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O n  April 28, 1988, a t  1346, a Boeing 737-200,  N73711, operated by Aloha 
A i r l i n e s  Inc . ,  as  f l i g h t  243, experienced an explosive decompression and 
s t r u c t u r a l  f a i l u r e  a t  24,000 f e e t ,  while en route  from Hilo,  t o  Honolulu, 
Hawaii. Approximately 18 f e e t  from t h e  cabin sk in  and s t r u c t u r e  a f t  of t h e  
cabin en t rance  door and above t h e  passenger f l o o r l i n e  separa ted  from t h e  
a i rp l ane  during f l i g h t .  There were 89 passengers and 6 crewmembers on board. 
One f l i g h t  a t t endan t  was swept overboard during t h e  decompression and i s  
presumed t o  have been f a t a l l y  in.jured; 7 passengers and 1 f l i g h t  a t t endan t  
received se r ious  i n j u r i e s .  The f l i gh tc rew performed an emergency descent  
and landing a t  Kahului Ai rpor t  on t h e  Is land of Maui.' 

The Safe ty  Board determined t h a t  t h e  acc ident  sequence i n i t i a t e d  with 
t h e  s t r u c t u r a l  s epa ra t ion  of t h e  pressurized fuse lage  sk in .  As a r e s u l t  o f  
t h i s  s epa ra t ion ,  an explosive decompression occurred,  and a l a r g e  por t ion  of 
t h e  a i rp l ane  cabin s t r u c t u r e  comprising the upper por t ion  of s ec t ion  43 was 
l o s t .  

A pos tacc ident  examination of N73711 revealed t h a t  t h e  remaining 
s t r u c t u r e  did not  conta in  t h e  o r ig in  of  t h e  f a i l u r e .  Since t h e  sea  and a i r  
search d i d  not l o c a t e  recoverable  s t r u c t u r e  from t h e  a i r p l a n e ,  i t  was 
necessary t o  determine t h e  f a i l u r e  o r i g i n  by examininy and analyzing 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  o f  the a i r p l a n e .  

The Sa fe ty  Board determined t h a t  t h e  fuse lage  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  a t  t h e  l a p  j o i n t  along s t r i n g e r  S-lOL, i n i t i a l l y  near 
BS 440, allowing t h e  upper fuselage t o  r i p  f r e e .  The reason f o r  t h i s  
c a t a s t r o p h i c  f a i l u r e ,  r a t h e r  t h a n  t h e  intended f a i l - s a f e  " f lapping"  of the 
s k i n  as designed,  was evaluated by t h e  Safe ty  Board. 

' F o r  m o r e  d e t a i l e d  i n f o r m a t i o n ,  r e a d  A i r c r a f t  A c c i d e n t  R e p ~ r t - ' ~ A l o h a  
A i r l i n e s ,  F l i g h t  2 4 3 ,  B o e i n g  7 3 7 . . 2 0 0 ,  N73711,  n e a r  M a u i ,  H a w a i i ,  A p r i l  2 8 ,  
1988" ( N 1 S B / A A R ., 8 9 /  03 ) 
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Mult iple  s i t e  damage (MSD) descr ibes  mul t ip l e  f a t i g u e  cracks along a 
r i v e t  l i n e .  MSD can range from a few f a t i g u e  c racks  among many rivet holes 
t o  t h e  worst case of smal l ,  v i s u a l l y  undetectable  f a t i g u e  cracks emanating 

Numerous a reas  o f  MSD were discovered in  t h e  fuse lage  skin of N73711 during 
pos tacc ident  i nves t iga t ion .  The presence of MSD a l s o  tends t o  negate the 
f a i l - s a f e  c a p a b i l i t y  o f  t h e  fuse lage .  

I t  i s  probable t h a t  numerous small f a t i g u e  cracks i n  the l ap  j o i n t  along 
S-1OL jo ined  t o  form a l a r g e  crack ( o r  c racks)  s i m i l a r  t o  t h e  c rack  a t  S-1OL 
t h a t  a passenger saw when boarding the acc ident  f l i g h t .  The damage 
discovered on t h e  accident  a i rp l ane ,  damage on o t h e r  a i r p l a n e s  i n  t h e  Aloha 
A i r l i n e s  f l e e t ,  f a t i g u e  s t r i a t i o n  growth r a t e s ,  and the s e r v i c e  h i s t o r y  o f  
t h e  8-737 l a p  j o i n t  disbond problem l ed  t h e  Sa fe ty  Board t o  conclude t h a t ,  a t  
t h e  t ime of t h e  acc iden t ,  numerous f a t i g u e  c racks  i n  t h e  fuse lage  skin l a p  
j o i n t  along S-1OL l inked  up quickly t o  cause c a t a s t r o p h i c  f a i l u r e  of a l a r g e  
sec t ion  o f  t h e  fuse l age .  

The Safe ty  Board be l ieves  t h a t  s u f f i c i e n t  f a t i g u e  cracking o r  t e a r  
strap disbond ( o r  a combination of both) e x i s t e d  i n  the l a p  j o i n t  a t  S-IO1 
t o  negate  t h e  design-intended con t ro l l ed  decompression of  the s t r u c t u r e .  

