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This t r a i l i n g  f l i g h t  t e s t  instrument i s  of t 

i c  type, giving a simultaneous s ing le  record of the  

path- angle and a i r  speed of an a i rp l ane  in  unaccelerated 

f l i g h t .  The main body of the instrument i s  of streamline form 

which p e m i t s  the  i n s t m n e n t ,  when suspended from an  a i rp lane  

i n  f l i g h t ,  t o  assume a pos i t i on  as nea>rly.under the  center  of 

gravi ty  of the  a i rp lane  as possible.  

* 

The instrument has an over-al l  length of 41 3/4 in . ,  and 

has a maxirmm diameter of 5.4 in .  Thc t o t a l  weight of the  in- 

s t ruxent  is  18 1/4 lb. Projec t ing  frog the streamline body i s  

a monel metal 

( 1 7  in.) from 

imum diamet e r  

pressure head 

ence 2 ) .  The 

Prandt l  type P i t o t - s t a t i c  tube. The dis tance 

the s t a t i c  openings on the P i t o t  tube t o  the  max- 

of the  instrument permits the readings of the 

t o  be p r a c t i c a l l y  f r e e  from interference (Refer- 

operating mechanism, shown i n  Figs. 1 and 2, is  

housed i n  an aluxinum cas t ing  the i n t e r i o r  of which contains 

constant-speed motor,  a f i l m  drup, thr S 

e ter  and an air-speed capsule. The t a i l  i s  aade 

inurn s t a b i l i z i n g  f i n s  'Jlihich maintain the a x i s  of the 

llel t o  the d i r e c t i o n  or" the  f l i g h t - p a t b a n g l  



Ine l  inornc t e r  

ae  inclinometer un i t  (F ig*  31, tvhi 

path m q l e ,  cons is t s  of an oil-damped pendulum 

r o r  systen which r e f l e c t s  a l i g h t  beam t o  the  p h o t o g  

fila. The pendulum bob is made of a s t e e l  block, the top 

which i s  k i l l e d  t o  take t h e  aluminum alloy pendulum am which 

i s  securely r iveted in to  position.. On the  f ron t  and back sur- 

faces as xvcl-l as on each e:~!~ o f  the pcndulum bob are rnachine- 

cut  p;rooves which serve as Camping vanes. These vanes a r e  

supplemented b y  two t h i n  alumii?um p l a t e s  plzced p a r a l l e l  t o  

the  penc'.ul.um bob and r iveted t o  the  pendulura am. Cemented t o  

the  lntb of the pen6.ulmi a re  three  3/16 i n .  by 118 i n $  plane 

s i l ve red  xnlrrors placed p a r a l l e l  t o  the ax i s  of -the pendulum 

moveinent, the outer  airrars forming obtuse angles with the cen- 

t e s  m i n o r .  . nree mir rors  are used t o  p e m i t  a treater f i l n  

range per  degree mirror  def lec t ion .  The pmCiulum i s  suspended 

upon ixsdencd s t e e l  p ivots  which engage i n  highly polished 

sockets on the inclinomcter case. The e n t i r e  pen&ulum and mir- 

r o r  system is  enclosed i n  zn oi l - t igh t  aluminum alloy case. 

e case has a 1/23 i n .  diameter window cons is t ing  of a lens  and 

holder of sinilar construct ion t o  that i n  the air-speed capsule 

described la te r  in  th i s  paper. T'nc windtow permits  a l i g h t  beam, 

rc f lcc tcd  by the  mirrors,  t o  reach %he f i l m .  The inclinometer 

se i s  com?lctely filled w i t h  a t ransparent  damping fluid.  An 



r e  which the instrument is t o  be used; a m i  

j o l  and 20 per cent gaso3.ine was found t o  be 

fac tory  f o r  a c t u a l  f l i g h t  t e s t s  ~-nsdc betwcen the temperatu 

+40°C and -18OC. Experiments on v i s c o s i t ~ - t e r e r a t u s c  c3a 

however, a r e  now being conducted t o  obtain a damping medi 

f o r  a greater teniperature range. 

