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National Transportation Safety Board 
Washington, D.C. 20594 

Safety Recommendation 

Date: July 17, 1989 
In reply refer to: A-89-75 through -77 

Honorable James B. Busey 
Administrator 
Federal Aviation Administration 
Washington, D.C. 20591 

Single-engine, low-wing airplanes manufactured by Socata, a subsidiary of 
Aerospatiale of France and imported into the United States under Title 14 CFR 
21.29, "Issue of Type Certificate: Import Products," have recently been 
involved in three accidents following the loss of engine power in flight. The 
first accident, involving a Socata Trinidad TB 20, N31TB (serial No. 483), 
occurred at Omaha, Nebraska, on September 25, 1988, because of fuel 
starvati0n.g The second accident, involving a Socata Trinidad TB 21, N20GF 
(serial No. 646), occurred at Clinton, Iowa, on November 22, 1988, for 
undetermined reasons.?/ No injuries were sustained in either of these 
accidents. The third accident, involving a Socata Trinidad TB 21, N2BLR (serial 
No. 812), occurred at Newhall, California, on June 22, 1989, and appears to have 
been precipitated by water in the fuel"?/ After losing engine power, The 
pilot of N28LR attempted an emergency landing but all four occupants aboard were 
killed when the airplane struck high-voltage electrical transmission wires. 
Also, pilots of several other Trinidad TB 20 airplanes have experienced engine 
surging in flight, that necessitated precautionary landings, and several Service 
Difficulty Reports (SDR) have been submitted to the Federal Aviation 
Administration (FAA) regarding problems with the original (now obsolete) fuel 
systems in both TB 20 and TB 21 airplanes. Notable excerpts from the SDRs 
include: 

Following takeoff, the pilot turned off the electric fuel boost 
pump. At this time, the engine started to die. He made it back t o  
the runway from 300 feet. On first inspection, fuel was noted 
running from the existing fuel filter bowl drain valve. The valve 
(closing) spring appears to be too weak. The bowl has been 
modified to accept a standard aircraft approved fuel drain valve. 
Submitter recommends changing the valve. (TB 20, SDR processed 
04/28/86) 

lf For more detailed information, read Field Accident Brief No. 1545 (attached). 
2/ For more detailed information, read Field Accident Brief No. 1935 (attached). 
?/ Investigation in progress. 
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Pump ga l lons  per  hour o u t p u t  was 9 gph a t  23 psi when t e s t e d  
fol lowing accident  poss ib ly  caused by fue l  s t a r v a t i o n .  Pump 
s p e c i f i c a t i o n  i s  35 g p h  a t  23 p s i .  Pump a l s o  t e s t e d  25 psi maximum 
when s p e c i f i c a t i o n  i s  2 7 . 5  psi  maximum. Unit had 99.37 hours 
opera t ion  s ince  i n s t a l l e d  a f t e r  r e p a i r  by a i r c r a f t  accesso r i e s .  
( T B  20, SUR processed 12/14/88) 

Engine would not lock proper ly ,  rough and surgey. Flowed i n j e c t o r  
nozzles  f o u n d  f low in  a l l  nozzles t o  be p i r a t e d ,  cleaned nozzles .  
Engine run s t i l l  showed roughness. Upon shutdown, noted f u e l  
dr ipping  from e l e c t r i c  boost pump d r a i n .  Turned on pump, fue l  
poured from d r a i n ,  b u t  with engine r u n n i n g ,  no fuel  dr ipped.  
Capped o f f  d ra in  l i n e ,  engine ran smooth. Apparently sucking a i r  
t h r o u g h  d ra in  i n t o  fue l  system, causing fue l  i n t e r r u p t i o n .  This 
pump i s  a t  fue l  bowl d ra in  and i s  apparent ly  drained a t  p r e f l i g h t .  
This  D u m 0  i s  olacarded "Never Ooerate Pumo Drv." Submitter 

b ,  

recommends redes'ign of system or d d n ' t  d r a in  'sump 'at p r e f l i g h t .  
(TB 21, SOR processed 07/15/87) 