The Safe ty  Board f u r t h e r  be l ieves  t h a t  Aloha A i r l i n e s  had s u f f i c i e n t  
information regarding l a p  j o i n t  problems t o  have implemented a maintenance 
program t o  d e t e c t  and r e p a i r  t h e  l a p  j o i n t  damage. The information a v a i l a b l e  
t o  Aloha A i r l i n e s  o n  l a p  j o i n t  problems included t h e  fol lowing:  

from both s i d e s  of r i v e t  holes  along a complete row of  skin panel f a s t e n e r s .  I 

o t h e  8-737s in  t h e  Aloha A i r l i n e s '  f l e e t  were hjgh-cycle  
a i r p l a n e s  accumulating cyc les  a t  a f a s t e r  r a t e  t h a n  any o ther  
ope ra to r ;  

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

o Aloha A i r l i n e s  previously had discovered a 7.5-inch crack 
along l a p  j o i n t  S-1OL on another  6-737 a i r p l a n e ;  

o Boeirig had i ssued ,  and records  i n d i c a t e  t h a t  Aloha Airlines 
was aware o f ,  a Serv ice  Bulletin (SB) covering l a p  j o i n t  
inspection and r e p a i r  in  1972, rev ised  i n  1974, and upgraded 
t o  an  Aler t  Serv ice  Bulletin (ASB) i n  1987; and 

o t h e  FAA had issued an  Airworthiness Directive (AD) i n  1987 
r equ i r ing  in spec t ions  of the l a p  j o i n t s  along S-4 and 
re ferenc ing  t h e  Boeing ASB, which c a l l e d  f o r  inspec t ion  of  
a l l  o ther  l a p  j o i n t  l oca t ions ,  including along S-10. 

The Sa fe ty  Board i d e n t i f i e d  three f a c t o r s  of concern i n  the  Aloha 
A i r l i n e s  maintenance program. They were: a high accumulation o f  f l i g h t  
cyc les  between structural in spec t ions ,  an extended t ime per iod between 
inspec t ions  t h a t  allowed t h e  r e l a t e d  e f f e c t s  of l a p  j o i n t  disbond, cor ros ion ,  
and f a t i g u e  t o  accumulate, and t h e  manner i n  which a highly segmented 
s t r u c t u r a l  inspec t ion  program was implemented. 
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The Aloha A i r l i n e s  s t r u c t u r a l  D check inspec t ion  i n t e r v a l  f o r  t h e  
cont inuing a i rwor th iness  of t h e i r  8-737 f l e e t  was approved by t h e  FAA a t  
15,000 hours.  The s e l e c t i o n  of 15,000 hours appears t o  have been more 
conserva t ive  t h a n  t h e  20,00a-hour in t e rva l  recommended by Boeing. However, 
because of the  d a i l y  frequency of  short dura t ion  f l i g h t s ,  t h e  r a t e  of 
accumulation of  f l i g h t  cyc les  on Aloha Airl ines  a i rp l anes  exceeded t h e  r a t e  
which Boeing f o r e c a s t  when t h e  B-737 Maintenance Planning Data (MPD) was 
created. Aloha A i r l i n e s  records  of a i r c r a f t  u t i l i z a t i o n  ind ica t ed  t h a t  their 
a i r p l a n e s  accumulated about t h r e e  c,ycles f o r  each hour i n  s e r v i c e .  The 
Boeing economic design l i f e  p ro jec t ions  were based on accumulating about 1 
1/2 cyc le s  per  f l i g h t  hour. T h u s ,  Aloha Airlines a i rp l anes  were accumulating 
f l i g h t  cyc le s  a t  twice t h e  r a t e  f o r  which t h e  Boeing MPD was designed.  Even 
with an adjustment f o r  p a r t i a l  p re s su r i za t ion  cyc les  on s h o r t  f l i g h t s ,  and 
thus p a r t i a l  loading of t h e  fuse l age ,  t h e  accumulation of cyc les  on Aloha 
Air l  ines a i r p l a n e s  remained high and continued t o  outpace t h e  o t h e r  8-737 
a i r p l a n e s  i n  t h e  world f l e e t  and Boeing's assumptions in  developing t h e  MPD. 

The Aloha A i r l i n e s  maintenance program did n o t  adequately recognize and 
cons ider  t h e  e f f e c t  of t h e  rap id  accumulation of f l i g h t  c y c l e s .  The Safe ty  
Board notes  t h a t  f l i g h t  cyc les  a r e  t h e  dominant concern i n  t h e  development of 
f a t i g u e  c racking  i n  p ressur ized  fuse lages  and the accumulation of damage a s  a 
r e s u l t  of f l i g h t  and landing loads .  The Aloha A i r l i n e s  maintenance program 
allowed one and one half  t imes t h e  number of f l i g h t  cyc les  t o  accumulate on 
an a i r p l a n e  before  t h e  appropr ia te  i n spec t ion .  The Sa fe ty  Board be l ieves  
Aloha Air l  i nes  c rea ted  a f l  ight-hour  based s t r u c t u r a l  maintenance program 
without s u f f i c i e n t  regard t o  f l i g h t  c,ycle accumulation. 

