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I. INTRODUCTION

I h e  P E R S h I N G  P11 Inert i - i l  F - t s u r e - r u e n t  U n i t  ( I M I ’ )  f t  t ur e . s
Lb c ip i h i l i t v  of a z i m u t h  s c l f — t l i g n m t - : i t  . This  o p e r a t i o n a l mode ,
o t t _ n r , ’ f e r r 1 d  to is gy r 0 0 0 r lp  s~ inig , a l l o ws d e t e r m i n u t  ion of t h e  az i m u t h
Ii ~ d i n g  0 1 t h~- ( d o wn r an g e ) t c c e l e r o r ’te ’ t e r  i n p u t  t x  is f o r  t i  r get i n g
purposes  s i t h o u t  u s  ing e : • : I e - r n -j l  r e f e r e n c e  eq u i pment m d  o p t _ r a t  ing  p e r —
S )flfl ( I

lu t e  m a  I inst rument - t  nd e le c t r o n i c  ,tnoma l ies and  base  not ions
c o u p l e d  f r o m  the outside -~- or l d  t h r o u g h the launcher - m d  m i s s i l e  body
to  t h~- 1NF ir e  among the  e r ro r  s o u r c es  which  degrade  gyrocompass  per-
f ’ r ’~ nce .  The l i t t e r  e r ror  sou rce  comes i n to  p lay  in a f i t _ I d  environ-
r ient  s i t I i m t i o n  mci i t  is t h i s  source  which  the  f i e l d  t e s t  was desi gned
to  a d d r ess .

i i )  Eng inee r ing  Models  (EM)  [Ml ’ s h;ive been s u b j e c t e d  to  e x t e n s i v e
C y r o c l m i p i s s  t e s t s  to d e t e r m i n e  s e l f - a l ignmen t  p e r f o r m a n c e  w i t h i n  a
F e ’nj ~~n laboratory environment. These tests have provided u good m di-
c i t  ion of gyrocompass perfo rmance in the absence of base not ions .

II. TEST OBJECTIVE

The objective of this test was to determine if g y r o c o m p a s s
-mc I I r I C  degrades by a significant amoun t when the [MU is exposed to
b,mso -at ions and  other environmental stimuli such as may be experienced
outdoors ‘sith the unit inst illed in a missile which is mounted on an
Frecl or— Liu nch e r (EL).

The ’ test w i s desi gned to p rovide initial dat when operating under
es , ‘ - n t  i t l l y - m i r b i e n t , ou tdoor  e n v i r o n m e n t a l  stimuli and should not be
c I n— ~Irued to be an all-inclusive , f ine ly controlled test opera t ion .

- L  fuu l-s cul e test -~-i ll be performed by the  p r i me -  c o n t r a c t o r  d u r i n g
the second quarter of CY77 in which actual P11 missile body hardware
w ill he utilized.

The earl y test was designed to provide 3 to 6 months lead t i m t ’  L ’r
d I r e - s i n g  any problems that may surface while the full-scale test is

u r i C preparation by the prime contractor .

I I I .  DISCUSSION OF TEST SETUP

Thu I c - I  was p e r f o r m e d  u s i n g  i PERShING PIt is si Ic -;vT,tem .
ha :: nice m d  Control (G&C ) section shroud was rn o d i l  ied t_~

I L C O ’IS b r  I n t l  rc  r i f l e  t ng - h i  es , a coo ling tir hose’, mud t n - i  1 : _ I - r u t

:1 a C [MU r i ~~’ . f l I  ‘ — 1 2 ( )  p latform and mount w re r e f - c u  0

“1 1 m k i y  d , s i ~~:. t e s t  t ixture was j,nst,illed w~ i ch house-c r~
‘ r - ~ h , ,~~I k i l ~~~~ t - i c - d j f i m ’ d  t ; 5 c  section ~,at h L i t  l i - t u r ,  i n C

I ’ ~ I ~:i i  h- i i n  the n ) r — r I l  o p ’ r  t 11) 0  ‘n L i t  1 - ~ fl .

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  -_  _-‘- _ - -  - - ~~~- - _ - -
- - ‘—s-—- -—- — _—‘ — -—- -—- - - - - — - - ‘:
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I’he test f i x t t i r e -  i n c o r p o rat e s  a r o t - m t m h [ e  member  which is d o w e l — p inned
mu d f i s t e - n e d a’ i t h  b o l t s  m t  t he  nominal  - i z  i m u th  or ie’ntat ion of the IMP
case  p r i o r  to  e n t e r i n g  t h e  gyrocompass  mode . -\t  the  comp l e t i o n  of
1 gvr o c c i r ip  i s s  run , t h e -  t e s t  f i x t u r e  can be m a n u a l l y  r o t a t e d  t h r o u g h
ip p r o x i m t e l ’  103 and  d owel -p inned a t  t h i s  poin t . This  r o t a t i o n  of

t i l l  1 1-fl’ a l l o w s  a c q u i s i t i o n  of the  c l u s t e r  m o un t e d  mirror for obtaining
i c c u r m c y  d~~t m by opt i c u l  means . Fi g u r t -  2 shows the  [MU a t  the  103°
p o s i t  tor i  wi th t he  opt i t _ u  I access  p o r t  in v iew .

