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Administrator SAFETY RECOMMENDAT I ON ( s )  

The National Transportat ion Sa fe ty  Board has  completed a s p e c i a l  
s tudy,  t i t l e d  "Emergency Locator Transmi t te rs  - An Overview," which 
provides  an overview of the c u r r e n t  ELT s i t u a t i o n .  nie study was 
prompted by the  la rge  number of f a l s e  ELT s i g n a l s  and f a i l u r e s  to 
a c t i v a t e  during. v a l i d  d i s t r e s s  s i t u a t i o n s  experienced with equipment 
designed under TSO-C91. For example, d a t a  provided by the  A i r  Force 
Rescue Coordination Center at Sco t t  A i r  Force Base, I l l i n o i s ,  show t h a t  
of all the KLT s i g n a l s  reported to i t  i n  1975 and 1976, less  than l 
percent  r e s u l t e d  i n  a c t u a l l y  l o c a t i n g  t h e  c ra sh  s i t e s  with the a i d  of a n  
ELT. The overwhelming major i ty  of the  ELT s i g n a l s  repor ted  a r e  f a l s e .  
Furthermore, nea r ly  90 percent  of ELT s i g n a l s  emanate from the  v i c i n i t y  
of a i r p o r t s .  

Nat ional  Transpor ta t ion  Safe ty  Board d a t a  r evea l  t h a t  of 1,028 
acc iden t  r eco rds  i n  1975 and 1,118 acc iden t  records  i n  1976, t h e  ELT was 
used i n  l o c a t i n g  the acc iden t  s i te in about 1 0  pe rcen t  of these  acc i -  
den t s  and the ELT malfunctioned i n  about 30 pe rcen t  of these  acc iden t s .  
The r eco rds  f u r t h e r  show t ha t  about 10  pe rcen t  of the ELT's were not  
armed and,  t he re fo re ,  could not have au tomat ica l ly  a c t i v a t e d  upon 
impact. The remaining records  revealed that ELT's  which funct ioned were 
not  used i n  l o c a t i n g  the acc iden t  s i t e .  

Controversy has  surrounded the  ELT s i n c e  1970 when Congress 
mandated i t s  i n s t a l l a t i o n  i n  most genera l  a v i a t i o n  a i r c r a f t .  The sub- 
sequent d i f f i c u l t i e s  encountered by t h e  ELT have been the  s u b j e c t  of 
numerous s t u d i e s  by organiza t ions  concerned with search  and rescue .  In 
p a r t i c u l a r ,  t h e  Radio Technical Commission f o r  Aeronautics (RTCA) , 
Special  Committee 127 (SC 127)., was convened a t  t h e  r eques t  of the  FAA 
i n  January 1975 to r e v i s e  the Minimum Performance Standards of RTCA DO- 
145 and DO-147,  which were incorporated i n  TSO-C91. This work has  been 
performed and a d r a f t  of the  revised s p e c i f i c a t i o n s  completed. The 
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Safe ty  Board be l i eves  t h a t ,  al though these  e f f o r t s  w i l l  r e s u l t  i n  a 
s u b s t a n t i a l l y  improved ELT, some of the more p e r s i s t e n t  ELT systems 
problems have not  been adequately addressed; t h i s  combined w i t h  ins 
c i e n t  f i e l d  t e s t i n g ,  might r e s u l t  i n  a second-generation ELT s y s t  
which w i l l  no t  c o r r e c t  the  c u r r e n t  u n s a t i s f a c t o r y  performance of 
ELT's.  I h e  Safe ty  Board f u r t h e r  be l i eves  t h a t  a w e l l  designed, w e l l  
i n s t a l l e d ,  and proper ly  funct ioning ELT can  be an e f f e c t i v e  t o o l  i n  
search  and rescue.  

The s tudy  revea led  seve ra l  a r e a s  i n  which c o r r e c t i v e  a c t i o n  is 
necessary.  

