won't do that I'll get t h i s  one 
you get that one 

the AW 1 had running so-we night as 
well th ro t t le  that one too 

I'D gunna' shut o f f  the APU now 

1 s t i l l  got power r igh t  now but I don't need t o  
t a l k  t o  anybody anyore 

1359:57.5 
((end o f  recording)) 
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NATIONAL TRANSPORTATION SAFETY BOARD 
Bureau o f  Technology 

Washington, O.C. 

May 18, 1988 

FLIGHT DATA RECORDER READOUT REPORT OF INVESTIGATION 
DCA 88-MA-054 

A. Aca.wI 
Loca t i on :  Near Maui. Hawai i  

Date : A p r i l . 2 8 ,  1988 

Time : 1347 ,Local 

A i r c r a f t :  A lona A i r l i n e s ,  Boeing B-737-297, N73711, F l i g h t  
243 

B .  

Not A p p l i c a b l e  

C. SUMMARY 

The a i r c r a f t  was equipped w i t h  a  f l i g h t  d a t a  reco rde r ,  
F a i r c h i l d  Model 5424. S/N 7274. The r e c o r d e r  was removed 
f r om t h e  a i r c r a f t  and was b rough 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  Labo ra to ry  i n  Washington, D.C. f o r  
exam ina t i on  and readout  o f  t h e  p e r t i n e n t  f l i g h t  r eco rd .  S ide  
2  o f  t h e  f o i l  was i n  use. S ide  I hav ing  been used p r e v i o u s l y .  
Examina t ion  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 ev idence  o f  r e c o r d e r  
m a l f u n c t i o n .  

I t  shou ld  be no ted  t h a t  Aloha A i r l i n e s  d i d  n o t  supp 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 .  
There fo re ,  i t  was necessary t o  use t h e  s tanda rd  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  adjustments.  The va lues  t h u s  
de r i ved ,  p a r t i c u l a r l y  those  o f  a l t i t u d e  and a i rspeed.  may n o t  
be as a c c u r a t e  as t hey  would have been. 

0. DETAILS OF EXAMINATION 

I t  was r e p o r t e d  t h a t  t h e  a i r c r a f t  was c l l i b i n g  t o  
c r u i s e  and was pass ing  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 r o f  t h e  f o rwa rd  
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  crew and a6 
emergency l a n d i n g  was made i n  Maui. 
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Examination of the recorded traces showed the flight to 
be relatively smooth from the point of liftoff to the 
occurrence. The airspeed trace ceased abruptly and dropped 
to a position below zero KIAS and remained there until 
electric power was removed. The other parameter styli 
appeared to operate in the normal manner; however, they were 
affected by the vibration as shown on the graph attached. 
The airspeed trace, in U s  bottomed-out position, showed the 
effects of this vibration also. The "6"  force measured at 
the emergency landing was 2.49 which Is only a change of 1.49 
from an at rest position. 

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

-̂ <,.fe-'yW"' 
Billy M. Hopper 
Air Safety Investigator 

1. Readout Data 
2. Readout Graph 
3. Ground Measurements and Styli Offsets 
4. Recorder Calibration Data 
5. Photograph of Foil Medium and Traces 
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ATTACHMENT 1 

BLOWER 

TIME 

00:Ol.g 
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 
00:57.5 
00:59.3 
01:03.8 
01:04.2 
01:04.5 
01:08.5 
01:11.6 
01:12.5 
01:14.3 
01:17.0 
01:18.6 
01:21.5 
Oli25.3 
01:25.4 
01:27.0 
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. 

ws 
KTS 

293. 

294. 

294. 

291. 

292. 

292. 

291. 

290. 

288. 

285. 

284. 

HOG 
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 mc 
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 



APPENDIX E 

FOR 13-HAY-88 09837:25 

DLOMEK 

TIME 

01839.5 
01:41.8 
01:45.5 
01:51.6 
01852.1 
01852.6 
01:56.4 
01:58.2 
02:OO.S 
02803.5 
02~03.9 
02:04.4 
02:06.3 
02:07.0 
02:09.2 
02:11.4 
02:14.0 
02:16.0 
02:20.2 
02:21.6 
02:25.9 
02:28.9 
02:33.5 
02:34.1 
02:37.6 
02:39.0 
02:40.8 
02:42.1 
02:43.8 
02:47.0 
02:47.6 
02:48.8 
02:54.7 
02:55.9 
02:56.8 
03:01.7 
03:03.9 
03:06.7 
03:06.8 
03:08.4 
03:ll.l 
03:13.3 
03814.4 
03816.3 
03817.8 
03:20.3 

ALT 
FEET 

20833. 

21150. 

21433. 

21580. 

21757. 

21963. 

22333. 

22417. 

22543. 

22650. 

m f f i  
DEC 

283.3 

263.6 

283.2 

282.4 

281.2 

280.5 

281.4 

282.2 

PAGE 2 

VACC MXC 
GS 

0.97 

0.95 

0.98 

0.97 
0.99 

0.94 

0.97 

0.96 

1.01 
0.99 

1.01 

1.00 

1.01 

0.99 

1.00 

1.01 

0.98 

1.00 

1.03 
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BLOWER 

TIME ALT 
FEET 

22807. 

23017. 

23207. 

23460. 

23567. 

23870. 

23943. 

24057. 

24133. 

24223. 

A/s 
KTS 

289. 

286. 

283. 

283. 

282. 

284. 

285. 

289. 

297. 

301. 

302. 

BOG 
DEG 

281.4 

280.2 

280.6 

281.9 

283.2 

283.6 

283.3 

283.7 

284.0 

PAGE 3 

VACC MIC 
GS 

1.01 

1.02 
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Â¥LONE 

TIME 

04:57.1 
04857.7 
04:59.9 
05:01.5 
05:03.1 
05:04.5 
05:04.6 
05:04.9 
05:OS.O 
05:06.2 
05:06.7 
05:07.3 
05:07.6 
05:07.8 
05:08.2 
05:08.6 
05:09.8 
05:09.8 
05:lO.O 
05:lO.Z 
05:11.3 
05:11.8 
05:12.4 
05:lZ.S 
05:12.7 
05:13.0 
05:13.3 
05:13.6 
05814.3 
05:14.4 
05:14.6 
05815.2 
05:lS.S 
05:16.2 
05:16.9 
05:17.1 
05:lE.l 
05:18.4 
05:18.6 
05:19.4 
05:20.8 
05:Zl.l 
05:21.3 
05:21.7 
05822.5 
05:22.9 

ALT 
revs 

24277. 

24317. 

24450. 

23683. 

24373. 
24397. 
23967. 

24450. 

24057. 

24380. 

24157. 

24347. 
23967. 

24063. 

23837. 

24073. 
23870. 

A/# BOG 
KTS DEG 

VACC MIC 
GS 

0.99 

0.96 

0.93 

-0.48 
2.95 

-0.31 
2.94 

-0.42 
1.22 

-0.44 

1.36 
0.51 

1.37 

0.66 

1.36 

0.87 

1.13 

0.57 

1.07 

0.81 
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FOR 11-HAY-88 10:44:33 

BLOWER 

TIME 

05:23.0 
05:23.5 
05823.8 
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 
05:30.0 
05:30.6 
05:31.0 
05:32.4 
05:32.6 
05:33.1 
05~33.7 
05:34.4 
05:34.8 
05:35.5 
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 
05:41.9 
05:43.1 
05:43.7 
05:44.0 
05:44.9 
05:45.3 
05:45.6 
05:46.3 
05:46.4 

ALT 
FEET 

23980. 

23620. 

23740. 

23383. 

23010. 

23433. 

23093. 

23243. 

22783. 

23030. 

22617. 
22790. 

22310. 
22710. 

22620. 
22850. 

22477. 
22813. 

22333. 
22840. 

PAGE 5 

VACC HIC 
GS 

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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Â¥LONE 

TIME 

05~47.8 
05:47.9 
05:48.7 
65:48.9 
05:SO.Z 
05:SO.B 
05:Sl.Z 
05:Sl.g 
05:52.3 
05:52.9 
05:53.1 
05:53.3 
05:53.9 
05:54.1 
05:54.7 
05:55.5 
05:55.7 
05:56.8 
05:57.5 
05:57.6 
05:58.6 
05:58.7 
06:OO.Z 
06:Ol.O 
06:03.8 
06:04.1 

ALT A/s  
FEET KTS 

PAGE 6 

BDG VACC MIC 
DEG GS 



APPENDIX E 

N A T I O N A L  T R A N S P O R T A T I O N  S A F E T Y  B O A R D  
B U R E A U  OF TECHNOLOGY 

3 
K 

WASHINGTON,  D .  C .  
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FOR: Fairchi ld  Model 5424. S/N 7274. 

&round Measurements 

A l t i t i t u d e  Correction (") 
Airspeed (0 K1AS) 
Vert ical  Acceleration 
Airport  Elevation (FT MSL) 
A1 timeter Setting (Inches Hg) 

Btcordina Stv l  f Of fsets  Worf zontal ) 

A1 ti tude 
Indicated Airspeed 
Magnetic Heading 
Vert ical  Acceleration 
Microphone Keying 
Magnetic Heading N/S Binary 
Time 
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ATTACHMENT 4 

CASE NO. DCA 88-M-A054 

FOR: Fa i rchi ld  Model 5424. S/N 7274 

Cal ibrat ion Data 
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. - -  a AIR CARRIER MANUAL 

MUME2 BmmacE 
i T i m d :  April 12/68 Section VII 

?w 7.186 

Aircraft  II 1 v\\\ Dace: as - i-c- f t  

Alrcref t  Total A l r f r m  Boun: 

Aircraft  Tot i1  X r b e r  Landings: 

I f  other c h u  1 thru 3 above. ldenzify unic. 

Par t  Ho. : Serial DO.: 

T l Ã  Since Lot Overhaul Total  T i m  ( i f  available) 

Type of Don-Destructive Toatlog wthod used: 

b. m t r u o n i c  f .  Dye-Penetrant 

c. Eddy Current w  ̂ I. Black Light 

X n e ~ e t l o n  acco~pllehed l n  accordance with (I.@., A l e  S ~ f l e e  tu l l e t in .  
A.D. Hot*, Inspection Special ?reject ,  Service Bullicin, Service Lt t ter ,  
Specie1 I t r t ruc t iona)  . q Ã‡ u 1x1  - Â¥SA I c i c .  
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u n w E 2  MMMTBUMCE 
h i n d :  April  12/68 Section VII 

fit* 7.186-1 

f o r  Ho. M-86 

11. I f  m y  fur ther  i n f o m t i o n  18 iubÃ§itted d d  :O l n p u a f  sheet of paper 
u4 at tach t o  t h i s  report. 

hpua te  pf a t t u l w d  W L  

12. Contents of t h i e  report checked, fur ther  action required. 

cr 
Quality Control Iaipector 

14. Th i i  report  i e  eoaÃ§ider  c o ~ > l e t d  and eceurete to the b e i t  of my kaowldse 
and r e q u i r e  oo further action. 

Signed: 
f nior Inspector 

o r  
Quali ty Control Superviior 
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a AIRCARRIERMANUAL 

MUME2 Â¥MITEMMK 
Â¥nfl Apri l  12/68 Section VII 

P m  7.186 

Aircraf  t NA-I --I I 1 Date: c* .: - .= : . ei 
A i r c r a f t  Tota l  A i r f r m  Bourn: 

A i r c ra f t  Tote l  lumber Ludlnge  : 

I f  o ther  than 1 thru  3 above, i den t i fy  u n k .  

D ~ ~ d e l a t n r e :  Ã§.i .. i \u hr. k._- I fnufec turer :  t^c=nB-  - 
tart Do.: S e r i a l  No.: 

T i Ã  Since Lamt Overhaul Tota l  the ( i f  available)  

Type of Won-Deatruetive T o t i n g  octhod u u d :  

a. tediogrephic e. HJtne t ic  TYPe 

b. O l t r u o o i c  f.  ye-Penetrant 

c .  Eddy Current 4 8. Black Light 

d. V iau i l  h. Magnifying Glaaa Power 

Inspection aceo~>l iehed i n  accordance with ( i .e . ,  Aler t  Service Bul le t in ,  
A.D. Dote, Inepectlon Special  Pro jec t ,  Service Bul le t in ,  Service k t t e r ,  
Special  I o D ~ ~ u C ~ ~ O D ~ ) .  

I - fay  w r i f i e d  (2nd reeding) by 

~ i Ã ‘ r - l e  found (If  one, note "lion* V o d * * ) .  e i -c~e-  TÃ ma. -<  %t-!w c;  

C o m c t i v e  ac t ion  taken ( I f  none, note Woo* Taken"). 
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a AIR CARRIER M A N U A L  

BmiÃ‘J April  12/68 Section V I I  

11. I f  my further in fonu t ion  i a  aubaitted, add t o  a amparate aheet of paper 
Â¥a a t f e h  t o  t h i Ã  report. 

K ~ C M  as 310 fl 

12. ~ o a f n t ;  of th ia  report checked, further accion required. 

us .  "0- 

. 
sisned c .&.. 

Senior Inapoccor 
cr 

Quality Control I o a p c t o r  

f fur ther  ac1 lira. what wre the fiodi- 

14. this r*port i a  coaaidord c q l e t e d  a d  accurate to the hot of my kooirledse 
and require* DO further action. 

Si$E+8d: 
Senior Inspector 

or 
Quality Control Supwviwr , ' 
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WUME2 IUDRBMMCE 
m a d :  April 12/68 Section VII 

Pace 7.186 

for Do. M-86 

1. Aircraf t  D ??.-I\\ Date: 0.3 - ft-z. ~t 

2. Aircraf t  Total A i r f r ~  Houra: 

3. Aircraf t  Tcta l  Nuaber uJndinga: 

4. I f  other than 1 thru 3 above. identify unit. 

Par t  No. : Ser ia l  Do.: 

T h e  Since Laat Overhaul Tote l  Time (if  available) 

a.  Radiographic 9.  Magnetic . Type 

b. U l t r u o n i c  f .  Dye-Penetrant 

c. Eddy Current / g. Black Light 

d. Vimual h. dignifying Glaes Pwer  

6 .  Inspection accomplimhed i n  accordance with (I.*., Alert Service Bulletin,  
A.D. Dote, I ~ p e c t l o n  Special Project ,  Service Bulletin,  Service Letter,  
Spacial lnatructiona).  

7. Xnapaction (Item 5) eccmpliahed by C 

8.  I-Ray ver i f ied  (2nd reading) by 

9. Dlmcrapanclea found (If WM, note "None Feudw).- e . . ~  - .& 

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



a AIRCARRIERMANUAL 

WlWEz MMHTDUUKf 
Wid:  April 1 2 l f i  SÃ§ctio VII 

fane 7.186-1 

tÃˆT me. M-86 

11. I f  any fufthmr i n f o ~ t i o n  i a  subBitted, add t o  a ampante ahmat of papmr 
Ã‘ attach t o  th ia  -port. 

m a t e  pas* attached Â¥tt ="A 
12. Coatmata of this report  cheeked. f u r t h n  u t i o n  requirmd. 

VES D O '  

Sisnad <Â .i.-.-S" - <:- 
Senior I i rpector  

cr 
-Quality Control Inmpmctor 

13. I f  turthmr action vaa taken, -hat -re the  f i n d i w  

16. Thia report  1( eonfidarad cmlmtmd and eccurita to the h a t  of w kaowldge 
aad require* no furthmr action.  

Date: 

o r  
Quality Control Supnvifor  
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. <fo 
C l C  

-015 

. O S *  

.e-1-S 

.O^O 

. oso 

.015 

. l o o  

. @ S O  

U-t tin 

.I 
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a AIRCARRIERMANUAL 

w m E 2  IMMTDMMCf 
UTimod: April 12/68 Section VII 

P m  7.186 

*t 
Aircraft 11 131 11 Date: c*s -c8 - ? c 

Aircraft Total A i r f r m  Bcura: 

Aircraft Total lu~ber Luldingi: 

If other than 1 thru 3 above. identify uoif. 

llo~nclatura: %i; U.L r - i  in- w.-> KÃˆnufacturar n e a t .  .- , .. . 
P u t  Ho.: Serial Do.: 

T i t  Since b a t  Overhaul Total TIM (if available) 

Type of HOD-Deatruetive TeitiDg ~ t h d  uÃˆd 

c. Xddy Current 1 g. Black Licht 

d. Viairl h. Magnifying Glaea P o w r  

Inmpection acco~pliahed in accordance with (1.e.. A i m  Service Bulletin, 
A.D. Dote. Inmpection Special Project, Serriea Bulletin, Serrice Lottar, 
Spacial I~ltr~Ctio~i). 

- 

Inapaction ( ~ t n  S) accomplished by c &SL 

1-*Jy variflad (2nd reading) by 

Diacr*~Ã§ocia found (If now,  note "Hoof Found"). TO mar.-  -,..Ã c-. : 

Corrective action mken (If BOO*, note "MOM Taken"). 

?age 1 of 2 
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A I R  C A R R I E R  MANUAL 

MLUME 2 UUMTDUfKE 
Uvind: April 12/68 Section TI1 

P u e  7.186 

1. Aircraft D 13711 Date: ?ST - e*; - k t  .. 
2. Aircraft Total A i r f r u ~  Hour*: 

3. Aircraft Total Number Landings: 

6. If other than 1 thru 3 above, identify uni:. 

Umenc1atura:~~a h. a I h. h v  ~ ~ ~ b n u f a c t u r e r :  = .- ..% c 

P u t  DO.: Serial Do.: 

Tiw Since h i t  Overhaul Total Time (if av~ilable) 

1. TyBe of Won-Destructive Testing 6ethod urd: 

b. Ultruonic f. Dye-Penetrant 

e. Eddy Current - g. Black Light 

d. Viairl h. Magnifying d m  Pwer 

6 .  Inapxction accoiiplimhed in accordance with (I.*., Alert Serviea Bulletin, 
A.D. Dote, Inspection Special Project, Sarvice Bulletin, Service Letter, 
Special Instructions). 

- 

7. Inspaction (Item 5) accmplished by F -- 
8. X-Uy varified (2nd reading) by 

9. Di*er*pucies found (If none, note "Hone Found"). uaiie i--.tt5f< 

10. Corrective action taken (If none, note "Hone Taken"). 
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a AIRCARRIERMANUAL 

MUME2 IMMTDUMCf 
ILniÃ‘4 April 12/60 Section VII 

T m  7.186-1 

T o n  No. M-86 

I f  any farther in fo ruc lon  i a  aubmlttod, add t o  a a e p w t e  ahaet of p a p n  
Ã‘ attach t o  tb ia  report. 