P i l o t  repor ted  engine surging in  f l i g h t ,  accompanied by fue l  flow 
o s c i l l a t i o n s .  Inspect ion of fue l  system revealed fue l  leakage from 
boost pump seal  d r a i n .  This condi t ion could allow a i r  t o  e n t e r  
fuel system during r e l a t i v e l y  h i g h  power opera t ion  ( c r u i s e )  with 
pump turned o f f  and could p a r t i a l l y  c a v i t a t e  pump, causing delayed 
recovery of fue l  pressure when pump i s  turned o n .  Pump was 
removed, overhauled and r e i n s t a l l e d .  A i r c r a f t  was ground run f o r  
l eak  and opera t iona l  checks and judged safe f o r  f l i g h t .  Check 
f l i g h t  of 1 hour dura t ion  was performed with no d i screpancies  
noted.  Submitter recommends t h a t  dur ing p r e f l i g h t  i n spec t ion ,  
boost pump be operated and sea l  d ra in  l i n e  be inspected f o r  fuel 
leakage.  (TE 20, SDR processed 06/13/88) 

The National Transpor ta t ion  Safe ty  Board suspec ts  t h a t  the o l d e r ,  o r ig ina l  
design of  t h e  fue l  system i n  t h e  a i rp l anes  may have cont r ibu ted  t o  one o r  both 
of  t h e  acc idents  involving N31TB and NZOGF, b u t  a d e f i n i t e  causal r e l a t i o n s h i p  
could not be e s t a b l i s h e d .  Nonetheless, t h e  Sa fe ty  Board's eva lua t ion  of  t h e  
s p e c i f i c  design and opera t ing  c h a r a c t e r i s t i c s  of  t hese  fue l  systems prompts 
concern because they  appear t o  be conducive t o  the induct ion of  a i r  in  t h e  
system and t h e  formation of vapor lock and do not appear t o  meet t h e  i n t e n t  of 
severa l  of  t h e  fue l  system requirements of  Subpart E of  14 CFR Part 23 
concerning fue l  flow and fue l  pressure ,  fue l  pump systems, and fue l  system 
opera t ion  in  hot weather.  



Socata ’s  new improved f u e l  system, wh ich  appears t o  c o r r e c t  t h e  prob lems o f  
a i r  i n  t h e  system and vapor  l o c k ,  had been i n s t a l l e d  i n  N28LR. However, because 
o f  a r o u g h - r u n n i n g  eng ine ,  b o t h  i n  f l i g h t  and d u r i n g  eng ine  runup on t h e  
ground,  t h e  p i l o t  o f  N28LR t o o k  t h e  a i r p l a n e  t o  a c e r t i f i c a t e d  maintenance 
f a c i 1 i t . y  f o r  s e r v i c e  and/or r e p a i r .  A f t e r  n o t i n g  t h a t  t h e  f u e l  i n j e c t o r  se rvo  
mechanism had been con tamina ted  w i t h  wa te r ,  maintenance pe rsonne l ,  on t h e  day o f  
t h e  a c c i d e n t ,  d r a i n e d  t h e  f u e l  system ( u s i n g  t h e  a i r p l a n e ’ s  s e v e r a l  d r a i n  
v a l v e s )  u n t i l  no f u r t h e r  w a t e r  was observed i n  t h e  f u e l  samples. Nonethe less ,  
t h e  S a f e t y  Board ’s  examina t ion  o f  t h e  wreckage o f  N28LR d i s c l o s e d  w a t e r  t o  be 
p r e s e n t  t h r o u g h o u t  t h e  f u e l  s,ystem. 

