
NATiONAL TRANSPORTATION 
WASHINGTON, D.C. 

SAFETY BOARD 

I S S U E D :  April 18, 1979 

SAFETY RECOMMENDAT ION ( S )  

- -  I A 79  21 through -24  

Honorable Langhorne M .  Bond 
Admin i s t r a to r  
Fede ra l  Avia t ion  Adminis t ra t ion  
Kashington,  D . C .  2 0 5 9 1  

The Na t iona l  T ranspor t a t ion  S a f e t y  Board has  r e c e n t l y  
i n v e s t i g a t e d  an i n c i d e n t  which caused concern about t h e  
cont inued  s a f e  o p e r a t i o n  of c e r t a i n  L e a r j e t  a i l c r a f t .  

l o n g i t u d i n a l  c o n t r o l  problems on March 9 ,  1 9 7 9 ,  while  en 
r o u t e  from Greensboro, North Caro l ina ,  t o  N a s h v i l l e ,  Tennessee. 
While c r u i s i n g  a t  a l t i t u d e ,  t h e  a i r c r a f t  a b r u p t l y  p i t c h e d  
nosedown. The p i l o t  rega ined  c o n t r o l  and deac t iva t ed  t h e  
a i r c r a f t ' s  s t a l l  warning system and automatic  f l i g h t  c o n t r o l  
system. 
du r ing  an instrument  approach t o  N a s h v i l l e ,  it became l o n g i -  
t u d i n a l l y  u n s t a b l e .  The p i l o t ,  who was unable  t o  c o n t r o l  
t h e  p i t c h i n g  o s c i l l a t i o n ,  abor t ed  t h e  approach. A s  a i r speed  
was inc reased ,  t h e  a i r c r a f t  became c o n t r o l l a b l e .  The p i l o t  
d e c l a r e d  an emergency and r e tu rned  t o  Greensboro where 
b e t t e r  weather e x i s t e d .  S imi l a r  problems were encountered 
wh i l e  a t t empt ing  t o  l and  a t  Greensboro. Three approaches 
were abor ted  b e f o r e  t h e  a i r c r a f t  was landed .  The f o u r t h  
approach was conducted wi thout  f l a p s ,  a t  a h igher - than-  
normal a i r s p e e d ,  and wi th  s t a b i l i z e r  trim f o r  p i t c h  c o n t r o l .  

P o s t f l i g h t  examination of t h e  a i r c r a f t  d i s c l o s e d  a 
r e s i s t a n c e  t o  motion of t h e  l o n g i t u d i n a l  c o n t r o l  system 
which was t r a c e d  t o  t h e  p i t c h  a x i s  s e rvo  d r i v e  u n i t .  The 
u n i t  was r ep laced  and t h e  a i r c r a f t  was t e s t  flown without  
t h e  c o n t r o l  problems. 

The p i l o t  of a L e a r j e t  Model 2 4 B ,  N 1 4 B C ,  r e p o r t e d  

A f t e r  t h e  a i r c r a f t  was conf igured  f o r  l a n d i n g ,  
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The Na t iona l  T ranspor t a t ion  S a f e t y  Board took custody 
of t h e  mal func t ioning  se rvo  d r i v e  u n i , t ,  and it was examined 
a t  t h e  Gates L e a r j e t  p l a n t  i n  Wichi ta ,  Kansas. Th i s  u n i t  
c o n s i s t s  o f  an e l e c t r i c  motor which runs cont inuous ly  i n  one 
d i r e c t i o n  when e i t h e r  t h e  au tomat ic  p i l o t  o r  th,e s t a l l  
warning s t i c k p u s h e r  system i s  energ ized .  The ou tpu t  s h a f t  
o f  t h e  motor d r i v e s  a p a i r  of e l ec t romagne t i c  f r i c t i o n  d r i v e  
c l u t c h e s .  These c l u t c h e s  r o t a t e  i n  o p p o s i t e  d i r e c t i o n s  and 
t h e i r  ou tpu t  s h a f t s  a r e  connected t o  a common o u t p u t ,  which 
i n  t u r n  d r i v e s  t h e  e l e v a t o r  c o n t r o l  s u r f a c e .  The c l u t c h e s  
c o n t a i n  f e r r o u s  powder. Normally, t h i s  f e r r o u s  powder 
coagu la t e s  i n t o  a s o l i d  mass on ly  when a magnetic f i e l d  i s  
in t roduced  e l e c t r i c a l l y  by i n p u t s  from t h e  a u t o p i l o t  o r  
s t a l l  warning s t i c k p u s h e r  system. The c l u t c h ,  which i s  
ene rg ized ,  w i l l  t r a n s m i t  t o rque  t o  t h e  e l e v a t o r  c o n t r o l  
system i n  t h e  appropr ia , te  d i r e c t i o n .  
decoagula tes  and t h e  c l u t c h  r o t a t e s  f r e e l y  when e l e c t r i c a l  
power i s  removed. 