The ’ G&C sec t ion  wei ght  and center  of g r a v i t y  were  a dj u s t e d  to
ppmox iniate that 01 an unmodified Pit G&C section with st-mn dard

equi pment on board , by the use of lead weights.

The section was ins talled on an EL-mounted miss i l c - . The s y s t e m ,
c rop iete with dumy warhead , is shown in Fi g u re 3.

The test was performed in the vicinity of the PERS h ING Modification
Shop (Nod Shop), Building 5671.

Figure 4 shows a typ ica l test setup in the Mod Shop area . A con-
crete p r d , approx imately 5 feet / 5 feet and 2 feet high, was inst illed
to erve as a stable base for theodolite No. 2 (T2). T2 was used in
conjunction with Theodolite No. l(T1) and the Referenc e Monument Prism
(RMP ) to determine azimuth orientation of the X accele-ometer input
axis , via use of the IMU cluster mirror (CM) at the end of each gyro-
cor’i p i S S  run .

Figure 5 shows the missile C&C section as vie-a’ed from the T2
position . Figure 6 shows the RMP in the left foreground and the
missile nose in the center background as viewed from the TI -irea .

The complete test setup , except for meteorolog ical instrumentation ,
is shown in Figure 7.

The t e s t  equi pment van (TEV ) in the foreground of Fi gure 7 hocused
i l l  IMP t es t  and i n s t r i i r a e - n t m t  ion e q u i pment . An m e  n o r  view of tb ’-
FE’~ is shown in Figure 8.

‘rhe heavy vehicle in Figure 7 was driven in th e vicinit y of the
E~. d u r i n g  certain of the test runs to imp irt disturbances to t he-
syst  em.

M & - t e o r O l O g iCa l  i n s t r u me n t a t ion e q u ip m en t  t i t e t i  to  p r o v i i ’ - 1 1 1 , 1

a m l  pee d m d  d i r t ’  L ion  is ‘,bo- n in Figure 9. 
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Env i r a n t -n t  1 d i a t u r b m n c e s  i m p a r t e d  to the 1111 e , i se  w e r e -  m o n i t o re d
by m n a c c e l e r o m e t e r  t r i a d  w i t h  s e n s i n g  - m x e s  n o m i n a l l y u l o n g  t h e  r o i l
( X ) ,  p i t c h  ( Y ) ,  and mw (7) axes of the  u n i t . The t r i m d  - :15 m o u n t e d  to
t h e ’ top  of the -  1 111 t e s t  I i x t u m e  m s  - ; iu own in Figu r e’s 1 m u d ~.

Tt - i p - r u t u r e  a - i s  m o n i t o r e d  a t  the  1 111 i L i  inlet and m t  t h e  m t _ c e - i c r —
ot t i ~- t .  r triad w ith a p a i r  of q u a r t z  t h e r m o m e t e r  p r o b e s .

IV. TEST OPERATIONS AND CONDITIONS

,-\ t o t  m l  of 64 gyrocompass ing runs were mm d c at 8 d i f f e r e n t
h~ - i h u n~~s m p p r o x i m i t e l y 45 ° a par t . A o i m u t h  data we re taken o p t e c - m l l y
u ms l ug  t h e  5 m t i e -  procedu e~e as used in the  l a b o r a t o r y .  The det r i l e d
t st  p r o c e d u r e ’  is giv n in A ppend ix  A.

I’e~~t i n g  a m s  p e r f o r m e d  d u r i n g  t h e  2 to  14 D ecember  1976 t i m e  p e r i o d .
The pr e ’v - m i l i n e ~ e n v i r o n m e n ta l  cond i t ions  m r e  s umm ,mr i ze d  in Table  I .
C o r r e sp o n d ing lab o r a t o ry  condi t ions  a re  inc luded for  compar i son
pu rposes .

TABLE 1. ENVIRONMENTA L CONDITIONS

1 st F i e l d  L a b o r at o r y
C o n d i t i o n  Env i ronmen t  E n v i r o n m e n t

; - i l  e m ilition Large gravel spread over Isolated test pad
ir ci (See Figure 7)

~~- - m t h e r  Sunny ; part ly cloudy; Controlled env ironment
cloudy with light rain

‘i c - r i p e r  t i m r e t  29 — 67~ F Con t ro l l ed  m t  72 ° F

W ind 1-13 mph , direction None
v a r i a b l e

\eh icrili r t r a f f i c  D u r i ng  31 test runs None
\‘ehicle idling During 24 test runs
Beside EL
No ‘.a - h i e l e  o p e r a t i o n  i )u r in g  9 tes t  run s

IM P case )rient,ition

Pitch 0.4° fore ixis down 0°
Roll 4 q 5 0  clo ckw ise 0°

f r o m  a f t
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V. TEST DATA

Op t  m c m i , ce t c i o rn i o g  r c m l  , m u d  acce ’ l ‘ - r a t i o n  l m t m  w e r e  ac q u i r e d
f o r  ea c h  of t h e  h- ~ t e s t  r u n s .  A pp e ’imchix B p r e s e n t s  a samp le ’ of r aw dat.u
f or - m c l i  of  t h i t - s e  p r meters. A heading of 180° was m r b i t r - i r i l y chosen
is t h e  p o s i t i o n  fo r  which  t h e  raw d , i tm m r e  g i v e n .

