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On June 13, 1991, United A i r l i n e s  (VAL) maintenance personnel were 
unable t o  e l e c t r i c a l l y  open t h e  a f t  cargo door on a Boeing 747-222B, N152UA, 
a t  John F. Kennedy Airpor t  (JFK), Jamaica, New York. The a i rp l ane  was one of 
two used exc lus ive ly  on nonstop f l i g h t s  between Nari ta ,  Japan, and JFK. This 
p a r t i c u l a r  a i rp l ane  had accumulated 19,053 hours and 1,547 cyc les  a t  t h e  time 
of  t h e  occurrence.  

The a i rp l ane  was being prepared f o r  f l i g h t  a t  t h e  UAL maintenance 
hanger. An inspect ion of  t h e  c i r c u i t  breaker  panel revealed t h a t  t h e  6-288 
( a f t  cargo door) c i r c u i t  breaker had popped. The c i r c u i t  breaker ,  loca ted  i n  
t h e  e l e c t r i c a l  equipment bay just forward of t h e  forward cargo compartment, 
was r e s e t ,  and i t  popped again a few seconds l a t e r .  A dec is ion  was made t o  
de fe r  f u r t h e r  work u n t i l  the a i rp l ane  was reposi t ioned a t  t h e  g a t e  f o r  t h e  
f l i g h t .  The a i rp l ane  was then tax ied  t o  t h e  ga t e  under i t s  own power and 
work on t h e  door resumed. 

The a f t  cargo door was cranked open manually, the c i r c u i t  breaker  was 
r e s e t ,  and i t  stayed i n .  The door was then closed e l e c t r i c a l l y  and cycled a 
couple of  t imes without  i nc iden t .  Wi th  t h e  door c losed ,  one of t h e  two 
"cannon plug" (mul t ip le  pin)  connectors was removed from t h e  5-4 junc t ion  box 
loca ted  on the upper por t ion  of  t h e  i n t e r i o r  o f  t h e  door. The wir ing bundle 
from the junc t ion  box t o  t h e  fuse lage  was then manipulated while  readings 
were taken on the cannon plug pins using a volt/ohm meter.  F luc tua t ions  i n  
e l e c t r i c a l  r e s i s t a n c e  were noted. When t h e  p l u g  was rea t tached  t o  t h e  5-4 
junc t ion  box, the door began t o  open with n o  ac t iva t ion  o f  t h e  e l e c t r i c a l  
door open switches.  The c i r c u i t  breaker  (C-288) was pul led and t h e  door 
opera t ion  ceased. When t h e  c i r c u i t  breaker  was reset, the door continued t o  
t h e  f u l l  open pos i t i on ,  and t h e  l i f t  ac tua to r  motor continued t o  r u n  f o r  
several  seconds u n t i l  c i r c u i t  breaker  C-288 was again pul led .  A t  t h i s  t ime, 
a f l e x i b l e  copper condui t  which covered a portion of the wir ing bundle was 
s l i d  along t h e  bundle toward t h e  5-4 junc t ion  box, revea l ing  severa l  wires  
w i t h  i n su la t ion  breaches and damage. 
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UAL personnel n o t i f i e d  the  Nat iona l  Transpor ta t ion  Safety Board o f  the 1 
occurrence, and the  a i r p l a n e  was examined a t  JFK by representa t ives  o f  the 
Safe ty  Board, Uni ted A i r l i n e s ,  and Boeing. A f t e r  t h e  wi res i n  t h e  damaged 
area were e l e c t r i c a l l y  i s o l a t e d ,  e l e c t r i c a l  opera t ion  o f  t h e  door was normal 
when t h e  door was unlocked. When t h e  door was locked (master l a t c h  l o c k  
handle c losed) ,  a c t i v a t i o n  o f  the  door c o n t r o l  switches had no e f f e c t  on the  
door. Th is  i nd i ca ted  t h a t  the  S2 master l a t c h  l o c k  swi tch  was opera t ing  as 
expected (removing power from t h e  door when i t  was locked) .  The S2 sw i tch  i s  
l o c a t e d  on the  lower end o f  the cargo door, and f i r s t  movement o f  t h e  l o c k  
sec tors  toward the  locked p o s i t i o n  opens the  swi tch  and i n t e r r u p t s  t h e  28 
v o l t  c o n t r o l  power t o  t h e  i n t e r i o r  and e x t e r i o r  cargo door con t ro l  switches. 
A f t e r  t h e  o n - s i t e  examinations, t h e  w i r i n g  bundle was c u t  from t h e  a i rp lane  
and taken t o  the Safety  Board’s m a t e r i a l s  l abo ra to ry  f o r  f u r t h e r  
examinat ion.  