S e p w t a  pale a t t u b e d  TES X) d 

Content# of t h i s  report checked. further action required. 

n s  m A  

cr 
Qiu l i ty  Control Inspector 

I f  fur ther  action vaa fkm,  what uor* the fiadioga 

~- 

This report  is eonsidar*d co@atod and Â¥CCuCat to the beat of 9 luowlOdS0 
and r e q u i r e  no further action. 

o r  
Quality Control SupnvfOT 
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AIRCARRIERMANUAL 

WUME2 K C E  
teviaed:  Apr i l  12/68 Section VII 

Page 7.186 

1. A i r c r a f t  W yÃ§-iv Date: 3 : - ? c - < t ;  

2. A i r c r a f t  T o e d  Airframe Hcurs: 

3. A l re ra f t  Tc t a l  Nunber Landinn; 

4. I f  o the r  than 1 thru  3 above, i den t i fy  uni:. 

U o ~ n c l a t u r e : e . ~ *  'sf J..,~T Muufacturer:  Â¥v-i -- ...-- 
rut no.: S e r i a l  No.: 

TlÃ Since Laat Overhaul Tota l  Time ( i f  avai'.Ã§ble 

5. *e of Won-Deacructive Tast ing oethod used: 

a. Udiographic  e .  Magnetic Type 

b. U l t r u o n i c  f .  Dye-Penetrant 

c. Eddy Current g. Black Light 

d. ViÃ§u* h. Magnifying G l ~ s  P w e r  

6. Inapection accompliÃ§he i n  accordance with f i .e .  , Aler t  Service Bul le t in ,  
A.D. note. Inapection Special  Pro jec t ,  Service Bul le t in ,  Service Le t t e r ,  
Specia l  InÃ§truc t ionÃ§ Ã q a 32: - 51.h i r ? c .  

7. Inspect ion  (Item 5) accomplished by c %-'. ...,,& L 

8 .  X - b y  vmrified (2nd reading) by 

9. D i a e r ~ ~ a c i e a  found (If none. eof "Uone Found"). Ã§.:, ; <- ,.>. . *- - 
t \ 7 7 

- - 

10. C o m c t i v e  ac t ion  taken ( I f  ncne, note "None Taken"). 
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WUME 2 IMMTEMMKE 
k n i a e d :  A p r i l  12/68 Sect ion V I I  

P u e  7.186-1 

form Do. M-86 

11. I f  any fu r t he r  informecion is mulr i t t ed ,  add to a a e p u a c a  ahee t  of paper 
Â¥a a t t a c h  t o  chia report .  

SeparÃ§t page at tached IES X) 4 

12. Contant i  of  t h i s  r epo r t  checked, f u r t he r  a c t i on  required. 

YES mL 

Signed <; 1-\̂ 5-. .. -"S* 
Senior  Inepector  

cr 
Q i r l i t y  Control  Inmpector 

13. I f  f u r t h e r  a c t i on  uaa taken. uha t  o r e  t h e  f l a d i n u  

14. This r e p o r t  i S  considered coapleted and acCUf t e  t o  the  best of  Â¥ kaoÃ§rlÃ§d 
and r equ i r e s  no fu r t he r  ac t ion .  

S i p e d :  
Senior  Inspector 

o r  
Qua l i t y  Control  Supemisor  

Page 2 of 2 
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n u i K Z  mBuwx. 
miawl: Apri l  12/68 Section V I I  

Page 7 .  I86 

A i r c r a f t  Total  A l r f r ~  Bcura: 

A i r c ra f t  to ta l  1 r b e r  Landings: 

If oeher than 1 th ru  3 abwa ,  idancify uni t .  

P u t  Do.: S e r i a l  Do.: 

T l n  Since Lot Ovarhaul Tota l  Time ( i f  ava i lab le)  

a. Radiographic e. MUnacic Type 

b. O l t r u o n l c  f .  Dye-Peaecrant 

c .  udycu- t  4 g. Black Light 

d. Viau8l h. Magnifying Glaaa Power 

IMpeCtion accomplished i n  accordant* with (1.e.. A le r t  Service Bullet in,  
A.D. Mote, I u p e c t i o n  Special  Pro jec t ,  Service Bul le t in ,  Servica Let te r ,  
Special  Ina t ruc t iona) .  . - 7- 7 - <Ã A. ,,'.I=, 

I ~ a p e C c i m  (Item 5) a c c ~ l i a h e d  by e .-- '5. 
1-Ray ve r i f i ed  (2nd r u d i n g )  by 

Diwropaaciaa found (If none, note "Uona Pound") .- u.%, .c -.- 0 ~ -  -L 

C~r r*Ct tv*  ac t ion  cakan (If  none, oof "Uone ;akenN). 
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Ã§OUME MMMIBHMCE 
KTisad: Apri l  1 2 I U  Section Ti1 

?axe 7.186-1 

Tom l o .  N-86 

11. I f  any fu r the r  i n f o r u t i o n  is subalt ted,  add so a separa te  shee t  of papar 
d at tach  t o  ch i s  repor t .  

SapuÃ§t  p u n  et tachrd TCS 10 f 

12. Contents of chin repor t  checked, fur ther  ac t ion  rnÃ§ulrad 

TES - .  no ^ 

cr 
Â¥Qu~l l e  Control I a ipac to r  

13. I f  fu r the r  ac t ion  wan fakin,  what w r e  the fimdinss 

14. T h i i  repor t  1s cowiderad c m l a t n d  end 8ccurate to the  b a i t  a f  kawlad#e 
end requi res  00 fu r the r  ac t ion .  

Date: 

S i s ~ d :  
Senior Inspecfor 

or 
Quali ty Control Supamisor 
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APPENDIX G 

NATIONAL TRANSPORTATION SAFETY BOARD 
Bureau o f  Technology 
Washington, OC 20594 

The fo l l ow ing  sunnary of ex i s t i ng  sk in  repa i r s  o r  rework areas was derived 
fro- the on-scene examination o f  the  airp lane i n  Kahului, Maul, Hawaii, from 
A p r i l  29 t o  Hay 6, 1988. 

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 length (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-31, universal r i ve ts ,  5" long, 

BS 1016 -- Scab patch w i th  countersunk r i v e t s  above S-19L, 6"x 13". 

BS 1121 -- Scab patch w i th  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 fa i r i ng .  

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  at  
S-20L. 

BS 420 -- Scab patch w i th  universal  r i ve ts ,  8" long x 6" high, centered over 
S-17R. 

BS 5OOB -- Scab patch w i t h  universal r i ve ts ,  7" long x 6" high, centered 
wound S-ISR. 

BS 727A -- Scab patch w i t h  countersunk r i ve ts ,  6"x 8". centered about S-15R. 

BS 727B -- Scab patch w i t h  countersunk r i v e t s  along S-17R, 2" a f t  o f  frame and 
8" forward, 7" h igh 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, 
l " x  7" s t a r t i n g  a t  S-19R; scab patch w i th  countersunk r i ve ts ,  l u 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 ley  
service door, 3"x 4". a t  S-14R locat 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 l ey  service 
door a f t  o f  the  lower door hinge lower corner, 2"x 3", a t  S-15R locat ion .  

8S 1016 -- Scab patch w i th  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 th  countersunk r i v e t s  under second vortex generator, 
8"x 7". 

BS 1121 -- Scab patch w i th  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 -- three 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 th  
universal  r i ve ts ,  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 ve ts .  Replacement s tar ted again a t  8S 767 and continued forward under wing 
t o  body f a i r i n g .  

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- 
27L and R; S-25R a t  BS 787. 
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SDR SUMMARY 

NATIONAL TRANSPORTATION SAFETY BOARD 
Bureau o f  Technology 
Washington, DC 20594 

February 13, 1989 

BOEING 737 FUSELAGE SERVICE DIFFICULTY REPORT INFORMATION 

A. ACCIDENT 

Location: Near Haul, Hawai i 

Date: Apr i l  28, 1988 

Tine: 1347 Hawaiian Standard Tine 

Ai rcraf t :  Aloha Airl ines, Inc. F l ight  243, 
Boeing 737-297, N73711 

Accident No. : DCA-88-M-A054 

0. SUMMARY OF SERVICE DIFFICULTY REPORT INFORMATION 

1. General 

The Federal Aviation Administration's (FAA) Service D i f f i c u l  t y  Report 
(SDR) data base was queried f o r  information pertaining t o  the Boeing 737 
fuselage. 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 eliminating a11 models o f  the 737 that were not produced 
as part  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 lap  Joints. Six o f  the ten 
reports involved lap  Joints i n  the upper lobe, while the remin ing  four were 
from the lower lobe o f  the fuselage. 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 ef fect ive date o f  Airworthiness 
Direct ive (AD) 87-21-08, November 2, 1987. A l l  o f  the airplanes c i ted i n  the 
ten reports were manufactured within the f i r s t  291 airplanes. 
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A smmiary o f  the I n fonu t i on  contained i n  the preceding cracking reports 
I s  given below: 

I. Upper Lobe Reports 

September 8, 1983 -- Pixhnnt  Ai r l ines Model -201, N734N ( l ine  no. 29). t o ta l  
time 38,155 hours: 'Found fuselage skin cricked a t  FS (fuselage stat ion o r  
body station, 8s) 727A between stringers 14L and 15L. Crack was one inch 
long." 

October 11, 1984 -- Aloha Ai r l ines Model -297, 1173713 ( l ine  no. 2221, t o ta l  
time 24,814 hours: "Crack i n  the r i gh t  side fuselage skin panel longitudinal 
lap j o i n t  along the fastener l i n e  o f  str inger 10R between 8S 727A-727B". 

March 16. 1987 - Piedmont Ai r l ines Mode1 -201, N744N ( l i ne  no. 160). t o t a l  
time 45.337 hours: "On walkaround, found fuselage skin cracked i n  skin lap 
Joint below l e f t  cabin windows, stat ion 370 t o  435, a to ta l  o f  21 cricks. 10 - 
.375 Inch. 4 - .5 inch, 1 - 1 inch, 2 - 1.25 inch, 2 - 1.375 inch, 2 - 1.5 
inch." 

July 17, 1987 -- Piedmont Ai r l ines model -2A1. N767N ( l ine  no. 188). t o ta l  
time 46,367 hours: 'During C-check found fuselage skin cracked at  lap Joint 
stat ion 370 t o  380 str inger 14R: 

July. 17, 1987 - on 1 ine no. 188 above: 'Found fuselage skin cracked a t  lap 
Joint s tat ion 727 str inger 4R: 

November 27. 1987 -- American Air l ines Model -247, N470AC ( l ine  no. 140), 
t o t a l  time 45,185 hours: 'During BC-3 check, found a 5.0 inch crack i n  
fuselage skin a t  str inger 14L, stat ion 366.* 

11. Lower Lobe Reports 

October 6. 1983 - Piedmnt Ai r l ines Model -201, N746N ( l i ne  no. 207), to ta l  
time 36,267 hours: 'Found 1.5 Inch crack i n  fuselage skin on r i g h t  side above 
str inger 20R and a f t  o f  FS 727: 

November 23, 1983 - Aloha Ai r l ines Model -297, N73711 ( l ine  no. 152). t o ta l  
time 26,049 hours: "Found mult iple skin cracks ipprox 3 inches long above l e f t  
fuselage skin lap between stringers 20L and 21L a t  FS 756.9 t o  816.9.- 

December 16. 1983 -- Aloha Ai r l ines Mode1 -297. N73712 ( l ine  no. 163). t o ta l  
time 24,340 hours: *Fuselage skin bulged and cracked between S-25R and S-26R 
forward o f  FS 1016." 

November 9, 1986 - Piedmnt Ai r l ines Model -201. N745N ( l ine  no. 172). t o ta l  
time 44,521: "During C-check inspection found one inch crack i n  fuselage skin 
a t  s tat ion 727 st r inger  20R: 
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2. Aloha Fleet Report Suimary 

O f  the 2,082 reports that  were submitted p r i o r  t o  the accident, 18 
pertained t o  airplanes i n  the Aloha f leet .  Three were the lap Joint 
crack/corrosion reports previously cited, and two were upper lobe skin 
cracking reports where lap j o i n t  involvement could not be established from the 
i n fonu t i on  given. Three o f  the reports pertained t o  lower lobe skin 
corrbslon, wi th  an additional three reports c i t i n g  corrosion a t  cargo door 
frunes'and the nose gear wheel well structure. The remaining seven reports 
Involved cracks i n  fuselage structure other than skin o r  lap joints. . 

Brian S. Richardson 
Aerospace Engineer 
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BOEING MGOS ALOHA AIRLINES MAINTENANCE EVALUATION 
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M-7360-87-3169 
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Maintenance and Gromnd Operationm Symtam8 - Cumtomer Support, 

The BOEING Commercial Airplane Company. 
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Uoba Urlims 
Attmntlon: Nr. Thomas F. Dmrlmg 

Vlcm hmeldmnt, ope rat lo^ 
P.O. Box 30028 
klonolulu I n t m m a t l m l  Airport 
l l ~ ~ l u l u ,  HI 96820 

Rmfarmncm: Latter,  Rmqum~t for Evaluation, 
7. Dmrimg t o  R. Oldanl, 27 Octobr,  1987 

Cantlmmn: 

I n  rampon~m t o  the rmfmrmme rmqumst, a k i n g  team conslmtlng of Pmtmr 
hsdmll (toam lmmdmr), Richard Fugetm, Tibet Clrmy and John Hall fro= 
our Malntmnsncm and Cround Opmrmtlons Systmms (MCOS) or&mnlzmtlon 
conductmd t h e  aubjmct ovaluatlon. 

The pwposm of tho k i n 8  t a u ' s  v i s i t  was t o  conduct an mvmluation of 
Aloha A i r l i n e s ' #  Malntmnsncm opmrat lons .  Obsmrvmtions and 
rmcownmndatiom have been lncludmd i n  e m  attached rmport vhlch ehould 
bm of msslscancm t o  hprovm productivity, mrhncm tmchnicml operating 
officlmncy and assurm mffmctlvm ulntmnuum atmdar&. 

Um apprmclatm hovln& bod e m  epportunlry t o  work with your tmchnicsl 
s t a f f  a p l n  and convoy our thanks fa r  the axcmllmnt coepmrstion and 
courtmsy shovn t o  our t e n  umbers during th is  v l s i t .  

Plmasm confirm your rmcmipt of t h i s  report and fmml frmm to  u k m  any 
eommnts, or request any m d d l t i e ~ l  ln foru t lon  or aaslstmncm rmgerdin~ 
Sts contents. 

vmxy truly yours, 

R. L. oldan1 
Jlam&mr, Malntmmncm and 
Cround Opermtlons Systems 
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~ ~ a r a t i o n a ,  a toam from t h a  ~ o a i n g  ~ o m m a r e i a ~  - ~ l v l a n a  ~ o = p a n y ,  
b l a t a n m c a  and C r d  Ooerations S ~ s t u a  CMCOS) o r ~ s n i s a t i o n  wlthin the  
me-r ~ i v i s i k  eondwtld  am &aluation-of ~ o h a  &rl inas*a 
(NO) ulntananea o p a r s t l m  d u r i q  Ilovnbar 10  - 19, 1987. The b a i n g  
t a u  e o ~ i a t a d  of Patar  h d a l l  ( t a u  laadar) ,  Elchard h g a t e ,  Tibet 
Ciray and John Hall. The t a n  mambara v i a i t a d  t h e  Aloha Air l lnas  
u l n t a n u ~ c a  f a c i l i t y  loeatad a t  n a 1 u l t 1  Intarrmtlonal Airport .  

The purpoaa o f  t h i s  vislt was t o  eonduet a n  w a l u a t l o n  o f  Aloha 
A l r l l n ~ ' ~  t a e h n i e a l  o p a r s t l o r ~ a  by making o b s a r v a t l o n s  a n d  
racom*n&tiona t o  u a i s t  NO t o  anhame taehnieal  oparating off lc lancy,  
bprova  produetivlty and asaura o high standard of u i n t a ~ n e e .  

%his rapore bas b a n  dlvldod u f o l l w s :  

%ha t a m  mmbmrs wish t o  axpress t h a i r  appraeiatlon t o  the  f o l l w l n g  
a i r l l n a  parsonnal  f o r  t h e i r  eooparacion, a a s l a t a n e a  and eour tasy 
oxtandad durlnk t h i s  v i a i t :  

Uanzy A r l i  s t a f f  ~ i e a  Pra8idant. L i n t a n u u a  
Tradarick N a d i ~  Diraetor,  lkintanance 
Ralph Akutagsva h n a ~ a r ,  Produetion Pluming 
Bob Talumina Wnager, Quality Aaauranea 
Cane Rodr ipas  h n a g e r ,  Base h in tanance  
Darwin W r s l a y  Iianagar, h l n t a ~ n c a  Support 
Ed Natsmoto Sanlor Inspactor 
Robart Okboto I ~ p m c t o r  
John Wade Suparvlaor, Shops 

Spacia l  appraeis t ion l a  oxpraaaad t o  Hr. Uanry &11 f o r  makin& the  
t a u ' s  orrangmmnta f o r  this vlslt. A aultabla work area  w u  prwidad ,  
the  by- to -day  m a t i n p  ware affaet lvaly  eoordlnatad and am axeallant 
tour was eonduetad of cha Aloha Honolulu f a c i l i t y .  

%hn Hall 
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=is avaluation by the baing t b m  was conductad in accordance with 
the raquewt of Hr. Thous Darieg, Vice Prbsidant. Operations. 

PART I1 iw limited to hifilithts of airnificant rbcommdations 
relevant to this evaluation ?or executive coneideration and a 
conclusion. PART I11 contains the detailed descri~tion of the 
technical upects of the evalution. PART IV inclu&s mppandices 
consisting of charts and other supporting data. 