The f u e l  systems i n  T r i n i d a d  TB 20 and TB 21 a i r p l a n e s  a r e  i d e n t i c a l  and 
i n c l u d e  a f u e l  t a n k  i n  each wing. The f u e l  t a n k s  i n  t h e  models manufac tured  
b e f o r e  1987 ( p r i o r  t o  s e r i a l  No. 731) a r e  l o c a t e d  a t  t h e  f u e l  system l o w  p o i n t  
and r e q u i r e  t h e  e n g i n e - d r i v e n  and e l e c t r i c  f u e l  pumps t o  l i f t  t h e  f u e l  a g a i n s t  
an adverse  p r e s s u r e  g r a d i e n t  f rom t h e  t a n k s  t o  t h e  eng ine .  Fue l  l i n e s  f r o m  t h e  
r e s p e c t i v e  t a n k s  a r e  f i r s t  r o u t e d  up t o  t h e  f u e l  s e l e c t o r  n e a r  t h e  t o p  o f  t h e  
i n s t r u m e n t  pane l  ( a p p r o x i m a t e l y  20 i n c h e s  above t h e  l e v e l  o f  t h e  f u e l )  and t h e n  
t h r o u g h  t h e  f i r e w a l l  and down t o  t h e  e l e c t r i c  boos t  p u m p / f i l t e r  assembly a t  t h e  
b o t t o m  l e f t  s i d e  o f  t h e  f i r e w a l l .  From t h e r e ,  t h e  f u e l  l i n e  i s  d i r e c t e d  back 
upward t o  t h e  e n g i n e - d r i v e n  f u e l  pump and t h e n  t o  t h e  eng ine .  I n  summary, f u e l  
must be drawn (sucked)  u p h i l l  f r o m  t h e  f u e l  t a n k s  t h r o u g h  a l o n g  s e r p e n t i n e  
arrangement o f  f u e l  l i n e s ,  pumps, and va l ves ,  some o f  wh ich  a r e  l o c a t e d  i n  t h e  
v e r y  h i g h - t e m p e r a t u r e  env i ronment  o f  t h e  eng ine .  The S a f e t y  Board b e l i e v e s  
t h a t ,  as a r e s u l t  o f  t h e s e  d e s i g n - o p e r a t i n g  c o n d i t i o n s ,  t h e  f u e l  system i s  
v u l n e r a b l e  t o  vapor  l o c k  ( f u e l  s t a r v a t i o n ) ,  p a r t i c u l a r l y  a t  h i g h  a l t i t u d e s ,  as 
w e l l  as o t h e r  m a l f u n c t i o n s .  

To a v o i d  damage t o  t h e  e l e c t r i c  f u e l  boos t  pump mechanism o r  sea ls ,  t h e  
m a n u f a c t u r e r  o f  t h e  pump (Dukes, I n c o r p o r a t e d )  has p l a c e d  a p l a c a r d  on t h e  pump 
i n d i c a t i n g  t h a t  i t  must n o t  be o p e r a t e d  d r y .  However, because t h e  o r i g i n a l  
d e s i g n  o f  t h e  TB 20 f u e l  system does n o t  p r o v i d e  f o r  a g r a v i t y  f u e l  p r e s s u r e  
head t o  any f u e l  system component, f u e l  i n  t h e  l i n e s  and v a l v e s  o f  t h e  system 
tends  t o  be s iphoned back down t o  t h e  f u e l  t anks  when t h e  e n g i n e - d r i v e n  and 
e l e c t r i c  b o o s t  pumps a r e  i n o p e r a t i v e .  Acco rd ing  t o  some TB 20 owners and 
o p e r a t o r s ,  when t h e y  a t t e m p t  t o  s t a r t  t h e  engine, t h e  b o o s t  pump i s  sometimes 
unab le  t o  s e l f - p r i m e  t h e  empty l i n e s  and produce a f l o w  o f  f u e l  ( a  g reen  l i g h t  
on t h e  i n s t r u m e n t  pane l  i l l u m i n a t e s  when f u e l  f l o w  i s  e s t a b l i s h e d ) .  As  a 
r e s u l t ,  t h e  b o o s t  pump r o t o r  s h a f t  vane and b e a r i n g  sea l  assemb l ies  may s u s t a i n  
damage and a l l o w  a i r  t o  e n t e r  t h e  system. One o p e r a t o r  o f  t h e s e  a i r p l a n e s  has 
r e s o l v e d  t h i s  s t a r t i n g  p rob lem by  h a v i n g  someone b low i n t o  t h e  f u e l  t a n k  ven ts ,  
t h e r e b y  s l i g h t l y  p r e s s u r i n g  t h e  t a n k s  and f o r c i n g  f u e l  up t o  t h e  b o o s t  pump. 
Once t h i s  i s  accompl ished, t h e  eng ine  s t a r t s  and o p e r a t e s  n o r m a l l y ,  u n l e s s  t h e  
boos t  pump sea l  assembly has been damaged. I n  t h a t  case, f u e l  may l e a k  f r o m  t h e  
boos t  pump d r a i n  assembly when t h e  eng ine  i s  o f f  o r  i s  o p e r a t e d  a t  l o w  power 
s e t t i n g s ;  s u r g i n g  o f  t h e  eng ine  i s  l i k e l y  t o  occu r  a t  h i g h e r  i n - f l i g h t  eng ine  
power s e t t i n g s .  
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As a r e s u l t  of s e r v i c e  and opera t ing  problems caused by dry operat ion of 
the fuel boost pump, Socata issued Serv ice  Kit  No. 9128, " I n s t a l l a t i o n  of a 
Check Valve on the TB 20 Fuel System." The check valve,  app l i cab le  t o  t h e  
o r i g i n a l ,  obso le t e  fue l  systems in  TB 20 a i r p l a n e s  through s e r i a l  No. 730, was 
intended t o  avoid d r y  opera t ion  of the boost pump i n l e t  t o  
t h e  boost pump submersed in  f u e l .  However, t h e  Sa fe ty  Board does not be l ieve  
t h a t  t h e  check valve is  an e f f e c t i v e  so lu t ion  t o  t h e  problem. For example, each 
of  t h e  fue l  l i n e s  from t h e  fue l  s e l e c t o r  valve t o  t h e  r e spec t ive  fuel tanks may 
s t i l l  remain v o i d  of fue l  and r equ i r e  a se l f -pr iming ,  d r y  opera t ion  of t h e  pump. 
Moreover, the  quan t i ty  of fue l  above t h e  boost pump f i l t e r  assembly i s  
diminished by t h e  amount of fue l  drawn from t h e  assembly during p r e f l i g h t  ( fue l  
f i l t e r  i n  a i r p l a n e s  t h o u g h  s e r i a l  No. 730 i s  an in t eg ra l  p a r t  of t h e  boost pump) 
and the  problem i s  f u r t h e r  complicated by leaky fue l  f i l t e r  d r a i n  va lves ,  as  
r e f l e c t e d  i n  severa l  of t h e  SDRs submitted t o  t h e  FAA.  (The maintenance manual 
for t h e  TB 20 and TB 21--Chapter IX, Sect ion 11.3, "Replacement of Bleeds on 
'Sofrance '  F i l t e r " - - r e f e r s  t o  t h e  i n s t a l l a t i o n  of new, and presumably improved, 
f u e l  f i l t e r  d r a i n  va lves . )  