Avc’r -m~~e parer spe c t r a  of  a c c e l e r o met e r  dit,i were deter i-ined for
t -  i t _ li of t h e ’  t N t  t e ’ L’t_ S nionitored . A d i scuss ion  of ivel’ i ge p a c er  S p e C —
tr m mnd r - s u l t  s tress ~‘ m c h i  of 8 runs  it 180° I m e i d i n g  ar e  p r e s e n t e d  in
A p p e n d ix  C . \~ e r - m o e  power  sp~-c t ri  fo r  each of  th e-  t h r e e  a c c e l e r o m e ter
ch m n n c l s  o p e - r m t i n g  in t h e  l a b o r a to ry  i r e  ,il ~~o p r e s e n t e d .

Ap p e n d i x  I) cont  iri s a summary  of gy r - o c o n i p m s s  a c c u r m c v  t e s t
re ’s u l  t s .  ) t i l t _ i l  dat i o b t - m i n e d  f r o m  each of 8 t e s t  runs  at  each of

- i /  i:suth be m d i t r ts a r e  p r e s e n t e d  a long  with t h e  s t a t i s t i c a l r e su l t s .
The -‘+ 0 m d  70 a h~- - . m h i n g s  were used rather th in 45 ° and 9 ( 0  he m d i n g s
l’e s p e ct  i c -e ly , b e c au s e  of d i i .  f i c u l t y  in p o s i t i o n i n g  t i m e -  EL m t  t h e se
!lC t h ings .

‘l i e  r educed  da ta i re  I u r t h -r s u m mar i z e d , comp iled , - m u d p l o t t e d
fo r  comp r i - t o r i  w i t h  p r e t e s t  nd post -test labor tory performance . Com-
p o s i t e -  s t  m t i s t i c s  i c  p r e s e n t e d  fo r  t h e  66 p r e t e s t  runs , t h e  64 f i e l d -
t - - s t  r uns , m n ’i the 64 po - t - t e s t  run s fo r  compar i son  p u r p o s e - s .

Pretest - m n - ’  p o s t - t e s t  c — i l i b rat i o n  da t ; ir e  a I ~o p r e s e n t e d  is p a r t
Of  pp c - i )  i x  I) .

V I. DISCUSSION OF RESULTS

F i ~~ m r - s  0 — 1  :mnd D — 2  of A ppendix 1) readil ,lio’ , ’ t h e  i n c r e a s e
in ~~-tt m d  av er i g e - e r r o r s  r e s ul t i n g  f r o m  f i ~ ’l d - t est  r u n , ;  o ’er p r e t e s t  m d
pos t - t e s t  runs . i t a g iven  h e a d i n g , however , Fi g u r e -  D-il  ot  \ p p en d i x  D
siio - :s I ~~~ no gr - - it v a r i a t i on s  in standard — le v i i t  i o i s  e x i s t  ;mmo n o t h e
t h r e e tc- . t c o n d i t i o n s . When the  compos i t e  s t a t i st i I : s f o r  t h e  1 te le l
t e s t , - i s  shown in 1’ i b l e  U — 1 O  ot  Appendix  1) , i r e  e x , m t - i n et l  i t  I S f l O L c e l
t i  t i f  the vei ug - e r r o r  h i d  been ne- m m - ne - m s  ( i s  t a r  i i  c - t e s t  or p o s t —
t e s t  ave  r i g e -  e r r o r )  the-  EMS e r ro r  w o u l d  app roxinuLe- the’ one-s igrn,m
- ; m i u e  of 6b arc  e - c ~ T h i s  is i n d i c a t i v e  of tb  f : m c t  th~mt even though
t h e  — ;t m nd a  i’d de vi L ion -mbout the mv erage - m t an i t id - -: i t  m m l  h i t  c u e ’ i s

COtr ip m r - i S le  t o  1 t i l ) O t i t O r V  i t - - I , the  peak , - i - r o r  swin g s  in the  f i l l  m u  e’

s i c ) n l  t - i - n t , v ~ r e at er . T h i -  e - m f l  be- v ut ,m.il i zed by l r m w L n ~ a b o r i c -a n it a ;
- l x i  u t  40 arc see aver -m oe ’ error on lo u t - h i— .I of ~t p ; I h n - h 1 x  N m u - I  a t - -

p m r i r s p  t i m - p -i k swino- -ibou t this O t l - c t  to tl. s of i l u e  o i l i er
t e s t  cond it ton w ;th of L et s  r n - m r  zero . Thus , with o u t  t i  01 t a C t , tb-
I ie  id ion errec would t i  ill be ii rgcr th mn tl~1 I,, boi ~t or’,’ e- r:’ r s  -

