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On April 28, 1988, a t  1346, a Boeing 737-200, N73711, operated by Aloha 
L t & L F W s L ~ & ~  ~-~~ m w  

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 rou te  from Hilo,  t o  Honolulu, 
Hawaii. Approximately 18 f e e t  from t h e  cabin skin 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  separated 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 fatal1.y in ju red ;  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 flightcrew 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  wit.h 
t h e  s t r u c t u r a l  separa t ion  of t h e  pressurized fuse lage  sk in .  As a r e s u l t  of 
t h i s  sepa ra t ion ,  an explos ive  decompression occurred,  and a l a r g e  por t ion  of 
t h e  a i r p l a n e  cabin s t r u c t u r e  comprising t h e  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 
structure d id  not conta in  the o r i g i n  of t h e  f a i l u r e .  S ince  the  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 examining 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  of t he  a i r p l a n e .  

The Safe ty  Board determined t h a t  the 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  the  l a p  j o i n t  along stringer S-IOL, i n i t i a l l y  near  
BS 440, allowing t h e  upper fuse lage  t o  rip 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  the intended f a i l - s a f e  "f lapping" of  the  
skin a s  designed, was evaluated by t h e  Safe ty  Board. 

'For 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 o r t - - " A L o h a  
A i r l i n e s ,  F l i g h t  2 4 3 ,  E o e i n g  7 3 7 - 2 0 0 ,  N 7 3 7 1 1 ,  n e a r  M a u i ,  H a w a i i ,  A p r i l  2 8 ,  
1 9 8 8 "  ( N T S E I  A A  R . 8 9 /  0 3  ) I 
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M u l t i p l e  s i t e  damage (MSD) descr ibes m u l t i p 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  cracks among many r i v e t  ho les 
t o  t h e  worst  case o f  s m a l l ,  v i s u a l l y  undetectable f a t i g u e  cracks emanating 
from bo th  s ides  o f  r i v e t  ho les along a complete row o f  s k i n  panel fas teners .  
Numerous areas o f  MSD were d iscovered i n  t h e  fuselage s k i n  o f  N73711 du r ing  
pos tacc ident  i n v e s t i g a t i o n .  The presence o f  MSD a l so  tends t o  negate t h e  
f a i l - s a f e  c a p a b i l i t y  o f  t he  fuselage. 

I t  i s  probable t h a t  numerous s m a l l  f a t i g u e  cracks i n  t h e  l a p  j o i n t  a long 
S-1OL j o i n e d  t o  form a l a r g e  crack ( o r  cracks) s i m i l a r  t o  t h e  c rack  a t  S-10L 
t h a t  a passenger saw when boarding t h e  acc ident  f l i g h t .  The damage 
d iscovered on the  acc ident  a i rp lane,  damage on o the r  a i rp lanes  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  se rv i ce  h i s t o r y  o f  
t h e  8-737 l a p  j o i n t  disborid problem l e d  the  Safe ty  Board t o  conclude t h a t ,  a t  
t h e  t ime  o f  t h e  acc ident ,  numerous f a t i g u e  cracks i n  t h e  fuselage s k i n  l a p  
j o i n t  a long S-1OL l i n k e d  up q u i c k l y  t o  cause ca tas t roph ic  f a i l u r e  o f  a l a r g e  
s e c t i o n  o f  t h e  fuselage.  

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  c rack ing  o r  t e a r  s t r a p  
disbond ( o r  a combinat ion o f  both) e x i s t e d  i n  t h e  l a p  j o i n t  a t  S - I O L  t o  
negate t h e  des ign- in tended c o n t r o l l e d  decompression o f  t h e  s t r u c t u r e .  

The Safe ty  Board f u r t h e r  be l i eves  t h a t  Aloha A i r l i n e s  had s u f f i c i e n t  
i n f o r m a t i o n  regard ing  l a p  j o i n t  problems t o  have implemented a maintenance 
program t o  de tec t  and r e p a i r  t he  l a p  j o i n t  damage. The in fo rma t ion  a v a i l a b l e  
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  f o l l o w i n g :  

\ 

o t h e  8-737s 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 cyc les  a t  a f a s t e r  r a t e  than any o the r  
opera tor ;  

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

o Aloha A i r l i n e s  p r e v i o u s l y  had d iscovered a 7.5- inch crack 
along l a p  j o i n t  S-1OL on another 6-737 a i 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 Serv ice B u l l e t i n  (SB) cover ing  l a p  j o i n t  
i nspec t i on  and r e p a i r  i n  1972, r e v i s e d  i n  1974, and upgraded 
t o  an A l e r t  Serv ice  B u l l e t i n  (ASB) i n  1987; and 

o t h e  FAA had issued an A i rwor th iness  D i r e c t i v e  (AD) i n  1987 
r e q u i r i n g  inspec t ions  o f  t h e  l a p  j o i n t s  along S-4 and 
r e f e r e n c i n g  t h e  Boeing ASB, which c a l l e d  f o r  i n s p e c t i o n  o f  
a l l  o t h e r  l a p  j o i n t  l o c a t i o n s ,  i n c l u d i n g  along S-10. 

The Safe ty  Board i d e n t i f i e d  t h r e e  f a c t o r s  o f  concern i n  t h e  Aloha 
A i r l i n e s  maintenance program. They were: a h i g h  accumulat ion o f  f l i g h t  
cyc les  between s t r u c t u r a l  inspec t ions ,  an extended t ime  p e r i o d  between 
inspec t i ons  t h a t  a l lowed t h e  r e l a t e d  e f f e c t s  o f  l a p  j o i n t  disbond, cor ros ion ,  
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  i n s p e c t i o n  program was implemented. 
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The Aloha Air l  ines  maintenance program did not 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  cyc le s .  The Safe ty  
Board notes  t h a t  f l i g h t  cyc les  a r e  the dominant concern in  t h e  development of 
f a t i g u e  cracking i n  p ressur ized  fuse lages  and t h e  accumulation of damage as  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 ha l f  times 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  inspec t ion .  The Safe 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  cyc le  accumulation. 

The Boeing Maintenance Planning Document (MPD) assumed a 6-  t o  8-year  
i n t e r v a 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 required 8 yea r s  t o  complete a D check cyc le .  The Safe ty  
Board be l i eves  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 r e p a i r ,  and t o  implement cor ros ion  
cont ro 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 .  