Attachment of ELT -- Attachment of t h e  ELT t o  the  a i r c r a f t ,  includ- 
ing  t h e  type of mounting and the l o c a t i o n  wi th in  t h e  a i r c r a f t ,  is a 
recognized ELT system problem. It is one, homiver, which the  REA-SC 
1 2 7  decided was o u t s i d e  i t s  purview. I f  improperly mounted the ELT can 
hrealc f r e e  from i t s  mounting system on impact and i t s  coax ia l  antenna 
c a b l e  can  become disconnected. Should the mounting system be  too 
f l e x i b l e ,  the  system can  absorb a s i g n i f i c a n t  po r t ion  of the  impact 
energy and then the c r a s h  sensoi may not  experience s u f f i c i e n t  decel-  
e r a t i o n  f o r c e  to a c t i v a t e  the  ELT. 

Should t h e  ELT be mounted too f a r  forward, i t s  chances of surv iv ing  
impact decrease.  The u n i t  might experience d e c e l e r a t i o n  f o r c e s  too 
severe f o r  i t  to  func t ion  properly.  
t h e  g r e a t e r  the  p r o b a b i l i t y  of i t s  su rv iva l  i n  a c ra sh  i f  the  attachment 
p o i n t  wi ths tands  the  c ra sh  fo rces .  However, i n  t y p i c a l  n o s e - f i r s t  
impacts,  t h e  forward po r t ion  of the a i r c r a f t  absorbs most of t h e  energy 
of t h e  impact, and i f  the ELT is mounted too f a r  a f t ,  the  ELT may n o t  
experience s u f f i c i e n t  d e c e l e r a t i v e  f o r c e s  to  a c t i v a t e  the c ra sh  sensor .  

The f a r t h e r  a f t  the  ELT i s  placed,  

There a r e  no s tandards  tha t  spec i fy  the  type or l o c a t i o n  of attach- 
ment except f o r  the  requirement of the  REA-SC 1 2 7  rev ised  Minimum 
Performance Standards t h a t  t h e  ELT s h a l l  have a means of a t tachment  so  
t h a t  t h e  ELT w i l l  wi thstand i n e r t i a l  f o r c e s  of lOOg downward, backward 
and sideward and lOOg forward and upward without  breaking l o o s e  from t 
mounts, damaging t h e  equipment, and causing the  ELT to  f a i l  to a c t i v a t  
ELT's a r e  a t t ached  i n  numerous l o c a t i o n s ,  from the  forward p a r t  of t h e  
cab in  to t h e  rear of t h e  t a i l  cone, and by a v a r i e t y  of mounting methods. 
Although NASA has  performed and is cont inuing t o  perform l i g h t  a i r c r a f t  
c r a sh  tests to  examine the c ra sh  f o r c e s  experienced a t  va r ious  l o c a t i o n  
wi th in  the  a i r c r a f t ,  the  mounting problem remains unsolved and v i r t u a l l  
unaddressed. 

Attachment of antenna -- b o t h e r  problem a r e a  n o t  adequat 
addressed i s  t h a t  of the attachment to the  a i r c r a f t  of t h e  e x t e r n a l l  
mounted antenna.  
t h e  antenna.  Also,  t h e  antenna can  be sheared o f f  as t h e  a i r c r a f t  

Often high speed c ra shes  w i l l  r e s u l t  in t h e  f a i l u  
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descends through t r e e s  o r  o the r  obs t ruc t ions  o r  by ground obs t ac l e s  upon 
impact.  Fu r the r ,  i f  the antenna were covered by wreckage o r  o t h e r  
d e b r i s ,  t h e  s i g n a l  would be  s i g n i f i c a n t l y  a t t enua ted .  

A s  i n  the  case of the  ELT, there a r e  no s tandards  spec i fy ing  the 
at tachment  of an ex te rna l  antenna TO a n  a i r c r a f t .  The only requirement 
i s  that of t h e  RTCA-SC 127 rev ised  Minimum Performance Standards which 
r e q u i r e  the  ELT t o  be connected ta the e x t e r n a l l y  mounted antenna by a 
s u i t a b l e  RF cab le  us ing  in t e r lock ing  connectors .  This problem remains 
unsolved and unaddressed. 

Crash sensor  -- The c ra sh  sensor ,  which responds to  impact f o r c e s  
and a c t i v a t e s  the  ELT when t h e  des ign  l e v e l  i s  reached, has  caused 
numerous f a l s e  alarms and has  f a i l e d  to func t ion  when i t  should have 
funct ioned . 

