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On May 11, 1990, a Boeing  737-300, I r e l a n d  r e g i s t r a t i o n  E I - B Z G ,  l e a s e d  
t o  and o p e r a t e d  by  P h i l i p p i n e  A i r  L i n e s ,  exp loded and burned a t  M a n i l a ,  
R e p u b l i c  o f  t h e  P h i l i p p i n e s ,  s h o r t l y  a f t e r  pushback f r o m  t h e  ramp. A t  t h e  
t i m e  of t h e  a c c i d e n t ,  t h e  a i r p l a n e  was o p e r a t i n g  on power f r o m  t h e  a u x i l i a r y  
power u n i t .  O f  t h e  119 persons  on board,  8 persons  were f a t a l l y  i n j u r e d  and 
30 r e c e i v e d  s e r i o u s  i n j u r i e s .  The a i r p l a n e  w a s  d e s t r o y e d  by f i r e .  

A l t h o u g h  t h e  P h i l i p p i n e  Government i s  c u r r e n t l y  i n v e s t i g a t i n g  t h e  
a c c i d e n t ,  t h e  N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board has been i n v o l v e d  i n  t h e  
i n v e s t i g a t i o n  t h r o u g h  i t s  U.S. a c c r e d i t e d  r e p r e s e n t a t i v e  i n  accordance w i t h  
t h e  p r o v i s i o n s  o f  Annex 13 t o  t h e  I n t e r n a t i o n a l  C i v i l  A v i a t i o n  O r g a n i z a t i o n  
(ICAO) t r e a t y .  

The i n v e s t i g a t i o n  has found  no ev idence  o f  a bomb, an i n c e n d i a r y  
d e v i c e ,  o r  sabotage. P r e l i m i n a r y  ev idence  i n d i c a t e s  t h a t  i g n i t i o n  o f  t h e  
f u e l - a i r  m i x t u r e  i n  t h e  c e n t e r  f u e l  t a n k  was t h e  cause o f  t h e  e x p l o s i o n  and 
subsequent f i r e .  The i n v e s t i g a t i o n  has y e t  t o  r e v e a l  t h e  e x a c t  i g n i t i o n  
sou rce .  Examina t ion  o f  t h e  c o c k p i t  v o i c e  r e c o r d e r  (CVR) d a t a  d i s c l o s e d  t h a t  
a o n e - c y c l e  t r a n s i e n t  s p i k e  o c c u r r e d  a p p r o x i m a t e l y  . 2  second b e f o r e  t h e  
e x p l o s i o n .  The source  and n a t u r e  o f  t h e  s p i k e  - -  whether  i t  w a s  e l e c t r i c a l l y  
i nduced  on t h e  CVR s i g n a l  w i r e  o r  e l e c t r o m a g n e t i c a l l y  p i c k e d  up by  t h e  area 
mic rophone o r  p i l o t  boom microphones - -  has n o t  been de te rm ined .  The 
i n v e s t i g a t i o n  has found p o t e n t i a l  d e f e c t s  i n v o l v i n g  t h e  c e n t e r  t a n k  f l o a t  
s w i t c h  and t h e  w i r i n g  f o r  t h e  f l o a t  s w i t c h ,  b o t h  o f  wh ich  c o u l d  have been t h e  
source  o f  t h e  i g n i t i o n .  A d d i t i o n a l l y ,  i n t e r f e r e n c e  r u b  marks were found  on 
t h e  f u e l  b o o s t e r  pump i m p e l l e r  and pump body. 

A t  t h e  t i m e  o f  t h e  a c c i d e n t ,  a l l  t h e  f u e l  boos t  pumps were i n  t h e  "ON" 
p o s i t i o n .  The c e n t e r  f u e l  t a n k  had n o t  been f i l l e d  s i n c e  March 9, 1990. 
D u r i n g  t h e  pushback o f  t h e  a i r p l a n e  t h e  c e n t e r  f u e l  t a n k  l o w  p r e s s u r e  l i g h t  
i l l u m i n a t e d ,  i n d i c a t i n g  t h a t  t h e  c e n t e r  f u e l  t a n k  had been empt ied  o f  a l l  
u s a b l e  f u e l .  L a b o r a t o r y  examina t ion  o f  f u e l  samples f r o m  t h e  a i r p l a n e  and 
f u e l  s t o r a g e  t a n k s  i n d i c a t e s  t h a t  t h e  f u e l  vapor  i n  t h e  c e n t e r  t a n k  wou ld  
have had a f l a s h  p o i n t  o f  between 112O and 1 1 7 O  F. A t  f l a s h  p o i n t ,  a h e a t  