2 .  m m :  
The followin& contains a mumnary of reco~endatione (these are 
repeated in PART I11 accompanied by related background details of 
the topics covered in the various daparments): 

o Give hi&h priority to completely rbvmping the Technical policies 
6 Procedures Menu1 (the Aloha Air Carrier Manual). It should be 
meintbined, kept current, and dietributbd throughout the 
Technical Division. Any interim changes between revieions h i c h  
do no= require regulatory authority approval, much as 
organizetion changes, ate., could be covered by *Temporary 
Revisions. or .Advence Infomation Noticee*. 

o Institute an aggressive program to assure that all copies of the 
Aloha Air Carrier bnual, as well as all applScable manufacturer 
and vendor technical u n u l s  and docments distributed throughout 
the Technical Division, ere uincained up-to-date. 

o Consider the proposed organizational changes ahoun in Item 3 of 
P U T  111 - TECHNICAl DETAIlS (ale0 shown in Appendix E). This 
includea the forming of new Engineering and Reliability sections 
and covers other areas euch as Technical Library 6 hblications; 
Technical Trainin&; Quality Assurance; Planning 6 Production 
Control; and Technical Supply. 

o Rotate all inspectors throu&h a training pro&rn on in~poction 
techniques with apecial bmphasls on corroeion detection. 
Encourage inwpectors to be more ueertlw in their &alings wlth 
Aircraft Semites . 

o Either aaeign axtra inspectore to cover the ahope or h a w  Qualey 
Assurance delegate (in writing) appropriate ahop prsormol with 
the necessaxy inspection approval authority. 

o &wue that Quality Asauranee conducts random audits (unannounced 
apot checks) of Honolulu Line ~ i n t e m n c e  (both AlD and contract 
flight~lines); component ahops and atoras on l frequent basis and 
the outstetions at le~st once b year. 
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o Conatmet a & a t  f r e e ,  t u p r a t u r e  controlled laboratory f o r  mT, 
borescope, ad u l i b r a t i o n  oqulpmnt. 

o Coruider devaloping a c h i a ~ a b l e  long,  mdium and ahor t  range 
product ion plans  (each con ta in ing  t h e  appropr ia te  l e v e l  of 
d e t a i l )  taking i n t o  account e v a i l e b i l i ~  and r e q u i r w n t s  fo r  
manpouer, f a e l l i t l e a ,  equipment and material .  

o By r e c o r d i n s  manhours f o r  ill acheduled and unscheduled 
maintenance tub carr ied  out on tbe  airplane# over a period of 
t h e ,  norms can ba eaub l i ahed  against  uhich fu tu re  p e r f o m n e e  
can be measured. Such d a t a  w i l l  a s s i s t  i n  achieving more 
realistic production pluming and b e t t a r  e a t h a t e a  of airplane 
dovntims f o r  acheduled c h e c b .  Manhour trends could a l so  be 
w e d  a s  a parameter t o  be w a d  i n  the r e l i a b i l i t y  program. 

o h i d e r  i n i t i n t i n g  & pract ice  of' preparing a planning chart  t o  
ba w e d  by the maintamnee deparment u a guide i n  eequencing 
t h e  i tams o f  motk t o  be eccompliahed. By i n d i e a t i n k  the  
cowpleted w r k ,  tb la  flow char t  Woi~ld provide an e f fec t ive  mans 
of monitoring the prograsn of a check. 

o Ensure t h a t  e l l  shop p lamlng  and production control  a re  the 
r e s p o n s i b i l i t y  o f  the  Planning & Production Control  (?PC) 
department. lio ahop ahould carry out any t a s k  on hardvare u n t i l  
a work o r d e r  i a  received from ?PC. ?PC ahould e a t e b l l s h  
p r i o r i t i e s  f o r  ahop work load based on stockroom requirements f o r  
aemlceable c ~ o m n t s  . 

o Develop a comprehensive component trecklng eystem covering the i r  
location from etores  t o  a i rplane,  through the repair  #hops, and 
beck t o  a tores .  This would help t o  reduce the unusually high 
number of uncezvicoable spares uhlch have ecamulated i n  ce r t a in  
*hops over the pes t  yaarn. This tracking system could ideal ly  be 
computerized. 

0 Encourage the  ?PC u m g e r  and aenior mmbers of the a t a f f  t o  
v i a i t  the  ?PC deparments of o ther  operators and jo in  aviation 
induatry organizationm on this subject .  

o Conalder chenging the  color  of the  maewlceab le  components tags 
t o  red AM the sezviceable c q o n e n t s  u g a  t o  green. 

o Conduct an inventory exerciae t o  detemlne how many par ts  are  
presently i n  the component ahopa. A decision ahould then be u d e  
u t o  whether they ahould be scrapped. diaposed o f ,  o r  repsired 
u p a r t  of the overal l  aparen inventory. 

o Review and mxpmd the equipment ca l lbra t lon program 
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8 Coa~S&r prdding in the w a r ,  a board vlth alota on uhich 
t u k  car& can be poupad by aircraft gone, skills mqulreg and 
w r k  programs status. This will amsist the maintw&ce foreman 
in issuing w r k  to hie mechanics and prod& visibility of 
progress . 

o btablish better control and accotmtability of tools. A aeparate 
tool crib u e a  is rec-nded. 

o ' ~eview the maintenance progrn concepts &tailed in Item 10, PART 
XXX  and advise Boeing of the program preferred by N O  so that 
details can be developed by the Boeing Maintenance & Ground 
Operations System (HCOS) or8anizetion. 

o Befor* initiating the new 737 maintenance program, perform a 
complete structural inspection 8nd incorporate certain key 
aemice bulletins on all AW 737 airplanes. Xn the abeence of an 
Engineering department at A W ,  being Customer Support Service 
Engineering will prioritize the .extended life. memice bulletins 
applicable to A W 9 s  737s. 

o Ensure that all personnel responsible for planning, developing, 
checking, implementing and conducting the ALO Supplemental 
Structural Inspection Document (SSXD) program, familiarize 
themselves with the. guidelines, sxamples and procedures in the 
737 SSXD. Particular attention should be paid to the notes and 
instructions essocisted with the DTR check form. 

o Correct all exieting DTR check forms errors and 
misinterpretations (listed in Appendix F) . mote, there m y  be 
additional errors on the existing D l R  check Stems that are not 
listed in Appendix F. 

o Add a procedure to the U Air Carrier h m l  for reporting 
8tructural discrepancies in accordance With Section 6 of the 
S$XD. Ensure that all cracks and previously unreported 
occurrences of aip-,ificant corrosion involving a Significant 
Structural Item (SSX) that were detected during earlier SSID 
inspections'be reported to Boeing. 

o ?rwi& 737 training to all uintenance mechanics uho have not 
received training for this wdel airplane. 

o Consider adopting a policy requiring all technical paramel to 
receiw a minimum of one w e k  of refresher trainlng each year. 
The course should include review of the Aloha Air Carrier h n a l  
and axtra training ~hould be given to inspectors and foreman. 

o Provide unegement development and leadership courses to all 
recently appOinted supervision. 

0 Obtain'CaSSettes on various specialized training aspects to be 
usad in the hangar or shops to assist with on-the-job training. 
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o Cormidor b o l 4 i ~  ~ c l a l i x e d  t r a in lng  courees mch  u ~ t n ~ ~ t u r a l  
r a p a i r ,  corrosion p r a v e n t i o n  and c o n t r o l ,  r i g g i n g  and 
mon&stauctivo m e t  (HDI) m ~ c b d s .  

o Foxmalate a master plan f o r  tho &wlopmnt  of c ~ t e r i x e t i o n  I n  
the  technical dlvleion u t i l i x i t ~ &  inputs from a l l  potent ia l  users. 

o Prepare c e r t a i n  t e c h n i u l  rocords,  ~ u c h  em *emice  b u l l a t i n  
accomplishment bccountab i l i ty  f o r  aach a i r p l a n * ,  by u n u a l  
mthods u n t i l  mch t h e  u a cmputarized dets b u e  1s  met up. 
I n i t i a l  p r i o r i q  ehould be glvan t o  recording the s t a t u s  of the 
s t r u c t u r a l  a e d c e  b u l l e t i n s .  'These ehould be pa r t i cu le r ly  
w e f u l  t o  A U  while operatin& *a-veral f l e e t  leader high cycle 
airplanes and where airplanes a re  being added o r  removed from the 
f l e e t  due t o  the varioua leasing arrangements. 

o Establish a meparate area &voted t o  the ehipping and receiving 
of pa r t s .  

o Adopt a policy whereby components remowd from the eirplane are 
f i r s t  sent  t o  Stores and placed i n  a quarantine ares .  Uhen it 
can be de temimd t h a t  a rmplacemnt p a r t  does not  aolve the 
a i r p l a n e  problem, t h e  removed component can be tagged a s  
e e ~ i c e a b l e  and returned t o  stock. 

o Consider ass ian ing  a Safe ty  Coordinator under the  Quality 
Assurance departmnt t o  cover the Technical Division. 

o Encourage m In te res t  i n  e a f e q  by foming an employee safety 
corni t tee  and appointin& %afety monl tors~.  

o Hake an intensive e f f o r t  t o  h i r e  w r e  personnel, as needed i n  
each department i n  the Technical division, m d  bring manpower up 
t o  i n d u s t r y  l e v e l s .  For a l l  Duperviaory and management 
positions, it i s  desirable t o  assign sui table  understudies who 
can be t r a i n e d  t o  assume t h e  p o s i t i o n  o f  t h e  appl icable  
~ u p e r v i s o r  o r  u r n & e r  i n  t h e i r  absence. 

0 Ensure t h a t  there 1s a good rapport botvoen the Flight Operations 
and Technical Divieionc t o  make sure tha t  each appreciates the 
o t h e r o *  problems and c o n s t r a i n t s ,  and h i g h l i g h t  whet the 
Technical Divieion i s  doin& t o  f ind aolutionc. Flight Operations 
can provide valuable inputs on actual  operating condition and 
technical defects.  n ~ i a  i n  turn can contribute t o  w r e  affective 
t r o u b l e  ehoot ing,  t imely reet i ! ' ica t ion,  minimi;ing delays ,  
bproving dispatch r o l l a b i l i t y  and raducing cos t s .  

3. m: 
Ilolntenmc* ~ i m e r i n g  waluat ions  by the airframe unufse tu r r r s  
bmm the unique advantage of providin& operators with an indrpmndent 
p e r s p c t i u e  which o f ten  avoids the  .blind apots* t h a t  in ternal  
audi ts  possess due t o  .hme born-and-bred cultures-.  A feedback i s  
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prddad of comparison of minternnee perfomme* by a neutral parq 
which hi#hll#hss atran&ths and vaaknesaes of the ayst*af and 
methods, the kealth of the airplanes and equipmnt, and the 
aff*ctlvanmss of kay poreoanel and or&enfzatlonal atrwture. 

Tbe Doein# Customer Support Division walcmes this opporwity to 
p r d d e  tochnlcal assistanca to Aloha Alrllms. It 1s *lncerely 
hoped that by adoption of eoae of the reconen4mtions in chls 
report, Aloha Airlines technical pmraonnel will be able to *dunce 
their standard of maintenance op~ratlonc. 
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Thlm aactlon, (PART I l l )  of tbe raport prwldas datalls of 
obsematlons rae-ndatlom vhlch coneam the operation of the 
Aloha Airlines Haintamnee Dlvislon. PART I V  contain# appendices to 
this mactlon vlth supporting &ts m d  rharts. 

At the t i n  of thin vlslt, tba AU flamt va# a# follws: 

39,935 JT8D-9 
33,726 JT8D-9 
32,200 JT8D-9 
36,995 JT8D-9 
30,775 JT8D-9 
U.385 JT8D-9 
38,775 JT8D-9 
8,662 JT8D-9 

11,598 JT8D-9 
10,830 JT8D-9 .......--..*.....-.-..... 
Total Airplane Tlaat 

OCT, 1968 
APR. 1969 
M Y ,  1969 
M Y ,  1969 
NOV, 1969 
M R .  1970 
JUN, 1971 
M Y ,  1980 
m, 1982 
JUL, 1982 .*.-..-.-. - 10 

Seven of the tan airplanes are m r  15 years old. Three of the 
737s: U73711, ~73712 and n73713, are the hi&hest flight cycle 
airplanes of all Boain& >at8 currantly in operation in the world. 

In 1987, the AU 737 flaat m r a g a d  15.56 flight cycles and 6.0 
flight hours per slrplana. Maehanieal dispatch rallabillty was an 
lmprassiva 99.59%. 

Aloha operates rsglonsl (Hawallan Islands) routas in an anvlronmant 
h v n  to be hl&hly awesptlble to the affsets of corrosion. 

Appandiess A and B a h w  tha arganlzstlon and msnapmnt pmrsonnel at 
the tlma of this visit. The total number of Aloha Airlines 
amployeas throughout the vhola oparatlon was #tatad to be 
approxlutaly 1.188. Of Chsse, approxlutsly 200 w r s  omployad in 
the Maintansnee and Qusllty Assurar~ee dapsrtments as shorn on 
Appendix B. In emparison to elmllarly aquippad opmrators, 1t 
appears chat U O  is short of taehnlenl parsonn*l in the officac, 
ohops end hangar (th+s 1s disc~sad in Itsm 16 - MFPWEU). 

An a l r l l m ~ s  Tmehnleal bllcy b hoceduras Hanu1 (TPm) provides 
the Damns of astsbllshing affaetlve malntansnce standards and 
control is wall as glvin& dlractlor~ on all Taehnieel Division 
actlvitias. 
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Operators asually have their Quality As8urancm d a p a r f n t  
r*sponÃ§ibl for luuring adh*renee to this manual. Ih* praparation, 
XTition md u p h p  of the -1 Â¥n Â¥und*r f 0 r i  Â¥r irUAlfy the 
rÃ§ponslbilit of an Enginmering dapart~ent m d  Tmehnlcal 
fubllcatloru ~ c t i o n  (which u y  be grouped Kith tbÃ Technical 
Library under TÃ§ehniea Ser<rlc~ - aÃ§ the rÃ§co~ndÃ§ti on this 
upact in I f  3 CKeAIIIZATION). 

The AU> w r s i m  of tbÃ TWM 18 the "Aloha Air Carrier Manu~l'. 
Althou* the contents in the vari6u< voluao a n  fmrally in line 
with the FAR rmquiremnta, there appaars to be gaps of no recordi of 
revislona for aeveral years, Â¥an of the contonti do not apply. some 
procedures (for axmple, regarding corrosion control) are inadequate 
and mevaral sectioru have cot been kept up-to-hta. Strict control 
of the dlÃ§tributÃ copif i8 required. The gIn~pection Alert 
Bulletins" which are 4ascribed to be on blua paper and listed, were 
not evallabla in the copies of the u n u l  which were oxaulned. 

o It is recommended that high priority be Liven to completely 
revamping the Aloha Air Carrier Hinual. The contents should be 
in accordance with ell regulatory authority requirewnts. A 
statement should be provided in the introduction describing the 
policy of how the manual 1s to bÃ maintained, defining the 
responcible authorities. the Ã§xten of its distribution and who 
is to keep it current. 

o It is rÃ§eoiende that intaria revisions to the Aloha Air Carrier 
Manual which do act require regulatory approval, for axample, 
organizational changes. Ã§tc. mhould be covered by .advance" or 
=tmmporary- revisionc. 

3. -. ,. 

For the Technical Division to function smoothly. it is important to 
oruure that individual rolo are clorly &fined and the reporting 
relationships are properly understood. Personnel thou16 have a 
clear understanding of the key roponsibilities within the 
organization, be fully Â¥war of who has the authority, and recognize 
their own accountability, so as to automatically and corractly react 
and interact to any necassary requirÃ§ action. 

Many intenul conflicts or bottlemcks can be mradicatÃ§ or reduod 
to unafble levels by the careful and proper atranlining of the 
orpnlzatioiul structure. I n  this raspact, a continual r w i w  of 
the organizstion*l 8tructure m y  be mcÃ§ssar to cater for factors 
m c h  u incresse in utilization. changes in operetimu1 Ã§tratÃ§gie 
airplane lÃ§asing meetin8 regulatory authority requirÃ§Ã§nt 
contract uinteuncÃ§ workload .paaks" and gvallsys" and changes of 
personnel, all of which alao requlre continual upgrading of skills, 
including technical and adainiatretlve developwnt. 

Several Technical' Divi8lon un*f*nt changes had recently taken 
place within the alx wnthi prior to the visit by the t Ã §  and these 
are reflectÃ§ in Appandices A 4 B. 
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The Aloha AIrllwa Technical M-irlaion appears to haw w i t  ef the 
appropriate aaetlons umully found la alÃ§ll a l f d  alrlloo. A 
typical operator organization la ehown In Appendix C. The' fa 
o b a e m d  tbat cha folloving araas could banefit from vrious 
organlxatlon*l improvante: Ingl.naaring; Technical Library & 
rubllcations; Technical Training; Quality Aruranca; Reliability; 
Production Plumin& 6 Control; lid Technical Supply. Aloha Airlines 
mlght eonalder these auggeatlons ahould any future technical 
organization changes be plunrd ( m e  Appendix E - fROPOSED ALOHA 
TECHNICAL ORGANIZATION): 

Typical operator enginwring function* are shewn in &cpandlx C. 
As datalled in Itam 6 - INGINEERINC and Appendix E. it is 
proposed that an Englmering aaction be foroed u aither a stand 
alone desarfnt or as Bart tit a mew -Technical Servlcec" 
deparfeit including ~roduction Planking 6 Control, Technical 
Tralnlng and Tachnlcal J'ublicatiw/Ubrary. 

There appears to be a m a d  to axpend the Taehnieal Ubrary into a 
Technical ?ubllcations/Taehnical Library aaction. By e~ploying 
aome technical writers, revialens could be Bade to manuals 
affected by incorporation of aervice bulletins and other 
anginenring change action. The prime function ahould be 
maintainin& the Technical Policies i Procadures Hmual, standard 
forms and placardc. This aectlon ahould institute an afgressive 
mroman to assure that all co~les of the TPPM Ã m i l  ac a11 
~pplicable manufacturer a n d  vendor technical manuals and 
documents distrlbutad throughout the Technical Dlvlslon are 
n l n u i m d  up-to-date. 

A* datalled in Itan 11 - TECHNICAL TOAININC, there is a <red to 
f o r  a dedicated Teehnieal Tralnlw aehool rod It 1s proposed 
that this be under a Taehnleal Sarvices deparment. 

A typical QA department and rasponsibllitlaa are ahovn in 
Appendix D. Propomd plans for phasing in various aactioni of 
this deparmnt are ahewn in I f  i - QUALITY ASSURANCE. 

It appeara that an affective R*llabllity aaetlon ~ c d s  to be 
eraatad (as raeo~~inded in If 5 - REUAkIUTY). Dependin8 on 
the e~phasls of the raliabillty pxogrn, operators usually have a 
Ãˆellabtlit aection under aither Technlcel Services or QA Cane 
Appendix E - PROPOSED ALOHA TECHNICAL OKCANIZATION). 
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v: 
In u n y  wrators. Tat is a maparate daparmmnt 
under thÃ "~echnieil Divleion (a*; &pandix C). Tbis la also 
propomad In Appendix E. 

4. v: . 
It was o b s e m d  thatrthe ALO QA deparmnt, uhich is mtaffed by 12 
personnel, has axparlanced and dedicated personnel. QA is 
independent of the M*lntmn*nce deparment and the head of QA reports 
to technical management at one level above that of the h c d  of 
Kalntarunce. This it satisfactory and is in conformance with the 
accepted concept tlut work v*rlflcation mhould not be influÃ§nce by 
production dammnds. The rasponsibillties of QA ahould include 
surveillance of the entire Technical Divimion including Technical 
Supply. 

At pre*ent. the ALO QA has re~ponslbllity for QC (Inspection). 
Technical Record*, the Technical Ubrary and Fubllcatlon!. Other 
responsibilities. according to the ALO Air Carrier Huual, include 
the reliability upects of the eontinulnf anÃ§lysi and survillance 
program. 