The Boeing MPD assumed a 6-  t o  8-year  i n t e rva l  f o r  a complete D check 
cyc le ,  and t h e  Aloha A i r l i n e s  D check maintenance program requi red  8 yea r s  t o  
complete a D check cyc le .  The Safe ty  Board be l ieves  t h a t  t h e  8-year  
inspec t ion  i n t e r v a l s  i n  t h e  Aloha A i r l i n e s  maintenance program was too 
lengthy t o  permit e a r l y  de t ec t ion  of disbond r e l a t e d  co r ros ion ,  t o  allow 
damage repair, and t o  implement corrosion control /prevent ion with the  maximum 
use of  i n h i b i t i n g  agents .  

Of add i t iona l  concern t o  the Safe ty  Board was Aloha A i r l i n e s '  p r a c t i c e  
o f  inspec t ing  t h e  a i r p l a n e  i n  small increments.  The Aloha A i r l i n e s  D check 
inspection of t h e  B-737 f l e e t  was covered in  52 independent work packages. 
Limited a reas  of t h e  a i rp l ane  were inspected during each work package and 
this  p r a c t i c e  precluded a comprehensive assessment of the ove ra l l  s t r u c t u r a l  
condi t ion  of  t h e  a i rp l ane .  

The Sa fe ty  Board be l ieves  t h a t  the use o f  52 blocks/independent work 
packages i s  an inappropr ia te  way t o  a s ses s  t h e  overall  condi t ion  of an 
a i r p l a n e  and e f f e c t  comprehensive r e p a i r s  because of 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  hurry checks i n  order  t o  keep a i rp l anes  i n  s e r v i c e .  Fur ther ,  the 
f a c t  t h a t  the FAA found t h i s  p r a c t i c e  t o  be acceptab le  without a n a l y s i s  i s  a 
mat te r  of s e r ious  concern. 

The e f f e c t i v e n e s s  of Aloha A i r l i n e s  inspec t ion  programs was f u r t h e r  
1 imited by time and manpower c o n s t r a i n t s  and inadequate work planning 
methods. Maintenance scheduling p r a c t i c e s  u t i l i z e d  t h e  overn ight  nonflying 
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per iods  t o  accomplish 3 checks which, i n  r e a l i t y ,  inc luded p o r t i o n s  o f  t h e  C 
and D check i tems. However, s ince  the re  were u s u a 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 i n s p e c t i o n  personnel 
t h a t  each a i r p l a n e  would be needed i n  a f u l l y  opera t iona l  s t a t u s  t o  meet the  

each 24 hour p e r i o d  t o  complete 3, C, and D i nspec t i on  i tems and t o  per form 
any r e l a t e d  o r  unscheduled maintenance on the  a i rp lane .  

The Safe ty  Board be l i eves  t h a t  t h e  FAA should i nc lude  i n  i t s  procedures 
f o r  t h e  approval o f  a i r l i n e  maintenance programs, dev ia t i ons  i n  a i r p l a n e  use 
by the  opera to r  as compared t o  t h e  manufacturer 's o r i g i n a l  des ign est imate,  
tempered by t h e  opera t i ng  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 ca lendar  cap f o r  
l o w - f l i g h t  hour operators  and a maximum c y c l e  l i m i t  f o r  sho r t  f l i g h t  
opera tors  are more appropr ia te  i nspec t i on  i n t e r v a l s  f o r  these operators .  

The S a f e t y  Board a l s o  be l i eves  t h a t  t h e  FAA should reeva lua te  the  
c r i t e r i a  and guidance prov ided t o  p r i n c i p a l  inspec tors  f o r  approving 
i n d i v i d u a l  opera tor ' s  maintenance p lans t h a t  d i v i d e  s t r u c t u r a l  inspec t ions  
i n t o  a l a r g e  number o f  independent work packages (segments) t o  be spread over 
the  normal D check i n t e r v a l .  The Safe ty  Board recognizes t h e  concept t h a t  t he  
D check, as o u t l i n e d  i n  t h e  MPD, f o r  each a i r c r a f t  i s  accomplished i n  a 
reasonable t ime pe r iod  such as  3 t o  5 weeks. A t r u e  heavy maintenance 
i n s p e c t i o n  i n v o l v e s  ex tens i ve  work which may take  several  days. 
Comprehensive s t r u c t u r a l  inspec t ions  f o r  aging a i rp lanes ,  1 ikewise, can bes t  
be accomplished by a D check i n  which the  e n t i r e  a i r p l a n e  i s  inspected and 
r e f u r b i s h e d  i n  one hangar v i s i t .  As an a l t e r n a t i v e ,  some opera tors  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 
i nspec t i on .  Any d e v i a t i o n  f rom t h i s  " f u l l  a i rp lane"  i n s p e c t i o n  a t  "seasonal 
schedul ing i r i t e r v a l s "  should be evaluated c a r e f u l l y  be fore  approval .  

nex t  day's f l y i n g  schedule. Thus, o n l y  a few hours were a v a i l a b l e  d u r i n g  I 

An examinat ion o f  t h e  remaining p o r t i o n  o f  t h e  S-4R fuse lage s t r u c t u r e  
o f  N73711 i n d i c a t e d  t h a t  t he  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  t ime, cracks were 
de tec ted  v i s u a l l y  and t w o  r e p a i r s  were accomplished. Al though Aloha 
A i r l i n e s  maintenance personnel s t a t e d  t h a t  an eddy c u r r e n t  i n s p e c t i o n  o f  t h e  
remain ing r i v e t s  i n  the  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  i nspec t i on  was found i n  t h e  maintenance 
records.  