by keeping t h e  fue l  

Socata a l s o  attempted t o  a l l e v i a t e  fuel  system problems by i ssu ing  Service 
Ki t s  Nos. 9132 ( T B  20) and 9133 (TB 2 1 ) ,  " F i t t i n g  of New Weldon E l e c t r i c  Fuel 
Booster Pumps ."  These k i t s ,  app l i cab le  t o  a i rp l anes  through s e r i a l  No. 730, 
provide for  t h e  i n s t a l l a t i o n  of boost pumps suppl ied by a d i f f e r e n t  
manufacturer ;  Socata believed the Weldon pumps were b e t t e r  ab le  t o  handle a i r  or 
vapor and avoid c a v i t a t i o n .  However, t h e  Safe ty  Board be l i eves  t h a t  t h e  
fundamental cause of t h e  fuel  system opera t ing  and s e r v i c e  problems i n  these  
a i r p l a n e s  i s  inadequate design of t h e  fue l  system r a t h e r  than s p e c i f i c  opera t ing  
c h a r a c t e r i s t i c s  o r  c a p a b i l i t i e s  o f  individual  fue l  boost pumps. For example, 
b o t h  t h e  o ld  and new fue l  boost pumps a r e  p o s i t i v e  displacement pumps, n e i t h e r  
of which should be operated dry .  

