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SKiiIA3.X 

T h l s  report   descr lbes   f l lght  observations and crash and fire 
tests of  the  Gener.4 ZLlls-TLan i l l g i l t  .7ecorder. The recorder 15 
spherical,  apprommately 13 mches ~tl dumeter ,  2nd 16.5 20unds l n  
welgnt.  Standard  elements  contamed  tvlthln  the  spherlcal housin: a r e  

ver t lcal   accelerat lon and t m e .  These data   are  embossed  on alummun: f o l l ,  
applled  dlrectly t o  measure a l t l tude ,  a i r  speed, mape t l c  coilpass  heading, 

and each r o l l  of foll 1s suXxclent  f o r  300 hours oi f l l g h t   t m e .  

Two recorders Irere  observed m fl&t for a perlod of several  
rflonths, and durmg   th l s  t ~ m e  they  functloned  adequately. A recorder  vas 
crash-tested  a t  an qxm of 97s and was subJected  to a 2000° < flame f o r  
30 mmtes,  whlch d ld  r o t  destrojr  the  mtelllgence  recoxied on the . € O i l .  

IUil0WCTIO;I 

Sore +ten years ago, It was declded by the  CAB a12 the C U  t h a t  
the use of f l lght   recorders  m dl scheduled a l r   c a r r l e r s  m both  passenger 

deterrmnatlon of the  fzc ts ,  conclltions, and c l rcu ls tances   l ea-mg t o  
and cargo  servlce would promote safety and rroulti const l tute  an a d  m 

accldents UI trhlch  tncse a l r c r d t  mlght  be  involved. Tkrefore ,   the i r  
use was m d e  mndatorj.. Thls regulztion was repealed on June 9,  17hh, 
because oi materlal  shortzges. 

bu t   t h i s  regulation rras anended ,larch 29, lFh8, t o  mcluGe  only a l rc raf t  of  
10,000 pounds o r  more m7:mum authorleeJ  take-off  rrelzht.  investlgatlon 
had shown that  the  constructlon of a l r c r d t  of l e s s  t h a  t h l s   m i g h t  dld 
not provlcie adequate  protectlon f o r  the recordmg  equlp1ent m the event 
of a severe  crash.  kbthenncre, G h e  wel:l:t penalty of the slnjllor a l r c r d t  
1s more severe  than on the l a r g e r  types of trtransport a l r c r a i t  rrhen con- 
sldered as a percents-e of pay load. L1Zb.t a l r c r a l t  were used rnalnly UI 
daytme V.73 operatlons and generally rrere flown ior short distances. 
The eifect lvc  date  was chanzed t o  June 30, 19h8. Due t o  t h e   f a c t   t h a t  

necessaq  t o  further  extend tine t l n e   f o r  cornpltance aid no deadlux? date 
m f i l c l e n t  quantities of fll?;hG  recorders Irere not  avallable, It uas 

was estzbllshed. At t i l s  Junctue ,   the  .;ir Transport  Assoclatlon, on 
b e h d i  of the  scheduled a l r   c a r r i e r s ,  agreed to  mnltlate a progran f o r  
the service tes t ing  of aval lab le   mst rments  on varlous make and model 
a l r c r a - t  used by the a x  carriers. U t c r  sone f l l gh t - t e s tmg ,  t i e  regula- 
t lon was cancelled; and qua l l f led   rmufacmrers  were encouraged t o  develop 
I l lght   recorders .  

Zl.~gh% recorders were aGam made mandatory a f t e r  October 16, 19h7, 



2 

The General idls-Ryan Zllght Recorder,  developed by Professor 
Jams J. Ryan and sponsored by t i e  General ihlls, Incorporated, was con- 
sldered  sufflclently  pronnslng  to  warrant  f l lght observation and dete-a- 
t ion of Its a b l l i t y  to surnve crash and ;Ire t e s t s .  This  report  covers 
the  results  obtained  durlng tiiese observatlons and t e s t s  conducted at the 
Technical bvelopment and Evaluation  Center. 

DESCXPTION 

ilechanrcal &vlslon 01 General ~bl l s ,  Inc., i imneapol l s ,   l lmesota ,   to   the  
Three  General P~llls-qVan Flight Recorders  were submitted by the 

1J-C f o r  f l l g h t  obssrvatLor:s and t e s t s .  The m s t m e n t ,  shown m Flg. 1, 
re -ords   a l r  syeed, ver tmal   accelerat lon,   d l t l tude,  ard tlme. it 1s 

.I l a t e r  model d s o  records heachn:  and werghs 22.5 pounds. Thls  recorder 
mcwporaved m a s p h e x c d  r u e p r o o f  case. T:le t o t a l  :relg;lt IS 16.5 pounds. 

u t l l z e s  a magnetlc compass and an electrical servosystem f o r  recordmg 
the 260' dlsplacer.,ent. 