Of addi t iona l  concern t o  t h e  Sa fe ty  Board was Aloha A i r l i n e s '  p r a c t i c e  
of inspec t ing  t h e  a i rp l ane  in  small increments.  The Aloha A i r l i n e s  D check 
inspec t ion  of  t h e  8-737 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 t h e  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  t h e  use of 52 blocks/independent work 
packages i s  an inappropr ia te  way t o  a s ses s  t h e  overa l l  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 in  order  t o  keep a i rp l anes  in  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 Sa fe ty  Board be l ieves  t h a t  t h e  FAA should r eeva lua te  t h e  c r i t e r i a  
and guidance provided t o  p r inc ipa l  i n spec to r s  f o r  approving individual  
ope ra to r ' s  maintenance plans t h a t  d iv ide  s t r u c t u r a l  inspec t ions  i n t o  a l a r g e  
number of independent work packages (segments) t o  be spread over  the normal D 
check i n t e r v a l .  The Safety Board recognizes  t h e  concept t h a t  t h e  D check, a s  
ou t l i ned  i n  t h e  MPD, f o r  each a i r c r a f t  i s  accomplished in  a reasonable  t ime 
per iod such as  3 t o  5 weeks. A t r u e  heavy maintenance inspec t ion  involves 
ex tens ive  work which may t ake  severa l  days.  Comprehensive s t r u c t u r a l  
i n spec t ions  f o r  aging a i r p l a n e s ,  l ikewise ,  can bes t  be accomplished by a D 
check i n  which t h e  e n t i r e  a i r p l a n e  i s  inspected and re furb ished  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  block C checks with a phased 1/4 D check inspec t ion .  Any devia t ion  
from this " f u l l  a i rp l ane"  inspec t ion  a t  "seasonal schedul ing 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 opera t ions  
s p e c i f i c a t i o n s  a r e  approved by the Pr inc ipa l  Maintenance Inspec to r  (PMI). 
Many PMI dec i s ions  r equ i r e  knowledge of a i rp l ane  engineer ing and human 
performance f a r  beyond t h e  c a p a b i l i t i e s  of any one ind iv idua l .  The Safety 
Board be l i eves  t h a t  t h e  PMI should be required t o  seek add i t iona l  a s s i s t a n c e  
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o r  i n p u t  f rom o the r  d i v i s i o n s  o f  t h e  FAA and, through channels, f rom t h e  
manufacturer and o the r  opera tors .  The types o f  i npu t ,  t h e  sources f o r  both 
a i rwor th iness  and f l i g h t  standards i n fo rma t ion  and the  c o n d i t i o n s  under which 
such i n p u t  should be used, need t o  be reviewed and guidance developed by the  
FAA so t h e  P M I  can per fo rm h i s  d u t i e s  more e f f e c t i v e l y .  Therefore,  t h e  
Safe ty  Board be l i eves  t h a t  t h e  FAA should develop and p rov ide  guidance t o  the  
P M I  f o r  t h e  approval o f  a i r l i n e  maintenance p lans which are mod i f ied  
s i g n i f i c a n t l y  f rom t h a t  o u t l i n e d  i n  t h e  MPD. 

Another fac to r  t h a t  may have a f f e c t e d  the  performance o f  Aloha's 
maintenance and inspec t i on  personnel i s  r e l a t e d  t o  t h e  q u a l i t y  o f  support  
p rov ided by Aloha management t o  a s s i s t  these persons i n  t h e  performance o f  
t h e i r  tasks .  Proper t r a i n i n g ,  guidance, and procedures a re  needed as  w e l l  as 
an adequate working environment, s u f f i c i e n t  a i r c r a f t  down t ime  t o  per form t h e  
tasks ( i . e .  f l e x i b l e  schedul ing) ,  and an understanding o f  t h e  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  o f  t h e  a i rp lanes .  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 prov ided i n  
nondes t ruc t i ve  i nspec t i on  (NDI) techniques and methods. The inspec tor  who 
found t h e  S-4R l a p  j o i n t  cracks r e q u i r i n g  r e p a i r  s t a t e d  t h a t  o n l y  on- the- job  
t r a i n i n g  (OJT) had been prov ided s ince  he became an inspec to r  i n  August 1987; 
h i s  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-hour t r a i n i n g  session was g iven  by a Boeing rep resen ta t i ve .  Records 
i n d i c a t e  t h e  i nspec to r  who prov ided t h e  i n i t i a l  OJT had o n l y  2 hours o f  
formal N D I  t r a i n i n g ,  d u r i n g  the  same 2-hour  t r a i n i n g  sess ion on September 17, 
1987, prov ided by Boeing. Thus, t h e  Safe ty  Board i s  concerned about how much 
knowledge t h e  i n s p e c t o r  s t a f f  may have possessed about d isbonding,  cor ros ion ,  
and f a t i g u e  c rack ing  a t  t h e  t ime t h a t  they were r e q u i r e d  t o  per form t h e  
c r i t i c a l  AD i n s p e c t i o n  task .  In  f a c t ,  du r ing  d e p o s i t i o n  proceedings, t h e  
i nspec to r  who performed t h e  f i r s t  AD i nspec t i on  on N73711 could no t  
a r t i c u l a t e  what he should l o o k  f o r  when inspec t i ng  an a i r p l a n e  f o r  co r ros ion  
s igns.  

The Safe ty  Board be l i eves  t h a t  exacerbat ing t h e  d i f f i c u l t y  i n  the  
i n s p e c t i o n  tasks  o f  a i r l i n e  maintenance personnel i s  t h e  f a c t  t h a t  FAA 
approved t r a i n i n g  f o r  a i r c r a f t  maintenance techn ic ians  conta ins  m a t e r i a l  t h a t  
i s  l a r g e l y  i r r e l e v a n t  t o  t h e  t a s k s  t h a t  l i c e n s e d  personnel  w i l l  a c t u a l l y  
per fo rm i n  an a i r l i n e  environment. For example, 14 CFR 147, which governs 
t h e  c e r t i f i c a t i o n  o f  maintenance personnel ,  r e q u i r e s  t h a t  s tudents  i n  FAA 
approved maintenance schools be knowledgeable i n  such t o p i c s  as wood 
a i r f rames,  a i r f rame f a b r i c  r e p a i r ,  and a p p l i c a t i o n  o f  p a i n t  and dope. In a 
t ime  when t h e  FAA i s  c e r t i f i c a t i n g  a i r  t r anspor t  a i r c r a f t  w i t h  f l y - b y - w i r e  
technology, composite m a t e r i a l s  c o n s t r u c t i o n  and computer s e l f  mon i to r ing  
c a p a b i l i t i e s ,  t h e  words "computer" and "composite" do no t  appear i n  t h e  l i s t  
o f  r e q u i r e d  cu r r i cu lum sub jec ts  among a i r f rame systems and components i n  
14 CFR 147, Appendix C. The Safe ty  Board be l i eves  t h a t  c u r r e n t  requirements 
f o r  t r a i n i n g  a v i a t i o n  maintenance personnel f a i l  t o  address t h e  tasks  t h a t  
such personnel  w i l l  a c t u a l l y  per form f o l l o w i n g  t h e i r  l i c e n s u r e .  The Safe ty  
Board i s  concerned about how w e l l  t he  FAA approved t r a i n i n g  c u r r i c u l a  can 
address t h e  human performance l i m i t a t i o n s  o f  a r e l a t i v e l y  s imple v i sua l  
i n s p e c t i o n  t a s k  when t h e  t r a i n i n g  t h a t  maintenance personnel  rece ive  f a i l s  t o  
address t h e  bas i c  s k i l l s  they  w i l l  be expected t o  per fo rm on t h e  j ob .  The 
Safe ty  Board be l i eves  t h a t  t h e  FAA should examine t h e  r e g u l a t i o n s  governing 
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the certification of aviation maintenance technican schools and the licensure 
of airframe and powerplant mechanics and revise the regulations to address 
contemporary developments in airplane maintenance. 

Another area of Safety Board concern arises from the fact that there are 
no FAA requirements for formal training or licensing of NDI personnel. The 
Safety Board is aware that the United Kingdom Civil Aviation Authorities and 
those in other countries have formally recognized the importance of NDI 
skills and have required in-depth training, skill demonstration, 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 

time. 