I n i t i a l  examinat ion 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 i sc losed  
v i s u a l l y  de tec tab le  f a t i g u e  cracks t h a t  emanated from t h e  fas tene r  ho les o f  
t h e  top  row o f  r i v e t s .  Laboratory  examinat ion revea led  t h e  presence o f  many 
more c racks  t h a t  were w e l l  w i t h i n  t h e  eddy c u r r e n t  de tec tab le  range. 
A d d i t i o n a l l y ,  i t  was noted t h a t  t h e  upper r i v e t  row between t h e  r e p a i r s  and 
fo rward  and a f t  o f  t h e  r e p a i r s  s t i l l  conta ined t h e  o r i g i n a l  c o n f i g u r a t i o n  
countersunk r i v e t s .  

S t r i a t i o n  counts o f  f i v e  o f  t h e  l a r g e s t  f a t i g u e  cracks t h a t  were 
present  i n  t h e  upper fas tene r  ho les  o f  t he  sec t i on  ou ts ide  the  r e p a i r e d  area 
i n d i c a t e d  these cracks grew l e s s  than 0.020 i nch  du r ing  t h e  t i m e  between t h e  
i n s p e c t i o n  i n  November 1987 and the  acc ident .  A t o t a l  o f  2,624 cyc les  had 
accumulated on t h e  acc ident  a i r p l a n e  du r ing  t h i s  t ime.  A f t e r  t h e  acc ident ,  
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t h e  cracks ranged in  length between 0.110 t o  0.154 inch. Therefore ,  a t  t h e  
t ime of t h e  AD inspec t ion  i n  November, t h e  f i v e  cracks ranged from a low of 
about 0.09 inch t o  a high of about 0.13 inch .  

Eddy c u r r e n t  inspec t ions  performed by Aloha in spec to r s  on N73711 a f t e r  
t h e  acc ident  could not  d e t e c t  cracks t h a t  were l e s s  than 0.08 inch in  
l eng th ,  b u t  t h e  inspec t ion  r e l i a b l y  de tec ted  cracks t h a t  were l a r g e r  than 
0.08 inch.  Since t h e  s t r i a t i o n  counts i nd ica t ed  cracks e x i s t e d  i n  the 
s t r u c t u r e  t h a t  were above t h i s  value (0.08 inch)  i n  l eng th ,  and t h a t  were 
well within t h e  d e t e c t a b l e  s i z e  f o r  eddy c u r r e n t  inspec t ion ,  such cracks 
should have been de tec ted  along t h e  upper row of r i v e t s  in  S-4R during the  
November 1987 inspec t ion .  This f i n d i n g  suggests  t h a t  e i t h e r  t h e  eddy cu r ren t  
inspec t ion  was not  performed in  November o r  t h a t  t h e  q u a l i t y  of t h e  
inspec t ion  was such t h a t  t h e  cracks were not found. 

There a r e  severa l  p o s s i b i l i t i e s  w h y  the in spec to r s ,  when complying with 
t h e  A D ,  f a i l e d  t o  f i nd  t h e  d e t e c t a b l e  crack in  the  S - 4 R  l a p  j o i n t  on N73711, 
even though t h e  a rea  repor ted ly  was given an  eddy current inspec t ion  and two 
inspec to r s  performed independent visual i n spec t ions .  F i r s t ,  t h e  human 
element assoc ia ted  with t h e  visual  inspec t ion  t a s k  i s  a f a c t o r .  A person can 
be motivated t o  do a c r i t i c a l  task very we l l ;  b u t  when asked t o  perform t h a t  
same t a s k  repeated1 y ,  f a c t o r s  such as  expectat ion of r e s u l t s ,  boredom, t a s k  
l eng th ,  i s o l a t i o n  during t h e  inspec t ion  t a s k ,  and t h e  environmental 
condi t ions  a l l  tend t o  inf luence  performance r e l i a b i l i t y .  

Another f a c t o r  t h a t  can a f f e c t  t h e  human element involved i n  
maintenance and inspec t ion  p e r t a i n s  t o  t h e  e f f e c t  of c i r cad ian  rhythms on 
human behavior.  A i r l i n e  maintenance i s  most o f t en  performed a t  n ight  and 
during t h e  e a r l y  morning hours; t h e  time of day t h a t  has been documented t o  
cause adverse human performance. Maintenance programs are most e f f e c t i v e  i f  
t a s k  scheduling takes i n t o  account the poss ib l e  adverse e f f e c t s  of sleep 
l o s s ,  i r r e g u l a r  work and r e s t  schedules ,  and c i r cad ian  f a c t o r s  on t h e  
performance of mechanics and in spec to r s .  