5 3 2 7 A  



2 

source  o f  between 400° t o  500° F o r  an e l e c t r i c a l  a r c  o f  .25 m i l l i - j o u l e  
wou ld  have been s u f f i c i e n t  t o  i n i t i a t e  an e x p l o s i o n  o f  t h e  f u e l - a i r  m i x t u r e .  
Ambient temper.ature a t  t h e  t i m e  o f  t h e  a c c i d e n t  was 95O F .  

L a b o r a t o r y  examina t ion  o f  t h e  f l o a t  s w i t c h  (Revere Aerospace p a r t  
number F8300-146) f o r  t h e  c e n t e r  f u e l  t a n k  r e f u e l i n g  v a l v e  has found  p o r t i o n s  
o f  t h e  s w i t c h  hous ing  and i t s  r e e d  s w i t c h  tube  m i s s i n g  and me ta l  f ragmen ts  i n  
t h e  remains  o f  t h e  s w i t c h  epoxy p o t t i n g  m a t e r i a l .  The examina t ion  o f  t h e  
components and d i s c u s s i o n s  w i t h  t h e  manu fac tu re r  i n d i c a t e  t h a t  i t  i s  p o s s i b l e  
t h a t  t h e  s w i t c h  d i d  n o t  pass i n s p e c t i o n  when o r i g i n a l l y  assembled. P r i o r  
p rocedures  a t  Revere were t o  d r i l l  o u t  t h e  epoxy p o t . t i n g  m a t e r i a l  and r e e d  
s w i t c h  f r o m  t h e  hous ing  t h e n  i n s t a l l  a new reed  s w i t c h .  T h i s  p rocedure  would 
e x p l a i n  t h e  damage t o  t h e  s w i t c h  hous ing  arid t h e  me ta l  f ragments  t h a t  were 
found  i n  t h e  epoxy p o t t i n g  m a t e r i a l .  Revere m o d i f i e d  i t s  p rocedures  
a p p r o x i m a t e l y  3 y e a r s  ago t o  p r o h i b i t  t h i s  p r a c t i c e .  A l l  o f  t h e  f l o a t  
s w i t c h e s  t h a t  Boeing has i n  s t o c k ,  a p p r o x i m a t e l y  850, were manufac tured  
p r i o r  t o  t h i s  change i n  p rocedure .  These f l o a t  s w i t c h e s  were s u b j e c t  t o  
d i e l e c t r . i c  t e s t s  a t  t h e  Boe ing  Company's f a c i l i t i e s .  A l l  o f  t h e  sw i t ches  
passed t h e s e  t e s t s .  However, i n v e s t i g a t o r s  and l a b o r a t o r y  t e c h n i c i a n s  a r e  
u n c e r t a i n  as t o  t h e  e f f i c a c y  o f  c u r r e n t  acceptance t e s t s  and l o t  sampl ing  
p rocedures .  T h e r e f o r e ,  t h e  development o f  a d d i t i o n a l  t e s t i n g  techn iques  may 
be necessa ry .  The same model f l o a t  s w i t c h  i s  used on a l l  t h r e e  f u e l  t a n k s  i n  
t h e  Boe ing  737 s e r i e s  a i r p l a n e s ,  i n  t h e  a u x i l i a r y  f u e l  t a n k s  o f  100 Boeing 
7 2 7 s ,  and p o s s i b l y  on o t h e r  m a n u f a c t u r e r ' s  a i r p l a n e s .  