1’)
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‘r he exact ~- m i  - e of m e r e - .; ed error in t i r e  f i e l d  is u n d e t e r m i n e d ;
in t h e ’ d i s c u s s i o n  t i m - i t  f o l l o w ; p o t e n t ia l  sources  m r e  examined .

it is noted from T a b l e  D -10 of Appendix  D t h a t  d u r i n g  c e r t a i n  of
ti~ t e - i t  runs the labor ;itory la tit ud e rather thmn the test site latitude

~ m s m i s t a k e n l y  en t e r ed  i n t o  the  gyrocompass  p r o g r a m , I t  can be shown
that a r e’ i :c ’n b l e  - p p m o x  n at i o n  of - m z i n i u t h  e r ror , ‘1

L ’ due to  m i sb i a s i n g

t i e  n e s t ~t v r o  caused  by a srr ~m l  I incorrect latitude input is g iven by

‘
1 ! 

‘
- ~~. t i n  - .} ( 1)

:n w i -m i  ii ‘, is t i  correct I - i t  itude and - ,. is the  d i f f e r e n c e  be tween
i t in , 1 i i i : ) r r e  ct I titi t inpu ts . For the local latitude and

- 41 a r c  sec

L i 28~ a r c  sec . (2 )

I f i  co nipos t e  t i c - i d  st a t i s t i c s  ~ f T m b l e  D — l O  of Appendix  D — ire
repi- tod in T i , i i  2 i l o n g  w i t h  the resulting values when the’ correction
o r  e t q i t  m l  tot , (2) is app lied in bath a p o st t i ve  and ne g a t i v e  sense.

TABLE 2 . CO~t i ’ci SLT E F I E L D  STATISTICS

L’ i~t l e ’ !) - I 0 ( rc si c ) Positive Sense ( a rc  - ic c )  N e g at i v e  Sense (arc see)

E~-(S 77  85 71

\~~~ ~() 56 26

c 66 66 66

The ’ gen - r - i l  s i t i p e of t ime  p i e - t e s t  mud  the post—test ive rage
ci r o r  - - ‘ u ~ ves o f  F i y t r e  D-3 01 ~cp n d L x  D sugges t s  tha t the  c o r r e c t i o n

I c pp l 2 in the’ ne-g ut ive sens’- .

O t t  c e - - p h  l e t t i n g  ftmc t- r is tb  ne l l— c : - : t e , t c  ion of EL jacks
- ~rin r t : -e - t i c  runs l ’ t  ~a :  1 . i i  o r r e - e’t I i t ; t i m c l c  s e t ti n, - m i s  . m p p l i c d .

- r a f  ir ~~‘-n ’ i ~’ , c t  i t  1 5 : 1 ’  c e l - r o m c ’t e r  data  r e v ea l s  t h m t  base
‘-o~ i-j r s me r e  germ m l i v  s I  i -  i ’ l v  h i  g h - - r  when the-  j acks  were su p p o r t in -

be’ ic - ‘ ‘ - - c  ‘ i t  i s  t~~ - ’’: - t i i  t mn -i sei red base mo t ions , ‘ . t r t h e
I - ~- ,,-‘t ’ i t _ - - - I  d at : ~L , - ‘n t r r ) u l . c en m i n i g n i  ic :m nt i - t o t : ’  ot i m —

( ‘ ‘ 0 : .

‘
S

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _  — — — -  
~~~
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I t  can be s h o e - -n L i t  - m  r e a s o n a b l e  l p p r o x i m m t  ion , tha t gyro  d r i f t
t ’ i t ~~’ e r r o r  (I ,) ) , d i me ’ t i  base, vcl)r~~te)rv icce ’i - rat ion i n p u t s  of t h e  I a  “1
G = N - s in  N S t + ) , u s  i~ iv -n by

1’ ,. 0 -

/ k , 2 \ 1/2

1) = - --j
~~~