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

The policies, procedures, and organization of Aloha Airlines aircraft 
maintenance and inspection program significantly affected the control o f  
corrosion of 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 Airl ines inspectors and maintenance managers. This 
was particularly noteworthy when one considers that Aloha Airl ines indicated 
that SB 737-53-1039, 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 af 
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. 

trmrrmganrtwith+e-tAee+&sbwb+C- m- . .  
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A d d i t i o n a l l y ,  t he  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 i ons  were removed from t h e  a i r p l a n e  and inspected more c lose ly ,  
t he re  were i n d i c a t i o n s  o f  cor 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 t h e  cables had been reduced s i g n i f i c a n t l y  by 
co r ros ion  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 l o a d  when p laced i n  tens ion  by t h e  
displacement o f  t h e  l e f t  s i d e  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  ex tens ive  sur face  co r ros ion  where they  were rou ted  through t h e  
l ead ing  edge o f  t h e  wing. These cables may have remained i n t a c t  d u r i n g  t h e  
separa t ion  sequence o n l y  because o f  t he  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 the  r i g h t  s i d e  o f  t h e  cabin.  

The damage t o  t h e  t h r o t t l e  cables appears much t h e  same as t h e  t ype  o f  
co r ros ion  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 t e e 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  of t h e  cab le  rou ted  through the  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  
the  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 tee 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  
e x i s t i n g  a i rp lanes  rep lace  t h e  o r i g i n a l  carbon s t e e l  cables on produc t ion  
l i n e  numbers 1 through 502 as  requ i red .  A t  t h i s  date, t h e  number o f  a i r c r a f t  
mod i f i ed  i n  accordance w i t h  t h e  a p p l i c a b l e  SL has no t  been es tab l i shed  
accu ra te l y .  Laboratory  examinat ion o f  t h e  separated cables f rom N73711 
conf i rmed t h a t  t hey  were the  o r i g i n a l  carbon s t e e l  type.  The Safe ty  Board i s  
concerned t h a t  Aloha A i r l i n e s  d i d  no t  t ake  advantage o f  t h e  manufacturer ’s 
c o r r e c t i v e  a c t i o n  f o r  these cables,  e s p e c i a l l y  i n  l i g h t  o f  t h e i r  i n i t i a l  
d iscovery  o f  t h e  problem and r e c o g n i t i o n  o f  t h e i r  own harsh opera t i ng  
environment. 

Even though t h e  co r ros ion  problems w i t h  t h e  carbon s t e e l  engine c o n t r o l  
cables have been known f o r  q u i t e  some t ime, t h e  Safe ty  Board be l i eves  t h a t  it 
would be b e n e f i c i a l  t o  once again address t h i s  area i n  l t g h t  o f  t h e  cab le  
c o n d i t i o n  on the  acc ident  a i r p l a n e  and t h e  f a c t  t h a t  some p o r t i o n s  o f  t h e  
cables can be d i f f i c u l t  t o  i nspec t .  The Safe ty  Board be l i eves  t h a t  t h e  FAA 
should i ssue  an A i rwor th iness  D i r e c t i v e  t o  t h e  opera tors  o f  t h e  a f f e c t e d  
8-737 a i r p l a n e s  adv i s ing  them o f  t h e  co r ros ion  p o t e n t i a l  o f  carbon s t e e l  
engine c o n t r o l  cables and d i r e c t i n g  them t o  t h e  i n fo rma t ion  conta ined i n  
737-SL-76-2-A rega rd ing  cab le  replacement I 

The c o n d i t i o n  o f  h igh  c y c l e  8-737s i n  t h e  Aloha A i r l i n e s  f l e e t  w i t h  
respect  t o  l a p  j o i n t  cor ros ion ,  m u l t i p l e  r e p a i r s ,  and d e t e c t i o n  o f  f a t i g u e  
c rack ing  i s  an example o f  what can occur i n  the  absence o f  r e g u l a r  and 
knowledgeable eva lua t i ons  of a i r c r a f t  c o n d i t i o n  by q u a l i f i e d  engineer ing 
s t a f f .  
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The Safe ty  Board be l ieves  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 by i n c l u d i n g  q u a l i f i e d  engineers i n  the 
opera to r ' 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 i eves  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  from some o the r  source. Q u a l i f i e d  engineers cou ld  evaluate 
s e r v i c e  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  
t h e  f l e e t  a i r c r a f t  and opera t i ng  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.  The Safe ty  Board be l i eves  t h a t  t he  Aloha A i r l i n e s  maintenance 
department d i d  n o t  have s u f f i c i e n t  manpower, t he  techn ica l  knowledge, o r  t h e  
r e q u i r e d  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 .  The Safe ty  Board, t he re fo re ,  
recommends t h a t  t he  FAA r e q u i r e  a i r l i n e  operators  t h a t  do no t  have a 
f u n c t i o n i n g  engineer ing department t o  ma in ta in  a formal a l t e r n a t i v e  t o  

The Safe ty  Board reviewed FAA r e s p o n s i b i l i t i e s  regard ing  the  issuance 
and c l a r i t y  o f  A i rwor th iness  D i r e c t i v e s .  I n - s e r v i c e  f a t i g u e  c rack ing  i n  a 
disbonded area o f  a 8-737 l a p  j o i n t  was f i r s t  repor ted  i n  1984 (by Aloha 
A i r l i n e s ) .  Then i n  A p r i l  1987, a f o r e i g n  opera tor  repo r ted  severa l  cases 
w i t h i n  h i s  f l e e t .  8oeing acted by r e v i s i n g  the  e x i s t i n g  l a p  j o i n t  d isbond 
in fo rma t ion ,  SB 737-53-1039, Rev is ion  2 (which had advised t h a t  prolonged 
opera t i on  w i t h  disbonded areas would r e s u l t  i n  f a t i g u e  cracks) ,  upgrading the  
SB t o  A l e r t  s ta tus ,  and n o t i f y i n g  t h e  FAA. I n  October 1987, m u l t i p l e  s i t e  
c rack ing  was d iscovered du r ing  t h e  manufacturer 's cont inued f a t i g u e  t e s t i n g  
o f  a 8-737 a f t  body sec t ion .  W i t h i n  the  same t ime frame, t h e  FAA issued AD 
87-21-08 which requ i red  mandatory i nspec t i on  f o r  f a t i g u e  c rack ing .  

The Safe ty  Board considers i t  un fo r tuna te  t h a t  t h e  Boeing A l e r t  SB t o  
i nspec t  a l l  l a p  j o i n t s  was no t  issued a f t e r  t h e  f i r s t  ins tance o f  c rack ing ,  
and t h a t  t h e  i n t e n t  o f  t h e  A l e r t  SB was a l t e r e d  s i g n i f i c a n t l y  by t h e  FAA t o  
reduce t h e  scope o f  t he  i nspec t i on  when t h e  AD was re leased.  The Safe ty  
Board be l i eves  t h a t  had a f u l l  i nspec t i on  o f  a l l  l a p  j o i n t s  been mandated, 
t h e  l i k e l i h o o d  o f  t h i s  acc ident  occu r r i ng  may have been reduced. Therefore,  
t he  l i m i t e d  AD requirements imposed by t h e  FAA prec luded t h e  con t inu ing  
a i rwor th iness  o f  t he  aging B-737s and t h e  reduced i n s p e c t i o n  c r i t e r i a  i s  
cons idered a c o n t r i b u t i n g  f a c t o r  t o  t h e  cause o f  t h i s  acc ident .  