The ALO inspection function is performed by the participation of 
inspectors in u i n t e ~ n c e  checks. All inspections per task cards 
and service bulletin! are carried out by inspectors. All itmas 
written up by inspectors for correction are re-inspected and 
accepted by them after rectification of the dlscrepsncies by 
mechanics (inspector buy-back). This practice of 100X inspÃ§ctio 
and buy back by inspectors indicates the c o i l m n t  in princlple by 
ALO urugennt to have -11 maintained airpluxs. Whereax the tÃ§Ã 
applauds this practice, and the hlfh airplane reliability plus 
excellent condition of the airplane systems have proven to be 
outstandinf. there is erne question refarding the deteriorated 
structure of the hlfh cycle airplanes. The lack of a corrosion 
prÃ§ventio and control profram is a factor, but there 18 also the 
poxibility that apaclallzad inspector trainin& and more 
assertiveness 'on the part of inspection is requlrad. 

0 It is recomendad that all ALO i<up*Ct~Ã b* rotated through a 
trainlnf progrm on inspection fchniques with apeelel emphasis 
on corrosion detection. In the future, inspectors should also 
recslve mpeciallxed training (as listed in If 12 - TECHNICAL 
TIAIHING). 

Thera have b a n  u s e s  in the past where the Aircraft Services 
dmparment. in an affort to n e t  ~chedules, had painted over or 
closed up u e u  of the airplane prior to lnÃ§pectlon Thin sufgests 
that this m y  k* an area Â¥har the QC inspectors ahould be more 
a~ertlve and Ã§hÃ§ She Aircraft Service department ahould be made 
aware of QC importance. On the other hand, in an affort to not 
aftect production aehadulam. QC inspectors should review their 
Initial Inspection prlorltlÃ§ durlni the early part of their 
maintenance checks to covr thmee opmnÃ§ up areas. 
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Â¶har did not appou to be any Invol-t by w c t i o n  I n  the 
Â¥bops Built-up swim and ovÃ§rhauls cofomnts  had -8 9th no 
lnmptctlon approval i n d l u f d .  

0 It Sm recommded tha t  addi t ioml m e t e r 8  be u a i p d  to e w e r  
tb* Shops o r  appropriate *hop penome l  be de l sp t ed  ( in  writing) 
lofpaetion and approval authority by Q&. 

AlD irup8ctors mrs not lnvolvnd 1 t h  Urn nineemnee  a e t l v i t l Ã  a t  
Honolulu or  a t  other s f  tlons. 

o It is n e o ~ ~ n d t d  tlut the QA depsrmmnt conduct random m d l t s  
(unumounced spot eheck~)  of Honolulu Ltn* uin tenmce  (both ALO 
Kit contract  f l l g h t  l inea) .  conponut ahopa and s tores  on a 
frequent bail8 and the mtstat ion* a t  l a u t  once a par. 

The re8ponalb l l i t l sa  of t he  QC (Inapectlon) asc t lon  ahown i n  
Appmdlcms 0 6 E cowring Storas/IIecelvlng includes iiupsction of 
inconing u t e r l a l s  and conponents. hidden damage l ~ p e c t l o n ,  proper 
attention t o  atorage of f l u a a b l e  u t e r i x l i ,  and part* ahelf l i f e  
l i x i t s  control. It would be beneficlal i f  t h i s  section could also 
a Ã § u ~  #one limited r ~ p o n d b l l l t y  fox audits of vendor quality and 
~ k e  recoza*n&tlons t o  Technical Supply for  the ALO approved wndor 
l ist .  

I n  the ab rnee  of an Enginmering dmparmnt, QA pa r fo ru  w s t  of the 
func t i ons  u sua l l y  accomplished by a n i l n Ã § r  (aee Item 6 - 
BiCIHEERIHC). Them function* confl ic t  w i t h  the generally accepted 
role  of a QA/QC dÃ§parment I t  i s  a d o g o u s  t o  a student vr i t ing 
h i s  own e x u l m t l o n  text and then trading his  own paper. 

A part of QC which weds #OM at tent ion eonemnu the NDT, borescope. 
and calibration aquipunt  ( i n * t n Ã ‘ n t  Ã§n mechanical t o t ) .  This 
i s  inportant  considering the present amount of in-houx heavy 
u i n t s n m c e .  It ahould be QC'a reaponslbili ty t o  control and 
operate a l l  NDT and borxcope aqulpment. as we11 u t o  check and 
monitor vhen a11 cal ibrat ions are  due throuihout the Technical 
Division. Censoli&tion of t h r e  aspects requires a A u t  free,  
teopersture controlled lsboratory for  this  sensitive aquipnent. The 
laboratory ahould be l o o t e d  adjacent to,  o r  within the b a r .  

o I t  is  raconended t ha t  a laboratory be con*truefd for  MBT, 
borxc- and calibration aqulpunt .  

Hi* AlD A i r  Carrier Mmual s t a t e s  that  th* r s l l ab l l i t y  procram l a  
administared by Qunllty Axuranee and that r~ViSlon8 are u d e  t o  the 
airplane maintenance Operetlons Speciflcatlons and the Component 
((Â¥intsmnc Lchxduls . 
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Qk a180 hu n m l b i l i c y  for the ALO ?ropul8ioc (yfa Illliblllcy 
Control h o g r n  (KRC?), tb* Ilydrnulle Intarnal Lm* T o t  

of: 
(HILT) ~ Ã § t  Ã§n a Continuing Sumillnice 6 An*lyslÃ pro{rm eon8 acing 

- Data Colltctloc 6 Sumillanca; 

- Corractiva Action (basad on axcaatf*nea of galart v l w s *  and 
ravtw by mnthly Illlability Control Board notings). 

The p r o n e  ALO CÃ‘pooÃ§ Iteintenmea Scha4ule bu w s t  cmponants 
lncorractly listad u "on condition" (OC) whan they 8hould be either 
Â¥har tit' (HT) or 'condition wnltorad* (01). To clusify a 
cooponant u OC, there mutt bÃ some 8chedulad in8pactlon. check, or 
t ~ t s  which an8ure tlut the componmt -111 function proparly until 
the w x t  achedulad check. 

o It is raeo-ndad that Ai0 consider ra-avaluatlng all 737 
components as K u r d s  the uintanmce Control procaÃ that would 
be best suitad to aaeh (HT. OC. or a). Dam will then m i d  to 
be collactad and analyzad for 01 coaponenf. Schadulad on- 
airplane cheek* mhould be identified for OC compoimts. 

An affactiva progru 8dalnlstarad by a reliability aaetion undar QA 
8hould ba in place In order to raalize the full advantages of 
adoptiw condition wnltoring for component control. Also. this 
aectlon 8hould con8lder the use of eooputerizad rdlablllty 8oftvare 
programs. 

o It Is rec-nded that 8 Raliability 8ectlon bÃ fo-d raporting 
to the Quality AÃˆurane mactlon. 

The organixation of Quality Assurance and the proper Ã‘nigaÃ‘ of a 
reltablllty program as just described will provide an affective 
systaa for continuing analysis and survillance of uintanmea an(! 
tn8paction progrws. 

The rÃ§ponclbllltla of an Engimrlng deparmant Includa avaluatlon 
and implamantation of manufscturar'8 SarVlca Bullstlns, 
Alrworthinass Dlractlvas, airline orisinitad modificatlon8 and 
rapair action, da#ign, raÃ§aareh 8tudla8, raportÃ and 
lnvastigatlons. preparation of 8peclflcacion8, drawings Ind 
atandJrd8. a8tabllshÃ‘n and control of the alrplw. a q l m  and 
component .aintananca 8ehedulm 8peclfiestlon8, and providing 
technical assistance (for axuple, in trouble 8hootlw) as requirad 
b y  HJintanance, Shops and Flight Opfration*. The unufacturmr 
Service Bullatin8 racelw 8 thorough assossmnt as to merits, pay- 
back, and'Ã§hethe they prwlde practical lmprovaments or affective 
aolutlon8 to problans . 
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It appauÃ tha w e t  ursant mad a t  ALO is fo r  a atruetural o q l m a r .  
Ib* d t t a r l o r a f d  condition of thÃ older, high eycla ALO 7178 and th* 
four 737-200Cs which had bemn prmvloufly opa ra fd  In Aluk* and 
r a w t a  ragion* of Canada on r o q h ,  imlaprwad runvym. roqulra* tha t  
mpaeial attantion should b* ( i n n  t o  Chair otructural la tagri ty .  
H i t s  mhould include propar corromlon pravantlon and con t ro l ,  
complata d e f i n i t i o n  of  mt ruc tu ra l  rapalrm and ta rmlna t lng  
co r roc t l on .  a s  we11 Ã raviaw f o r  incorporation of aa lae tad  
mtructural aÃ§rvle bu l l a t i n s  raeouendad by Boaing t o  mxtand 
airplum l i f e .  The t om dlacuuÃ§ and l a f t  a c a p l a t a  list of them 
salactÃ§ mcructural marvice bullmtinx app l iÃ§b l  t o  a l l  ten ALO 
737s. These bu l la t in i  ra f lac t  the influenem of operator aarvlca 
oxparianca.  r agu l a to ry  a u t h o r i t y  a c t i o n ,  new ms ta r i a l s  and 
procassÃ§s They provide a s t l u t a d  incramrntal structural l l f a  and 
racoaaendad incorporation threshold data.  

I n  the p r a x n t  absence of an ALO Inglmaring deparment, k i n g  
Custommr Support Sarvica Enginmarin& i m  studying the l i s t s  of 
salmctad "axtended l i f e *  sarviea bullatin* (SBs) applleabla t o  a l l  
ALO airplanes and w i l l  ba notifying ALO through the b e i n g  Field 
Service office of a pr ior i ty  ca tqory  for  oach SB applicable t o  
ALO's operatioru and anvlronaant. Thwa limts u y  ba >uppl*~*ntad 
by other SBs coniidÃ§ra benaflelal t o  ALO 737s. 

Thram of t he  737-200C8 9111 b a e o ~ e  o S u p p l f n t m l  ~ t r u c t u r a l  
Inspection D o c u ~ n t  (SSID) cendidate airplanes* th i s  p a r .  MowÃ§vÃ§ 
the  SSID l t a ~  which w i l l  noad t o  be incorporatad i n to  t h e e  
a i rp l anas '  malntananca program w i l l  only involve a ign l f ican t  
structural itams axocfa tad  with the individual cargo airplane 
fÃ§atura . 

Operator! gamrally hÃ§ that? Planning 6 ?reduction Control (?PC) 
Ã ˆ c t l o n  rasponsibla for  the plamlng. achÃ§dulin of uintanancc 
oparation* and amtabllmhunt of approprlata control*. This ~ s u r Ã §  
production Ã§chadula m a t  the t h  limltationx as spaelfiad in  the 
a i rp lana .  angina and compomnt Ã‘intanane oparations mehadule 
mectlon i n  the TaehnlcÃ§ P o l i e i Ã  4 Procaduras Hanual. 

Effactfva mintananem control is aehiavad by achadullng uintanance 
act ion i n  tha proper aaquanca and a t  the proper ti-. I t  is  
desirable that  eompatant parsonml, aquipmmnt, f a e l l l t l u ,  tools .  
sparma and u t a r l a l s  be avs i lab ta  t o  oceompllah the a r l g n a d  
mintananem f Ã § k  This fac t ion  a c t s  ma a xagulator for  the 
u in ta icnea  cycle providing safeguard* t o  p r avn t :  - 
- Backlog accumulation of work, pomslbly rasul t lng i n  loss of 

a i rp lnw avai labi l i ty;  

- Errors rasultlng fro> unplanned and hast i ly  pmrforad work; 
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- Bpuea/uter lal  Â¥hert~u for  u j o r  ebeck*; 

- Facility w r l o a d ;  

- Failure t o  comply vlth regulatoxq authority regula t lnu .  

Some maintenance a c t i o n s  a r e  performed on a non-rout ine  
(un~eheduled) basis. I n  eueh caaea, thla  motion ahould provlde the 
required f lex ib i l i ty  t o  ccsfrnete for  variation* i n  workload* and 
a t i l l  control the production ~chwdule. Opereton w w l l y  hÃ§v their  
?PC coordinate t he  e f for t s  of  ln;ineerlng, Quali ty Control. 
Milntenance. Ovrhaul Shops Â¥ix Technical Supply. 

In &enerol, the ALO ?PC s t a f f  accomplish the f o l l d n ; :  

- Keep track of airplan* u t i l i sa t ion  (acciarulated f l igh t  hour# and 
cycles); 

- Schedule airplane uintanance t u k *  by ukin;  eure that intervals 
o r  t h r e sho lds  a r e  n o t  Â¥XC**d8d.f0 any t i 8 e  cont ro l led  
minteiunce rwqu i r~*n t ;  

- &aemble the paporvork for  a l r p l i ~  check*; 

- Track the hard ti= controlled co8pon8nta by location, calendar 
t l Ã ‘  hour*, or  cycles; 

- Perfom u f r i e l  plannin;: 

- Undertake mpocial projects which would nomally be aeccÃ§pliahe 
by an Engineorin& deparmnt  a t  other oper.etora; 

- &rang8 for the repair o r  omrhaul of 737 eoBpcIMnlÃ a t  d r a  
or.other outaide repair apncies .  

A t  many operators ,  effwctlve plannin& f o r  a uintenance check 
inc ludo  a thorou& revleÃ of the work pecka&e, es t iÃ‘ t ln  the 
workload and olepaed x b e  requlrennts  for each t u k  uid preparing a 
work flow chart chat aeh*dulea each l e u  of work a t  the o p t h  
t i t .  To ba able t o  do this .  an adeqwte 0*0 baa8 of unhour 
8 t s t l s t l c s  has t o  be astablished ov8r a p r i e d  of Um. *LO'# 
Aircraft Carvices ~ i n t e n m c e  t f w r m n t  was not recording unhoun  
oxpended t o  perfom maintenance taaks. It alao appeÃ§re that  
p8rwonnol i n  VfC w r e  so occupied Ã§tt dally problau and expwditi'n; 
papervork that  there was hardly enough tlÃ for  e f f ee t lw  p l u n l n t .  

0 Conalder developin( achievable lon&, medium and mhort range 
production plan# (each containin& the appropriate level of 
detai l )  taking into conaiderstlon evailablllcy and requlrennts 
for ~ n p o w e r ,  f ac i l i t i e s .  equipmnt and uf r i a l .  
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0 By meordin; meahour* f o r  a l l  mehodulad and unsehadulad 
u i n t n u n e a  tub -lad out MI tb* a i r p l u w  Ã‘Ã a p r i o d  of 
tin. no- un k* u u b l l s h Ã §  against Â¥hic futura p r f o i i ~ ~ c e  
can be maasurad. Such Ja t a  w i l l  a s s i s t  i n  a e h l ~ i n ;  more 
r ea l i s t i c  production pluming Ã‡B better a s t l n t a e  of a i r p l u u  
dovn t l f s  for  schedule chicks. Itenhour trends could alao be wed 
a* a parameter t o  be wad in  th* re l iab i l i ty  program. 

0 Couider Initlatin; the practice of preparing a plannlng &art t o  
be wed by the uintenance deparmcnt as  a wide in  aaquaneing 
the i f  s of work t o  be accomplished. By indicating the 
completed work, t h i s  f l w  chart would provtd* an affaetlve mans 
of wnltoring the pro;rass of a -check. 

The ALO ?PC has a computar list ahowin; the pa r t  o a b e r s  and 
qumititlas of roub le  eompomnts In the ALO i w n t o r y .  Bewver, 
axcept for hard time components and units aent out on repair orders, 
the ?PC doÃ§ not know whether a 8poclfic unit is  i tutal led on an 
alrplsne. is a aervieeable aptre. or i s  waiting t o  be repaired i n  
o m  ALO ahop. Acciaulated hours and cycles on these units are not 
kept. Mechanics removing components from a i r p l a m  take them 
directly t o  the applicable component ahop. By th is  practice. the 
compomnt does not (o through the atores or a quarantine a r c  and 
the accompanyin& papervork i s  not Ãˆen t o  the ?PC. Each shop 
decides whether a apeclflc unit ahou:ld be repaired o r  eent t o  an 
outside wer t ru l  a;ency. 

The follwin; r e c o ~ ~ n d a t i o ~  are Wde: 

o It i s  desirable that a l l  shop production planning and control 
act ivl t las  be a s s i p d  t o  the PPC. No shop should carry out any 
tub on hardware unti l  a work order is  rÃ‡CÃ‡iV from ?PC. ?PC 
ahould astablish priorl t ias  for these (hop vork orders by c l o x l y  
monitorin; ahop work loads and s tock room~requ i rnen t s  for  
aervleeeble components. 

0 AU) should develop a cmpr*henslve component tracking mystem 
(includin; those components on OC and CM which are currently not 
tracked) c w e r i ~ q  their  location from stores t o  airplane. through 
the repair ahops, and back to storms. This would help t o  reduce 
the unusually hi;h number of unnervicoable Â¥pare which have 
accoulated in  certain shops w a r  the past yasrs (see Item 6 - 
SHOPS). Ttils tracklnt s;*stam could & d u l l y  be computerized (see 
If 12 - COMUTEKI2ATIW). 

Tbe ALO ?PC a l ao  has r e spons ib i l i t y  f o r  ma te r i a l  p l a n n l ~ & .  
In i t ia l ly ,  raorder l a v l s  for the axpendable parts  w r a  u s l g ~ d  by 
?PC. Â¶bem values -re Â¥nt*r* into rhe inventory control computer 
propam. Th* ?urchasing dtparmcnt now orders parts autoutlcal ly 
bamd on those reorder levels,  resu1t:ing in  no involvement by ?PC 
axcept nhen there i s  a problem. Rofble ccaporrnt pu rchao  and 
repair orders are handled by ?PC. The to ta l  inventory of spares 
increased from $7.1 million to S8.S million in  the f i r s t  s i x  wnths 
of 1987. Approximately $5 milltori worth of the total  spares 
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Invntory e n u l a u  of  rofbla empoamta. TbÃ CUB Ã‘ i a f o r n d  
tha t  it w u  a r a n  occurranee for  an ALO 737 fll&bt to b* dfliyad 
*u t o  th* lack of a (pare part. It appaus tha t  ALO could h a 
oubstantial -t of  wney by ixplcent inf  mn a f f a c t i v  ooÃ§pcnÃ§ 
control and trackinf q a t Ã  ai dlscuanod aar l le r .  This would pernit 
Â¥or aff iciant  uae of the aceoulated spares invntcry .  

A t  praaent, th* ALO ?PC Ia 8 f f f t d  by three planners and a una;er 
who r epo ru  t o  the Director, Haintsnance. It appears Out chis 
daparmnt  is mdmrstaffed awn  t o  a f f e c t i v l y  carry out i ts  preaent 
r e a p o n s l b l l l t i Ã §  I f  r e c o u s n d s t i o n s  from c h i s  r epo r t  a r e  
tep lnui ted ,  there u y  b* a <red for  addition*! u n p e v r .  Hwever, 
savings tha t  can be achlewd by a bet ter  functioninf ?PC ahould 
Justify the axere psraonwl acquired. 