N o r m a l l y ,  t h e  f u e l  t a n k  f l o a t  s w i t c h e s  a r e  o n l y  e l e c t r i c a l l y  powered 
when t h e  r e f u e l i n g  panel  access d o o r  i s  open. The d o o r  would have been 
c l o s e d  d u r i n g  t h e  pushback o f  t h e  a i r p l a n e  when t h e  e x p l o s i o n  occu r red .  
However, examina t ion  o f  t h e  2 8 - v o l t  d i r e c t - c u r r e n t  power w i r e s  f o r  t h e  f l o a t  
s w i t c h ,  wh ich  l e a d  f r o m  t h e  c e n t e r  t a n k  t o  t h e  r e f u e l i n g  pane l  on t h e  r i g h t  
wing, d i s c l o s e d  an area a p p r o x i m a t e l y  3/8 i n c h  ' long i n  wh ich  t h e  w i r e  
i n s u l a t i o n  had been compromised and t h e  conduc to r  was exposed. The exposed 
w i r e s  w e w  crushed,  b u t  no ev idence  o f  e l e c t r i c a l  a r c i n g  was found. The 
exposed s e c t i o n  o f  w i r e  was i n s i d e  t h e  i n b o a r d  vapor  sea l  a t  t h e  r i g h t  eng ine  
p y l o n .  Examina t ion  o f  t h e  w i r e  bund le  i n  t h e  vapor  s e a l  r e v e a l e d  s e v e r a l  
o t h e r  w i r e s  t h a t  had damaged i n s u l a t i o n  and exposed c o n d u c t i n g  m a t e r i a l ,  
i n c l u d i n g  a w i r e  powered by  1 1 5 - v o l t  a l t e r n a t i n g  c u r r e n t .  F u r t h e r  
e x a m i n a t i o n  o f  t h e  w i r e  bund les  f o r  b o t h  t h e  l e f t  and r i g h t  wings four id 
numerous areas  i n  wh ich  w i r e  i n s u l a t i o n  had been damaged. 

I t i s  p o s s i b l e  t h a t  t h e  comb ina t ion  o f  a f a u l t y  f l o a t  s w i t c h  and 
damaged w i r e s  p r o v i d i n g  a c o n t i n u o u s  power s u p p l y  t o  t h e  f l o a t  s w i t c h  may 
have caused an e l e c t r i c a l  a r c  o r  Overhea t ing  o f  t h e  s w i t c h  l e a d i n g  t o  t h e  
i g n i t i o n  o f  t h e  c e n t e r  f u e l  t a n k  vapor .  

The i n v e s t i g a t i o n  de te rm ined  t h a t  a f t e r  d e l i v e r y  o f  t h e  a i r p l a n e ,  
P h i l i p p i n e  A i r  L i n e s  had i n s t a l l e d  l o g o  l i g h t s  on t h e  w i n g t i p  t r a i l i n g  edges. 
T h i s  i n s t a l l a t i o n  wou ld  have r e q u i r e d  mechanics t o  , i n s e r t  a d d i t i o n a l  w i r e s  
t h r o u g h  t h e  vapor  sea ls ,  t h e  f u s e l a g e  p r e s s u r e  sea l ,  and i n s i d e  numerous 
clamps. Thus, t h e  i n s t a l l a t i o n  o f  t h e  w i r e s  f o r  t h e  l o g o  l i g h t s  c o u l d  have 
been t h e  source  o f  t h e  damage t o  w i r e s  i n  t h e  w i r e  bund les .  However, t h e  
damage may have r e s u l t e d  f r o m  t h e  i n s t a l l a t i o n  o f  t h e  w i r e  b u n d l e  a t  t h e  
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fact0r.y because o the r  damaged wires  were found t h a t  were not r e l a t e d  t o  t h e  
i n s t a l l a t i o n  of t h e  wires f o r  t h e  logo l i g h t s .  For example, intercom wires  
i n  t h e  l e f t ,  fuse lage  wire bundle were found with damaged i n s u l a t i o n  and 
exposed conductor.  Addi t iona l ly ,  many a i rp l anes  a re  of ten  modified a f t e r  
de l iver ,y ,  r equ i r ing  t h e  in s t a l l a t . i on  o f  addi t iona l  wires  i n  t h e  wire bundles 
o f  t h e  wings. Boeing has informed t h e  Safe ty  Board t h a t  t h e r e  were minor 
changes t o  t h e  wing wire bundles in  t h e  737-300, -400, -500 s e r i e s  a i rp l anes  
as compared t o  t h e  737-100 a n d  -200 s e r i e s .  However, t h e  wire  bundle rout ing  
and t h e  wire  bundle vapor s e a l s  a r e  considerably d i f f e r e n t .  