When Aloha A i r l i n e s  accomplished the  inspec t ions  and r e p a i r s  assoc iated 
w i t h  t h e  AD, t hey  omi t ted  i nspec t i ons  o f  l a p  j o i n t s  o the r  than those along 
S-4 and they  d i d  no t  rep lace  t h e  remain ing fas teners  i n  t h e  upper row o f  t h e  
S-4R l a p  j o i n t  w i t h  un i ve rsa l  head ( "bu t ton  head" o r  p r o t r u d i n g  head) r i v e t s ,  
as o u t l i n e d  i n  Boeing ASB 737-53A1039. The AD p e r t a i n i n g  t o  t h e  l a p  j o i n t  
i nspec t i ons  s ta tes ,  i n  p a r t :  

I J m * w k C s .  

Repair  a l l  cracks and t e a r s t r a p  delaminat ions found as a r e s u l t  o f  
t he  above inspec t ions  p r i o r  t o  f u r t h e r  f l i g h t  i n  accordance w i t h  
Boeing A l e r t  Serv ice B u l l e t i n  737-53A109, Rev is ion  3, dated 
August 20, o r  l a t e r  FAA-approved r e v i s i o n s .  
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The appropr ia te  s e c t i o n  o f  t h e  ASB s ta tes ,  i n  p a r t :  

Repair  f a t i g u e  cracks us ing  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, F igure  16, and rep lace  
a l l  remaining upper row f l u s h  j o i n t - f a s t e n e r s  i n  t h a t  panel j o i n t  
w i t h  overs ized p r o t r u d i n g  head s o l i d  fas teners  per  Pa r t  I V  - Repair  
Data. 

Whi le operators  have i n t e r p r e t e d  the  r e p a i r  i n s t r u c t i o n s  l i s t e d  i n  the  
AD no te  as r e q u i r i n g  t h e  i n s t a l l a t i o n  o f  t h e  p r o t r u d i n g  head r i v e t s  as  a 
p a r t  o f  t h e  r e p a i r ,  t he  FAA personnel s ta ted  t h a t  i t s  i n t e n t  was t o  have 
p r o t r u d i n g  head fas teners  i n s t a l l e d  throughout the  s k i n  panel j o i n t  where 
c rack ing  was found. 

Repairs o f  t h e  S-4  j o i n t  by Aloha A i r l i n e s  were accomplished us ing  t h e  
procedure i n  the  S t r u c t u r a l  Repair  Manual and excluded r e p l a c i n g  the  
remain ing f l u s h  j o i n t - f a s t n e r s .  The Safe ty  Board be l i eves  t h a t  t he  
i n s t r u c t i o n s  c o n t a i n e d  i n  t h e  AD were i n e x a c t  and sub jec t  t o  
m i s i n t e r p r e t a t i o n .  

Such confus ion i l l u s t r a t e s  t h e  d i f f i c u l t y  i nhe ren t  i n  a t tempt ing  t o  
present techn ica l  i n fo rma t ion  so t h a t  i t  can be i n t e r p r e t e d  p r o p e r l y  by t h e  
users o f  t he  i n fo rma t ion .  I n  the  case o f  t h i s  AD, i t  i s  be l i eved  t h a t  t h e  
r e p a i r  i n s t r u c t i o n s  cou ld  have been preserit.ed more e x p l i c i t y .  Th is  was, i n  
f a c t ,  done i n  subsequent ADS p e r t a i n i n g  t o  the  same sub jec t .  

The Safe ty  Board i s  s a t i s f i e d  that.  t he  t .erminat ing a c t i o n  f o r  t h e  
d isbonding o f  8-737 l a p  j o i n t s  and t e a r  s t raps  r e q u i r i n g  replacement o f  t he  
upper r i v e t  r o w  i s  an e f f e c t i v e  measure t o  co r rec t  t h i s  recognized B-737 
d e f i c i e n c y .  

However, l a b o r a t o r y  examinat ion o f  t h e  S - 4 R  l a p  j o i n t  sample f rom the  
acc ident  a i r p l a n e  revea led  another area o f  concern w i t h  e a r l y  l i n e  number 
8-737 a i r p l a n e s .  Fa t igue cracks were found emanating f rom the  fas tene r  ho les 
o f  a s i g n i f i c a n t  number o f  r , i v e t s  i n  t h e  middle row o f  t h e  l a p  j o i n t .  The 
Sa fe ty  Board i s  concerned t h a t  because o f  t h e  extended l i f e t i m e  o f  t h e  B-737 
a f f o r d e d  by t h e  t e r m i n a t i n g  a c t i o n  mandated f o r  t h e  upper r i v e t  row, the  
lower  r i v e t  row on t h e  i n n e r  ( lower )  s k i n  panel e v e n t u a l l y  w i l l  be a l o c a t i o n  
f o r  f a t i g u e  cracks t o  develop. These cracks,  i f  they  occur, cannot be 
de tec ted  e x t e r n a l l y  by v i s u a l  means s ince  they  are covered by t h e  o u t e r  s k i n  
panel .  The FAA and Boeing should cont inue t o  eva lua te  t h e  e a r l y  model 8-737 
a i r p l a n e s  t o  determine t h e  types o f  inspec t ions ,  i n s p e c t i o n  in t .e rva ls ,  and 
c o r r e c t i v e  ac t i ons  t o  be i n s t i t u t e d  i f  a s i g n i f i c a n t  f a t i g u e  c rack ing  problem 
develops i n  t h e  midd le  and lower  row o f  l a p  j o i n t  fas teners .  

The i n v e s t i g a t i o n  has revea led  t h a t  s t a f f i n g  l e v e l s  i n  some FSDDs are 
i n s u f f i c i e n t .  The P r i n c i p a l  Maintenance Inspec to r  ( P M I )  r espons ib le  f o r  
Aloha A i r l i n e s  i n d i c a t e d  t h a t  he was a l s o  assigned as  t h e  P M I  f o r  n ine  o the r  
opera tors  and seven r e p a i r  s t a t i o n s  throughout t h e  P a c i f i c  r i m  area. He a l so  
was assigned out  o f  h i s  geographic area o f  r e s p o n s i b i l i t y  t o  p a r t i c i p a t e  i n  a 
N A S I P  , inspect ion.  The Safe ty  Board be l i eves  t h a t  t h e  P M I ’ s  workload was too  
ex tens ive  f o r  him t o  be adequately e f f e c t i v e .  
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As a r e s u l t  of t h e  FAA sponsored Safe ty  Ac t iv i ty  Functional Evaluation 
(P ro jec t  SAFE) in  1984, t h e  FAA F l igh t  Standards System i s  now i n  a 5-year 
program t o  improve i n s p e c t i o n  g u i d a n c e ,  f i e l d  s u r v e i l l a n c e ,  and 
s t anda rd iza t ion .  The FAA has been a l loca ted  addi t iona l  h i r i n g  a u t h o r i t y  and 
funds t o  inc rease  t h e  number of a i r  c a r r i e r  i n spec to r s .  While addi t iona l  
personnel w i l l  improve the s t a f f i n g  s i t u a t i o n ,  t h e  Sa fe ty  Board i s  concerned 
about the q u a l i f i c a t i o n s  of  t h e  newly h i red  in spec to r s  and t h e  t r a i n i n g  of 
t h e  in spec to r  fo rce .  Because t h e r e  a r e  a l i m i t e d  number of candidates  who 
have ex tens ive  a i r  c a r r i e r  backgrounds, t h e  FAA has had t o  h i r e  people with 
general  av ia t ion  o r  m i l i t a r y  backgrounds o r  t r a n s f e r  i n spec to r s  from general  
a v i a t i o n  assigments.  As a r e s u l t ,  t h e  new inspec to r s  a r e  not  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 p r a c t i c e s .  Although t h e  FAA 
provides  a 6-week indoc t r ina t ion  f o r  t h e  new inspec to r s ,  i t  r equ i r e s  several  
y e a r s  of on- the- job  experience t o  make t h e  in spec to r s  most e f f e c t i v e .  Then 
they  progress  on a c a r e e r  path t h a t  l eads  toward being appointed as a 
PMI. There i s  n o  s p e c i f i c  formal t r a i n i n g  course f o r  PMIs. Addi t iona l ly ,  