n 7  

%e frame of the  mstrument 1s alurmnum, and t h e   s p x r l c a l  fire- 
proof  case IS cotlprlsed of trro r~alls. TLe outer r d l  1 s  a zmc-plated 
m l d  steel  sphere, 15 inches 1 ~ 1  cllameter,  and the h e r  w a l l  1 s  an 
durmnunl sphere 13 snches m dmneter.  The insulation Detveen tne walls 
1s a one-snch layer  of P e r l i t e   m t h   u a r m l t e   s e p a r a t o r s  a t  the  llequator" 
rrhere the two halves of the  case  are Jomed. I he  upper :masL:here con- 
t a m s   t h e  recording mechanla,  the a=-speed unlt ,  and the d r l v e - t m g  
regulator. The lover  hemsphere  contams  t i le  al tm,eter unlt, the e l e c t r l c  
drlve motor, md the  accelero~neter  assevbly. The pressure l m s  fo r   t he  
zlr-speed and a l t m e t e r  elements  are  connected a t  one support  bracket. 

bracket. Tor the recorders  that  mclude  headlng, 115-vol t  400-cps e l ec t r l cd .  
In AM connector fo r   t he  28-volz-do power source is on the opposite 

polrer a lso  1s 1-equred. The sensmg and recordlng mechanisms are  shown m 
I ' l g s .  2 1  and 2B. The au-speed  mdlcator   e leaent  IS a standard pressure 
diaphragm, n t h  a ranee from 0 t o  50C mph, havmg s t a t l c  and dynarmc 
cnanbers. Thls element has about  0.75-mch  nover,~ent f o r  500 mph as 
lndlcated a t  sea level .  The a l t m e t e r  element 1 s  an  anerold bellorrs 
wlth  temperature cornpensahon. iz   mdlca tes   p ressure   a i t l tude  of from 

The altmeter  record  has  a two-mch  spread f o r  an mdlcat lon of 40,000 f e e t .  
-1000 f e e t  t o  b3,OOO f e e t  based on standard atmospnerlc  pressure. 

I l ca t lon  of approxlmately  iour,  to  dlsplace  the  lndlcatlng  stylus. 
The movmg portlon of t h l s  unlt a c t s  upon 2 lever  dechamsm, n t h  a magnl- 

rl 

The accelerometer  element, whlcil .-s a cube of metal, 1 s  supllorted 
upon cantilever beam sprmgs, so d e s l y e d   t h a t   t h e  movewmt of the  trei&t 
and the   s ty lus  IS I n  a s t r a i z h t  lme.  T h e  accelerorceeter  measures  betrreen 
h n t s  or I r o n  - 3 g  t o  fl2,- rnth  about 2 mcL1e.s sprezd on the record. The 
natural  frequenGr of t he  element IS appro;unatel;r Id0 cycles  per rmnute. 
Jmplng 1 s  obtamed b ' ~  an a u  dash:Jot. The styli 0; these t h e e  elerlents 
are  sll;,htly  dlsl>laced  to  prevent  1r.terfereme. I iour th   s ty lus   mdlcases  

medlum 1 s  a l w , u n u r r -  fad., 0.(101 indh~s t b c k  apd 2-75' lnrhes wxk, m ro?lr, 
the  reference  poslt lon  or base l m e   f o r   t h e  recordings. Ths recordmg 
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of 100 feet .  The foll moves a t  a r a t e  of f o u r  lnches  per hour, so that 

equivalent of trro weeks f l l g l i t  tule.  The recording  sty11 emboss t h e   f o i l  
one roll can record  contlnuously f o r  approxmately 300 hours o r  the 

as It moves over the backmg  plate. The f o l l  1 s  ro l led  on a r e e l  and 1 s  

perx12aent-magnet motor whzch  moves so slovly as t o  approximate a s t a l l ed  
caused to  move across  the  baclang  plate by means 01 a ma.11 28-volt-dc 

p?r hour and contlnually  applles a torque  through a short  length of c o i l  
cond;tlon. The l l s ta l led l l  motor operates a t  appronmately s1x revolutlons 

spr r .g   to   d r lve  tine rewind  spool. The speed of the f o i l  advance 1s 
yoverned  by a cloclsrork  escapenent mecnanlsm. -4 camoperated  scrlber 
narks the edge o i  ?he f o d  each  nunute of tmle n t h  m q o r  lndlcatzons 
p v ? q  15 mnutes  an6 sve,y  hour. Ilr speed IS given III cules per hour, 
KL,~kurk 1 s  m ;set, and -bhe acceleratlon 1 s  m multiples of s. 

st:t3c-prcssure and the dynamc-pressure l m e s  III pa ra l l e l  r n t h  the 
mstr~w11ents In the  ccclpit .  The a l t m e t e r  unlt also 1s connected t o  the 
. < ~ 3 - ~ c - p r e s s n r e   l l n e .  The m t e r l o r  01 the  recorder  housmg 1 s  a t   a m l e n t  
oktsxie  presswe. 