For example, compliance with All-87-21-08 requi red  a c l o s e  v isua l  
inspec t ion  of t h e  l a p  j o i n t s  along S-4L and R and eddy cu r ren t  inspec t ion  of 
t h e  upper row of l a p  j o i n t  r i v e t s  along t h e  e n t i r e  panel in  which d e f e c t s  
were found. This  imposed considerable  demands on the inspec to r  i f  t h e  
results of t h e  inspec t ion  were t o  be r e l i a b l e .  The AD requi red  a "c lose  
v isua l  inspect ion" of a b o u t  1,300 r i v e t s  and a poss ib l e  eddy current 
inspec t ion  of about 360 r i v e t s  per panel.  Inspect ion of the  rivets requi red  
inspectors t o  climb on scaf fo ld ing  and move along t h e  upper fuse l age  car ry ing  
a b r igh t  l i g h t  with them; i n  t h e  case of an eddy c u r r e n t  inspec t ion ,  the 
inspec to r s  needed a probe, a meter, and a l i g h t .  A t  t imes ,  the inspec to r  
needed ropes a t tached  t o  t h e  r a f t e r s  of  t h e  hangar t o  prevent  f a l l i n g  from 
the  a i r p l a n e  when i t  was necessary t o  in spec t  r i v e t  lines on t o p  of t h e  
fuse l age .  Even i f  t h e  temperatures were comfortable and t h e  l i g h t i n g  was 
good, the  t a s k  of examining the a rea  around one r i v e t  a f t e r  another f o r  
signs of  minute cracks while s tanding on a s ca f fo ld ing  or on t o p  of the  
fuse l age  i s  very t ed ious .  Af te r  examining more and more r i v e t s  and f ind ing  
no cracks ,  i t  i s  na tura l  t o  begin t o  expect t h a t  c racks  will not  be found. 
Fur ther ,  when the  sk in  i s  covered w i t h  several  l a y e r s  of p a i n t  t he  task i s  
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even more d i f f i c u l t .  Indeed, t h e  phys ica l ,  phys io logica l ,  and psychological 
l i m i t a t i o n s  of t h i s  task a r e  c l e a r l y  apparent .  

maintenance and inspec t ion  personnel i s  r e l a t e d  t o  the  q u a l i t y  of suppor t  
provided by Aloha management t o  a s s i s t  t hese  persons i n  t h e  performance of 
t h e i r  t a s k s .  Proper t r a i n i n g ,  guidance, and procedures a r e  needed as  well as 
an adequate work ing  environment, s u f f i c i e n t  a i r c r a f t  down time t o  perform the 
t a s k s  ( i . e .  f l e x i b l e  schedul ing) ,  and an understanding of  the importance o f  
t h e i r  d u t i e s  t o  ensure t h e  a i rwor th iness  of t h e  airplanes. Aloha A i r l i n e s  
t r a i n i n g  records  revealed t h a t  l i t t l e  formal t r a i n i n g  was provided in  NDI 
techniques and methods. The in spec to r  who found t h e  S-4R l a p  j o i n t  c racks  
r equ i r ing  r e p a i r  s t a t e d  t h a t  only on-the- job t r a i n i n g  (OJT) had been 
provided s ince  he became an inspec tor  in  August 1987; his t r a i n i n g  records  
show formal N D I  t r a i n i n g  on September 17, 1987, when a 2 - h o u r  t r a i n i n g  
se s s ion  was given by a Boeing r ep resen ta t ive .  Records i n d i c a t e  t h e  in spec to r  
who provided t h e  i n i t i a l  OJT had o n l y  2 hours of formal NDI t r a i n i n g ,  during 
t h e  same 2-hour t r a i n i n g  sess ion  on September 17, 1987, provided by Boeing. 
T h u s ,  t h e  Safe ty  Board i s  concerned about how much knowledge the in spec to r  
s t a f f  may have possessed about disbonding, cor ros ion ,  and f a t i g u e  cracking a t  
t h e  time t h a t  they  were requi red  t o  perform t h e  c r i t i c a l  AD inspec t ion  t a s k .  
In f a c t ,  dur ing depos i t ion  proceedings,  t h e  in spec to r  who performed t h e  f i r s t  
AD inspec t ion  on N73711 could not a r t i c u l a t e  what he should look f o r  when 
inspec t ing  an a i r p l a n e  f o r  cor ros ion  s igns .  