t r a i n .  r e s u l t i n q  i n  a work -zxuc-q s w  d i f f i c u l t  to a 
f o r c e  t h a t  must t r y  very hard t o  s t a y  ahead of t h e  ope ra to r s  and quickly 
advancing a i r c r a f t  technology. 

The S a f e t y  Board s o u g h t  t o  i d e n t i f y  e x i s t i n g  boundaries of 
r e s p o n s i b i l i t y  of t h e  PMI regarding regula tory  compliance and t h e  l eve l  of 
maintenance qual i t ,y  demonstrated b,y t h e  assigned a i r  c a r r i e r .  Evidence of 
accoun tab i l i t y  of  the PMI and d i s t r i c t  o f f i c e  f o r  the performance of the 
assigned c a r r i e r ( s )  was not  apparent .  Evidence suggests  t h a t  FAA 
s u r v e i l l a n c e  and inspec t ion  programs a re  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 lua t ion  of PMI performance i s  o r i en ted  t.oward quan t i ty  of 
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 Safe ty  
Board i s  concerned t h a t  t h e  PMI has t h e  a u t h o r i t y  t o  approve c r i t i c a l  a reas  
o f  a i r  c a r r i e r  maintenance programs without being held respons ib le  f o r  those  
approvals .  There does not  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 ecu r r ing  q u a l i t a t i v e  assessments of  PMI approvals .  

Followup of t h e  NASIP f ind ings  i s  a l s o  i n d i c a t i v e  of  a l a c k  of PMI 
accoun tab i l i t y .  The negat ive  f i n d i n g s  of an a i r l i n e  maintenance program a r e  
placed i n t o  t h e  ove r s igh t  of t h e  PMI t o  promote and monitor c o r r e c t i v e  
a c t i o n .  That i s ,  a nega t ive  s i t u a t i o n  may occur under t h e  , j u r i sd i c t ion  and 
s u r v e i l l a n c e  of a PMI and y e t  he i s  respons ib le  t o  eva lua te  and fol low u p  on 
c o r r e c t i v e  ac t ion .  Therefore ,  t h e  accoun tab i l i t y  f o r  t h e  on-going q u a l i t y  of 
t h e  PMIs work performance does not appear t o  e x i s t .  

I t  appears t h a t  t h e  cu r ren t  su rve i l l ance  system can lead  t o  "rubber 
stamp" approvals and endorsement of an a i r  c a r r i e r ' s  opera t ions  and 
maintenance programs. Improvements a re  needed t o  encourage and support  t h e  
PMIs' e f f o r t s  t o  secure  compliance and t o  promote upgraded l e v e l s  of 
performance by t h e  assigned a i r  c a r r i e r  i n  both s a f e t y  and  r e l i a b i l i t y  a reas .  
Without such improvements, t h e  system of program approval can be dr iven by 
the momentum and i n t e r e s t s  of t h e  a i r  c a r r i e r .  I t  appears the present  system 
i s  sus ta ined  by t h e  personal i n t e g r i t y  and dedica t ion  of t h e  concerned FAA 
in spec to r  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  current,  environment, only t h e  most 
motivated PMIs wi l l  maintain t h e i r  sense of r e s p o n s i b i l i t y  t o  ensure maximum 

. .  . .  
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e f f i c i e n c y  and s a f e t y .  The Safety  Board recognizes t h e  need f o r  increased 
FAA management emphasis on t h e  a c c o u n t a b i l i t y  o f  a P M I ' s  performance. Both 
reg iona l  and headquarters F l i g h t  Standards s t a f f  should become more i nvo l ved  
i n  assessing and ensur ing P M I  a c c o u n t a b i l i t y .  

I n  a d d i t i o n ,  t he re  i s  a l so  a need f o r  a program o f  s tandard ized 
approvals  o f  a i r  c a r r i e r  maintenance programs t o  promote a un i fo rm and 
acceptable l e v e l  o f  s a f e t y  performance i n  the  c u r r e n t  compe t i t i ve  a i r  c a r r i e r  
i n d u s t r y .  The S a f e t y  Board be l i eves  t h a t  t he  a u t h o r i t y  o f  t h e  P M I  f o r  
approval  o f  a i r 1  ines  procedures and opera t ions  s p e c i f i c a t i o n s  can be b e t t e r  
guided, and o v e r a l l  P M I  performance improved, i f  d e f i n i t i v e  F l i g h t  Standards 
c r i t e r i a  are p rov ided t o  those i n  t h e  f i e l d .  

The Safe ty  Board a l s o  i n v e s t i g a t e d  t h e  e f fec t i veness  o f  t h e  Nat iona l  
A v i a t i o n  Safe ty  Inspec t i on  Program ( N A S I P )  a f t e r  t h e  Aloha A i r l i n e s  acc ident .  
A N A S I P  i nspec t i on  had been performed a t  Aloha A i r l i n e s  i n  December 1987 and 
none o f  t he  f i n d i n g s  and c o r r e c t i v e  ac t i ons  addressed a i r p l a n e  s t r u c t u r a l  
maintenance. I n  f a c t ,  N A S I P  looked c h i e f l y  a t  manuals and records w i t h  a 
minimal e f f o r t  expended t o  t h e  c o n d i t i o n  o f  t he  f l e e t .  A month e a r l i e r ,  
Boeing had performed a maintenance eva lua t i on  o f  t h e  c a r r i e r  a t  Aloha 
A i r l i n e s '  request .  Boeing found several  areas o f  concern i n c l u d i n g  the  
d e t e r i o r a t e d  s t r u c t u r a l  c o n d i t i o n  o f  t h e  Aloha A i r l i n e s '  h igh -cyc le  a i rp lanes  
and Aloha A i r l i n e s '  immediate need f o r  a s t r u c t u r e s  engineer.  The Boeing 
i n s p e c t i o n  prov ided a convenient y a r d s t i c k - b y  which the  e f fec t i veness  o f  t h e  
NASIP  e f f o r t  can be measured. The Boeing e f f o r t  concentrated i n i t i a l l y  on 
t h e  ac tua l  c o n d i t i o n  o f  t he  a i rp lanes ,  arid then i t  reviewed t h e  paperwork t o  
f i n d  ou t  why the  maintenance program had r e s u l t e d  i n  t h e  a i r p l a n e  
d e t e r i o r a t i o n .  The Safe ty  Board concluded t h a t  t he re  a re  inadequacies i n  t h e  
NASIP  o b j e c t i v e s  and methodology which r e q u i r e  a change i n  t h e  c u r r e n t  
ph i losophy o f  FAA s u r v e i l l a n c e  t o  i nc lude  added i n s p e c t i o n  o f  f l e e t  a i r p l a n e  
c o n d i t i o n .  