Air-Speed Meter 

The air-speed meter xsed i n  the  flight-path-angle recorder 

is of the most recent National Advisory Committee f o r  Aeronau- 

design. A s  t h i s  capsule-type instrmient ,  shown dia  

y i n  Fig.  4, i s  of general. usefulness in  recording pres- 

t s  on a ledge f o  



. 
capsule cons i s t s  of a large diameter screw plug, threaded in to  

t he  back of a s m a l l  m i r r o r  ( F )  which i s  f r e e  t o  

po in t  of contact  of the s t y l u s  i s  o f f s e t  from the  a x i s  of r 

t i o n  of the m i m o r ,  thus a f o r m r d  movement of t h e . s t y l u s  

p a r t s  a r o t a t i o n a l  motion t o  the  m i r r o r .  Contact between the 

m i r r o r  and the  s t y l u s  poin t  i s  maintained by a Ce l i ca t e  hair- 

sp r ing  ( e )  fastened t o  the  mirror and case.  H e a r  t he  movable 

mi r ro r  there  i s  a smaller mirror  ( H )  r i g i d l y  secured t o  the 

case. The f a c e  of the  case  contains a convex lens  ( I )  which, 

together  with the mirrors form an op t i ca l  system of shor t  foca l  

length .  Two shor t  tubes a t  the  back of the  case lead respect- 

i v e l y  t o  the airt ight chambers on e i t h e r  s ide  of t hc  di8pliragm. 

The ex te r io r  ends of the tubes a.re conzected t o  8 P i t o t - s t a t i c  

head. 

chambers causes movement of the f r e e  mirror, and this movement 

i s  recorded photographically on a r o t a t i n g  f i lm;  a l i g h t  beam 

dn;7 d i f f e rence  of pressure between the  two a i r t i g h t  

dir-ected on t o  the  mi r ro r s ,  t 3 e  s t a t i o n a r y  one providing 

e from which t o  measure the d e f l e c t  of 

recording b e a m -  The s e n s i t i v i t y  of the  air-sgeed capsule may 

of ad jus t ing  screws (J) which move 

with respect  t o  t h e  s t y l u s  point.  

Fig. 5 shows t h e  capsule parts while Fig. 6 shows 

the en- 

the as- 



t h i s  type of capsule. The air-speed capsule of the 

angle  and air-speed recorder i s  equipped with a diaphra.9 of 

.002 in .  gauge whose s e n s i t i v i t y  can be adjusted over a pres- 

sure  range of from 2 in .  t o  14 in .  of water head pressure f o r  

2 7/16 in .  fu l l - s ca l e  def lect ion.  Thc na tura l  freqnency of 

t h i s  diaphragm and mirror i s  about 270 v ibra t ions  pe r  second, 

Optical  System 

Both the inclinometer and the  air-speed capsule have sepa- 

rate l i g h t  sources which a r e  s o  arranged as to  permit the l i g h t  

from each lamp 1 5 %  pass through the  lens  t o  the mirror  of t h e i r  

respect ive u n i t s  from which i t  i s  re f lec ted  back through the 

same lens  t o  the f i lm.  I n  addi t ion  t o  the above l i g h t  sources 

the re  is a timi)g lamp. The timing lamp i s  protected b y  a s l i t -  
5 

t e d  metal sh i e ld  which a l lows  it.s in te rmi t ten t  l i g h t  beam t o  

e d i r e c t l y  across  the f i lm and thus record a time s 

ch lamp cons is t s  of a 3.8 v o l t  bulb designed t o  give a 

l i n e  source, 



i s  dr iven by a small N.B.G.A. constant-speed motor ( 

The f i lm,  when s t re tched smoothly and t i g h t l y  about t 

with sens i t i ve  s ide  outward, i s  secured by  means of a c l ip .  

The f i lm  and- dmm a r e  placed i n  the f i l m  case and autornatictzlly 

locked in to  pos i t i on  by a spr ing catch.  An automatic shut te r  

i s  a%tached t o  the  s l i t  on the f i l m  case and is normally close 

b y  a spring. When the  film case i s  put i n  pos i t i on  in the  in- 

strument the shu t t e r  is automatically opened, thus allowing a 

quick interchange of drums without danger of fogging. The 

f i l m  drum 

ment case 

the  nosc. 

bein, i n  place the removable sec t ion  i n  the instru-  

is  locked in to  pos i t i on  by a nut which s t reamlin 

Cal ibrat ion 

ir-spced meter u n i t  of  the instrument i s  c 

tory by balancing the  pressure 

a water o r  a lcohol  column of a manometer by . 

a r i l y  plac 

d nanometer. The d i  



A laboratory ca l ib ra t ion  of the  inclinometer u n i t  is 

ta ined by l eve l ing  ’che fully assmibled instrument upon a 

b ra t ion  s tand as shbvn i n  F i g .  9.  This stand permits the  in- 

strument t o  be ro ta ted  cbo-at a c c n t m l  ax i s  through a range of 

f16O, thc cFa,nge of angle  with rcspcct t o  t he  horizontal  is  

thhon read from a graduated scale.  A photographic record is  

made a t  2 O  i n t e rva l s .  