-’
~

- 
~~~~~ —*- r a e h / s e c  ( 3 )

where

peck sinusoid-il ~ccele- : i t  ion  i t  l r e - c h i l e n c ’ .- N-

t ( e’i ) = t i m e  dem t ’:mt ion  of  gy ro b i a s/ f i n e  e;vrocom p i S S  seo~ i i , -n~ ci

,.2 (r .mei/sec) = lowest s inuso ida l Ii se ‘-to t i on  f r e q u e ncy p r e s e a L

N = 1 , 2 , 3 , . . . , k such t b - i t  k c  i t: Lii- - i i t 0 h - s t  - u c c e l e - r i t  i - c ~
f r e q u e n c y  of  interest . 

0

An e - x a n i i n i t  ion of ace e l e r o m - t e r  a v e r  ge p0 - - e r  s p - - ct r a  ( I ~(O I t e  :~ Lii i
in F igu re s  i)-3 t h r o u g h  D—26 of A p p e n d i x  I) shows t i m : v a r i a t i o n  of th c

-- c qu are  of  p e u k  m c c e l e r :m t i o n  i npu t  as -I f u n c t i o n  of f r~- i ~uen y . N 1 ’i t i a ’-
( 3 )  t h d i c t t e s  t b - m t  gyro  d r i f t  r a t e -  dime ’ t t  N i g h f r e q u e n c y  i n p u t s  it ;
i na i g n i f ic  m t . This , a long  with the’ fact tha t IMU vi h r ,m t ion iso~ - u ’: .
start ;ttc-nti mt trig cisc inputs at 40 to 50 lieitn , - a r t s  t he ’ h i gl m e ’ s .  i t ’ ei
quency  of j ut  r e s t  at

k-c = 2 i’r f = 2it(50) 100i~ r,id/scc . (

D e t e r m i r n m t  ion of the  lowest  ire pi acv  P 1 -~~ent  L a - si re  di  fti i n il
becau-:e uncompensabie i)C imp lifiem’ oi f a t  ti’iicl e-d 10 - s i i : ~~ out m ::lp li’ Ilci - ’ .

mt  o t h e r  f r eq uen c i e s .  To obt ;rin r -  m s- i n dde sc u l fag , t b -  s p e c  t r ’r
p lots were st- rted a t  (i .5 h e r t z . I - ’. x i -p t f i r t b -  DC ), -p rtn - r l t , - - t v
amp 1 itud e  was no t ed  be low 0 , 5 he m I L  nih! fi r m et I~ tic i t a r  p - i s e ’
frequency of this v-ml u e was chosen . Tim i s  I v t :

2itf 2~t(0,5) = it r a d/ s c ( 5

and f r o m l-~’ : i 1 i t  ion (4)

k = I 0 O  ( I - i

The maximum peak acceleration as d c -r e  m m m cd by ‘ it ve’i m ge i t -a .

sp -ctr ir m m n t i \-s u s in either the X or I c - i i : m c n i  I never  exc e ’ecte ’ ,

2 ~ I O ~~ g’s far any of the 64 test runt; .

17
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An e xt  ~- : i -  - ‘o r at e l s e -  con f t  I ~m n can  he - i i i .  I I v : ’ e - i I  by s - o mi t t i ng tii i t

t h  in; p c ;mk vu it r e  - ‘ m s  p r e s e n t  over the t o t t  1 I t - e ’quency r inge ’ i co in 0 .5  t~
~ e i  b~ -~ - t z , t i l e r  ( J u t s  . 1 - s i m p t i o n  e ’q i r O t i o n  (3) c - i n  he : - r J t t ~n n  is

30 /’i” ; / k
- N  

~~~~~~ 
~i-)  

— 

r , m d / s e c  ( 7 )

N I  “ /

c li ’  r e t

= 2 / I D 3 
g

~ N

t -, i - . -  Se ’C

= ‘~ r i d  .-:ec
0

k = lob

By a c t : ; ] .  - - - I - p - i t , i t  ion

100
= l .g - - 2 3 2 3 (-s )

so t : . . t  t he  squ a r e  root  of th~’ L e r n i  is t : m k e n  is  u n i ty .

;- ;ith t~ : i t  . m p p :c : i : n :t i o n  . i n i  ‘,dLi~ i h i  v : m l u -s S~~io a Ti substituted
it o  Et eci t ion ( 7 ,

= 6 . 2 2  -‘ 10 10 
r i d / - c - c = 1.28 ~ 10 ‘ dc - g l u u t ’ . (9~

M- i il, i t t e u  t O -  I s  - ‘ In i p t ~~i : t im L t i n -  X m u d  Y gyro er i ’ar d r i~ t r i t es
m i -  c e t i  . 1 at: n i b  I 00 . m : i : I  2 )  po s i t -ins , - 1  con ~~o ; it e  d r i t t  r i t e ,
I) ,, , , i s  ~i’ieri U’.’

O s ” ‘
~ ~~ I ( I )  ) ~ I) (~~i ) ( ( {)

Ii  e l I )

- - ~~2 t  . ( 1 2 )

1-i

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _
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‘fhe’ ic mt  to of t h e  C om p o s i t e -  d r i t t  e r r o r  of c’ ’p i i t  i o n  (12, - m d  lo- . m l
h or ’ i : : on t i I  c o m p o n e n t  of e’- m r t i i ’ s rate ( cos ‘- . )  g ive ’ s i ; ’ i n i , i t h  e r r o r ,

is j n c h i c , i t ,e - d :

2 D  
5 -= — = 2,07 ‘< 10 rad = 4.2~ ~mrc se-c . (13)

eQs

‘Th is  is a neg li g ib le -  e r r o r  even though t  e x t r e m e  - - ‘or - j t  c i sc  c o n e h i t  ions
c rc a s su m e d . V e h i c u l a r  t r a f f i c  and am b i e n t  ‘ -:i nds t h e m - c - f o r e  - ip p ar en t  Lv

c o n t r i b u t e d  tin i n s i g n i f i c a n t  amoun t to  t i r e-  e r r o rs  shown in Fin e’ D-lO ,
A ppend ix  0 .