The Safe ty  Board a l so  be l i eves  t h a t  r o u t i n e  s u r v e i l l a n c e  and the  NASIP  
concept should be ad jus ted  toward a more " s a f e t y - o r i e n t e d "  q u a l i t a t i v e  
program t o  complement the  cu r ren t  "Federal  r e g u l a t i o n  compliance" approach. 
That i s ,  under t h e  cu r ren t  phi losophy, t h e  FAA examines a i r l i n e  records f o r  
compliance w i t h  regu la t i ons ,  and some negat ive  f i n d i n g s  ( v i o l a t i o n s )  r e s u l t  
i n  enforcement ac t i ons  f o r  which the re  a re  c l e a r  gu ide l i nes .  However, many 
nega t i ve  f i n d i n g s  are "nonregulatory"  mat te rs  f o r  which bo th  t h e  l o c a l  PMIs 
and t h e  NASIP  teams b e l i e v e  c o r r e c t i v e  ac t i ons  should be taken. In t h e  
preamble t o  t h e  1987 N A S I P  r e p o r t  o f  Aloha A i r l i n e s ,  t h e  FAA team stated,  
" A l o h a  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 no t  be ing ab le  t o  recognize t h e i r  own d e f i c i e n c i e s ,  as 
t h i s  r e p o r t  w i l l  i n d i c a t e . "  "Responsi b i  1 i t i e s "  apparent ly  r e f e r s  t o  
r e g u l a t i o n s  under which Aloha A i r l i n e s  i s  charged w i t h  ma in ta in ing  i t s  
a i r p l a n e  i n  an a i rwor thy  c o n d i t i o n  (FAR 121.363). "De f i c ienc ies "  i n  t h i s  
case apparent ly  r e f e r s  t o  i tems which t h e  FAA be l i eves  Aloha A i r l i n e s  should 
c o r r e c t  t o  operate s a f e l y .  There was no n a t i o n a l  FAA program t o  eva lua te  and 
v e r i f y  t h e  q u a l i t y  o f  t he  c o r r e c t i v e  ac t ions ,  no r  t o  determine t h e  t i m e l i n e s s  
o f  such ac t i ons .  For example, t h e  NASIP  team found t h a t  Aloha A i r l i n e s  
'I.. .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." Al though FAR 121.373 
" C o n t i n u i n g  a n a l y s i s  and s u r v e i l l a n c e "  addresses an a i r  c a r r i e r ' s  
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r e s p o n s i b i l i t y  t o  maintain a system f o r  cont inuing a n a l y s i s  and su rve i l l ance  
of i t s  inspec t ion  and maintenance programs, t h e  FAA NASIP inspec to r s  
apparent ly  concluded t h a t  t h e  r egu la t ion  was too sub jec t ive  t o  use a s  a bas i s  
f o r  enforcement ac t ion  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  their  i n t e r n a l  a u d i t  program. 

Technica l ly ,  as  s t a t e d  by the FAA,  i f  an a i r l i n e  complies with the 
r e g u l a t i o n s ,  i t  i s  " sa fe . "  However, many r egu la t ions  a r e  s u b j e c t i v e  in  
na ture  and a r e  sub jec t  t o  i n t e r p r e t a t i o n .  Consequently, even with severa l  
s i g n i f i c a n t  negat ive f ind ings  by a NASIP team, as  was t h e  case  with 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 opera t ions  without  making 
immediate changes and without having t o  s e t  deadl ines  f o r  completion on 
recommended a c t i o n s .  I n  f a c t ,  t h e  overs ight  and c loseout  of c o r r e c t i v e  
a c t i o n s  suggested by t h e  NASIP team were l e f t  t o  t h e  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 rou t ine  su rve i l l ance  t h e  d i sc repanc ie s  e x i s t e d .  

-+h€-h% . e e f - W w % l l - *  0 - * ~ ~ ~  
f o r  MSD was not  a p a r t  of t h e  c e r t i f i c a t i o n  requirements,  not- i s  i t  requi red  
now. T h i s  i s  demonstrated by t h e  f a c t  t h a t  t h e r e  i s  no s p e c i f i c  FAA 
requirement f o r  f u l l - s c a l e  f a t i g u e  testing t o  mul t ip le  pro jec ted  s e r v i c e  
l i f e t i m e s  of an a i r p l a n e .  Boeing attempted t o  assure  f a t i g u e  l i f e  by t e s t i n g  
the r e p r e s e n t a t i v e  h a l f  fuse lage  s e c t i o n  t o  two l i f e t i m e s .  However, t h e  
d u r a b i l i t y  of t h e  l a p  j o i n t  cold bond appears t o  be t h e  governing f a c t o r  
producing mul t ip l e  s i t e  f a t i g u e  cracking i n  t h e  B-737 l a p  j o i n t s .  The Safe ty  
Board be l i eves  t h a t  t h e  Boeing f a t i g u e  t e s t s  of t h e  fuse lage  t o  two l i f e t i m e s  
d i d  not  genera te  f a t i g u e  c racking ,  probably because t h e  l a p  j o i n t  and t e a r  
s t r a p  bonds on t h e  t e s t  a r t i c l e  were i n i t i a l l y  of good q u a l i t y .  Nonetheless,  
t h e  Sa fe ty  Board be l ieves  in  l i g h t  of t h e  increased knowledge of and concern 
f o r  t h e  occurrence of MSD, t h e  d i f f i c u l t i e s  t h a t  may be encountered i n  
d e t e c t i n g  t h i s  type of damage and t h e  ca t a s t roph ic  f a i l u r e  t h a t  may result 
from such damage, f u l l - s c a l e  f a t i g u e  t e s t i n g  t o  a minimum of two pro jec ted  
s e r v i c e  l i f e t i m e s  should be requi red  f o r  c e r t i f i c a t i o n  of new des igns .  

The Sa fe ty  Board be l ieves  t h a t  f u l l - s c a l e  f a t i g u e  t e s t i n g  obviously i s  
not  a s u b s t i t u t e  f o r  a comprehensive s t r u c t u r a l  inspec t ion  program 
throughout t h e  a i rp l ane ' s  s e r v i c e  l i f e .  The e f f e c t i v e n e s s  of t hese  
inspec t ion  programs a s  the a i r p l a n e  ages would be enhanced by the  e a r l y  
i d e n t i f i c a t i o n  of  a reas  where MSD does occur and incorpora t ion  of  t h e  
necessary prevent ive  design changes so t h a t  MSD i s  not  a s i g n i f i c a n t  f a c t o r  
during the a i r p l a n e ' s  opera t ing  l i f e t i m e .  