Many ELT exper t s  have concluded t h a t  the  o r i g i n a l  c r a sh  sensor  
des ign  i s ,  i n  e f f e c t ,  a v i b r a t i o n  sensor .  It is extremely s e n s i t i v e  to ,  
and w i l l  a c t i v a t e  when subjected t o ,  high frequency v i b r a t i o n s .  Such 
v i b r a t i o n s  can  be t ransmit ted through the  a i r f rame when an a i r c r a f t  
experiences ex te rna l  fo rces ,  such as those experienced during hard 
landings ,  cab in  door slamming, turbulence,  and s t rong  su r face  winds. 
All have been reported to cause unwanted ELT a c t i v a t i o n s .  

The c ra sh  sensor was a s u b j e c t  of s tandards  i n  the rev ised  Minimum 
Performance Standards of RTCA-SC 1 2 7 .  The proposed s tandards  r e s u l t e d  
from a s tudy performed by t h e  Crash Research I n s t i t u t e  of Tempe, Arizona, 
which e s t ima tes  t h a t  the  c u r r e n t  c r a sh  sensor w i l l  n o t  respond to the  
d e c e l e r a t i o n  f o r c e s  i n  80 percent  of su rv ivab le  c rashes ,  a l though i t  i s  
h igh ly  sensitive to v i b r a t i o n s .  The C R I  also es t imates  t h a t  the  pro- 
posed s tandards  of t h e  rev ised  Minimum Performance Standards should 
r e s u l t  i n  a c ra sh  sensor t h a t  w i l l  a c t i v a t e  i n  70 pe rcen t  to 80 percent  
of t hese  c ra shes  with a s m a l l  f a l s e  alarm rate. Wowever, crash sensors  
have n o t  y e t  been t e s t e d ,  which leaves doubt as to whether the new 
des ign  s tandards  w i l l ,  i n  f a c t ,  so lve  these  p e r s i s t e n t  problems. 

Some model ELT's  have had c ra sh  sensors  which f a i l e d  t o  ope ra t e  
because the sensor jams, s h o r t  c i r c u i t s ,  o r  becomes corroded. Again, 
f i e l d  tes t i n g  of pro to type second-generation ELT's w i l l  be necessary to 
determine i f  these  problems have been solved by the  redes ign  of the  
u n i t s .  

Bat te ry  -- ?he revised Minimum Performance Standards of REA-SC 127 
have spec i f i ed  inadequate opera t ing  l i f e  (50 hours) and low ope ra t ing  
temperature (720'C) f o r  the  requirements of search  and r e scue  due i n  
p a r t  to c u r r e n t  technica l  l i m i t a t i o n s  of nonlithium type b a t t e r i e s  and 
t h e  hazards  assoc ia ted  with t h e  l i t h ium s u l f u r  d ioxide  b a t t e r y .  
qua te  s tandards  f o r  search and r e scue  a r e  100 hours opera t ing  l i f e  a t  a 
low temperature of -4O'C. 

Ade- 

This  low temperature requirement is abso lu te ly  
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necessary to  i n s u r e  ope ra t ion  of the  EGT during winter i 
t h e  United S t a t e s ,  p a r t i c u l a r l y  i n  rugged mountainous 
rap id  r e scue  i s  e s s e n t i a l  f o r  su rv iva l  of the  occupants of a 
a i r c r a f t .  

Numerous s o l u t i o n s  to t h i s  problem have been suggested,  s 
i n s u l a t e d  enc losure  to con ta in  the  b a t t e r y  o r  a small  he 
keep the b a t t e r y  warm. A quick d isconnec t  system to  enable  remov 
t h e  b a t t e r y  when the  a i r c r a f t  i s  n o t  i n  use  could h e l p  prevent  co 
soaking of t h e  b a t t e r y .  Several  l i t h i u m  b a t t e r i e s ,  inc luding  t h e  
l i t h i u m  th ionyl  c h l o r i d e  and the l i t h ium monofluoride b a t t e r y ,  ar 
claimed to hold some promise f o r  e l imina t ing  t h e  vent ing  
hazards of t h e  l i t h i u m  s u l f u r  d ioxide  b a t t e r y .  
c h l o r i d e  b a t t e r y  has been t e s t ed  by one ELT manufactu 
t h e  problems a s soc ia t ed  wi th  the  l i t h i u m  s u l f u r  d i o x i  
occurred.  The Sa fe ty  Board b e l i e v e s  t h a t  t echn ica l  a1 
examined and a s a f e  and economical s o l u t i o n  to  t h i s  problem must be  
found. 