A n o t h e r  e r r o r  soeurc e  cou ld  be p o s s i b l e -  inaccu m :mcv  in the  .m c c u r - m c y
of l in e  - o f - s i gh t  heading  to  t h e  p r i s m  w h i c h  was used as ~i r e f e r e n c e
for till test runs .

the l i n e - o f - s i g h t  heading was established by measuring the angle
rd i t i v e -  to Polaris . The’ heading was verified by i gyrocompass which

- -: m -i c - i n - f u l l y  c i l il -r i ted in the laboratory, before and after the yen-
ficmtion run , at t im ’ heading determined by theodolite readings on
Pol ,mris. ,‘c’ rific m tion results differed from the orig in .ml heading by
Ii arc - - e - c tnc !:; m d  the - uncertainty in the- reference beaching is judged
to be in no greater error than this amount .

(.)pe -rtmtor error is always a possible error source . A r ev iew of
t i m  raw optical data , howeve r , indicates repeatabi lity comparable to
t h  t obtained in laboratory measurements . Th~- f,-m ct that the optical
me- -i su rement equipment was subjected to essent ially the s,mme environ-
ice- nt - il conditions is the test specimen , however , cannot be overloake ~.

Re-setup of t h e  sy s t e m , as descr ibed in App e ndix 0 at 225 head ing
- c h i c h  gave results very similar to ‘those oht i ined the p r e v i o u s  day ,
o i - s e-s  id d e d  confidence tb -mt the te’st setup and measurement operations
-:e re performed properly.

The I , m c t  tha t the  diU case was rotated approximatel y 4.5° about
the roll -mxis - m d  0,4° about the p itch axis should the -oret ical lv ca u se
no azimuth error . A speculation is , howeve r , tha t some m e a s u r e men t
e r r o r  re my  h~mv e a c c r u e d  because  t he’ o p t i c a l  l i n e - o f — s i g ht to the I~ i1

c l u s t e r  m i r r o r  v m s  not perpendicular to the- glass in time ’ opti cal tc cc -t s
p o t .

P~ e - t e s t  t i c  post-test calibration runs as shown in T m b l e s  1) — l i
and  L I — U . p ’)endl u z 1) , i n d i c a t e  tha t no unusual parameter ch~unges
a ce —m et ed :im mr tug t u e  field—test period . This is furthe r evidenced b’• ’
p r c tm - t ~ - mm d p m - i - t  e ta t  g v r o c o m p m s s  p e r f o r m a n c e .