Each ncw instrument i s  Guspended i n  a wind tunnel t o  dc- 

. termine whcther the t rue  aerodynarnic axis of the instrwflent 

corresponds t o  the  geometric ax is .  

from thc  geometric axis  a cor rec t ion  t o  t h e  ca l ib ra t ion  i s  ap- 

p l i e d  as shown i n  F i g .  10. During the wind tunnel  t e s t s  the 

air-speed mcter of t h e  instrument i s  checked against a P i t o t  

tube in  the tunnel. 

When there  is any deviat ion 

Opcrat ion 

A record of the horizontal  9os i t i on  of the in s  

r a t ion  s tand is taken J u s t  p r i o r  t o  the ’ f l igh t  

t the end of the f l i g h t  merely as 2 check upon t 

on of t he  instrument r i n g  the f l i g h t .  When the air- 



d l e  beneath the  fuselage as shown i n  Fig. 11. During f l i g h t ,  

when it i s  desired t o  operate  the  instrument i t  i s  lowereci by  

means of a 3/16 in .  outs ide diameter amored cable  passing over 

lass which i s  operated from within the 

cable  i s  sccured t o  the  instrument by a s t e e l  T-shaped a 

which two angular  ball bearings a re  mounted so tha t  the  i 

ment may pivot  about i t s  center  of mass through a range of: t20°. 

The center  of the cable contains two insulated copper wires con- 

nected t o  the instrument through thc T-shaped arm. The tyires 

as wel l  as the armored cable  serve as ba,ttcry leads  thus allow- 

i ng  t h e  instrument t o  be operated from the fuselage by inerely ' 

c los ing  a switch connected t o  an 8-vol t  s torage bat tery.  

cable  used i s  about 30 f t .  i n  length,  which permits the  instru-  

ment when suspended from the a i rp l ane  t o  reach the  l e a s t  dis- 

tyrbed a i r  of any t r a i l i n g  type of f l i g h t  t e s t  instrument here- 

t o fo re  used a t  t h i s  laboratory.  The forces  ac t ing  upon the 

suspended instrument impart a n  'osc i l la t ion  of six-second 

The 

per iod 

t o  the instrument. 

Two records obtained i n  f r e e  flight a r e  shown i n  Figs .  12  

. 
Frecis ion 

r-speed capsule pressure readings as recorded upon 

used i n  t h i s  i n s t  n t  a r e  accu 



U s e s  f o r  the  Ins tnmen t  

In  many f l i g h t  t e s t s  it i s  necessary t o  know the f l i  

p a t b a n g l e  and the  a i r  speed i n  order t o  analyze the  forces  

a c t i n g  on the airplane. The instrument herein described records 

d i r e c t l y  the f l ight-path engle  from which the l i f t  and drag 

cha rac t e r i s t i c s  of t h e  a i rp l ane  may be  determined. A knowl.edge 

of the l i f t  and drag cha rac t e r i s t i c s  is  of great importance t o  

t he  designer of the f u l l - s i z e  a i rp l ane  and is  also used f o r  t h e  

comparison of t 3 data,  obtainecl from t e s t s  on a i rp l ane  rfiodels 

d tu-nnels w i t h  the data obtained i n  f l i g h t  tees-bs. 

The instrument may also be  used t o  provide a check on the, 

l e v e l  f l i g h t  path of an  a i rp lane  which i s  of great  value i n  

nd drag cha rac t e r i s t i c s  a G  ob ta i  

speed recorder can also 

e l le r  c h a r a c t e r i s t i c s  on -the fu l l - sca le  pro- 

rcnce: 4).  

n successful ly  d on ous t e  



l i ' t y  of records. 
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I Fig.3 Inclinometer unit  w i t h  pendulum detached. I 



frig.4 N.A.C.A. CaDsule. 

FIg.5 Capsule p u t s .  Fig.O Aaaembled N . A . C . A .  oapsule. 
^_”  __-_I 
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Fig,7 F i l m  drum and case. 
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Fig.8 I3 ight-gath-angle and air-speed recorder mounted on 
c a l  abra% ion stand, showing locking nut and detachable 

seotion for f i l m  loading. 

Fig.11 Flight-pa’ch-mgle and ais-apeed reoorder mounted 
i n  cradle,rea.dy for taking off and. landing. 