Also, Aloha's f l y i n g  schedule involved f u l l  u t i l i z a t i o n  of  i t s  a i r p l a n e  
f l e e t  in  a daytime ope ra t ion .  T h u s ,  t h e  major i ty  of Aloha's maintenance was 
normally conducted only during t h e  n i g h t .  I t  was considered important t h a t  
t h e  a i r p l a n e s  be a v a i l a b l e  again f o r  t h e  next day 's  f l y i n g  schedule.  Such 
a i r c r a f t  u t i l i z a t i o n  tends  t o  d r i v e  t h e  schedul ing,  arid indeed, t h e  
completion of requi red  maintenance work. Mechanics and in spec to r s  are forced 
t o  perform under time pressure. Fur ther ,  the in t ense  e f f o r t  t o  keep t h e  
a i r p l a n e s  f l y i n g  may have been so s t rong  t h a t  t h e  maintenance personnel were 
re luc tan t  t o  keep airplanes i n  the  hangar any longer  than abso lu te ly  
necessary.  

Inadequate guidance and support  from Aloha management t o  i t s  i n spec to r s  
was evident  a l so  when the Production and Planning department sent t o  the 
i n s p e c t o r ' s  mail box, t h e  AD and SB on the inspec t ion  requirements of the l a p  
j o i n t s  along S-4 without further review or t echn ica l  comment. These 
documents were complicated,  c r i t i c a l  t o  a i rwor th iness ,  and s u b j e c t  t o  
i n t e r p r e t a t i o n  a s  evidenced by t h e  disagreement abou t  i t s  content expressed 
by expe r t s  a t  t h e  Sa fe ty  Board's publ ic  hear ing.  These documents needed 
higher  level review arid w r i t t e n  guidance as t o  the i r  d i s p o s i t i o n  before being 
sent t o  maintenance f o r  ac t ion .  Therefore ,  the Sa fe ty  Board concludes t h a t  
Aloha's management f a i l e d  t o  provide adequate guidance and support  t o  i t s  
maintenance personnel and t h i s  f a i l u r e  con t r ibu ted  d i r e c t l y  t o  the  cause of 
this acc iden t .  

The p o l i c i e s ,  procedures,  and organiza t ion  of  Aloha Airlines a i r c r a f t  
maintenance arid inspec t ion  program s i g n i f i c a n t l y  a f f e c t e d  t h e  control o f  
corros ion  of i t s  a i r p l a n e s .  According t o  a i r p l a n e  maintenance records ,  ' lap 

Another f a c t o r  t h a t  may have a f f ec t ed  t h e  performance of Aloha's i 
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j o i n t  and o the r  areas o f  co r ros ion  were detected, bu t  c o r r e c t i v e  a c t i o n  was 
f r e q u e n t l y  de fe r red  w i thou t  reco rd ing  t h e  bas is  f o r  such d e f e r r a l s .  Rout ine 
i n s p e c t i o n  task  cards conta ined t h e  "check f o r  cor ros ion"  i n s t r u c t i o n  f o r  
s p e c i f i c  areas; however, a programat ic  approach t o  co r ros ion  prevent ion  and 
c o n t r o l  o f  t h e  whole a i r p l a n e  was n o t  ev ident .  It appears t h a t  even when 
Aloha A i r l i n e s  personnel observed co r ros ion  i n  t h e  l a p  j o i n t s  and t e a r  
s t raps ,  t h e  s i g n i f i c a n c e  o f  t h e  damage and i t s  c r i t i c a l i t y  t o  l a p  j o i n t  
i n t e g r i t y ,  t e a r  s t r a p  func t i on ,  and o v e r a l l  a i r p l a n e  a i rwor th iness  was no t  
recognized by the Aloha A i r 1  ines  inspec tors  and maintenance managers. This  
was p a r t i c u l a r l y  noteworthy when one considers t h a t  Aloha A i r l i n e s  i n d i c a t e d  
t h a t  SB 737-53-1039, Revis ion 2 (1974), was incorpora ted  i n  t h e i r  maintenance 
p lan .  The o v e r a l l  c o n d i t i o n  o f  t he  Aloha A i r l i n e s  f l e e t  i n d i c a t e d  t h a t  
p i l o t s  and l i n e  maintenance personnel came t o  accept t h e  c l a s s i c  s igns o f  
on-going co r ros ion  damage as  a normal opera t ing  c o n d i t i o n .  

The Safet,y Board was a l s o  concerned about t h e  uncommanded shutdown o f  
t h e  l e f t  engine du r ing  the  acc ident  sequence. The l e f t  engine f u e l  c o n t r o l  
was found i n  the  " c u t o f f "  p o s i t i o n ;  t h e  c o n t r o l  apparent ly  was pos i t i oned  
t h e r e  by t h e  res idua l  t ens ion  i n  t h e  i n t a c t  cab le  o r  mot ion o f  t h a t  cab le  
induced by t h e  cabin f l o o r  d e f l e c t i o n  s ince  the  cables are rou ted  through 
cu tou ts  i n  t h e  f l o o r  beams. 