It appeared chat the AID VtC s t a f f  had been introduced t o  mrkin; i n  
t h i s  type of work with mln lu l  preparation or  prior tralnlng In ?PC 
s k i l l s .  Even thou;h the mmbers of the s t a f f  are w r y  coniclantioui 
and hard working, they tuve had t o  grediscover the wheel" on their  
own. Consequently. they are not quite fu l ly  aware of the s tate-of-  
the-art i n  a i r l ine  PPC. 

o It if r a c o ~ ~ n d e d  Out the ?PC uru;er l i d  senior umbers of the 
ataff  be liven the o p p o r t u n l t i ~  t o  v i a i t  WCs of other operators 
and Join aviation indmtry organizations on this subject. 

The add i t i ona l  r ~ p o n a l b l l i t i Ã  recommendad i n  t h i s  aection 
a n c ~ a Ã § i n  not only a i rc raf t  u i n t a n u c a  ac t iv l t las ,  but alao the 
shop component ?PC, indicates that  it would be preferable for the 
?PC function to  be independent from the u in ten incs  deparment. 
Either a amparate rlannlng 4 Production Control (PPC) (row ahould 
be f o f e d  reportinf t o  the Staff Vice President. Haintenmce 4 QA. 
or the PPC ahould report t o  the m e r ,  Technical Servlees (as 
propomd i n  I f  3 - ORGANIZATION and shorn i n  Appendix E). The 
separate TfC could then handle the carry over d i s c r e p a n c i ~  and 
unscheduled work w r e  eff lclent ly on a pr iori ty b o l a  and keep each 
t o  an absolu te  minimum due t o  the  e f fec t ive  monltorin; and 
acheduling. 

B. m: 
Hie ALO shops confist of those aaaoclatad with a i r c r a f t  owrhaul, 
acceasoriaa (components) and a l e c t r i c a l  & alaetronies .  Those 
supportin; a i r c r a f t  overhaul eonaist of sheat m t a l ,  painting, 
ueldinf,  upholstery and Ã‘ergene a q u i p ~ n t .  The aecesmories ahops 
Ã§ons is  a f  an;ine aystem coBponents, power plant  build-up Â¥n 
taardown, AfU and components , landing ;ear owrheul,  wdif icst iorx,  
repair and service, u h x l s ,  t l r Ã  4 brakÃ§  and machine ahop. The 
radio. i n s t r u ~ n t  and alectr ical  ahopi u l n t a l n ,  repair,  and bench 
check radios and irvigetion s q u i p ~ n t .  
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A large portion of ttn aheat wul ptraonnal had b a n  h i n d  In thÃ 
l a a t  few months and a p p r o x h t a l y  a t h i r d  of tba  e l m c t r l c ~ l  6 
electronic p t r a o i ~ u l  have bmen hired during the lut year. OB the 
job tralninf (WT) w u  belo( u x r l e d  out i n  the shops by Â¥up*rvicio 
*ir- the taan'a Tlslt to @rove the a k i l l  1-1. 

Whereas ame of the a c c w o r l e s  chops much a s  w t f l s ,  t l r e s  6 
brakes,  power p l a n t  and API) ware adequately mupportlng the 
operational w e b  of tbe a i r l ine .  there were ame defielmcles  with 
other component ahops. CcnÃˆldÃ§rab i n v s m n t  In u n y  c q o m n t s  
is  being v Ã § t a  with u n y  p a r t i  lying around aval t inf  repair ,  
c r ~ t i n g  exceÃ a p a r Ã  and occupyl.ng valuable mhop ~ p e c e .  bfaplÃ 
included numerout APU aoluwidf avalting repair i n  one ahop, and i n  
another. a forward aupport f i t t i w .  par t  number 65-555C7-1. r ~ o v d  
from airplane 1173711 on Februny 25. 1972, bad a p a a n  unÃ§arrieaabl 
tag which b d  become y e l l w  with age. 

o It is. r eco~ended  that  ALO e o ~ i d e r  chmglng to red -8s for 
unserv iceable  components and green tag; f o r  aerv ieeable  
components. 

The M C ~ Ã  of parts In  the component ahops s u Ã § Ã §  t h ~ t  there a n  
problems with the tracking or proper control of components through 
the shop or e lse  it could be due to  tin shortage of ptrsonn<l. 

o It is r e c o ~ ~ n d e d  tha t  AW conduct an Inventory exercise t o  
determine how u n y  pert# are  presantly In the compomnt ahops. A 
decimion ahould then be made as t o  whether they should be 
acrepped, disposed o f ,  or repÃ§lre Ã part of the w a r e l l  spares 
inventory. Subrquent t o  t h i s  atock taking, a system should be 
lÃ§plementm t o  track an6 control the flow of components through 
the ehops (aee Item 1 - PiAtwING 6 PRODUCTION CONTROL). 

During the ahop v i s i t s ,  u n y  iff of t e a t  equipment w r e  t ~ g g e d  
~ c a l i b r a t l o n  not  fqulred ' .  I n  many cases. thÃ§a pieces of 
equipment would l e v  t o  be calib'reted prior t o  each uÃ i f  valid 
resul ts  are t o  be obtained. This resul ts  i n  excessive Ã‘ount of 
tlm being vastad on calibration. 

0 I t  1s reco8mÃ§nde that  ALO xaviev and expand the equipment 
calibration program. 

ThÃ ALO Aircraft Services depa rmn t ,  uhlch report* t o  thÃ knager ,  
Malnunance. eon i i s t s  of the following u in t anu i ee  craws: Cyme 
Cheek Crew; ALO n i g h t  Lint; Contract Fli&ht Un*; and Airplane 
Omrhaul . 
Itr Cycle Cheek Craw aecmpllsbM the achedulad A, > and Quarter C 
dÃ‘ck* Hils  crew work* nl&htf with a ah l f t  s ta r t ing  a t  2100 hours. 
The alxplanÃ§ f l y  only during the day the  and cycle checks are 
ucÃ§Ã§plish en aeveral nights in  s row during the week. 
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1 b w  ALO T l i e t  Un* mchmlca u a  r*apon*lbla fo r  propullif and 
turning around ALO alrplmws at tho Hondulu f l i g h t  llo*. p l r  a f t  a u r u  a t  0645 bours. 

A* Contract n i g h t  Una m c h u t e a  carry out all 11- uintwnanea 
act ivl t iws ec tha a i r p l u w  belonging t o  A L O ' w  contract eustomrs. 
Sevaral u j o r  Unitad Sftaw and f o r a l p  Â¥pyator  haw contractad 
t ha i r  lin* uintanxnea a t  Honolulu t o  AID. This group providas 24 
hour e m r a g a .  

Tha Airplane Ovrluul mchanics w r k  a 'Fall frojwct* Â¥var yaar 
acconpliahlng tha D ehack block* on mvÃ§ra a i rp l anu .  This group 
l a  u d a  up of mchanies who ara borrwad from the other craws. Two 
ah l f t s  are workad during the day atar t in& a t  0645 and 1500 hours. 

In  addition t o  the &ova groups, an Alrcraft  Crooning daparment 
a l s o  r epo r t s  t o  the Manager Malntwnuce. Thls department is  
rasponsibla for  the airplane extarlor and in te r ior  cleaning and a l l  
rwmp aarvlcw praonnel .  Work accoaplimhad by t h i s  daparment l i f t  a 
fsvorabla  imprassion on tha t a m  members, bowavar, i t  is  not 
intanded t o  cover t h i s  daparmnt ' a  ac t lv i t i as  i n  t h l s  report. 

Of the four Aircraf t  Swrvlces mwinte&nea croups, the Contract 
Flight Una md  ALO Flight Un* craws a p p e n d  t o  hJva the highast 
p r i o r i t y  fo r  taking the bast ,  more oxpariancad mehanlcs. Thls 
observation is aupportad by the fac t  that  the ALO 7378 achieve 99.61 
mchanical diepatch r e l i ab i l i t y .  Also, the t a m  was i n f o r ~ d  that 
t he  cont rac t  customars ara wry watlsflad with A10's wupport. 
Mower ,  t h i s  aueeaas a t  tha f l igh t  l i n t  s a a u  t o  ba wchlavad a t  the 
axpan** of the airplane hangar u in t amnee .  I t  l a  d i f f icu l t  to keep 
a s t u d y  workforca on the wchadulad chick airplanas in  tha b & a r  
when almost on a daily b a d e  mehanlcs are rwassipad t o  sat isfy the 
more prassing -ads of e i ther  ALO or Contract n i g h t  U-8. A* w i l l  
be d i s c w a d  i n  Itam 16 - MANPOWER. ALO does not have muffleiant 
u n p o v r  i n  the Aircraft  Sarvicws dapwrmnt. As an wxuple. the 
numb*: of mchuiles which ALO axpectad t o  assign t o  the cycle checks 
was s ix .  Thls numbar i s  low to  eomplata a B plus qubrtar C chick in  
a r*ason*ble Ã‘oun of t h ,  yat a o m e t h s  t h i s  number would be 
w h i t t l e d  down t o  a s  low a s  two machanlcs a s  parsonnel ware 
r a a s s i p d  t o  aupport the f l i f h t  Una operation*. 

The f am was impraacd t o  l a a m  chat p rac t ica l ly  a l l  nchanica 
(Â¥~C*p for  l few "old ClÃ‘r8' pO8babb A b ? l i C ~ n * ~ 8 .  Bowvar, 
?he t a m  da t a r l nad  tha t  i n  ganeral m a t  mehanles did mot racatve 
abqubta trainin& a f t e r  jolnlng Aircraft >l*lntwnaneÃ§ Thla u p e c t  
i a  not b l p d  by the fac t  that almost two third* of the ALO Aircraft 
Maintananea mehanlcs arc  ralatlvwly mw. young prsonnÃ§l vheraas 
the r e s t  consist of mchanica with w a r  20 yaars axparlane*. The 
abundance of maehwnlcs naw t o  ALO and the lack  of offact ive 
recurrent training for  the older m c h u i e a  raau l t  i n  a workforce 
with an w a r a l l  low Â¥k i l  lava1 ( th l s  is  addrassad in  I f s  1 2  - 
TECHNICAL 71AIHING). 
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The t a n  Ã‘Ã‘bÃ had t b e  i=preaslon tirt *re w r a  l tmunees  of a 
lack of m t i v a t l o o  ad g a s ~ r i t  de corps* -st t b e  Ã ‘ i n t e Ã ‘ o  
i e r s o n n e l .  Our m s l n t a n ~ n c e  o v a l u s ~ l o n s  a<clutfe ~ r l y s e s  o f  
a ~ l o v e r / e m u l o v e e  r e l a t i o n s .  h i fwvar .  t h e  b a n f u l  o f f a e t  on . . .  
i i n t e r u n c e  and p*rforuncs  cannot be l p o r a d .  The tom 
u s -  t h a t  A10 Ã‘TugeÃ‘ is we11 n u r e  of t h l s  s i t u a t i o n  and Is 
a d d r e ~ l n &  t h i s  problem. Improvement i n  amployee sa t i s fac t ion  m d  
work mpirit would belp t o  r e t a i n  d ie  highly qual i f ied  mchui lee  and 
a t t r a c t  <n> r ec ru i t s .  

Actual unhours  axpmnded t o  accomplleh Â¥pacifi mintenance taÃ§k 
a re  not recorded by A10 mchanics o r  i n e p e c t o r ~ .  There w r e  no work 
plan* o r  flow d a r t s  f o r  sequencing, p r io r i t i z ing  and d i s t r ibu t ing  
the  Ã§ehedule w r k  t o  be accoitpll~hod during a u i n t a n m e e  check. 
The u ln tenance  supervisors knev whet was going on. but v l s i b l l i t y  
aid< w r e  not on display which could provide an affect ive  mazu of 
monitoring check progress ( m e  :[ten 7 - PLANNING 6 PRODUCTIOK 
CORTKOL). A board with s l o t s  on which task car& could be grouped 
by a i r c r a f t  fon t ,  s k i l l s  required and work p r o g r e a  s t a t u s ,  would 
p r w l d t  this m d e d  v i s l b l l i t y .  

AUJ keeps cm separate deferrsd if logs f o r  aseh e i rÃ§lana One is 
t h e  l is t  o f  p i l o t  wri ts -ups  t h a t  a r e  deferred.  The t e r n  vas 
l q r e Ã § e  t h a t  thls list had no more than one o r  two 1 f t  per 
a l rplsne .  The other  deferred i t e u  log eontalni  those Items whose 
correct ion has been deferred u n t i l  the  m x t  cycle (I plum Quarter C) 
check. A* an axunple. there were 40 i t e u  on the deferred i t s u l i s t  
obse rved  r e g a r d i n g  a i r p l a n e  1173713 mome o f  v h l c h  had been 
outstanding fo r  some months. 

Storing md controll ing the u~ of o n - e l r p l u r  u i n t e i m e e  tools  and 
CSE w r e  Ch* r c p o ~ l b l l i t y  of the  sp i re  pa r t s  s t o r e .  A viable 
cal ibra t ion control  and monitoring myÃ§ts was not i n  axlstance ( t h i s  
was a l s o  discumsed i n  I f  8 - SHOPS). 

o 1; 1s reeomendÃ§ tha t  there be be t t e r  control  and accountabil i ty 
of tools .  I t  Is d Ã § i r a b l  t o  bÃ§v a separate tool  c r i b  area.  

10. MATwTtMAMpr: 

ThÃ I n i t i a l  u l n t e n m c e  raquiremnts  f o r  the 737 wrs established by 
the FAA 737 Kslntenanee Bevlev Board (IOU) I n  1967. At chit ti>e. 
the  i n i t i a l  inepeetion a n d  owrhsul  in te rve l s  w r e  s t a t a d  I n  fl ight 
hours baaed on 0.8 f l l i h t  bours par  f l i g h t  u Ch* average * t a p  
l q t h .  Vhlle this KU pernit ted operators t o  dewlop a maintenawe 
program compstlble with t h e i r  own basic u ln tenance  raquiremnts ,  It 
vss anvlss{ed t h a t  operetors woulcl m e  t h e i r  mthods of continuing 
analysis and survell lsnce t o  adjuiit these intervals basad on t h e i r  
own axperience and individual operating enviroment.  

I n  genaral, Chis process seems t o  be w r k i n g  mil  t o  the  desired 
a f f e c t  amongst most operators. Niwver, i n  A10's ease. a s  evident 
by the deter iors ted condition of the high cycle 737s i n  the f l e e t .  
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Ch* Intant of tills ~ i n t m u a c e  concopt hu rat h e n  mt. This has 
rosulted froo much factors u tile lack of a corrosion p r m n t l v  and 
control  procram, the unusually blah r a t e  of f l i g h t  cycles,  the 
taproper Ã‘thed of atruetural aupi inf ,  a o n  misinterproution of 
t he  SSID e r o u u .  lncomlete revor t lm of etrnlf icant  atruecural 
tfÃ§flciencle t o  -the khufac tur*r ,  oo; a c c o ~ l i s h i n g  atrueturn! 
t e r l n a t i n g  action and incorrect l i f t i n g  of many components u *on 
condition". 

A U  recognl*es dm are deficiencies wlth the present min tnunce  
program and requested technical assistance from b e i n g  C w t o x r  
Support 1c dtv loping  a 737 uintenance program applicable t o  ALO's 
current operation and envlronaeni. 

The p r e u n t  ALO 737 ~ i n t e n u i e e  check i n t s r ~ a l s  ( in  f l i gh t  hours) 
a r e  : 

Various meintenence program c o n o p t s  based on celendar time 
intervals  were dlsnused v i th  ALO during t h i s  ovalumtlon. One of 
those auggested included the c o n o p t  of a f ive  year atructural 
inspeetion program with a yearly "C" check p h a ~ d  into four parts 
and accomplished in  conjunction with the 'B" check. The Â¥A check 
would be performed a t  approxiutely one quarter of the OB" check 
interval .  

Another concept which was diseuased auggested a y r l y  *C* cheek as 
a block includina l quarter of a OD" check a t  the e m  t h .  In 
t h i s  acheme. the .D' check would be completed a t  the ond of the 
fourth p a r ,  glvlng m effective OD" check &nterval of approximately 
22,000 f l lgh t  cycles. which i s  l ree l l s t t c  and acopteble  interval. 
If two week were meheduled for  oech 737 airplui* every f a r  i n  
order t o  accomplish the block OC* check plus quarter *Dm check. I t  
would take 20 <neb  for  the 10 airplane f l e e t .  During the reu in in6  
32 weeks when there wuld  be no *Cm plus quarter *Dm cheek, an 
addi t ional  airplane could be in te r jec ted  in to  revenue service. 
M*inte?unee schedules could be arranged t o  u k e  the 32 weeks v i th  an 
mxtre airplane coincide v i th  ALO's p u k  passenger t r a f f i c  meason. 

Dm conceptual p rog rus  are  u s u ~ d  t o  include an aggressive 
corroelon prwentlon and control program. incorporation of a 100X 
a t r u c t u r a l  i n s p e c t i o n  program ( t h a t  i s .  no aampling) and 
l a p l ~ ~ n u t l o n  of fhe Supplemental Structural Inspmetlon Pro&*. 
S w l i n g  Is net practice1 &en the corrosion progru  is i n  place 
b * c e u ~  it i s  aaeier t o  inspect the sttucture a t  the s u e  time 
rather than keeping record* of a s u p l i n g  program. 

It is  desirablebefore my w v  uintenance program i s  lxplemnted. 
t h a t  a l l  .ALO a i r p l a m  undergo a complete structural lrupection. 
incorporate recomended extended l i f e  c r v i c e  bul let ins ,  and carry 
out t e r ~ i n n t i n g  ncruetural action so that  each airplane I s  i n  the 
besf p o r l b l e  condition. 
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AM BÃ‘ Teleranee b t l n g  (mi) check f o r u  inelwtod i n  thi 737 
8 u p p l ~ n c a l  S t rue tun1  I tupec t lm l O e e i ~ n t  (SSID). D6-37089, u e  
htendmd for  tUe by Â¥pcIetOI t o  daÂ¥enxt~et CÃ§Ã§pll~n d t h  the FM 
A l m o r t h i n f  Diractire (AD) Â¥6-21-015 Coplu of eÃ§Ã§plet ALO Dm 
d r c k  f o r u  b t e d  9/10/87 -re provided for  review by the b e i n g  
f a m .  

o It is reco~*nd*d that  all ALO DTK c b c k  f o r u  a h w  the original 
date In  1984 when they wore o r l g l ~ l l y  p r epa fd  and indicate the 
9/10/17 &te a* a revision. The reason for  th iÃ i n  that AD 
84-21-06 required operators t o  incorporate the cheeks (peclfled 
In  the SSID into thdr n in tenmce  program by Nwamber, 1985. 