The Safe ty  Board be l ieves  t h a t  t h e  f ind ing  of damaged f l o a t  switch 
wir ing and a p o t e n t i a l l y  de fec t ive  f l o a t  switch,  as  well as  t h e  po ten t i a l  f o r  
a fue l  t,ank explosion r equ i r e s  t h e  immediate inspec t ion  o r  t e s t i n g  of f loa t .  
switch wir ing o f  t h e  t h r e e  fue l  tanks on Boeing 737-300, -400, and -500 
s e r i e s  a i r p l a n e s .  The Safe ty  Board be l ieves  t h a t  immediate inspec t ion  of t h e  
f l o a t  switch wir ing should be accomplished t o  verif ,y t h a t  e l e c t r i c a l  power i s  
not being suppl ied t o  f l o a t  switches by damaged wir ing.  Inspect ion o r  
t e s t i n g  of t h e  f l o a t  swit.ches should be accomplished a f t e r  Revere, Boeing, 
and t h e  Federal Aviation Administration ( F A A )  a r e  conf ident  t h a t  s a t i s f a c t o r y  
tes t , ing  techniques have been developed. 

The Safe ty  Board notes  t h a t  t h e  FAA has sen t  a l e t t e r  t o  Phi l ipp ine  Air 
Lines reques t ing  t h a t  t h e  o the r  two  a i rp l anes  modified by  t h e  a i r l i n e  be 
inspected f o r  damaged wir ing .  The Safet,y Board does n o t  be l ieve  t h a t  t h i s  
ac t ion  i s  adequate because i t  does n o t  address t h e  problem of f a u l t y  f l o a t  
switches.  Addi t iona l ly ,  t h e  F A A  ac t ion  does not decrease t h e  po ten t i a l  of 
another  acc ident  because man,y a i rp l anes  have t h e  same f l o a t  switch i n s t a l l e d  
and t h e  possibi1i t .y  of damaged wiring e x i s t s  whether o r  not the  a i rp l ane  was 
modified a f t e r  o r i g i n a l  manufact.ure. 

The Safe ty  Board be l ieves  t h a t  i t  would be prudent ,  at, t h e  next 
maintenance inspect . ion,  f o r  a l l  14 C F R  Part 121 a i r p l a n e s  t.hat have had 
addi t iona l  wires  added t o  t h e i r  wing wire bundles s ince  de1iver.y t o  be 
inspected f o r  damage t o  t h e  wires under t h e  clamps and i n s i d e  pressure s e a l s  
and v a p o r  s e a l s .  

Lastl ,y,  laborator ,y  examination of t h e  l e f t  booster  pump f o r  the  cen te r  
fue l  t.ank on t h e  accident  a i rp l ane  found evidence of an in t e r f e rence  rub 
between t h e  pump impel ler  and pump bod,y, and a s l i g h t  wearing of t h e  
bear ings.  The manufacturer has s t a t e d  t h a t  such mater ia l  wear i s  common when 
pumps have been run in a dry condi t ion .  The manufacturer a l s o  s t a t e d  t h a t  
some opera tors  will l e t  t h e  booster pumps r u n  w i t h  a tank empty f o r  extended 
per iods and t.hat. n o  problems have been noted. However t h e  se rv ice  l i f e  of 
t h e  pump bear ings i s  l e s s  t h a n  expected. Inves t iga to r s  have been unable t o  
f ind  adequate t e s t  da t a  o n  t h e  dr,y running of t h e  booster  pumps in  j e t  fuel  
v a p o r  a t  f l a s h  point  temperatures t o  e l imina te  t h e  rubb ing  of t h e  pump 
impel ler  as  a poss ib l e  i g n i t i o n  source.  The Safety Board be l ieves  t h a t  
appropr ia te  t e s t . s  s h o u l d  be accomplished t o  determine i f  t.he pumps a r e  
airworth,y f o r  a l l  opera t ing  condi t ions .  Such t e s t s  would include 
cont inuously running t h e  pumps in  fuel  vapor a t  f l a s h  poin t  with t h e  impel ler  
rubbing t h e  pump b0d.y. 
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Therefore ,  t h e  National Transportat ion Safe ty  Board recommends t h a t  t h e  