Since t h e  p o i n t  o f  maximum upward f l o o r  d e f l e c t i o n  (hence maximum cab le  
d e f l e c t i o n )  was a t  BS 440 i n  the  cabin,  t he  ac tua l  l o c a t i o n  o f  t h e  t h r o t t l e  
cab le  f a i l u r e s  ( i n  t h e  wing l ead ing  edge) seemed an u n l i k e l y  one. 
A d d i t i o n a l l y ,  t h e  broken cab le  ends lacked the  un rave l i ng  t h a t  i s  
c h a r a c t e r i s t i c  o f  cables t h a t  f a i l  i n  t ens ion  over load. When t h e  appropr ia te  
cab le  sec t ions  were removed f rom t h e  a i r p l a n e  and inspected more c lose ly ,  
t h e r e  were i n d i c a t i o n s  o f  co r ros ion .  These observat ions were conf i rmed by 
l a b o r a t o r y  examinat ion which concluded t h a t  t h e  diameters o f  many o f  t h e  
i n d i v i d u a l  w i res  t h a t  comprise the  cables had been reduced s i g n i f i c a n t l y  by 
c o r r o s i o n  damage. Th is  co r ros ion  l i k e l y  weakened t h e  cables so t h a t  they  
separated a t  a lower  than designed load  when p laced i n  tens ion  by t h e  
displacement o f  t h e  l e f t  s i de  f l o o r  beams. The cables o f  t h e  r i g h t  engine 
a l s o  e x h i b i t e d  extens ive sur face co r ros ion  where they  were rou ted  through t h e  
l e a d i n g  edge o f  t h e  wing. These cables may have remained i n t a c t  du r ing  t h e  
separa t ion  sequence on ly  because o f  t h e  much smal le r  amount o f  f l o o r  beam 
d e f l e c t i o n  t h a t  occurred on t h e  r i g h t  s i d e  o f  t he  cabin.  

The damage t o  t h e  t h r o t t l e  cables appears much the  same as  t h e  type  o f  
c o r r o s i o n  descr ibed i n  Boeing Serv ice  L e t t e r  (SL) 737-SL-76-2-A issued on 
August 25, 1977. Th is  SL was issued as  a r e s u l t  o f  t he  d iscovery  by Aloha 
A i r l i n e s  t h a t  a carbon s tee l  t h r u s t  c o n t r o l  cab le  had corroded and f rayed.  
Only f i v e  o f  t he  seven s t rands o f  t h e  cab le  were repo r ted  i n t a c t .  The 
remain ing f i v e  s t rands were a l so  corroded, and the  co r ros ion  was present  on 
t h e  e n t i r e  l e n g t h  o f  t h a t  p o r t i o n  o f  t h e  cable rou ted  through t h e  wing 
1 eadi  ng edge. 

The Boeing recommended a c t i o n  f o l l o w i n g  t h i s  d iscovery  was t o  rep lace  
t h e  carbon s t e e l  engine c o n t r o l  cables w i t h  co r ros ion  r e s i s t a n t  s t a i n l e s s  
s t e e l  cables on t h e  produc t ion  l i n e  beginning w i t h  p roduc t ion  l i n e  number 503 
which was d e l i v e r e d  i n  September 1977. Boeing recommended t h a t  operators  o f  
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existing airplanes replace the original carbon steel cables on production 
line numbers 1 through 502 as required. At this date, the number of aircraft 
modified i n  accordance with the applicable SL has not been established 

confirmed that they were the original carbon steel type. The Safety Board is 
concerned that Aloha Air1 ines did not take advantage of the manufacturer's 
corrective action for these cables, especially in light of their initial 
discovery of the problem and recognition of their own harsh operating 
environment. 

accurately. Laboratory examination of the separated cables from N73711 I 

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

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

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

The responsibilities of an airline engineering department generally 
include evaluating and implementing manufacturer's SBs and ADS, evaluating 
airplane accidental or corrosion damage, designing or evaluating repairs, 
establishing aircraft maintenance schedule specifications, and providing 
technical assistance to other areas o f  the air7ine. Another important aspect 
of engineering staff activities is the oversight of inspector performance and 
related quality assurance activites. 

The condition of high cycle 8-737s in the Aloha Airlines fleet with 
respect to lap joint corrosion, multiple repairs, and detection of fatigue 
cracking is an example of what can occur in the absence of regular and 
knowledgeable evaluations of aircraft condition by qualified engineering 
staff. 

Aloha Airlines management could have recognized the importance of Alert 
SB 737-53A1039 in light of their own experience with the previous crack 
along the lap joint at S-IOR 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 
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engine c o n t r o l  cables which were recognized by Aloha as  suscep t ib le  t o  
cor ros ion .  

I n  a d d i t i o n ,  a q u a l i f i e d  engineer should have i n t e r p r e t e d  t h e  l a p  j o i n t  
AD rega rd ing  t h e  use o f  overs ize  p r o t r u d i n g  head fas teners  i n  the  event t h a t  
f a t i g u e  damage was found. More impor tan t l y ,  a comprehensive s t r u c t u r a l  
engineer ing and maintenance program 1 i k e l y  would have prec luded the  
d e t e r i o r a t e d  c o n d i t i o n  o f  t he  a i rp lanes  by eva lua t i ng  and implementing t h e  
appropr ia te  co r ros ion  c o n t r o l  techniques and SBs, thus r e t a i n i n g  company 
assets.  