The ALO DTK check f o m s  are  -11 prepared (typed) and easy t o  
follow. Hovvar ,  the paperuork w d  t o  record the scheduled, 
completed and deferred inspect ions and recordlng/reportlng of 
discrepancies found i s  vague and eubject t o  possible errors.  The 
f o r u  eontalned a xiuaber of errors  ranging from typographical and 
m i s r ~ d i n g  of the charts t o  complete misinterpretation of the notes 
and instructions provided i n  the SSID. In addltlon. there was some 
mlsuse of the availeble Ãˆlsua inspection method* defined i n  Sectlon 
5 of the SSID. Tor exup le ,  *Goner1 Visual* checks by uchanlcs  
during "A* checks ware assuaed equivalent t o  ~Dmtelled* lnspectioni. 
This i m p l i x  t h a t  an inspector conducting an intensive visual 
inspection of a decal1 during an 1n t em) l a t e  or u j o r  check has no 
Â¥or chance of detecting l fatigue crack than a mechanic ha8 looking 
a t  the same de ta i l  during an "A* check. The DTK c u m  n o r u l l y  used 
t o  represent inspections by a mechanic during minor checks is 
ldentlfied an "GEN' (Gmneral Visual) 

In  noma CUM, v e l a 1  ln*Ã§*ction are  e t i p u l e f d  i n  the ALO CTR 
check f o r t  t ha t  a re  over and above those requind  t o  m e t  the 
required DTR. Tor example, the w e  of more than OM Hondestruetive 
Inspection (HDI) method f o r  an I f  when a mingle method is 
adequ te .  This agein could be due t o  mis lnurpnta t lon  of the 
p r o f r u  requirements. the Inspections defined by the DTK system are 
the ~ i n h  required t o  assure tlme1:r detection of fatlguo damage i n  
the 737 f l e e t .  ahould it occur. It should bm noted that  some 
Omretors choose t o  inspect items more frequently than is medad t o  
m e t  the required DTK. The r e u o n  for  t h i s  1s that the cost of the 
extra lnsptctlons is lw compared t o  tho cost of r epa l r lw  extensive 
f e t i p  damp.  

A list of arrors  md  Â ¥ n o ~ l i e  found during tho r e v l w  of the 00 
DTK check fo- wu d i m c ~ e d  with me l e f t  w i t h  ALO prsofmd (this  
list bas bmen Included i n  Appendix D. Corrections and a l tonut ive  
approaches were provided for  aome ef  the w r e  s i p i f l c e n t  errors 
that could bm readily changed. 
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A* VTH check f o x i  bay hmn efclmtmd on an itam-by-1- buls 
w i t h  l i t t l m  o r  80 cross-rmfmrmncing Â¥ad i n  tmru o f  qccmas 
r o q u i r n e n u .  l~*u lmt lon  r ~ a v a l ,  mtc. Will* t h l s  i s  aeempfble. it 
i s  eot tbe most *conofie program. (hamu urn p r d d t d  i n  t h m  SSID 
Â ¥ h ~ i n  t h e  I t m m  auabmrm and DTR chmck f o m  i n  rmla t ion  t o  
lofpmctlon zones. Thmsm arm Int-d as  an a id  t o  plan the progrm 
i n  fru of  m i n i ~ l z i n g  access rmqulrm~ncs , insulation rmooval , mtc . 
For mxa~plm, tbm Â¥bes mvallmblm" inspection program should be 
dewloped f o r  the DTK chick f o r  i n  each i ~ i p e c t i o n  armm requiring 
the most frmqwnt access. This In  turn d e t m r l ~ s  the rmpmat a e o n  
i n t m r v a l  f o r  a l l  t h e  o t h e r  i f s  and, 91 th  the  mppropriate 
inspection mmthod*. Â¥Il provid* wrm th in  the nquirmd DTR. 

The cheek I n t e r v l s  u ~ d  t o  co~plmtm the ALO DTK ehmck f o n u ,  the 
corrmsponding ~ t r p l c s l "  v lws  u f d  f o r  the mxaaplm program In the 
737 SSID, and the currmnt 737 f l e e t  average values are as  f o l l o w :  

CHECK ITWTPRVN IN 
I n L L  A u n A - i z L s l R -  

A 500 250 160 
B 2.100 . . . 630 
C 8.100 3,000 2.970 
D 60,500 24.000 20,500 

A* can be omen. the ALO intmnmls are  ~ e h  hlghmr than the f l e e t  
average and the typical valums usmd t o  develop the mx~plm p r o g r t  
i n  the  SSID. Conmequmntly, It i s  d i f f i c u l t  t o  a c h l s v  the nqulrmd 
DTK within the mxistlng rmplmrly mcheduled maintenance p r o g r * ~  for  
a numbmr of  i f s ,  and some s p e c i a l  Ã§upplmoentm lnmpections 
(gmnermlly intmrrul inspactions and/or MDI) w i l l  be rmqulred. 

tach ewplmtmd DIR cheek f e n  is  included i n  the ALO A i r  Carrier 
Manual and l a  w a d  a s  the basis  fo r  the inspaction instructions.  
Each Â¥inspmctlo package* a l s o  Includes the appropriate page from 
the (SIC shoving the p n Ã § r a  location of the Structural Significant 
I f  (SSI) t o  be inspmetmd. The f ina l  pÃ§ge(s I n  each package 
Includes Inst ruet imu for  accmss, t i t a n - u p .  inspmctlon and close - 
out.  IÃ§c mtmp rmqulrms a sign-off by a mchanic and fo r  Inspector. 
It was notmd tha t  t h l s  same procmdure 1s  used w e n  when the mxlsting 
mmintmnancm program meets the rmqulrmd DTR. Although t h l s  i s  
aecmptmble, i t  could p o n t b l y  lead t o  mom duplication of inspaction 
tnstructioh* and mffort. The irnpmctlon packagms did net include 
any procedure o r  inscruetions f o r  reporting discrmpmcims found, 
which arm required u daflmd I n  Section 6 of the SSID. 

k i n &  w i l l  b* providing assistsnem t o  complmtmly rmmttueture the 
ALO 737 mmintensncm program (some concepts arm d e f i l e d  i n  If 10 - 
ItAIBTEdAMCE FROCRAM). i n c l u d i n g  i n t m g f t l o n  o f  t h e  SSID 
rmquirmmncs. Thmreform, no mxtmnslv r m e o ~ ~ n d a t i o n s  rmgmrding the 
SSID program w i l l  be u d e  i n  t h l s  n p o r t .  MwevÃ§r u n t i l  the n e w  
program bmcmes availmblm. the f o l l w i n g  It r m c o ~ ~ n d m d :  
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a Knaurm chat  p~raonnml r u p o n d b l a  f o r  plannln(, tfÃ§vloplng 
chmckiÃ§g taplnmntlng Â¥oi canriuctlng t h m  ALO #LID program, 
f u l l l a r l r  thmsamlvam 91 th  the  guldÃ§llnoa a x u p l A  and 
proeadurma provldod i n  tb* 737 LSXD. Ãˆartlculm attantion mhould 
be w i d  t o  the notma am) iu t ruc t lon*  uaoclatad v l t h  tbÃ DTK 
eirck ton*. 

0 C o r r e c t  a 1 1  a x l a t l n g  DTX c h e e k  f o r m s  e r r o r s  a n d  
mlalntmrprmtatloas (llatmd In Appmndlx ?>. Dot*, thore n y  be 
mdditional arrora mi the oxlmtlnt DTR check  for^ tha t  arm not 
llmtmd In Appmndix F. 

0 Add a proemdurm t o  the ALO A i r  C u r l e r  ttHnul for  raporclng 
atructurml dimcropancl*# i n  accordmcm 91th Smction 6 of the 
SSID. Enaurm t h a t  a11 ermcka and pravlously unrmportmd 
occurrmcms of algnlflcant corroalon involving a SSI that mrm 
dmtmctmd during marllmr SSID ln*p*Ctlon~ bm raportmd to Â¥omin& 

12. TtCHKTC*!.: 

Tmchnlcal t raining l a  an important and d ia t lne t  function of an 
mlrlinm'a technical  or&mnift lon which provldo  fo r  aysf*atic 
dmvmlopmant of pÃ§raonna knovlmdf, a b l l l t y  and eompmtmnce i n  
mmintmlnln& the  alrvorchinmas of the  alrplanma, maintaining 
aaaoclmtad fllfit m q u i p ~ n t ,  and ground lupport a q u i p n t .  1t 1s 
a a c n t l a l  that  tmehnical pmrmonnel keep paem with the dovmlopamnt of 
m v  and complmx mqulpmmnt as  -11 as vl th the rmpld changes In 
concmpta and proemdurm8 appllmd to  a i r p l u r  uintmnancm. A well- 
plmnnmd tachnlcal tralnlng program l a  rmqulrmd t o  m e t  currant and 
future needs. Training i s  an axfrmnalvm lnvmmnc ,  hwÃ§vmr the 
lack of it can bm even more mxpmnalvm. 

To anaurm t h a t  the  mlnlmum mtondarda arm mat and eonacantly 
u i n t a l m d .  It l a  memarnary t o  ~Ã§r tod lca l l  rmvimv the Â¥yllabus 
innovate affmctlve mmthodx of mx*ai.nÃ§tioiu rationally control the 
lamum of compmtmney llemn(ln(/apprwala and maintain a 8yatmm of 
undatory rmcurrmnt trainin&. 

Thm a h r a m  affaeta of lack of auff lclmt technical tralnlng arm 
longer olapamd timma t o  complmtm ulncanmncm taake and laas  
affmctlv* trouble ahootlng. tmraonnml i n  cofibnont Â¥hop# tmqar. 
linm uintmiuncm m d  out aft lo^. lack aufflclmnt tmchnlcal trouble 
ahootln& knovlmdgm and arm not proflclmnt l n  using varlou* q p e s  of 
f a t  a q u i p n t .  Thlm remulta In ur~~cmaaary r u o v a l  of mmrvlcmable 
c q o n o n t a  and ord*ra mf rmpalr p ~ x s  uhieh n y  not bm rmquirmd. 

Hi* high mab*r of Ã‘ birma wlthln t h m  lut y r  I n  the ALO 
uintnuncm ametlon and Tmchnlcal Dtvlalon una&mmnt n*emaaltmcms a 
thmroofh 737 tachnlcal trmlnln( program. b p h a d a  ahould br plmcmd 
t o  lnclud* faml l la r l ty  with the Tmchnlcal tollclma t t r o~durms  
Manual. Racurrmnt o r  rmfrmahÃ§ couraaa arm roquirmd for  the 
mxperimneÃ§ pmrmonnml . Manmgmmmnt D*vmlop~ent Ã‡n lmmdernhip 
trmlnlng would b* bmnmflclml Co m w  mupervlsion. 
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Ik* p r a s m t  locat ion of th* Technical T r a l n l w  c l u s r o c i  a* part of 
tha  malntanmua b u a  I* w n t  convnian t  f o r  emtfuctw Xb* p r a c t l m l  
9band*-m' u p a c t 8  &I ehe and Â¥bop* 

0 It I* racom8rdad tbt plmm ba u d a  to p r d b  7S7 trainlrq to 
all n i n t a n w c e  m c h u t c a  Â¥b hJn n e t  y e t  racaived t r a l n i r q  for  
t h l *  Â¥cxte airplan*. 

0 It Is r a c m a n t e d - c h i t  AU> adopt a p o l i e y  raqulring all technical 
panormal t o  r a c a l v  a m l n h  of one weak of rafrashar t ra ining 
aach year. To be affaetive.  thls t ra lning program should require 
mandatory attandance. wri t tan t a s t ing  and minlmm t e s t  seoret  for. 
completion of c red i t .  Sp*elal amphasis o r  avmn oxtra t ra lning 
ahould be given t o  forown and i u p e c t o r s .  

o It is raeouonded t h a t  managamant dfvelopment Â¥a laadership 
t ra ining c o u m  ba t ivan t o  a l l  recently appolntad *uparvislon. 

o It 1~ racomended that cassat tas  en v r i o u s  speciallzad t ra ining 
aspects ba acquired t o  be w d  i n  the bangar o r  the shops t o  
a s s i s t  1 t h  "on-the-job" t ra ining.  

o It is raeomended t h a t  spaclalizad t ra ining couraa8 b* considered 
such a8 s t r u c t u r a l  r e p a i r .  co r ros ion  proVantion 6 control ,  
rluin& and nondestructive t a s t ing .  

Training should not b* infarred t o  m a n  formal cla8sroom courses 
only. The affect ive  exposure of key personnel may cake the fore  of 
aeminar8, confarencat, meetings, o r  oven J u t  a purpoaaful v l s l t t o  
an equivalent operator's f a c i l i t y .  Such exposura ale0 aerves t o  
broaden the person's outlook and makes the parsonnel appreciate the 
l m p o r t a n c a  o f  c o n t r o l  a y s t a m t ,  p r o c e d u r e s ,  feedback and 
cooaunlcation. 

Computar appllcatlen* a r e  baing grmdiully introduced i n t o  the ALO 
Technical daparmant. Each additional t u k  tha t  can be placed on 
t h e  computar can  h e l p  t o  l n c r a a s e  p r o d u c t i v i t y  and c r a a t e  
u t i l i z i t i o n  f s p r o v m n t t .  

The fn vas i n f o r ~ d  that ALO ha8 been win& a co~pucarlzad spare 
p a r t s  invantory control  ays fm for  aeveral years.  This aystea u x s  
the ALO n i n f r m  computer. U ' s  tachnical unagemmt a p p e n d  t o  
ba Â¥*tlafia 91th thls s y s t ~ .  

Apart fro* chis  invantory control systam. the only other  venture 
. i n t o  eomputarlzatlon by the tÃ§chnlca d e p a m n t  vas la June, 1967 

wi th  the  p u r c h a c  of one module from the DASH aofcwre pacluge 
(davaloped by a Canadian company). The DASH wdula  currently being 
implemented l a  the "Rotable Parts Msintenanee*. Durlng the team's 
v i s i t .  component his tory data was i n  the process of bein& entered 
i n t o  the computer. 
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. Coa*lÃ§* th* formulation of a u a f r  p lan f o r  ?ha &wlo&nt o f  
e o B p u f r l f t l o n  i n  tha tochnlcal  dlvlmlon u t i l i z i n g  h p u u  from 
a l l  p o t a n t l a l  u s a r s .  Compat ibi l i ty  o f  t h a  d i f f a r a n t  w r  
r a q u i r a ~ a n u  ahould ba nvlawad as mil  u bar they cowplamnt 
aach o t h a r .  The p l a n  should c o n t a i n  t h e  raqulramanta and 
achadulad tlming f o r  aach po tan t l a l  u r r  croup. the  Intagratlon 
of each raqulramant i n t o  tha w a r a l l  p l an  with appropr ia te  
u u l y s a s  and option! (much a* uhathar t o  continue v l t h  the BASH 
aymtu or c o u l d a r  other aoftware p a e k ~ ~ s  which may bava Â¥or 
capabl l l ty) .  Â¶b u s t a r  plan nhould ba p t r iod lca l ly  ravlavad by 
top usu&amant and w d i f i a d  t o  r a f l a c t  changing naads. 

o By contactin& othar  operators,  a detarmlnatlon un be u& of how 
and t o  vhat &gram they bava h p l m ~ a n f d  the  u~ of compufrs i n  
their t a c h n l o l  operations. to t ing  Cmtomer Support has I n  the  
pas t  a l so  as s i s t ad  oparatorm under Contract I n  tha plumlng and 
lmplemmntation of couputari tat lon.  

A* m n t l o i r d  I n  Itam 7 - MIODUCTION KJUWINC 6 CONTROL. the  a n t i r e  
componant t r ack in6  and con t ro l  mystam is a prima cmdida ta  for  
computarltatlon. Although the taam was not &la t o  detarmlna the 
f u l l  capab l l l t l a s  of the  BASH aystam, the  trf of i n f o m i o n  t h a t  
would be axpactad from an affact.iva #ta t#-of- the-ar t  e o ~ u t a r i t a d  
coponant  data base would include: a l l  relevant i n f o r u t l o n  f o r  aach 
temponant. including pa r t  number, amrial number, ~ c e n e l a t u r a ,  t o t a l  
aeeumulafd hours  and c y c l a s ,  Â¥ha l  l l f a ,  u i n t a n a n e a  control  
proeass,  on-al rcraf t  inspaction n q u l r a m n t s  f o r  OC couponants, KT 
componant romoval and l i f e  l l n l t s ,  storm l ~ u e  data, l i n t a l l a t i o n  
and removal da ta ,  location within tha componant ro ta t ion  cycla a t  
any t l m ,  Â¥ho loadings and findings.  manhouri, w d l f l o t l o n  # ta tus ,  
Intarchangaabll i ty,  and indication of in-how* capabi l i ty  o r  r aps l r  
agency. Such informat ion i s  v i t a l  i n  parformlng a c rad lb le  
r e l i a b i l i t y  analysis program and ptrformanca foraeas t .  The mystam 
w i l l  a l s o  suppor t  #hop work plannlng and mchadulln8. manpower 
p lann ing ,  p l a c e  p a r t  and component inventory a d J u s r a p t  and 
budgatlng and cost  control .  

Whan thm t e n  mmbars vantad t o  check m o m  f c h n i c a l  record* ( a h  
u oarvica bu l l e t in  tncorporation lists by Individual airplane) the 
rasponst r e c a i v d  was tha t  the raquastad data oould mt ba avallabla 
I n  the desirad format u n t i l  the ayÃ§ta 18 cmputar l tad .  1ha fa 
f aa la  chat S m p a n d i ~  computarlta1:ion 18 mot au f f i c i an t  ramon f o r  
da lay lng  the  praparat lon of c e r t a i n  racords -1ly. I n  tha 
p raÃ§an  a l t u a t l o n ,  t h a  r equ i red  lnformat lon r a ~ a r d l w  aar<lca 
b u l l e t i n  incorporation on a spac l f l e  ALO a i r p l i r  could probably be 
extracted by the ravlav of varioui. d l f f a ran t  racord* but it w u l d  be 
a long an4 arduous procass. Racognizlng t h i s ,  ALO had alraady bagun 
.to m n u l l y  prapara an AD compll,tnce list par airplane. Tha m x t  
s t o p  ahould b* the praparatlon cbf aarvica bu l l a t in  accmpllahmant 
H e t s  for aach e l rplane.  
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o . It is r aeo~Ã§ndo  that cer tain t e e h n l u l  recor&. Â¥uc u oarrice 
bul let in  aecomplishwnt on each airplane, be prepared Ã‘nuri ly  
I n i t i a l  p r ior i ty  ahould be civen t o  recording the a ta tu i  of the 
atrueturel aervice bulletin*. Thome particular record* should 
prove t o  be especially uÃ§efu t o  ALO Â¥hll operetin( aeveral 
f l e e t  leader high cycle airplanes 8nd Â¥her eirpliifs are bein& 
added or  removed from the f l e e t  due t o  t he  various leasing 
arrangnents.  

The Technical Supply eac-tlon i s  premently p a r t  o f  t h e  aame 
department a s  Production Planning. A s  shovn i n  Item 3 - 
ORGANIZATION and Appendix E - PROPOSED ALO TECHNICAL ORGANIZATION. 
I t  i s  recomnded that Technical Suppi) be a separate dmpsrment 
roportlng t o  the Staff Vice President, Ibintenuice 4 QA. 