The w i r i n g  bundle w i t h  the  damaged w i res  conta ins  a l l  e l e c t r i c  c o n t r o l  
w i res  (28 v o l t  DC) and power w i res  (115 v o l t  AC) t h a t  pass between the 
fuse lage and the  a f t  cargo door. From t h e  forward s ide  o f  t h e  5-4 j u n c t i o n  
box, t h e  bundle progresses i n  the  forward d i r e c t i o n ,  j u s t  above t h e  forward 
pressure r e l i e f  door, then upward, f o l l o w i n g  t h e  forward l i f t  ac tua tor  arms. 
The bundle then en ters  an empty space between two f l o o r  beams, where the  
bundle has an approximate 180-degree bend when t h e  door i s  c losed. From t h i s  
l o c a t i o n ,  t h e  w i r i n g  bundle progresses inboard, through a f o r e - t o - a f t  
i n t e r c o s t a l  between two f l o o r  beams. The w i r i n g  bundle then s p l i t s ,  w i t h  
w i res  go ing  i n  several  d i r e c t i o n s .  The bundle i s  covered by t h e  f l e x i b l e  
condu i t  approximately f rom the  lower  end o f  t h e  l i f t  ac tua tor  arms t o  the  
f o r e - t o - a f t  i n t e r c o s t a l  between the  f l o o r  beams. 

, The condu i t  cover ing  t h e  w i r i n g  bundle i s  a sealed f l e x i b l e  
i n te rconnec to r  c o n s i s t i n g  o f  a convoluted h e l i c a l  brass innercore covered by 
a bronze b r a i d .  The innercore  i s  so ldered a t  every o the r  convolute, and 
should be capable o f  w i ths tand ing  pressures exceeding 1000 p s i .  Boeing has 
i n d i c a t e d  t h a t  t h e  condu i t  i s  an evo lu t i ona ry  improvement and has been 
i n s t a l l e d  on a l l  747 a i rp lanes  produced s ince  1981 ( l i n e  number 489 and on). 
A i r p l a n e  N152UA was d e l i v e r e d  i n  A p r i l  1987. 

Examination o f  t h e  w i res  i n  t h e  damaged area on the  w i r i n g  bundle 
revea led  t h a t  f o u r  o f  t h e  w i res  were s i m i l a r  i n  appearance, w i t h  i n s u l a t i o n  
breaches t h a t  progressed through t o  t h e  under ly ing  conductor. Adjacent t o  
t h e  breach on these f o u r  wi res,  t h e  i n s u l a t i o n  was blackened, as i f  it had 
been burned. Another w i r e  contained an ex tens ive  breach b u t  no evidence o f  
burned i n s u l a t i o n .  The damaged a r e a  was loca ted  on t h e  bundle a t  a p o s i t i o n  
approx imate ly  corresponding t o  a condu i t  support bracket  and at tached 
s t a n d o f f  p i n  on t h e  upper a r m  o f  the  forward l i f t  ac tua to r  mechanism. This  
suppor t  b racket  was bent i n  t h e  forward d i r e c t i o n .  I n  add i t ion ,  mechanical 
damage was noted on adjacent components i n  t h i s  area. 

A second damaged area was noted on t h e  w i r i n g  bundle a t  a p o s i t i o n  
approx imate ly  corresponding t o  the  condu i t  swive l  clamp a t  t h e  elbow between 
t h e  two arms o f  the  forward l i f t  ac tua to r  mechanism. Wires i n  t h i s  area 
were miss ing  po r t i ons  o f  t h e i r  e x t e r i o r  coa t ing ,  but  no breaches t o  the  
under l y ing  conductors were noted. 



The e x t e r i o r  bra id  on t h e  condui t  contained minor rub marks and was 
s l i g h t l y  kinked a t  a pos i t ion  corresponding t o  t h e  a rea  on t h e  wires  with 
breached i n s u l a t i o n .  Additional examinations revealed t h a t  t h e  innercore of 
t h e  condui t  contained mul t ip le  c i rcumferent ia l  cracks i n  t h e  a reas  
corresponding t o  t h e  damage a reas  on the wires .  The cracks were i n  t h e  
convoluted innercore  d i r e c t l y  ad jacent  t o  t h e  i n s i d e  diameter of t h e  
condui t .  

The lock  s e c t o r s ,  l a t c h  cams, and l a t c h  pins from t h e  a f t  cargo door 
were examined on t h e  inc ident  a i r p l a n e  and were genera l ly  i n  exce l l en t  
condi t ion .  There was no evidence t o  suggest t h a t  t h e  cams had ever  been 
e l e c t r i c a l l y  ( o r  manually) dr iven i n t o  o r  through the lock s e c t o r s .  