The a-r-speed mdxator   e le ‘ ten t  1 s  connected to   t he   a i r c ra f t  

a l t e r  the  poller  to  the motor IS tlxned o i f  o r  the po’rer f a l l s .  This 1 s  
Tile dr lve   for   the  1011 operates f o r  ap?roxmately  ten m a t e s  

obtamed by a x t c h e t  and the   sprmg between the motor sha f t  and Its 
connectm:, zeer. 

eence f r o m  .the 2011, 16 avadahle .  t t  1s a ne ta l  box conzaxfi: an opt ica l  
!L €l i rh t   da ta   reader ,  B I ~ .  3, t ha t   f ac l l l t a t e s   ob ta l r -mg  mmlll- 

s@en by irhich the  alurmnm-foll  records from the f ; l L n t  recorder m n a y  be 
s c m e d   n t h  a I U ~ U T I  01 dI . f fxul ty .  

- 

The a lwlnum  fo l l  on spools from the  recorder 1 s  placed UI a 
holder m f r o n t  o i  Lie box. Thc e]-epLece, located above the  holder, a l l o m  
the f o l l  t o  be scanned as the  record is turned m t ; le  holder. -1s seen 
from  the  eycplece,  the  record  appea-s a t  I t s  natural  size i n s d e  tile box. 
The 1llurunatIoll 1 s  ob taned  by edge 1l;hting of t i& record. “n overlay 
ca l lb ra i lon   chu t ,  mounted slrmlar t o  a proJectlon  sl lde,  IS placed LII a 

projected so as t o  be supermposed q o n  the ma,e o i  the  recorder record. 
lamp housm:, a t   t h e  sxle  of the bo::. T h s  dlummated  oveylay IS then 

SLllt2de lq,htm;, f o r  r,nxunurx c l a r l t y  of the  scrlbed marks on tile f i l m  and 
zhe mtens l ty  of the overla;. 1s obtalned by aLJus tmg  hobs .  Other con- 
t r o l s  l l n e  up the  refcrence llne on Lhe f o l l  tntii the  reference  l lne on 
ihe  overlay and advance ihe f o l l .  &om the  cal lbrat lon  overlay,   for  any 

may be  observed. A t y p x a l  recor2 as vlexrecl rrlth  the  data  reader 1 s  
Instant  of t ine,   values or” a l r  speed,  dl-tltude,  accelerat~on, and heading 

shorm m F1g. 4. 
A 3s-Pm c u e r a  attachment 1 s  placed so t h a t  any portlon o i  t i e  record may 
be  photographed. The phoLogr3;ih my be enlarged to any slze  deslred i o r  
dccurate  study and  measuremnt. 2rom a roll of f o l l ,  aqy number of photo- 
graphs oi the   per tment  xnL”ormatlon may be  taken f o r  Iuture  enlargement 
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and s tuc i .  The data  reader 1 s  1 2  mches  rrlde, 25 lnches  long,  and 
16 snches  high. It rrelzhs appro:amately b0 pounds. 

2. dlrect-readm;,  transport  overlay  also 1s povlded  Lor  
mmedlate analyrls of the  recorls  wncre tne  data  reader 1s not available. 
Other optical r,=:nlflors  such as enlarged L>hotoLTap:ls o r  l?lcroscopes may 
be  used. 

RESULTS 0;; TW!S 

-- 7 l i g h t  Observations. 

recorder s e r l a l  Xo. I!. was l n s t d l e d  m alrplane 1:-183. These m s t a l l a t l o n s  
airplanes. &corder  serlal  Xo. 11 wzs ms,al led m alrplane I -1G2, and 

were mde m February 195b. Up t o  Jurz 30, lSsb, N-182 has i lo rm 105 hours 
mu 14-183 has ~ " ~ O I T I I  68 IIODS. 

m h = o r d e r s  were Ins ta l led  i n  two of tile  Center's X - 3  

were turned on a t  all times when the  englnes were operathg.  %e p r p o s e  
The recorders were wlred ln rmth  the master swltch so that   they 

would contmue t o  operate f o r  an extended  tune  men installed m an anplane .  
of the f l l g t  observatlons was malnly t o  deterrmlle  rrhether tne recorders 

The recorders were mspccter :   per lodxal ly   to   de temlne  12 tney were func- 
tlonmg  properly.  anly rrunor mchamcal  duY"lcult1es  occurred. These were 
corrected and  neu recorders have been  revlsed  accordmT1y. !To t e s t s  rrere 
condxted   to  calibrate o r  detcrrnme  the  accuracy of these  mstrumed,s. 

Ground Tests. 