Significant progress has been made In the stores area i n  the l a s t  
few months. but mch further developwnt remain* t o  be eccooplished. 

TtÃ main s tores  area has been claaned up and a cataloging Â¥n 
a t o r a p  system i > p l < ~ < n t e d .  A computer i rd  inventory control 
program is wed and a rotable parts  maintenance wdule hÃ racantly 
been acquired a s  part of the DASH computer system (#em Item 13 - 
COWUTEIIIZATION). Stock levels appear t o  be adequate with very few 
compleintc from the hangar floor.  

Shipping and racelvlng is eccompllshed from the ~ i s l e . : v >  of the 
atoreroom. On a m  &ys, t h i s  ceuses extreme congestion. 

o It is  racommended tha t  ALO establ ish a separate are devoted 
exclusively t o  the ahipping and receiving vf par ts .  

bmpornnts which have been removed from the airplane Â¥r often sent 
d i r eo t l y  t o  t he  appl icable  shop. I t  i s  desirable t ha t  theme 
components be f i r s t  aent t o  Stores where they should be placed in  l 
quarantine area un t i l  it can be determined i f  the replacewnt part  
corrected the problem. I f  the replacement par t  dcÃˆ hot e o l v  the 
problem. the rooved  component can be tagged a s  eÃ§rviceabl and 
ratuxird t o  stock. 

Coxbuitible f lamable u t e r i a l a  Ã ‘ r  intermixed with othor p a r u  i n  
the atoreroom d Ã § p l t  A s f t n e n t  i n  the Aloha Carrier Mulual, 
Saction 3-66. gStorage of combustible fl-able u t e r l a l s  (for 
axmple ,  pa in t  thinner  solvents, lubr ican ts ,  a t e .  ) should be 
anclosed i n  a i r t i g h t  metal containers".  This i e  a d a w r o u s  
practice which could resul t  i n  not only the loss of the etoreroom 
and ie* contents, but poxib ly  the hangar u -11. 

Tool stera#e appe!red t o  be den* i n  a haphazard Ã ‘ m  throughout 
the storerooa and out on the hangar floor.  This causes congestion 
and waste# tlÃ when a special tool kut be loceted. I t  eppoared 
tha t  aecurity and tool check-out procedures would be beneficial (a 
recoÃ§mendatlo on l separate  t oo l  room i s  made i n  Item 9 - 
NAlWTVNAMrF'> 
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U ? p h  U l U f B J o e *  la hanfri and Â¥hop bring8 f g * t h r  U a y  
4Iae lp l laas  of o n r y  t r ade  l i d  a k i l l .  This ooiicantratlon of 
p o r a o ~ w l ,  dr l l a l t a  of opus in which d r y  work. mad the v u l a t y  
mf o c t l v l t l u ,  prcrrlde a rea l  ehallange t o  aafe workin# p rac t l cx .  
Safa ty  d l r e c t l y  affactm opara t lonal  a f f lc iancy  and airplane 
Umpatch. Hot only dm unsafe practieaa and condition! r r u l t  i n  
i n j u r l o  to personnel and W g e  w e q u i p ~ n t ,  but they alao cause 
costly de lqa .  Careful Â¥dheranc t o  adopted aefety standards and 
precaution! dl1 g r f t l y  nduee, or e l i f ina te  b a r d s  p r e Ã § n  In  
*hop , hangar and rup u a u  and oparationa . 
o It I* re-ndcd chat the posltlon of Safaty Coordinator be 

u a l p d  under th* Quality AJsbu~nee tfcparmnt. 

0 It l a  racoÃ‘Ã‘nd t h a t  t he  technical dlvlslon amployaas be 
aneounged w t&e an interest  In aafaty by forming on nployee 
aafaty c o r i t f  l i d  appolntlng .safety monitors*. They em 
conduct safety walk-through Inmpectinu , aufgest ~ * v  lnterast- 
arousing approaches Ã§n prOCiidur**, and act  u a p lpf l lm t o  
huuile safety m~&&estionm fron other aaployees. ((Â¥Â¥bersh of 
the aafety e m i t t e e  ahould be rotated In ordÃ§ t o  get the 
xlar iwbfr of q l o y e e a  lnrolwd. C t r l t f e  d e r s  could be 
givan f i r s t  a id,  CTR and other specisl t rainins t o  lncreÃ§ t h d r  
value and a l so  add t o  t h e i r  f x l l n g  of lnvolwment i n  the 
program. Onem craimd, Â¥m ldÃ§n t l f io t io  of the l r  ak i l l ,  much 
u a * f i r s t  a id or CFR* s i p  above their  work area. can a l e r t  
pÃ§rsonne In an Ã‘rgenc altuotlon. 

A copy of to*lng'e Accident and Fire Frivntlon -1 (Appendix T) 
Is t o  be Â¥upplie under amparate cover. 

Quallflad, Â¥xÃ§*rl*aca technical pÃ§rsonno are In high tfcund In 
the avlatlon Industry, Â¥r costly t o  t ra in  ond tfevlop. they u k e  
long laad tlÃ‘ to a t f i n  proficiancy In choir fleld*. but u e  less 
80it ly t o  retain than to replace with o w  recrui ts  t b t  m u t  be 
t r a l m d  and developed over long poriods In  order t o  regsin a 
mtlsfactory mute of productlvlqv. 

HM wages. u l a r l a s  and fringe b n r f l u  should be eompotltlw with 
Â¥t ie  oparators ond ref laet  tho market v lws  applicable t o  the i r  
Â¥kill* It l a  preforable for  Ch* technical personno1 to atay Jn 
D x l r  NU Jbbs and acquira tho a e ~ o n l n g  and axpor t l c  that erne 
With tiK, axperience, eontlnuou# p rae t l ca  aad p r o f e ~ l o n e l  
*lopent. 

Although Hawaii U dealrable placa to 8pmd l vacation. It 1s 
d o r t u n a t e l y  a r e l a t lw ly  axpmuiv place t o  llv. ALO hu bad 
U f f l c u l e  In ncru l t lng  technical personnel. Some eorulderstion 
KM bein# g i n n  t o  lnl t lat ing an apprentice trainin# scheme. The 
tam concurs chat the eraation of an mpprentleaship prosrut is an 
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Br total amber  of ALO toehateal p a ~ o m n l  ( d i f n p r d t n g  tho- 
ammaelatad wlth Technical Supply Â¥a u t i l i t y  aarvlcoa. fo r  q l a .  
a i r p l w  clamlag) is Â¥bou 165 or approxhotaly 17 por airplmn.  A 
oowparatlim otudy dona a fan yoars ago i d l u t o d  that thÃ narage 
umber of technical ( ~ f o n r x l  for  operators vl thin th* Onltad States 
t o t a l s  about 27 par airplan*. Tbe ta Ã ‘ '  obmmrvatlonm confirm the 
mad for  addltloti*l unponmr a t  ALO i n  Â¥pecifl a r e u  u dlacuscd 
throughout t h i s  report. Also, addl t lo i r l  permonnÃ§ would be wedad 
to i f l o m n t  the proposed norganlzatlon u ahovn i n  Appendix E. 

0 It is racommndad tha t  an intensiw offort  b* udÃ t o  h i re  m r e  
permorme1 u wedad i n  aaeh d*parmnt  i n  the technical divlaion. 
For a l l  mpÃ§rvlsor and monogemant pos i t l nu ,  It is desirsble t o  
u s l g n  mitabla undÃ§rstudl who can ba t ra lmd t o  uauae the 
pos i t ion  of the  applicable fupervlsor o r  manager i n  t h e i r  
absence. 

17. -: 

With a l l  the  aforamentioned factors  In place. aiiworthin*st and 
prof i tab i l i ty  now raqulre the Organization t o  w r k  i n  b n o n y  and i n  
unimon both lntern*lly end extem*lly, around the d e c k  and around 
the mtwork, i n  the a i r  and on the (round. This is  only p~smible 
w i t h  the amtabliahwnt of M axtensiw and ral lable coÃ‘unleatio 
mtwork and the cultivation of propar comunlca t iv  aptitude and 
at t i tude -on& s t a f f .  

The wtvork fhould work *an and as required end the subsequent 
intaract ion ahould convey tha message i n  the r igh t  context and 
at~osphere.  The e o ~ u n l e a t l o n  mra should ba that  correct nmsa&et 
be conveyed on tlÃ‘ i n  the right u n r r r ,  by the right Ã‘Ã‘ - -  each 
t h e  and wary  t h ,  with oelcnowledgement. 

On f c h n t c a l  and operation*! u t t e r s .  it i a  ncommndtd that  a w r y  
food rapport (with constant dialogue) ex is t  betwamn the Flight 
Qpe ra t lons  end Technical d iv i s ions  t o  make aura t h a t  aech 
appreciates the othar'a p r o b l e ~ ~  and constraints. and highlight Â¥hi 
t he  TachnlcÃ§ Division i s  doing t o  f i nd  aolutlonm. Flight 
Operations cm provid* valuable Input* on actual operstlrtg condition 
and technical  defec ts .  This i n  t u rn  can contr ibute t o  more 
o f f e c t i v  trouble ahootlng. t k l y  rect i f icat ion,  minlmizlng delays, 
bprovin& diepatch r a l i sb l l l t y  and rduc lng  e o s f .  Above all. it 
ahould prmote the eÃ‘Ã‘redar of the Technical Division and f l igh t  
Operetion# am psren*re i n  a complete team, t o  u i n t a i n  sat operate 
aafe a i rp luna  on thÃ (round and i n  thÃ a i r .  

The mama a p p l i e s  w i th  t h e  a i r p l a n e .  oagina and component 
unufacturars.  Hi* ehmixlt  of cmunlca t lon  ahould ba Ã§tsblimhed 
kept open f i d  made available a t  any e l m .  I n  thlm regard, be ing  i s  
plsased to b w  our Field B ~ v i c e  llepreasntatlv located on # i f ,  
and we v l c e ~  any requests for further i n f o m l o n  fgerd ln& chit  
report. or  othÃ§ in-service probleu.  t o  ba directed throu&h h i t  
office. 
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Thla report mta  forth the ooncltmloru and roemendations o f  a toam whom 
purpon w u  to N v i m  the lare transport category airplane unufacturers 
approach to Multiple Sit* D u u g e  (USD) and the u f e  decmpreaaion failure mode 
for the atruetufa of their  various modela. 
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n. INTRODUCTION. 

Th* prcsent rules for the m t r u c h l  design Of a i r c r a f t  htva evolvod from 
mccemaful e x p * r i e n c ~  u we11 ma from lessona learned In n r v i o e .  Most of 
th* ea r ly  p rope l l e r / r c lp roce tb& engine t r u u p o r t  ~ t a g o -  a l r p l a n o  wen  
n t l r e d  for  reaaons of technical obsoleaence and hence f o r  theae a l r f r - ea ,  
g e r i a t r i c s  never became a s t ructura l  In tegr i ty  l u u e .  Airfaam in tegr i ty  ha8 
bÃ‘ achieved with philosophies much a s  n f Ã § - l i f e  f a i l -mfe ,  and moat 
xwcently, damage to lonnce.  I n  1978 the Federal Aviation Adminfmtration (FAA) 
r*co&nized the problems of #eriatrlca by requiring the  preparation of a 
Continued Airworthiness ~ocu~ent /Suppleaenta l  Inspection Document (SID) t o  
as- the structural integrity.  

It has becme a concern of the FAA t h a t  the Initial g e r i a t r i c  aamnuments did 
not adequately oonaider Multiple S i t e  Damage (USD). Multiple S i t e  Damage is 
defined a s  a condition which occurs a f t e r  extended aervice use wherein a 
structure has suff ic ient  cracking In adjacent o r  neighboring fastener holes 
to: (1) precipi ta te  a ne t  aection yield f a i l u r e  mode; and/or ( 2 )  degrade i t8  
fall-aafe capability. 

Th* b r i c  concern involving USD l a  t h a t  current inspection programs a r e  not 
oriented to Interrogate the mtructure f o r  the n a i l  cracks associated with one 
mode of HSD. TNa mode occurs when these mall u n h p e c t a b l e  cracks muddenly 
join together into a large c r i t i c a l  crack. I t  m y  be inpract ica l  t o  f ind 
theae m a l l  flaws (approximately 0.2 inch In length) on operational airplanes. 

There is considerable evidence t h a t  USD can and has developed In airplane 
mtructure. For example, a fardown inspection of the BAC 1-11 fa t igue test 
a r t i c l e  indicated a possible 100-inch s t r i p  of USD. However, there  a re  aome 
ancmalies, discussed l a t e r  i n  t h i s  report, concerning this example. The DC-9 
has had USD occur i n  service a t  several locations, including the fuselage 
crown akin and a f t  pressure bulkheads. The catastrophic destruction of each 
of the  A-300 fuselage fa t igue test mections was a t t r ibuted.  a t  l e a s t  i n  par t ,  
to HSD. Fatigue t e s t a  on the  B-767 and B-747 a f t  pressure bulkheads exhibited 
patches of HSD u did the  cockpit crown skin on the  B-767. An MSD crack i n  
the B-747 fuselage crown k i n  was found in service. This phenoaenon he8 been 
observed a lso  i n  wing mtructures. Multiple S i t e  Damage in the  lower surface 
of the KC-135 wing lowered the n r v i c e  l i f e  of t h a t  component from 18,000 t o  
8,500 hour*. A teardown inspection of a 707-300 a i rplane w i t h  13,600 f l i g h f  
revealed HSD i n  the lower wing aplice stringers. The teardown inspection 
perfonted in the l a t e  seventies on the C-5A wing ahowed tha t  fail-aafety of 
thin wing would have been s ignif icant ly  impaired by HSD a t  approximately 7500 
f l i g h t  hours. Many more examples would no doubt be evident. if  more teardown 
inspections had been performed. 

The B-747 accident of August 12, 1985, gave cause fo r  an addit ional concern.. . 
It waa believed t h a t  cracking In the a f t  pressure bulkhead would lead t o  a 
controlled decompression f a i l u r e  mode. This, however, did not  appear t o  
Imppen. Subsequent crack growth and r u i d u a l  atrength test! on'B-747 and 
B-767 aft pressure d e e s  indicated tha t  the controlled decompreasion fa i lu re  
mode was not reliable.  Since the supplemental inspection docuaenta f o r  aome 
airplan- re ly  on controlled decompreaaion, the val id i ty  of these documents 
WM in question. 
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B u e d  on the concerns a x p m a e d  above, the Manager of the FAA Aircraft  
CÃ§rtlflomtio Diviaion (AM-100) directed tha t  a team be assambled to assess  
tar#* t r u r p o r t  omtagoqv airplanes r e l a t ive  to t h e i r  potential  fo r  USD and 
th i r  capabi l i ty  to sccooaodate controlled decompression. Recmmendations f o r  
ac t ions  to u i n t a i n  safe ty  on operational airplanes were to be developed. The 
Hananr  of the Alrfnme Branch, Sea t t l e  Aircraft  Cer t i f ica t ion Office 
(Aim-1203) waa tasked with heading the team, conducting the review, and 
providing the appropriate recommendations. 
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Multiple S i t e  D- l a  Â¥or aout* f o r  the fuÃ‘lag of an a i rplane than f o r  
the w i n g  1ÃˆCÃ‡u eaoh f l l g h t  a p p l i u  approximately two-thlrda of the l lmi t  
p r f u r l u t i o n  condition, Â¥h*re the load c y c l e  on the  w i n g  during each 
flight m y  be r*latlvely benip. Thus, it appeara t h a t  fun la#ea  of the  
p r e n n t  t r u r p o r t B  w i l l  a c c u ~ u l a t e  fa t i fue  daoage a t  a higher rat* than wil l  
the wings. Acoordingly, only the  fiiselage was aaaeued. 

Lat tera  Ã‘ n n t  to Booing,  D o u l x ,  md Lockheed c i t i n g  the  team1* purpoae 
and noting t h a t  a m ~ t l n g  with each unufacturer  would be arranged. Slmilar 
l e t b r a  wen  n n t  to the Civi l  Aviation Authority - United Kingdom (CMUK). 
the  French Direction Cenerale de 1'Aviation Civile (DGAC), ml the Dutch 
R i j k a l u c h t T u r t d l n r t  (RLD). The l e t t e r s  atatÃ§ that  a toam lud been 
appointed to deternine: 

1. For the fmelage.  Including the procure  bulkheads, were inapectlon 
I n t e r v i a  under the auppl~ent*! mtructunl InapÃ§ctio program predicated on 
cracks turning a t  tearatrapa o r  f ramÃ§ 

a. I f  InapÃ§ctlon a re  p ~ d i c Ã § t a  on cracka turning, what test data 
are available to ahow cracka w i l l  turn? 

b. If lnapÃ§ction a re  raquired, what are the  d e t a i l s  of the  
ImpÃ§ctiOM 

2. What is the threshold for  multiple aita cracking and what data 
velldatoa t h l a  threshold? 

3. What Inapectieiu/actlona T* recommended t o  maintain u f e t y  for  the 
multiple a i t a  cracking problem? 

Tnnapor t  oÃ§tegor airplanen which exceed 75,000 pounds t a x i  weight and a re  in  
extensive we by the  a i r l i n e  Industry were reviewed. Those reviewed were: 

BAC 1-11 DC-8 L-1011 B-737 B-767 
BAe 146 DC-9 B-707 E-747 A-300 

DC-10 B-727 E-757 A-310 

Diacuulona of the meetings with each manufacturer folio". 

BAe 146 and BAC 1-11 

Tha team met with Dr. John Briatow of the CMUK to diacuaa the  BAC 1-11 and 
the BAe 146. Dr. Briatow ntated that neither the BAC 1-11 nor the BAe 146 
conaidered controlled decompreaaion of the s t ructure  a s  an obvious fa i lure .  
Inspfctlona of the  s t ructure  a r e  required to preclude c a f t r o p h i c  fa i lure .  

The BAe 146 l a  0 rÃ§la t ive l  now airplan* and feti@ae t e s t a  a r r  Â¥til i n  
progreu.  The fa t igue f t a r t i c l e s  w i l l  be cycled f o r  a t  1011at two l ifet imes 
of expected opÃ§rat lo iu  UM. The BAe 146 w i l l  ba viewed In l i g h t  of the  
team'  a recomendations. 
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The U C  1-11 fm- tÃ§r s i r p l t n e  was cycled f o r  114,000 f l igh t s .  There m i  
no turdown lnmpmction of the t e a t  a r t i c l e  and it ins Â¥ubS*quentl destroyed. 
A mtructuzal in teg r i ty  aud i t  was conducted on the MC 1-11 to allow an 
Incream beyond its l i f e  l imi t  of 60,000 f l igh t s .  The aud i t  waa b a n d  on an 
o t @ , n e e r ~  assessaent of an Allegheny Air l ines  airplane w i t h  48,000 n r v i c e  
cycles. A tu rdoun  impect ion f o r  KSD was perfor~ed. Multiple Sit* Daaage 
was found In the critic*! funelage longitudinal and c i r c u ~ f e r e n t i a l  Â¥plice a s  
well a s  In the wing. It appeared t h a t  there may have been a ?&inch s t r i p  of 
USD. However, USD t o m  members ware concerned since there  were mveral  
Inatmces  of multiple cracks extending from fastener holes. Thia cracking 
mode did not appear to be typical  of fatigue but may have been caused by 
manufacturing problems. Portions of the fuselage skin were cu t  from the  
airframe and fatigue tested. Additional analyses were performed. The aud i t  
resulted i n  a new l i f e  l imi t  of 85,000 f l i g h t s  and a supplemental inspection 
program f o r  the  airplanes beyond 60,000 f l ights .  Should the  85,000 f l i g h t  
l i f e  limit be exceeded, the audit  w i l l  have to be continued t o  support the 
m f e t y  of the BAC 1-11. Should the  inspection program find KSD i n  the areas 
of concern, a fur ther  reassessment w i l l  be necessary t o  determine the next 
c r i t i c a l  USD T e e s .  