19

a
- ~~~ —~~1 — 

- — - 
- , - - - , - . -

~
_ s—’ ‘-r- - - -



VII .  CONCLUSIONS AND RECOMM ENDATION

‘m is te st i t s  prov ided iii ’ 1 ir - ;t Pl -N - f S I I I N ( - P h i  101 ’ gr ’roi n’ ’p i ss
ct Cc t m r - i c v  N i t m  out~~ide t h e  l i h o r  i t o ry . . \ l th o u g h m l OtS m n !  u v e ’ r i ; e- e r r o r - ,

i n c r e a s e d  b ’, S i g n L l  i c  m a t  m t n Ot rn t s  , flO C - i t  i s t r o p h ic  pe - m - f o m ’ m e n c c’ bre’,m Kl o - : t

-~- m s  - x p - r i - t m e d . Rep e - m t - m b i l i t v  i t  e c:m ch he u d i n g  diet rio t dcv i ite s i g t i i t i —

c.~ mit  Iy f r mnu l a h o r m t o r y  p e r  I o r m m n c e

Time :io c- t re - m d i  1)’ i d e r i t i f i m b l e  e r r o r  s o ur c e  whi ch , i f  co r r e c t e d ,
s i g n i f i c . m n t l y  d e c r ea s e s  the  cornpo s i te  iv e ’r :mge  e r r o r  - inch s l i g h t l y
d~~c r cases  th~ c omp o s i t e  0-IS error is t i m e ’  i n c o r r e c t  l : m t i t m m d e  i n p u t  f o r
t o u r  ~ f the hc’,m d ings , The ’ e l - I t  m in t ij e ’  t h i r d  colunui  of F. m ble 2 , ‘,~-b i c h
is corrected in t u e  t ie g m t  i v e  -~e- n: ;e , ir e -  b e l i e v e d  to  be the  p r o p e r  r e p r l --
s il t - mt ion of system p r fomni .tn ce - .

Litt le , if any, of th e ’ e r r o r  c in he attributed to 1)-m ae - a t  ions
caused by eithe r vehicular t r m f i i c  or a m b i e n t  w i n d s ,

Other measurement errors ouch as opc- r m i n t , referenc e , m d  po ssibl y
optical gi usa errors contribcmte to t h e  sy t -n i error to sot:ic degree ’
H i t  cannot  f u l l y account  I or t h e  t i t h e r I i r g e  swings  :mh o e mt  t he  , i V c i ’ - .H
error .

A s i g n i f i c - m n t  f i n d i n g  is tha t t he ’ error iron, t h e  f i rst  r u n  in t h e
m o r n i n g  f rom em cold st:mrt differs substi ntia ll y f r a n the  su c c e - e d i n c
runs . t h i s  p henomenon occurred  ~ h e n  the  f i r s t  run was m m d c  a f t e r  on ly

9 — m i n u te: s y s t e m  ‘ c m r m n ~ up as r e q u i r e d  by the  1, -lU s p e - c i f i c i t i o n . The’
errol does not appear to belong to the succeeding popul -ition of errors
arid is m o a t  l i k e l y  connected w i t h  I0-IIJ t h e r m a l ch a r a c t e r i s t i c s . The
phenomenon c in be observed in T ibles LI-I through D-8, A p pe n d i x  0, by
notin g unusua l error values and the iccomp :mny ing rem i ; ks ,

it is reconn-nended tha t this phenomenon be carefull y monito red
lu r i n g  t p — c o m i n g  t e s t s  to be pe’rformed with P11 h- i  ci) -; m t - c- by the s v st  ~rn

can t r h C t O i

t ’ ;e ~ ot 1 -lU I-N-I S/N 001 is recomi-rmcnded for the full-scale test I
N it u c omp ir i s o n , p ar t  i c u l t i r ly  in t h e  i r c . m  of ave rage errors as m itmi - —

tion of l i e  d i i ; ; ’ ,

i t is recognized that the foregoing t e  ;t r e s u l t s  m r ~- by no mear ic-
cone l im - ; ive ; howeve r , th e- m d  m c  i t  i ons  m r e  t h i t  errors -- roe-.’ whe n the
system i t  op”’ mi ed outside m benign laboratory L’niviroumerit . This i -

- m u f f i c i e - u L  reason for no rr —re l .mx -mtior i of ei m r r ent performance- sp e c i f i c s —
t l o l l : , .

2(1
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Appendix A. TEST PROCEDURE

- ‘u , L - t u i p n ’ e n t  List

‘l’he fo l  l os’ m tug .  u qu i p m e ’n t  i -  required for p -i’I orrnuin cc of the
o e m t c h o o r  gym ’oeantp m s S L e t ;  t

I )  P i t t  m i s s  i I~
2 )  r - c t o  —l:muncher

3) 0-sC s e c t i on  and sh i r e i c id  mod ii ied to uccept P11  1 )1’ m d
- :o;mnt ing I i x t u r  r e and to  p r o v i d e  m c c c ’ - ’-; f o r  r o u t  ing c a b l e s , co ol in c
mir hose mm d f o r  ni~mnu a l r o tat i o n  of IN-lU c m ; e u .

- ‘+ )  P 1 1  U-It ’

5) P11 U-if mounting l ixtum e

6) P11 101 t e s t  e q u i p m e n t

7 )  b i b l e  set , 40 ft long

8) Shop vmcuu m for cooling air

9 1 ~- Lm gnet  ic c o m p i s s  , or e’ l i t i v a  lent , for ob ttiini ni c b e t

u ’ ’ - i L a b l ~ t r u e ’  Ii  a i l i n g  ( ~\ lb I

10) The ’odoi i te , 3 each

11) ~‘u ne ’nton i e ’  t en

12)  A c c e l e r o m e t e r  t n  ii ) f o r  i n s t ru m e n i t i t i o n

13) Thermometer

I-.) Test equipment van

15) len t  or immbr e 11.; s h e l t e r s  I or theodol  i