The t e s t s  rrere  conc'ucted durm;  ihe ;?onth o i  A p r d  195L. Tiley consisted 
of m2act  and h r e   t e s t s  m Irhich a crash  iollorred by a fire was smulated.  

Flight recorder   ser la l  ~ $ 0 .  5 rras used for the ground tes t s .  

vhlch  smulated  cor.dltiom  tilat  could  emst If the  recorder rrere munted 
m an  airplane  during a crash. F-L~.  6 shons the  recorder   instal led f o r  
t!?Ls t e s t .  The t e s t   v a s  cor!ducted on the T X C  tank-catapult mack  used 

vas crashed ln to  a sandbag bar r le r .  kgn-speed  rlotlon p c t u r e s  rrere taken 
:or crashlnc f u e l  tanks. The t e s t  structv;e v l t h  tne  sttached recorder 

of the  ltlpact a t  1500 fraqes per second. A%orfl the photoGrnp,?s, the 
d?-stace-versus-tme  relaclon was plotted GO obtaln  the  tme  di ls tcqr  of the 
deceleratlon. TILS 1 s  sholm m .'I;. 7.  'The speed oi the  recorder s t  t h e  
%me of mpact  was 3L mph and the l l l a x u u m  Iecelerauon vas 97g. 

For bhe mpact   tes t ,   the   recorder  was mounted m a struc-cure 

rcscorder moved forrr="-d appros1,nately  one-half  lnch wltil respect t o  the 
Uurmg the Impact, the  top  hal i  0; the  spllerlcal  case of t he  

lowcr half of the sphere. h e  t o  the one-lnco wall  thlckness,  the 

follorumg a crash vas t o  be simulatec,  the  recorder  houslng rqas not 
l n t e r l o r  of the  recorder vas not exposed. See F ig ,  a. Slnce a f l r e  

opened to   inspect   the  alurmnum foll record u n t l l   a f t e r   t h e   i m e  test. 
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It was removed from the  s tandard  tes t   s t ructure   mthout  dlsturblng the 
rmsalqpnent of tile  upper and lower hemspheres and was  then mounted on 
two pleces 02 one-mch  angle  lron and subJec ted   t o   rue .  The outer  surface 
of the  sphere had prevlous been  coated in th  G.46 pounds of flre-resistant 
pamt   (Alb l  Teq-Kote 9 9 ) .  Thls was equivalent t o  1.75 ounces per sq. f t .  
The f l a r e  vas produced by a modlfzed converslon 011 burner winch consumed 
1 2  g a l l o x  of do. 3 Iuel  011 per hour. The flare implnzed on the  lover 
half of t h e  recorder a t  a tempsrature of 2000° 2 .  m1e Ilame a t  S h g h t l y  
lam temperatures  enveloped  the  rear  lower  half,  the sldes, and most of 
tine u2per half of the  recorder 2s shown L? $1~. 9 .  

The Albl  coatmg  fluffed and blackened  over  the  entlre  outer 
surcace of the  recorder ~n the rus t  nnnute.  ,Lfter four  mnutes,  tine 
a l J u n m - a l l o y  f l t tuq and connectors  melted and  dropped off;  ad, a t  
124 mnutes,   large  pleces of the  f lange c3ropped 9rm1 one slde. The b m e r  
xas turned  off a t   t h e  end of  1s minutes so the darnaLe to   the  outer   shel l  
could  be  deterrmned. IJing nuts and studs on one sule and the .Ubi coatlng 
on  che underside of the sphere hacl dropped of;. The flame was turned on 

large  plece of  molten alummm dropped Tron the flange. No fur ther  damage 
a z a m   d t e r   t h r e e  m u t e s  oi lnspectlon  tule.  A t  17p mmutes, anotiler 

was evldent  durmg tie remainder of the 30-mute test. h r m g  the last 
15 m u t e s  of the i l r e  tes t ,   the  sphere had  no x lb l   coa tmg on Its under- 

w a s  then opened for mspectlon. it was found tha t   t he   mpac t  hacl u no way 
slde.  Thls was enveloped m f l a re .  The recorder was  allowed t o  cool and 

damaged the  record. The f l s m  hacl caused  the  exposed  portlon of the  a lu- inm 

Fq. 10. Howsver, the intelligence recorded  uas  readiiy  obtamable. 
foll t o  become darkened by a smoke and soot  deposlt, as may be seen m 

It 1 s  concluded that  the  General iLlls-Ryan Fl lzh t  Recorder  can 
operate sat1sfactorll;r m an anplane ,  and can wltiistand an lmpact of 97g, 
followed b;r a 2000' P Clre for 30 mlnutes  rnthout  ilestructlon of t'ne record. 
It a l s o  1s concluded tha t  an okter  coating of f l r e - r e s l s t an t  p a t  1 s  not 
necessary. 
