The li 

Corrosion i s  another l ead ing  cause of b a t t e r y  malfunct ion.  Un- 
de t ec t ed  co r ros ion  can be p a r t i a l l y  a t t r i b u t e d  to  i n f r e q u e n t  inspec t ion .  
Since b a t t e r i e s  a r e  n o t  always r e a d i l y  access ib l e ,  i n spec t ion  i s  d i f f i -  
c u l t .  Batteries should be e a s i l y  a c c e s s i b l e  f o r  r o u t i n e  check and the 
FAR'S should s p e c i f i c a l l y  r e q u i r e  in spec t ion  of t h e  ba 
annual o r  100-hour maintenance inspec t ion,  o r  both.  

S t i l l  another  problem i s  f a i l u r e  to r ep lace  t h e  b a t t e r y  a t  t h  
requi red  time. Easy a c c e s s i b i l i t y  and requi red  in spec t ions  should he lp  
t o  a l l e v i a t e  t h i s  problem. 

ELT arming and d i s p l a y  -- Often, p i l o t s  f a i l  to  arm the ELT dur ing  
t h e  p r e f l i g h t  check, e i t h e r  i nadve r t en t ly  o r  because they have become 
disenchanted o r  complacent because of the repeated malfunct ions.  Inclu- 
s i o n  of arming as a s p e c i f i c  s t e p  i n  the manufacturer '  
l i s t  would remind the  p i l o t  to  take t h i s  a c t i o n  befor  
could a l s o  se rve  as a reminder to  the p i l o t  to  check the remaining she  
l i f e  of t h e  b a t t e r y .  The inc lus ion  of  the  remote c o n t r o l  i n  t h e  cock- 
p i t ,  a s  proposed i n  the  RTCA-SC 1 2 7  rev ised  Minimum Performance Standa 
w i l l  enable the  p i l o t  to e a s i l y  perform this  o p e r a t i o n  of arming the 
ELT. One g lance  a t  t h i s  c o n t r o l  switch would enable  the p i l o t  to 
determine whether the  ELT i s  set  to  "OFF," "MANUAL ON," o r  "AREIED" 
automatic a c t i v a t i o n .  

The problems a s soc ia t ed  wi th  f a l s e  alarms could a l s o  
by the  remote c o n t r o l  and t h e  remote warning l i g h t  i n  
requi red  by t h e  r ev i sed  Minimum Performance Standards.  The warning 
l i g h t  would a l e r t  the p i l o t  of the inadve r t en t  o p e r a t i o n  of h i s  ELT 
he could then e a s i l y  s i l e n c e  the malfunctioning EGT w 
con t ro l .  
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These p e r s i s t e n t  problems can  have a nega t ive  e f f e c t  on the nation- 
a l  search  and r e scue  program. Much e f f o r t  has  been put  i n t o  the 
development of the  r ev i sed  Minimum Performance Standards and i t  is 
reasonable  to expect  t h a t  components w i l l  be  s a t i s f a c t o r i l y  produced i n  
accordance with these  new s p e c i f i c a t i o n s .  However, many systems 
problems t h a t  were not  addressed remain unanswered. The Safe ty  Board 
b e l i e v e s  t h a t  the l a c k  of system engineer ing and pro to type  f i e l d  t e s t i n g  
might w e l l  r e s u l t  i n  a second-generation ELT which w i l l  n o t  c o r r e c t  the 
c u r r e n t l y  u n s a t i s f a c t o r y  ope ra t ion  of the  ELT's. 