The Supplemental S t r u c t u r a l  Inspect ion Programs (SSIPs) mandated by t h e  
FAA vary by concept and implementation from manufacturer t o  manufacturer and 
from model t o  model. As Boeing devised t h e  SSIP f o r  t h e i r  e x i s t i n g  
c e r t i f i c a t e d  a i r p l a n e s ,  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 determined which 
SSIs a r e  included i n  t h e  supplemental inspec t ions .  Because Boeing def ined 
t h e  fuse lage  s k i n  a s  "damage obvious o r  malfuction evident ' '  i f  i t  c racks ,  t h e  
fuse l age  skin was excluded from d i r e c t e d  supplemental inspec t ion .  Other 
manufacturers use d i f f e r e n t  c r i t e r i a  and include primary fuse l age  s t r u c t u r e  
and skin i n  t h e  s t r u c t u r a l  inspec t ion  program. 
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Boeing be l i eves  t h a t  t h e i r  cu r ren t  FAA approved inspec t i on  program i s  
adequate f o r  d e t e c t i n g  l ead  cracks r e s u l t i n g  f rom MSD be fore  t h e  damage 
becomes c r i t i c a l .  However, t h e  Aloha A i r l i n e s  acc ident  i l l u s t r a t e s  t h a t  i t  
i s  p o s s i b l e  t o  have enough undetected (bu t  t e c h n i c a l l y  de tec tab le )  damage 
along a r i v e t  l i n e  t o  negate t h e  c o n t r o l l e d  decompression mechanism. 

The Sa fe ty  Board recommends t h a t  t he  c l a s s i f i c a t i o n  o f  fuse lage minimum 
gage s k i n  as damage obvious be d iscont inued and t h e  a f f e c t e d  S I P S  be 
r e v i s e d  accord ing ly .  A d d i t i o n a l l y ,  a l l  o f  t h e  remain ing SSIs i n  t h e  damage 
obvious category should be reviewed i n  l i g h t  o f  t h e  recen t  approach f o r  
p o s s i b l e  i n c l u s i o n  i n  the  S I P .  

The magnitude o f  t h e  acc ident  was w e l l  beyond any a n t i c i p a t e d  emergency 
scenar io .  The f l i g h t c r e w ' s  ac t i ons  were cons is ten t  w i t h  s imu la to r  t r a i n i n g  
s i t u a t i o n s  which min imize t h e  exposure t o  p h y s i o l o g i c a l  e f f e c t s .  The 
f l i g h t c r e w ' s  success i n  managing t h e  m u l t i p l e  emergency s i t u a t i o n s  and 
recove r ing  t h e  a i r c r a f t  t o  a safe l and ing  speaks w e l l  o f  t h e i r  t r a i n i n g  and 
a i  rmans h i  p . 

The cab in  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  unpred ic ted  event .  The i r  bravery i n  moving about t o  reassure 
the  passengers and prepare them f o r  l and ing  was exemplary. 

I t  was apparent f rom crew in te rv iews  and t h e  FDR t h a t  a r a p i d  descent 
was i n i t i a t e d  s h o r t l y  a f t e r  t h e  exp los ive  decompression. The Safe ty  Board 
notes t h a t  speed brakes and 280 t o  290 K I A S  were used w i thou t  f i r s t  assur ing 
t h e  s t r u c t u r a l  i n t e g r i t y  o f  t h e  a i r p l a n e  ( the  c o c k p i t  door was miss ing  and 
sky was v i s i b l e  overhead). The I A S  used i n  t h e  descent, a l though i t  
minimized t h e  t ime  a t  a l t i t u d e ,  increased t h e  maneuvering loads and 
subjected t h e  passengers t o  f l a i l i n g  and windburn f rom t h e  e f f e c t  o f  
exposure. The open fuselage break was a l so  subjected t o  h i g h  dynamic 
pressure f rom the  wind f o r c e .  

The Operators Manual, Emergency Uescent 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 i rspeed 
as much as poss ib le  and avoid h i g h  maneuvering loads."  The Safe ty  Board 
cons iders  t h a t  eva lua t i on  o f  t h e  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, c o n f i g u r a t i o n  changes, and maneuvering 
loads)  can be c r i t i c a l  t o  t h e  success o f  f u r t h e r  f l i g h t .  The Safe ty  Board 
t h e r e f o r e  suggests t h a t  t h e  FAA issue an A i r  C a r r i e r  Operat ions B u l l e t i n  
(ACOB) t o  rev iew t h e  acc ident  scenar io  and r e i t e r a t e  the  need t o  assess 
a i r p l a n e  a i rwor th iness  as  s t a t e d  i n  the  opera tors  manual be fore  t a k i n g  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 a i r f rame.  

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  t h e  Federal A v i a t i o n  
Admin i s t ra t i on :  

Prov ide s p e c i f i c  guidance and proper  eng ineer ing  suppor t  t o  
P r i n c i p a l  Maintenance Inspec tors  t o  eva lua te  m o d i f i c a t i o n s  o f  
a i r 1  i n e  maintenance programs and opera t ions  s p e c i f i c a t i o n s  
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w h i c h  p ropose  segmenting major maintence inspec t ions .  
(Class 11, P r i o r i t y  Ac t ion)  (A-89-53) 

I d e n t i f y  opera tors  whose a i r p l a n e  use d i f f e r s  s i g n i f i c a n t l y  
f rom t h e  f l i g h t  c y c l e  versus f l i g h t  t ime r e l a t i o n s h i p  upon 
which t h e  Maintenance Planning Document was pred ica ted ,  and 
v e r i f y  t h a t  t h e i r  maintenance programs p rov ide  t i m e l y  
d e t e c t i o n  o f  both c y c l e  and t ime  r e l a t e d  d e f i c i e n c i e s .  
(Class 11, P r i o r i t y  Ac t i on )  (A-89-54) 

Revise t h e  r e g u l a t i o n s  governing t h e  c e r t i f i c a t i o n  o f  a v i a t i o n  
maintenance t e c h n i c i a n  schools and t h e  l i c e n s i n g  o f  a i r f rame 
and powerplant mechanics t o  r e q u i r e  t h a t  t h e  cu r r i cu lum and 
t e s t i n g  r e q u i r e m e n t s  i nc lude  modern a v i a t i o n  i n d u s t r y  
technology. (Class 11, P r i o r i t y  Ac t ion)  (A-89-55) 

a v i a t i o n  maintenance inspec tors  per forming nondest ruc t ive  
i n s p e c t i o n  func t i ons .  Formal t r a i n i n g  should i nc lude  
apprent icesh ip  and p e r i o d i c  s k i l l  demonstrat ion.  (Class 11, 
P r i o r i t y  Ac t i on )  (A-89-56) 

Require opera tors  t o  p rov ide  s p e c i f i c  t r a i n i n g  programs f o r  
maintenance and inspec t i on  personnel about t h e  cond i t i ons  
under which v i s u a l  inspec t ions  must be conducted. Require 
opera tors  t o  p e r i o d i c a l l y  t e s t  personnel on t h e i r  a b i l i t y  t o  
detect. t h e  de f i ned  de fec ts .  ( C l a s s  11, P r i o r i t y  Ac t ion)  