None of the  Douglas models depend on controlled decompreaaion t o  announce a 
s t ructura l  problem. Inspections of c r i t i c a l  elements a re  necessary. 

Douglas believes t h a t  NSD thresholds a re  In excess of current f l e e t  cycles and 
operational l ives.  They base t h i a  bel ief  on the  vas t  nuaber of pressure 
cycles accumulated on t h e i r  full-scale fatigue t e a t  a r t i c l e s  and the small 
amount of fa t igue cracking found. Additionally, the longitudinal apl ices  of 
the DC-10 a re  designed so the fa t igue fa i lu res  w i l l  be readily vis ib le .  

Douglas agrees t h a t  USD is  a potent ia l  problem. They believe t h a t  suff ic ient  
fatigue t e s t ing  w i l l  provide aaaurance tha t  KSD w i l l  not occur in the  
operational l i f e  of an airplane. 

Lockheed has not considered controlled decompression in t h e i r  damage to lerant  
aaesament of the  L-1011. 

Lockheed discussed the fatigue t e a t  program accomplished on the L-1011. They 
believe USD thrÃ§shold a re  beyond l i v e s  demonstrated by component and ful l -  
scale  tests. A l l  c r i t i c a l  par ts  have been subjected t o  tests t o  show adewate 
l i f e .  I t  l a  expected t h a t  skin cracks w i l l  appear a t  the f i r s t  r i v e t  
at taching the fuselage akin t o  each franc on e i t h e r  side of each s t r inger ,  
before USD becomes a problem. This waa demonstrated on a component test o f '  
the  crown akin and stringers.  Since there a r e  thousands of these d e t a i l s  i n  
the fuselage, Lockheed expects t h a t  the costs to repair  these cracks w i l l  
force the  r e t i r eoen t  of the airplane and tha t  USD therefore w i l l  never be a 
p rob lu .  The L-1011 longitudinal spl ices  have been designed and tes ted so 
tha t  fa t igue f a i l u r e  w i l l  occur in  r o d i l y  vis ib le  areas. 

Lockheed believes t h a t  USD is properly accounted for  when mufficient fatigue 
testa a re  conducted to show tha t  the  airplane has acceptable fatigue 
characteriatica throughout the expected l i f e  of the airplane. 
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Boeing'a &mag* tolemt auewment  conaidem the lead crack growing out  of a 
faa tenar  hole, ncondary cracks out  of the w e  fastener hole, and Independent 
c n c k a  a t  adjaoent faafaner holes. 

BoÃ‡ Ins four  u t M o r i e s  for structures. 

category 1 - Sfcondiry m t N C t u n .  

Category 2 - Structure  that is malfunction evident If it cmeks or f a i l a .  
Cabgory 3 - Structure  t h a t  r e q u i r e  an inipection p r o g r u  to maintain 

i r e t y .  
Category 4 - Safe l i f e  atructur*. 

Boeirq'a poait ion en KSD Is t h a t  the current inipection p r o w  does account 
f o r  the poss ib i l i ty  of USD. They strongly believe t h a t  USD which could cause 
ne t  n c t i o n  yielding problms w i l l  not  be a problÃ§ b e c a u ~  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. 

Bcxing'a mupplomenbl lnÃˆpÃ§cti program for  the preaÃ§ur shill is b a n d  on 
cmcks turning o r  gapping sufficiently to allon n f e  decompression (flapping - 
Boeing'a Category 2 structure).  Boeing his completed tv*ta Of l modified 
747/767 aft  p resmre  bulkhead design involving a reinforced center  ring and 
the addition of heavy t e a r  atraps. Thew tes ta  have demonstrated a fatigue 
l i f e  over three and s half times the design l i f e  goal, and controlled 
decompression fo r  very large radia l  cmcks in the lap  aplices. St ructura l  
inspection documents w i l l  be changed, o r  other action proposed, to require 
Inspections fo r  a r l y  airplanes with unmodified denes. 

Based on the Booing p raun ta t ions ,  it is the concenwn of the  t e a m  tha t  Boeing 
may not have included a l l  of the significant aspects and menarios of MSD i n  
t h e i r  damage to le ran t  aawsments .  The majority of the  team believes t h a t  the 
data base is not su f f i c i en t  to support the lead crack hypothesis. 

Mr .  Claude Frantzen of the  Fnnch BGAC m a  contacted to determine if 
representatives of the  BGAC could cone t o  Seat t le ,  Washington, t o  discuss the 
A300 and A310 a i rplanes  r e l a t ive  to the two's effor ts .  M r .  Frantzen advised 
that a aimilar team had been created by the DGAC to conduct a aimilar review 
Of the  A300 and A310. He noted tha t  an exchange of reports ahould give each 
Authority the  data necessary t o  move forward on the problems Of concern. 

Team Discuuiona 

It Ã‘ noted t h a t  of the  four mnufactunra whose airplanes had been reviewed, 
only Boeing considera and accounts fo r  controlled decompression i n  t h e i r  
Npplmenta l  s t ruc tu ra l  i n f e c t i o n  programs. 

I n  rÃ§viowin the  result* of the I n i t i a l  discussions, the team det6minei that  
an *dditional undaratendlng of the  ~ n u f a c t u n r a '  approach in dealing with HS3 
Ã‘ iwcesury.  Le t t e r s  were aent to Boeing, Douglas, and Lockheed 
(infoz%tion oopiea to CAAUK, the French DGAC, end the Dutch RLD) fking the 
following: 



1. Iinpactlona T* a n e w ~ a r y  Intfdimt In u i n t a l n i n g  the health of the  
floet. I i n p c t i o n  I n t e r ~ ~ l a  a re  b u e d  on finding a lead crack before it 
r u c h e  c r i t i c a l  longth. I f  KSB I8 present. it would appear t h a t  the c r i t i c a l  
crack a ize  could be e d v e r ~ l l y  affected reÃ§ul t ln  In the iiuptctionm being 
h d o q u a t e .  Accordingly, how l a  t h i a  accounted f o r  In the l n 8 p c t i o n  programs 
f o r  the preaauri ahell. 

\ .  -. 2. There UT be MÃ‘ uheri  u f e t y  i a  n l n t a i i w d  through eontroll id 
&cmpreaaion. Should USD be p r e n n t  In much araaa or In bay8 adjscent to . mcK areas ,  it would nem t h a t  USD m y  edveraely a f f e c t  the n f e t y  of the 
airplane., Pleaee comment on how t h i a  affects the ai rplanes  i n  your f lee t .  

+ 

3. The team'* concern with USD cracking l a  that r t l a t i v e l y  Â¥qua l m g t h  
cracka propagating from a long row of faatefur holes m y  not  urest &auld the 
cracks join. It is believed t h a t  the  c r i t i c a l  crack length f o r  th ia  mode is 
very null due to ne t  l ec t i cn  yielding between adjacent crack t ips.  It would 
follow t h a t  aophiaticated Non Destructive InapÃ§ctio (mI) techniques would be 
required to f ind these null cracka. The team believes that these cracks my,  
In fac t .  be too m a l l  t o  have a d f i c i e n t  probabil i ty of dstection. P l u s e  
advise the aize  of these cracka in the c r i t i c a l  areas  of the pressure shel l .  

The u n u f a c t u r T a '  renpoluea to the question8 were a8 fo l low:  

Queation l a  D o u g l r  does not  expact lead crack residual a t n n g t h  to be 
mffected by USD. W i t h  the exception of a few cases, the large number of 
eonponent and full-scale t e a t s  t o  l i v e s  well In e x c e u  of anticipated 
operational l i v e s  demonstrata t h a t  KSD thresholds a re  In excess of 
operational l ives.  Lockheed believes t h a t  NSD w i l l  not  appear in the pressure 
ahel l  u n t i l  o ther  obvious damage ha8 been detected. This is based on low 
a t r e s s  levels,  good d e t a i l  design, and the extensive t e s t  program conducted 
which aubstantisted this conclusion. Boeing believe8 t h e i r  8ervice and test 
evidence shows t h a t  KSD occurs nonuniformly with cracking i n  m a l l  groups of 
faatener holea. Their h p e c t i o n  programs a re  eatxblished to find cracking as 
it develops in t h Ã §  local  m a .  

Question 2: Both Douglas and L o c k k d  n o w  t h a t  the  question Ã̂ not 
applicable to t h e m  as they do not consider controlled decmpreasion. Boeing 
believea t h a t  service  experisnce and test evidence substantiated t h a t  US3 
occurs In 11811 noncontiguoua ar ias .  They account f o r  what they consider 
r e a l i s t i c  USD In the  evaluation of a l l  structure expected to provide n f e t y  by 
controlled decwpreaaion. 

Question 3: According to Douglaa, In highly loaded a r i a8  USD crack a i r s  
would be lull. They 8180 believe t h a t  wide-spread, deta i led  lnapections f o r  
USD are not feasible, and f o r  t h i a  w o n  they t e a t  oomponente and full-scald.  
articles f a r  beyond the anticipated oper8tionnl l i v e s  of the airpluies.  Where 
WSD hns o c c u m d  in eervice, KDI i i r p c t i o n a  have h e n  r c c o ~ e n t e d  which w i l l  
de tec t  the crack8 before they become 8 u f e t y  problm. Lockheed believes tha t  
the ruulta of their t e a t  proÃ§rÃ ahow t h a t  USD w i l l  not occur in the absence 
of pr io r  detectable crack*. Their  inspection program l a  baaed on finding 
these  pr ior  cracks ra ther  than th* USD cracks. Boeing believes tha t  a 
cracking acenario predicated on ~ ~ 1 1 ,  q u a 1  length cracks joining up t o  form 
a long crack is  nei ther  r e s l i a t i c  nor probable. They believe it is  probable 
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tlnt loom1  an^ w i l l  tarn omelf of a l i l lu -  Â¥li uhloh un and w i l l  l o in  up 
to for  a detectable amok. A l l  MSB eraokm of  whioh thay a n  a m n  Â¥uppor 
thl> belief.  I ~ ~ ~ ~ c t i o n  Internla a n  #mnd to thia and o n c l u  d i l l  ba found 
l o w  bafon  th* r~lninf famtmcr hole* hava roachad thalr crank Initiation 
lim. 



APPENDIX J 

v. 5JmMm. 

Multiple site Duage (m) i a  defirnd u a c rackbg  phenomenon uhiah m y  occur 
in atructur* along row of f u t e n e r  h o l d  a f t e r  extended n r v i w  u m p .  T h a n  
cracka m y  lead to a net mection fa i lu re  mode o r  degrade the mtructure'a f a i l -  
mare capability. B e c a u ~  t h e m  cracka are  v i m a l l y  undetectBbla, it m y  be 
poasible to have a long a t r ing  of these cncka  join and c a u n  a cataatrophe 
before crack detection. It it. therefore, neceaaaq t o  a c q u h  tot and 
u r v i c e  data t o  mpport  the existence of this mode of USD. 

Aa indicated in t h i a  report ,  t hem a r e  conaidsnble  d i f f e r n c e a  in the 
mnufacturora* approaches t o  addream MSD In t h e i r  a i r c ra f t .  T h a r  appeared to 
be a concensus Ã‘on the  mnufacturers t h a t  if their a i r c r a f t  were flown long 
enough, there  would be cracking a t  multiple aitea:  but  not a11 agreed t h a t  
t h i s  would const i tu te  USD a s  defined in th in  report. To res t a t e  the U.S. 
manufacturer's position; Booing believat t h a t  the potent ia l  f o r  11SB l a  already 
accounted f o r  In t h e i r  inapection program and a lead crack w i l l  always precede 
a condition where the  a t ructum w i l l  f a i l  f roc  ne t  mection yielding. Dougl r  
believes t h a t  they design and -st to eniure t h a t  USD w i l l  not  occur in the 
operational l i fe t ime of t h e i r  a i r c r a f t .  Lockheed design* their a i r c r a f t  a0 
t h a t  detectable cracks precede the  occurrence of HSD. 

The team in t h e i r  deliberations came to n v e r a l  (enerlc concluaiona ragardlng 
MSD and its potent ia l  fo r  occurrence on large t n n a p o r t  category a i rc ra f t .  
These a r e  set f o r t h  in the conclusions portion of th ia  report. 

It l a  posaible t o  design pressure s t ructure  to f a i l  in a controlled Banner and 
cause a controlled decompression ra ther  than an exploiive decmpreasion. Some 
supplemental a t ructura l  inspection programs a re  based on a controlled 
decompression announcing s t ructura l  cracks ra ther  than inspections. With the  
f a i lu re  of the JAL B-747 a f t  pressure bulkhead, the likelihood of controlled 
decompression f o r  tha t  design of pressure bulkhead came under question. 
Neither Br i t i sh  Aerospace, Douglas, nor Lockheed considered controlled 
decompression in developing the a t ructura l  inspection programs f o r  t h e i r  
airplanes; Booing does take t h i s  fac tor  in to  account. 
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Tin fn tud t h  f o l l w w  cmclusiona: 

1. A t  this tiÃ the teu wen no evidence t h a t  m y  of the  a i r c r a f t  
Included In the m a n a n e n t  are operating unaafely becauu of MSD. It is  the 
Judcnont of th* team thÃ§ th* a i r c r a f t  hive been designed to round damage 
tolerance p r l n c l p l f  to emure n f e  operation. The m u f a c t u r e r a  aggressively 

au*d the developunt of Inspection programs and have been responsive t o  
Â¥edificatio nee&. 

2. T i n  ppv lous  #er ia t r ic  e saeaaen t s  may not hive adequately considered 
th* potent ia l  fo r  USD. Hurt of theae aaaeuaents  considered multiple cracking 
w n a r i o s ,  but these w r e q u i t e  l h i t e d  in scope. It appeara tha t  there  may 
b* aooe i ~ p o r t a n t  cracking scenarios omitted tha t  would lead t o  s ignif icant  
reductions In c r i t i c a l  crack s i ze  and consequently a f f e c t  inspection methods 
Â¥n Intermla .  

3. The structural Integr i ty  of older a i r c r a f t  nay i n  the future be 
lapfirad by n e t  section yielding o r  degradation of fa i l - f fe ty .  The team has 
o b u r v d  enough USD In wrv ice  m d  t e s t a  to feel  confident tha t  this condition 
I8 possible. 

4. A u o s m n t  of USD on a civen a i rc ra f t  should be b a e d  on t e s t s  or 
service  experience Interpreted through teardown inspections. I f  one examines 
the b a t  data In the literature. there is considerable s c a t t e r  i n  the 
a t a t l a t i c a l  ooncluaions tha t  MY be drawn. Sou of the data aupports the 
Boelng Claim t h a t  the detection of the lead crack w i l l  precede fa i lu re  through 
WSD. Other data Indicates tha t  t h i s  approach could lead t o  an uninspectable 
R.3 Condition. Consequently, to Bake a meaningful statement about a 
par t icular  model, one needa to examine t e s t  and teardown inapect.ion data f o r  
t h a t  a i r c ra f t .  

5. For h11 aircraft examined in this aaaeaaaent, the exis t ing data base 
is insuff ic ient  t o  determine the onset of MSD. This uncertainty should be 
reduced fo r  the  PC-9 when the teardown inspection data baa been analyzed. 
However, fo r  most of the other a i r c ra f t ,  the lack of good teardown inspection 
i n f O N t i 0 n  is preventing a good evaluation fo r  the onset of HSD. 

6. D-dw on d e t a i l  design fo r  fuselage skins a s  thick a s  .056 inches, 
b n t r o l l e d  Decmpression (CD) l a  an acceptable f a i lu re  mode f o r  the 
cyl indr ical  portions of Boeing'a current f l e e t  of airplanes,  even In the 
prowno* of USD. 
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The tea Ims the f o l l w i n g  reccÃ§~nd8t lanÃ 

1. A 8  -8ted by CAABK, SÃ§i -~ ic  Bulletin Sl/A/PH/5830 8hould b* made 
Â¥tor for  a11 BAC 1-11 a i r p l u ~ a .  I f  it a p p w  a PAC 1-11 in Â¥Tric 
w i l l  excoed 85.000 f l ights .  mother  a t r u c t ~ a l  audi t  hid take p h w .  The 
reaponalble FAX Ai rc ra f t  CertificÃ§tio Office (ACO) (hould folio* through 
accordingly. 

2. When the  Flinch DGAC reports bÃ§co available on the AS00 and  1110. 
the reaponaible FAA ACO ahould review thu In l igh t  of th* r*coÃ‘Ã‘nd*tlo net 
fo r th  In t h i s  report  and take action as appropriate. 

3. The a f t  pressure domes on the Booing airplanes, exwpt  fo r  th* B-767, 
were i n i t i a l l y  considered Category 2 atructure. Testa indlcÃ§t that  t h i a  
atructure ahould be identified a s  Category 3. The responsible FAA 1CO should 
require inspections to find the cracks before a n v e r e  problem l a  encountared. 

4. Regarding E D :  

a. Each manufacturer ahould es tabl ish  a data baae to deternine the 
threshold and meverity of MSD by a t  l eas t  one of the following. 

1. Extended fa t igue t e s t a  beyond the mticipeted n r v i c e  l i f e  by 
one l i f e t i n e  accnpanl td  by teardown I n a p e c t i o ~ .  

2. Teardown Inspections of htghtioe service airplanes auÃ§Mnte 
by component tests, fatigue, and fracture uulyals .  

3. Other FAA-approved mans. 

b. From the data h u e  each manufacturer ahould a-nt the l i rpect ion 
program a s  appropriate. He ahould a lso  exaaine each case where 
controlled deconpression is used f o r  possible MSB effects. 

c. The FAA should mandate the inspection progrus.  

5. Rwiae Advisory Circular (AC) 25.571-?A, to clar i fy  that  the damage 
tolerance asaesraent must be large enough i n  scope to account fo r  the l ikely  
operational l i f e  of the airplane type. I f  the operational l i f e  exceed! the 
I n i t i a l  l i f e  assumption, it w i l l  be necessary fo r  the manufacturer to muitably 
account f o r  t h i s  fact .  
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