The ~Boeing Company has a l s o  informed t h e  Sa fe ty  Board t h a t ,  i n  May of 
1991, a 747 operated by Quantas was found t o  have chafing of t h e  wires  i n  t h e  
wir ing bundle t o  t h e  a f t  cargo door .  This a i rp l ane  a l s o  had a f l e x i b l e  
condui t  p ro t ec t ing  t h e  wires ,  and t h e  chafing was loca ted  approximately a t  
t h e  s tandoff  pin on t h e  bracket  a t  the upper arm of  t h e  forward l i f t  
ac tua to r .  Boeing i s  ga ther ing  addi t iona l  f a c t s  on t h a t  i nc iden t .  

The Sa fe ty  Board bel ieves  t h a t  t h e  cha f ing  of t h e  wires on t h e  747 
a i r p l a n e  involved in  t h e  JFK occurrence i s  caused, o r  i s  g r e a t l y  acce le ra t ed  
by, t h e  c i rcumferent ia l  cracks in  t h e  condui t  and t h a t  t.he c racks  i n  t h e  
condui t  a r e  caused e i t h e r  by repeated f l ex ing  of the conduit  as  t h e  cargo 
door opens and shuts o r  by unusual s t r e s s e s  on t h e  condui t  generated 
concurrent ly  w i t h  damage t o  t h e  condui t  guide bracket  and a t tached  s tandoff  
p i n  on t h e  upper end of the forward l i f t  ac tua to r  upper arm. Also, t h e  
Safe ty  Board i s  concerned t h a t  t h e r e  may be addi t iona l  747 a i r p l a n e s  w i t h  
chafed wires  wi th in  t h e  f l e x i b l e  condui t  f o r  t h e  a f t  cargo door ,  and t h a t  
t h e r e  is a p o s s i b i l i t y  t h a t  t hese  chafed wires may send an unintended s igna l  
t o  t h e  a c t u a t o r  motors t o  open t h e  door. Although t h e  improved s t e e l  lock 
s e c t o r s  should be capable  of prevent ing a properly locked door from opening, 
t h e  Safe ty  Board be l ieves  t h a t  a l l  reasonable  precaut ions should be taken t o  
ensure t h a t  chafed wires  in  t h e  a f t  cargo door wir ing bundle do not  produce 
unintended e l e c t r i c a l  s i g n a l s  t o  the door opera t ing  mechanism. 

A por t ion  of t h e  wiring bundle f o r  t h e  forward cargo door on many 747 
a i rp l anes  i s  a l s o  covered by a f l e x i b l e  condui t  t h a t  i s  very s i m i l a r  t o  t h e  
condui t  f o r  t h e  a f t  cargo door. However, t h e r e  a r e  s u b s t a n t i a l  d i f f e r e n c e s  
between t h e  o r i e n t a t i o n  of t h e  f l e x i b l e  condui t s  f o r  the two doors ,  and t h e  
Safe ty  Board i s  not aware of problems assoc ia ted  with t h e  f l e x i b l e  condui t  
f o r  t h e  forward door .  Nevertheless ,  t h e  condui t  f o r  t h e  wir ing bundle f o r  
t h e  forward cargo door i s  a l s o  subjected t o  repeated f l ex ing  and t h e  Sa fe ty  
Board i s  concerned t h a t  i t  may a l s o  develop damage s i m i l a r  t o  t h a t  found on 
t h e  a i rp l ane  involved in  t h e  J F K  occurrence.  

Because of t h e  concerns expressed i n  t h i s  l e t t e r ,  t h e  National 
T r a n s p o r t a t i o n  S a f e t y  Board recommends t h a t  t h e  Federal Aviation 
Administration: 
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Issue an Airworthiness Directive applicable to all Boeing 747 
airplanes with a flexible conduit protecting the wiring bundle 
between the fuselage and aft cargo door to require an expedited 
inspection of: 

the wiring bundle in the area normally covered by 
the conduit for the presence of damaged insulation 
(using either an electrical test method or visual 
examinat ion) ; 

the conduit support bracket and attached standoff 
pin on the upper arm of the forward lift actuator 
mechanism; 

the flexible conduit for the presence of cracking 
in the convoluted innercore. 

Wires with damaged insulation should be repaired before further 
service. Damage to the flexible conduit, conduit support bracket 
and standoff pin should result in an immediate replacement of the 
conduit as well as the damaged parts. The inspection should be 
repeated at an appropriate cyclic interval. (Class 11, Priority 
Action)(A-91-83) 

Evaluate the design, installation, and operation of the forward 
cargo door flexible conduits on Boeing 747 airplanes so equipped 
and issue, if warranted, an Airworthiness Directive for inspection 

t and repair of the flexible conduit and underlying wiring bundle, 
similar to the provisions recommended in A-91-83. (Class 11, 
Pr-iority Action)(A-91-84) 

( 1 )  

(2) 

(3) 

Chairman KDLSTAD, Vice Chairman COUGHLIN, and Members LAUBER, HART, and 
HAMMERSCHMIDT concurred in these recommendati ons . 

' James L. Kolstad 
" Chairman 