Develop a con t inu ing  i nspec t i on  program f o r  those 8-737 
a i rp lanes  t h a t  have incorpora ted  l a p  j o i n t  t e r m i n a t i n g  a c t i o n  
( p r o t r u d i n g  head s o l i d  fas teners  i n s t a l l e d  i n  t h e  upper row o f  
a l l  l a p  s p l i c e s )  t o  de tec t  any f a t i g u e  c rack ing  t h a t  may 
develop i n  t h e  middle o r  lower  rows o f  fuse lage l a p  j o i n t  
f as tene r  ho les ( f o r  both the  i nne r  and ou te r  s k i n  panels)  o r  
i n  t h e  adjacent  t e a r  s t r a p  fas tene r  ho les,  and d e f i n e  t h e  
types o f  inspec t ions ,  i nspec t i on  i n t e r v a l s ,  and c o r r e c t i v e  
ac t i ons  needed f o r  con t inu ing  a i rwor th iness .  (Class 11, 
P r i o r i t y  Ac t i on )  (A-89-58) 

Develop a model program f o r  a comprehensive c o r r o s i o n  c o n t r o l  
program t o  be inc luded i n  each opera tor ' s  approved maintenance 
program. (Class 11, P r i o r i t y )  (A-89-59) 

Issue an A i rwor th iness  D i r e c t i v e  f o r  8-737 a i rp lanes  equipped 
w i t h  carbon s t e e l  engine c o n t r o l  cables t o  p e r i o d i c a l l y  
i nspec t  t h e  cables f o r  evidence o f  co r ros ion  and i f  the re  i s  
such evidence, t o  accomplish the  ac t i ons  s e t  f o r t h  i n  Boeing 
Serv ice  L e t t e r  737-SL-76-2-A. ( C l a s s  11, P r i o r i t y  Ac t ion)  

D F q t b + t = = & & G 4 F ' r - i " "  ~~~-~ 9 f  

(A-89- 57) 

(A-89-60) 
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i Require t h a t  a i r  c a r r i e r  maintenance departments use t h e  
engineer ing s e r v i c e s  a v a i l a b l e  from t h e  manufacturer o r  o t h e r  
sources  t o  p e r i o d i c a l l y  eva lua te  t h e i r  maintenance p r a c t i c e s  
inc luding  s t r u c t u r a l  r e p a i r ,  compliance w i t h  a i rwor th iness  
d i r e c t i v e s  and s e r v i c e  b u l l e t i n s ,  performance of  inspec t ion  I 
and q u a l i t y  assurance sec t ions  and ove ra l l  e f f e c t i v e n e s s  of  
cont inuing a i rwor th iness  programs I (Class  11, P r i o r i t y  
Act i on ) (A-89 - 61 ) 

Revise t h e  National Aviation Sa fe ty  Inspect ion Program 
o b j e c t i v e s  t o  r e q u i r e  t h a t  i n spec to r s  eva lua te  not only t h e  
paperwork t r a i l ,  b u t  a l s o  the ac tua l  condi t ion  of the f l e e t  
a i r p l a n e s  undergoing maintenance and on t h e  opera t iona l  ramp. 
(Class  11, P r i o r i t y  Action) (A-89-62) 

Require National Aviation Safe ty  Inspect ion Program teams t o  
i n d i c a t e  r e l a t e d  systemic d e f i c i e n c i e s  within an ope ra to r s  
maintenance a c t i v i t y  when less than s a t i s f a c t o r y  f l e e t  
conditiori  i s  i d e n t i f i e d .  (Class  11, P r i o r i t y  Action) 

Evaluate t h e  q u a l i t y  o f  FAA s u r v e i l l a n c e  provided by t h e  
p r inc ipa l  inspec tors  as  p a r t  of  t h e  National Aviation Safe ty  
Inspect ion Program. (Class  11, P r i o r i t y  Action) (A-89-64) 

I n t e g r a t e  t h e  National Aviation Sa fe ty  Inspect ion Program team 
l eade r  i n  t h e  c loseout  of the team f ind ings .  (Class  11, 
P r i o r i t y  Action) (A-89-65) 

Enhance t h e  s t a t u r e  and performance of  t h e  p r inc ipa l  
i n spec to r s  through; (1) formal management t r a i n i n g  and 
g u i d a n c e ,  ( 2 )  g r e a t e r  encouragement  and backing by 
headquarters  of  e f f o r t s  by p r inc ipa l  i n spec to r s  t o  secure  the 
implementation by c a r r i e r s  of  l e v e l s  of  s a f e t y  above t h e  
r egu la to ry  minimums, ( 3 )  improved accoun tab i l i t y  f o r  t h e  
q u a l i t y  of  t h e  su rve i l l ance  and (4) add i t iona l  headquarters  
a s s i s t a n c e  i n  s t a n d a r d i z i n g  s u r v e i l 1  ance  a c t i v i t i e s .  
(Class  11, P r i o r i t y  Action) (A-89-66) 

Require t h a t  a l l  t u r b o j e t  t r a n s p o r t  category a i r p l a n e s  
c e r t i f i c a t e d  i n  t h e  f u t u r e ,  r ece ive  fu l l  s c a l e  s t r u c t u r a l  
f a t i g u e  t e s t i n g  t o  a minimum of  two t imes t h e  pro jec ted  
economic s e r v i c e  l i f e .  Also r e q u i r e  t h a t  a l l  c u r r e n t l y  
c e r t i f i c a t e d  t u r b o j e t  t r a n s p o r t  category a i rp l anes  t h a t  have 
riot been f a t i g u e  t e s t e d  t o  two l i f e t i m e s ,  be subjec ted  t o  such 
testing. As a r e s u l t  of  t h i s  t e s t i n g  and subsequent 
i n spec t ion  and a n a l y s i s ,  r e q u i r e  manufacturers t o  i d e n t j f y  
s t r u c t u r e  s u s c e p t i b l e  t o  mul t ip l e  s i t e  damage and adopt 
inspec t ion  programs appropr ia te  f o r  t h e  d e t e c t i o n  of  such 
damage. (Class  11, P r i o r i t y  Action) (A-89-67) 

(A-89-63) 
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Discontinue c l a s s i f i c a t i o n  of fuse lage  skin a s  "malfunction 
ev ident"  or "damage obvious" on supplemental s t r u c t u r a l  
inspec t ion  documents. In add i t ion ,  review a l l  t h e  remaining 
s t r u c t u r a l l y  s i g n i f i c a n t  items in  t h e  damage obvious category 
f o r  poss ib l e  inc lus ion  i n  the  Supplementary Inspect ion 
Program. (Class  11, P r i o r i t y  Action) (A-89-68) 

I ssue  an Air C a r r i e r  Operations Bu l l e t in  f o r  a l l  a i r  c a r r i e r  
f l i g h t  t r a i n i n g  departments t o  review t h e  acc ident  s cena r io  
and r e i t e r a t e  t h e  need t o  a s ses s  a i r p l a n e  a i rwor th iness  as  
s t a t e d  i n  the  opera tors  manual before  tak ing  ac t ion  t h a t  may 
cause f u r t h e r  damage o r  breakup of a damaged a i r f rame.  
(Class  11, P r i o r i t y  Action) (A-89-69) 

Also, t h e  Safe ty  Board issued Sa fe ty  Recommendations A-89-70 through 
t o  Aloha A i r l i n e s  and A-89-73 t o  t h e  Air  Transport  Associat ion.  

.72  

KOLSTAD, Acting Chairman, and  BURNETT, L A U B E R ,  N A L L ,  and DICKINSON,  
Members, concurred in  these  recommendations. 

L \ L b  
'6: James L .  Kolstad 

Acting Chairman 