Issue an airworthiness d i r e c t i v e  t o  r equ i r e  immediate 
inspec t ion  or t e s t i n g  of f l o a t  switch wir ing from t h e  f l o a t  
switches t o  t h e  r e fue l ing  pariel f o r  chaffed o r  damaged 
insu la t ion  mater ia l  on Boeirig 737-300, -400, and -500 s e r i e s  
a i r p l a n e s .  The d i r e c t i v e  s h o u l d  s t a t e  t h a t  spec ia l  emphasis 
be placed on  inspec t ing  t h e  wire  bundle where i t  passes 
through t h e  wing pylon vapor s e a l s  and under t h e  wire  bundle 
clamps. (Class  I ,  Urgent Action) (A-90-100) 

Develop t e s t i n g  techniques t o  ensure t h a t  f l o a t  switches 
manufactured by Revere Aerospace a r e  f r e e  from de fec t  t h a t  
could cause an explosion o r  f i r e .  Af t e r  t e s t i n g  techniques 
a r e  developed, i s sue  an a i rwor th iness  d , i r ec t ive  t o  r equ i r e  
t e s t i n g  of Revere Aerospace f l o a t  switches and replacement i f  
they a r e  d e f e c t i v e .  (Class  11, P r i o r i t y  Action) (A-90-101) 

Issue an a i rwor th iness  d i r e c t i v e  app l i cab le  t o  a l l  14 C F R  
Part 121 a i rp l anes  t o  r equ i r e ,  a t  t h e  next scheduled major 
maintenance inspec t ion ,  an inspec t ion  of t h e  wires  i n  wire  
bundles in  t h e  wings where addi t iona l  wir ing has been added 
s i n c e  t h e  a i rp l ane  was manufactured. T h e  inspec t ion  should be 
d i r e c t e d  t o  t h e  determinat ion of i n s u l a t i o n  damage where t h e  
wire  bundle i s  under clamps and i n s i d e  vapor s e a l s  and 
pressure  s e a l s .  (Class  11, P r i o r i t y  Action) (A-90-102) 

Conduct a d e t a i l e d  engineering design review and t e s t i n g  of 
t h e  fue l  pumps used in  t h e  Boeing 737-300 s e r i e s  a i rp l anes  
(P,” 10-62049-3) t o  v e r i f y  t h a t  overheat ing and in t e r f e rence  
between t h e  r o t a t i n g  components of t h e  pump and i t s  case wi l l  
n o t  cause a f i r e  hazard. Test ing should be conducted in  
j e t - f u e l  vapor a t  f l a s h  po in t .  (Class  11,  P r i o r i t y  Action) 

KOLSTAD, Chairman, C O U G H L I N ,  Vice Chairman, and L A U B E R ,  Member, 
concurred in these  recommendations I f i l e d  t h e  st.atement 
bel ow. 

Federal Aviation Adminis t ra t ion:  

(A-90-103) 

James L .  Kolstad 
Chairman 

BURNETT, Member, concurring i n  pa r t  and d i s sen t ing  in  part: 

I would have p re fe r r ed  t h a t  the  f i r s t  and second recommendations 
contained in  t h i s  l e t t e r  have been worded as  o r i g i n a l l y  adopted by t h e  Board 
as  fo l lows:  
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Issue an a i r w o r t h i n e s s  d i r e c t i v e  t o  r e q u i r e  immediate 
i n s p e c t i o n  o r  t e s t i n g  o f  f l o a t  s w i t c h  w i r i n g  f r o m  t h e  f l o a t  
sw i t ches  t o  t h e  r e f u e l i n g  pane l  for c h a f f e d  o r  damaged 
i n s u l a t i o n  m a t e r i a l  on a l l  a i r p l a n e s  equ ipped w i t h  f l o a t  
s w i t c h e s  manufac tured  by  Revere Aerospace, P/N 8300-146. The 
d i r e c t i v e  s h o u l d  s t a t e  t h a t  s p e c i a l  emphasis be p l a c e d  on 
i n s p e c t i n g  t h e  w i r e s  where i t  passes t h r o u g h  t h e  w ing  p y l o n  
vapor  s e a l s  and tinder t h e  w i r e  bund le  c lamps. (C lass  I ,  
Urgen t  A c t i o n )  

Issue an a i r w o r t h i n e s s  d i r e c t i v e  t o  r e q u i r e  t e s t i n g  o f  Revere 
Aerospace f l o a t  sw i t ches ,  P/N F8300-146, and rep lacemen t  i f  
t h e y  are  d e f e c t i v e .  (C lass  I ,  Urgen t  A c t i o n )  