E.xamination of t h e  se rvo  d r i v e  u n i t  removed from Nl4BC 
r e v e a l e d  t h a t  t h e  f e r r o u s  powder i n  t h e  c l u t c h  which t r a n s -  
m i t t e d  motion i n  t h e  e l e v a t o r  t r a i l i n g  edge down d i r e c t i o n  
was s o l i d ,  a l though t h e r e  was no e l e c t r i c a l  i n p u t .  With t h e  
a i r c r a f t ' s  a u t o p i l o t  o r  s t a l l  warning system a c t i v a t e d ,  t h i s  
c o n d i t i o n  would produce a nosedown p i t c h i n g  moment which 
could . requi re  a s  much a s  80  pounds f o r c e  on t h e  c o n t r o l  
wheel t o  counter .  With power removed from t h e  se rvo  motor,  
t h e  jammed c l u t c h  would s t i l l  a f f ec . t  t h e  breakout  f o r c e  and 
f o r c e  g r a d i e n t  of t h e  l o n g i t u d i n a l  c o n t r o l  system. 

f r e e  t o  r o t a t e .  

The powder normally 

The o t h e r  c l u t c h  o f  t h e  se rvo  was examined and i t  was 

Gates L e a r j e t  personnel  t h e o r i z e d  t h a t  t he  powder 
coagula ted  and caused t h e  c l u t c h  t o  jam because o f  mois ture  
contaminat ion.  Reportedly,  va r ious  degrees  of v o i s t u r e  
contaminat ion  and c l u t c h  engagement have been found on o t h e r  
s e rvos  t h a t  have been overhauled a t  Gates L e a r j e t  i n  t h e  
p a s t .  

l a t e r  examined a t  t h e  Sa fe ty  Board's met .a l lurg ica1  l a b o r a -  
t o r i e s ;  no f o r e i g n  subs tance  was found. The m a t e r i a l  i n  
both  c l u t c h e s  was determined t o  be of t h e  same approximate 
chemical composition. However, some of t h e  p a r . t i c l e s  of t h e  
f e r r o u s  powder from t h e  jammed c l u t c h  cont inued  t o  coagu la t e  
i n t o  smal l  hard lumps. The reason  f o r  t h i s  i s  unknown and 
i n d i c a t e s  t h a t  some undetermined p r o p e r t y  of t h e  f e r r o u s  
c l u t c h  m a t e r i a l  i s  caus ing  t h e  cl ,utch t o  jam wi thout  t h e  
magnetic f i e l d .  

The f e r r o u s  m a t e r i a l  o f  bo th  c l u t c h e s  of t h e  se rvo  was 
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The S a f e t y  Board was informed by t h e  o p e r a t o r  t h a t  t h e  
same a i r c r a f t  experienced a l a t e r a l  c o n t r o l  problem on 
March 2 9 ,  1 9 7 9 .  This  t ime t h e  a i l e r o n  se rvo  d r i v e  u n i t ,  
i d e n t i c a l  t o  t h e  p i t c h  se rvo ,  was found t o  have a d e f e c t i v e  
c l u t c h .  
examinat ion.  

The S a f e t y  Board i s  aware t h a t  Gates  L e a r j e t  has  d i s -  
cont inued  t h e  use  of t h i s  JET E l e c t r o n i c ' s  p a r t  No. 2380066 
i n  new a i r c r a f t .  However, we have been informed t h a t  t h e r e  
a r e  approximately 2 2 0  L e a r j e t  a i r c ra f t  equipped wi th  t h e s e  
s e r v o  d r i v e  u n i t s  i n  ope ra t ion .  Furthermore,  t h e  p i t c h  
s e r v o  d r i v e  u n i t  i s  a mandatory i tem f o r  f l i g h t  s i n c e  i t  i s  
an i n t e g r a l  p a r t  of t h e  s t a l l  warning s t i c k  pusher system 
which was r e q u i r e d  by t h e  c e r t i f i c a t i o n  of t h e  a i r c r a f t .  