An a d d i t i o n a l  area o f  concern t o  t h e  Safe ty  Board i s  t h e  ex ten t  and 
number o f  s k i n  r e p a i r s  ev iden t  on the  a i r p l a n e  and the  e f f e c t  t h a t  these 
r e p a i r s  may have on t h e  damage to le rance  p r o p e r t i e s  o f  t h e  o r i g i n a l  design. 
The acc ident  a i r p l a n e  had over two dozen fuselage r e p a i r s ;  t h e  m a j o r i t y  were 
s k i n  r e p a i r s  us ing  doubler  patches. Th is  c o n d i t i o n  i l l u s t r a t e s  the  ex ten t  t o  
which aging a i rp lanes  may cont inue t o  be repa i red  (patched) i n  accordance 
w i t h  e x i s t i n g  manufacturers and FAA requirements.  

A l a r g e  r e p a i r  o r  t h e  cumulat ive e f f e c t s  o f  numerous small r e p a i r s  can 
adverse ly  impact t h e  a b i l i t y  o f  t h e  s t r u c t u r e  t o  con ta in  damage t o  t h e  
ex ten t  necessary t o  meet f a i l - s a f e  o r  damage t o l e r a n t  regu la t i ons .  
A d d i t i o n a l l y ,  t h e  s t r u c t u r e  under l y ing  the  r e p a i r s  can be d i f f i c u l t  i f  n o t  
impossib le  t o  i nspec t ,  which can be de t r imenta l  where fuselage l a p  j o i n t s  are 
concerned. These types o f  eva lua t ions  are t y p i c a l l y  beyond t h e  e x p e r t i s e  o f  
QA and maintenance departments and must be addressed by q u a l i f i e d  engineer ing 
personnel .  

The Safe ty  Board be l i eves  t h a t  t h e  cont inued a i rwor th iness  o f  a i rp lanes  
as they  age would be enhanced b,y i n c l u d i n g  q u a l i f i e d  engineers i n  t h e  
opera tor ’s  o rgan iza t i on .  While t h e  Safe ty  Board recognizes t h a t  s i t u a t i o n  
may be economical ly  u n r e a l i s t i c  f o r  a l l  operators ,  i t  be l ieves  t h a t  an 
equ iva len t  l e v e l  o f  s a f e t y  can be achieved o n l y  by us ing  engineer ing 
rep resen ta t i ves  f rom some o the r  source. Q u a l i f i e d  engineers cou ld  eva lua te  
se rv i ce  i n fo rma t ion  and a i rwor th iness  d i r e c t i v e s  w i t h  p a r t i c u l a r  respec t  t o  
the  f l e e t  a i r c r a f t  and opera t ing  cond i t i ons .  The ass is tance o f  these 
q u a l i f i e d  engineers may be a v a i l a b l e  through an i n d u s t r y  group o r  t h e  
manufacturer.  

I n  summary, t h e  Safe ty  Board be l i eves  t h a t  t h e  Aloha A i r l i n e s  
maintenance department d i d  no t  have s u f f i c i e n t  manpower, t h e  techn ica l  
knowledge, o r  t h e  requ i red  programs t o  meet i t s  r e s p o n s i b i l i t y  t o  ensure t h e  
cont inued s t r u c t u r a l  i n t e g r i t y  o f  i t s  a i rp lanes .  

Therefore,  as a r e s u l t  o f  i t s  i n v e s t i g a t i o n  o f  t h i s  acc ident ,  t h e  
Nat iona l  T ranspor ta t i on  Safe ty  Board recommends t h a t  Aloha A i r l i n e s :  

Revise t h e  maintenance program t o  recognize the  h igh - t ime  h i g h  
cyc les  na tu re  o f  t he  f l e e t  opera t ions  and i n i t i a t e  maintenance 
inspec t i on  and overhaul concepts based on r e a l i s t i c  and 
acceptable ca lendar  and f l i g h t  c y c l e  i n t e r v a l s .  (Class 11, 
P r i o r i t y  Ac t ion)  (A-89-70) 



10 

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 
organization to provide the necessary management, quality 
assurance, engineering, technical training and production 
personnel t o  maintain a high level of airworthiness of the 
fleet. (Class 11, Priority Action) (A-89-72) 

The National Transportat ion Safety Board is an independent Federal 
agency with the statutory responsibility ' I .." to promote transportation 
safety by conducting independent accident investigations and by formulating 
safety improvement recommendations" (Public Law 93-633). lhe Safety Board is 
vitally interested in any actions taken as a result of its safety 
recommendations and would appreciate a response from you regarding action 
taken or contemplated with respect to the recommendations in this letter. 
Please refer to Safety Recommendations A-89-70 through -72 in your reply. 

A1 so, the Safety Board issued Safety Recommendations A-89-53 through -69 
to the Federal Aviation Administration and A-89-73 to the Air Transport 
Association. 

KOLSTAD, Acting Chairman, and BURNETT, LAUBER, NALL, and DICKINSON, 
Members, concurred in these recommendations. 

L!L& 
k y :  James L. Kolstad 

Acting Chairman 