In view of the above, t h e  National Transpor ta t ion  Sa fe ty  Board 
recommends t h a t  the Federal  Aviation Administration: 

Es t ab l i sh  the  l o c a t i o n ( s )  and method of mounting a n  automatic 
f ixed-type E T  in an  a i r c r a f t  s o  t h a t  they w i l l  p roper ly  opera te  
c o n s i s t e n t  with the  RTCA-SC 1 2 7  rev ised  Minimum Performance 
Standards;  inc lude  t h i s  i n  the Technical Standard Order which w i l l  
incorpora te  the RTCA-SC 1 2 7  rev ised  Plinimum Performance Standards 
on ELT ' s .  (Class  I11 - Longer Term Action) (A-78-5) 

Es t ab l i sh  the  l o c a t i o n ( s )  and method of mounting a f ixed-type 
antenna(ae)  e x t e r n a l l y  to  an  a i r c r a f t  so t h a t  the  ELT w i l l  properly 
ope ra t e  c o n s i s t e n t  wi th  the  RTCA--SC 127  rev ised  PIinimum Performance 
Standards;  inc lude  t h i s  i n  the Technical Standard Order  which w i l l  
incorpora te  the  RTCA-SC 1 2 7  rev ised  Pfinimum Performance Standards 
on ELT's. (Class  111 - Longer Term Action) (A-78-6) 

Study e x i s t i n g  and proposed b a t t e r i e s  or undertake r e sea rch  to 
provide a b a t t e r y  o r  b a t t e r y  system t h a t  vi11 provide u s e f u l  
opera t ion  of the ELT f o r  a t  l e a s t  50 hours and -4O'C and require 
i t s  use wi th in  t h e  second-generation ELT's. (Class  111 - Longer 
Term Action) (A-78-7) 

Include a provis ion  i n  t h e  Technical Standard Order which w i l l  
incorpora te  the  RTCA-SC 127 rev ised  Minimum Performance Standards 
on ELT's  r equ i r ing  t h a t  the ELT and b a t t e r y  b e  r e a d i l y  a c c e s s i b l e  
f o r  v i s u a l  inspec t ion .  (Class  I11 - Longer Term Action) (A-78-8) 

Amend 1 4  CFR 43, Appendix D ,  t o  inc lude  a sepa ra t e ,  s p e c i f i c  
l i n e  i t e m  i n  e i t h e r  the annual  o r  100-hour maintenance inspec t ion ,  
o r  both,  t o  r e q u i r e  a v i s u a l  check of the ELT system, inc luding  the  
ELT, b a t t e r y ,  antenna or  antennae, cockpi t  con t ro l  and warning 
l i g h t  f o r  i n d i c a t i o n s  of problems, including co r ros ion  and improper 
connections and an ope ra t iona l  check of the system. 
Longer Term Action) (A-78-9) 

(Class 11.1 - 
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Require engineer ing development and t e s t i n g  of  a l l  components 
which a r e  the  s u b j e c t  of s tandards  i n  the  RTCA-SC 127 r e v i s e d  
Minimum Performance Standards f o r  ELT's,  inc luding  t h e  c r a s h  
sensor ,  to  i n s u r e  t h a t  these  components perform as s p e c i f i e d  
(Class  I11 - Longer Term Action) 

F ie ld  test preproduction ELT pro to  types supp 
t o  i n s u r e  t h a t  these  second-generation ELT's 
f a c t o r i l y  under f i e l d  cond i t ions  and w i l l  a l s o  meet RTCA-SC 127 
Minimum Performance Standards.  

(A-78-10) 

CClass I11 - Longer Term Action) 
(A-78-11) 

Request genera l  a v i a t i o n  a i r c r a f t  manufacturers t h a t  p rovide  
p r e f l i g h t  c h e c k l i s t s  wi th  t h e i r  a i r c r a f t ,  to inc lude  i n  their 
check 1 L s  t s ,  t h e  s ta tement  "ELT ARMD" i n  t h  

ELT OFF" i n  the  shutdown and parking s e c t i o  
Term Action) (A-78-12] 

I ,  

BAILEY, Acting Chairman, PIcADhMS, HOGUE, and KING, Members, 
concurred i n  t h e  above recommendations. 

By: Kay Bai ley  
Acting Chairman 