Th i s  u n i t  has  n o t  y e t  been disassembled f o r  d e t a i l e d  

Two r e c e n t  f a t a l  a c c i d e n t s  involved l o s s  o f  c o n t r o l  of 
L e a r j e t  model 2 5  a i r c r a f t  which were equipped wi th  t h e  same 
type  of s e rvo  d r i v e  u n i t s .  These a c c i d e n t s  a r e  s t i l i  under 
i n v e s t i g a t i o n .  A d d i t i o n a l l y ,  a review of our acc iden t  f i l e s  
i n d i c a t e s  t o  u s  t h a t  1 0  o t h e r  a c c i d e n t s  s i n c e  1 9 6 4  involv ing  
L e a r j e t  a i r c r a f t ,  which we b e l i e v e  were equipped w i t h  t h e s e  
s e r v o  d r i v e  u n i t s ,  may have been caused by c o n t r o l  problems. 
However, t h e  l a c k  o f  p o s t a c c i d e n t  evidence precluded i d e n t i -  
f i c a t i o n  o f  such a problem. Our i n v e s t i g a t i o n  i n t o  t h i s  
m a t t e r  i s  cont inuing .  

d i f f i c u l t i e s  caused by jammed se rvo  d r i v e  u n i t  c l u t c h e s ,  t h e  
S a f e t y  Eoard i s  extremely concerned and b e l i e v e s  expedi ted  
a c t i o n  i s  j u s t i f i e d .  The re fo re ,  t h e  Nat iona l  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  Federa l  Avia t ion  Adminis t ra t ion :  

In  view of t h e  p o t e n t i a l  c a t a s t r o p h i c  r e s u l t s  of c o n t r o l  

I n i t i a t e  a program immediately t o  exped i t e  t h e  
de te rmina t ion  of cause f o r  t h e  c l u t c h  mal func t ion  
i n  J E T  E l e c t r o n i c  par t  No. 2380066, se rvo  d r i v e  
u n i t ,  dev i se  a means t o  d e t e c t  p o t e n t i a l  problems, 
and d e f i n e  c o r r e c t i v e  a c t i o n .  (Class  I - -Urgent  
Act ion)  (A-79-21) 

If  d e f i n i n g  and implementing t h e  c o r r e c t i v e  a c t i o n  
desc r ibed  above w i l l  r e q u i r e  prolonged e f f o r t ,  
r e s t r i c t  t h e  o p e r a t i o n  of a l l  L e a r j e t  a i r c r a f t  
equipped wi th  t h i s  s e rvo  d r i v e  u n i t .  (Class  I-- 
Urgent Action) (A-79-22) 
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I s s u e  immediately an Operat ions A l e r t  B u l l e t i n  t o  
FAA i n s p e c t o r s  and n o t i f y  o p e i a t o i s  of L e a r j e t  
a i r c r a f t  equipped w i t h  t h i s  t ype  o f  s e rvo  d r i v e  
u n i t  t o  adv i se  t h e  p i l o t s  of t h e s e  a i i c r a f t  of t h e  
p o s s i b l e  c o n t r o l  d i f f i c u l t i e s  which can be en- 
countered  as  a r e s u l t  o f  c l u t c h  mal func t ion .  
(Class I - -Urgent  Act ion)  (A -79 -23 )  

Determine whether o t h e r  model a i r c r a f t  use t h e  
same se rvo  d r i v e  u n i t  c l u t c h e s  and t a k e  a p p r o p r i a t e  
a c t i o n  t o  adv i se  t h e  o p e r a t o r s  of t h o s e  a i r c r a f t  
o f  t h e  p o t e n t i a l  problem. (Class I - -Urgent  Act ion)  
(A- 7 9 - 2 4 )  

K I N G ,  Chairman, DRIVER,  Vice Chairman, McADAMS, and 
HOGUE, Members, concurred i n  t h e  above recommendations. 