I n  1987, Socata s u b s t a n t i a l l y  redesigned t h e  fuel systems i n  TB 20 and 
I B  21 a i r p l a n e s ,  beginning with a i r p l a n e  s e r i a l  No. 731, by r e l o c a t i n g  t h e  
e l e c t r i c  fue l  boost pumps and fue l  s e l e c t o r  valves .  The boost pump i s  now 
mounted i n  the b e l l y  of  t h e  a i r p l a n e  below t h e  leve l  of  t h e  fuel i n  the wing  
tanks .  Because of t h e  g r a v i t y  fue l  pressure  head assur ing  i n l e t  fue l  t o  t h e  
nearby pump a t  a l l  t imes ,  t h e r e  i s  no suc t ion  o r  adverse pressure  g rad ien t  and 
t h e  occurrence of c a v i t a t i o n  o r  pump-induced fuel system malfunction i s  
un l ike ly .  The fue l  s e l e c t o r  valve was redesigned and r e loca ted  from the t o p  of 
t h e  instrument  panel (where i t  was d i f f i c u l t  t o  see) t o  a console  near  the f l o o r  
of t h e  a i r p l a n e .  The fue l  s e l e c t o r  o u t l e t  l i n e  i s  routed d i r e c t l y  through the  
lower por t ion  of t h e  f i r e w a l l .  As a result of  t hese  changes, the fuel system 
now ope ra t e s  under t h e  inf luence  of  a pos i t i ve -p res su re  fuel flow, and the 
p o t e n t i a l  f o r  vapor lock or fue l  s t a r v a t i o n  appears t o  have been e l imina ted .  
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On March 17, 1989, the owner of a TB 20 airplane, N33AS (serial No. 533), 
advised the Safety Board that engine surging and erratic fuel flow were 
encountered in flight on several occasions and that subsequent ground-testing 
of the engine-fuel system, utilizing clear plastic tubing, confirmed the 
presence of air in the fuel lines. The air entry point was traced to the fuel 
boost pump (damaged seal). Additionally, because of recurring water in the 
fuel, as evidenced in fuel samples, the fuel tanks of N33AS were drained and the 
sealed access doors were removed to purge all fluid from the interior of the 
tanks. The mechanic who performed this operation told the Safety Board that a 
substantial quantity of fluid remained entrapped at two locations: (1) behind 
ribs separating the several fuel bays, and (2) in the area adjacent to the fuel 
sump, The fuel sump, according to the mechanic, did not appear to be at the low 
point of the tank. As a result of this report and the catastrophic accident 
involving N28LR, the Safety Board believes that tests of the TB 20 and TB 21 
fuel tanks should be conducted as soon as possible to determine whether or not 
the fuel tank sump design complies with the fuel system requirements of 14 CFR 
Part 23, or their equivalent. 

Therefore, the National Transportation Safety Board recommends that the 
Federal Avi at.ion Admini strati on: 

Require Socata to prepare a service bulletin ("Improved Fuel S,ystem 
Design, TB Series Airplanes") and a fuel system modification kit to 
retrofit all United States registered Trinidad TB 20 and TB 21 
airplanes through serial No. 730 with a fuel syst.em similar or 
equivalent to that installed in current production models of the 
airplanes. (Class 11, Priority Action) (A-89-75) 

Issue an airworthiness directive applicable to Socata Trinidad 
TB 20 and T8 21 airplanes through serial No. 730 requiring, within 
the next 100 hours of flight, modification of the fuel system in 
accordance with Socata Service Bulletin, "Improved Fue l  System 
Design, TB Series Airplanes," referenced in Safety Recommendation 
A-89-75. (Class 11, Priority Action ) (A-89-76) 

Conduct tests of the integral fuel tanks in Socata Trinidad TB 20 I 

and TB 21 airplanes, with the airplane in its normal ground 
attitude, to determine whether any free water that may be present 
can be completely eliminated through the fuel tank sump drain 
valves. If water remains entrapped, the Federal Aviation 
Administration should require Socata to initiate appropriate 
remedial design action; issue an airworthiness directive outlining 
the action necessary to resolve this problem in existing airplanes; 



and ensure  t h a t  Socata TB 20 and TB 21 a i r p l a n e s  subsequen t l y  
manu fac tu red  and i m p o r t e d  i n t o  t h e  U n i t e d  S t a t e s  comply w i t h  t h e  
p r o v i s i o n s  o f  14 CFR 23.971,"Fuel Tank Sump," o r  t h e i r  e q u i v a l e n t .  
(C lass  I ,  Urgen t  A c t i o n )  (A-89-77) 

KOLSTAD, A c t i n g  Chairman, BURNETT, LAUBER, NALL, and DICKINSON, Members, 
c o n c u r r e d  i n  t h e s e  recommendations. 

James L .  K o l s t a d  
A c t i n g  Chairman 
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