16) ~I m m l t i c h m n n e - 1 c h , m r t  r e c o r d e r

17 1 - t u m l t  i ch  m n n e l  t ipe ma eo~ e 1 e r

B. P r e s L e t A c t i v i t i e s

P r c o r  to s t . m r t  0 outdoor testing , a full checkout 01 t i m
av t e r n  ‘:1 II be p- c  formed in th e l .ibortm to cv,

‘tO me [01 mou nt m u g  t i x t u m r e -  wil l bc equipped w ith mu ,Icce - [era: ete ’r
t r - m - l  f o r  in’ l i i i t  ‘ i:i - u i t  of vibr ;mtion:m l dm ;,turb ance s , m,olt i n ,mlL ’- il a~ i’. t i t e

t h r e e  p r i n c u p a l  - m ’ - :c ’S of the liIU . A t j u m.irt z themin omet er P t  5- e’ ‘- i i i
- ‘ 

t u s t  m i l e - I  in  t i m e  IN-It ’ coo l ing  i t O  i n l e t  and the ’  , m c c e h e ’ r - - : i e t - r e r
:ne j i utm ~~in~g bl u e k .

2 1
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‘l’h e 101 ’ - m d  nti)titi t i n ’ , f i :t li re - W L 11 be in t - u  I l ed  in t i m e -  G t,C - a c t i o n
m t , i i tS - u ’  i t l i t  -m el e c ’ n t e r  of g r m v i t v  w i l l  f e  i h l j t t S t e I l  to  : m p p r n : ’ : i r - m m t e

P 1 m b,- i l i m e -c - ; .

i c  ; t  e e i u i p  it  w i l l  be e s - m a l i  ( L I - I  to  tb~ L-~ , t l m c ) I , b lm t h e  lou .-
.0 m L  1 e mb ie u - - t amid p r e - t e - ‘t~ g v r n e - s’-p i ; c c i i i - ;  w i l l  he i - i  i d -  vern- a

I - m r  t o  L i m o  c to  be m m d c  -a i I 1-iois , to e h e - t - c m ine i f  u - c  of lo n g c - i b i s
I e’ c L S  gvro co : : ip I SS  p c l a m - u t fl c . 2 ccc ’ e i s a  t - t  triad m d  t Im ’ c - - I b - - b - L e n

ins Lr m:: t iL;mt:o n w i l l  b e ’ elmec c ke -l  i t  t h i s  t i m e - .

he 101 ’ s i l l  L i m e n be-- rc-csvec d I r a - ”  the ’ (HG s e c t i o n  -m n el re i n - t Iled
on the I mb or m l , at ” ,- t e s t  t m h l  e . ‘c f in 1 p c - t c - ; t  c - m i  i h r  i t  ion r in ‘.-:i 11 be
in. te  , u s i n g  t h ~ Ion c m h  Ic-s  to I t  c - n - l in e if tm s e -  a f long cab l e s
d u t c e - ’; m miv  si gni  I I c  i t u t  e Ife t on 10)2 cal ihr t~ ion  r e - s u m  I t s ,

P r e t e s t  c t  IVI , t f C  in t h e  Nod Shop m r c - m will involve tim e 1 vi ig
o f t  a m  e l - g i r t  l in  a in t i m e v i e  i t m i L \ -  of time ’ c o n c r e t e  p - md :mt  t i n t - t i n  m l
- u z i : : u m t h l i e  - u d i n g s  o f  0’- , y~

0 , 9 1)2 , l35~~, l8o~~, 22Y , 2 7 0 - , and 3H
T h i s  - i l l  be i cc o : - u p l i s h m e d  b\’ else O L  m - egn - t i c  conip i t ; :; or e q u i v m l - r u t
device-  L a  p r o v i  d~- :m IIA I’lh . ‘th e I-;L ‘~~~~ i i  be pa t -k ed , in Lu : -n , - -,i t i m  it-
Iong i t i m d i n  m l  u t - m i s  n o n i i n m l l y  a l o n g  ~m l ine ’  to p r o v i d e  g y r o c u i : t p - m s s  d m t

- m t  es m e s h  01 the  p r e v i o u s  ly ic e- i t t  ionc -d t in , : : in I ht e  m i i i  ngs  . Comb rue d
m c e u t - - m C g  of  t h e  l i m e -  l ay o u t  m d  EL p - i r k i n g  op -r i t  i - rn ’- ;  ‘,- ;il  I be h e l d

- - t  t h in the  c u l l - g e  of ; m p p r o x i m . m t e - 1 v :’5~

l:o l l o w i n g  thc ’ ;; et i c t i v i t  U 5 , t h e  Gl -zG s e - c t  ion w i l l  be I: ken L u  t i m ’ ’
Nod Shop - m d  i n t a l le d  on the  miss  i le . t h e  co :nrp le -’ te ’  sy - -L e t s  t e i l l  t h e n

) e S c t  mp out l n o i s  in the  t v p ie’ : iI  c o n f L y i i m t  ion sh io ’ - :u i in l i - s i r -  , \— I .

Op ec : i t  io n :m 1 P r o c e i l u m  re

The ’ p : - b - : e d t i t e - f o r  p c - c f  - c m i n  gy r c c a : .u p  i s s  t e s t s  L: ; ) l t t  i l f i ’  I
as o l lows

I P a r k  EL tmo i - i n . m l l ’ :  - m i o n g  0~ l i t ,  in ;emeh m l : i - m n n e ’ m ’ th t
t i m ;  C C  h e  t i o r r  o p t m - . 1 a c c e s S  w i n d ow c i t t  be v i c -ve-d h r 12 ,

2 )  o u t t a ’ C t  INlU L e ’~~t c m b l e s  to t e s t  set  in T!-:\’ , cbetmnc c t
m c d  l e r o m i e t e r  t r i , m c l , t he r m o m e t e r  - inch  m n e ’u u t o u u i e ’ t e , I  to t e s t  i i i  t i ’ : : . - i t  t n o n

i t  , m rid connect I,~I1 coOl ing vacuum li i i  e .

3) Set up Ti m d  [‘2 ; - m c q u i r e -  R N h ’  wit I t  11 m d  INN o p l i c m l
p o l l - ,‘ith ‘12 .

‘c ) -J u r n  on ill po e -cr to Lii - i’l \ ’ ar id  - ml! o:: in  - L r u n i e n t : m t  i o t
(accec l eromet r- , t i m e ,  - I ) ’’ ’ t e l  e l e - e ’ t r - n i i  ; , r c - cun i h ing eqti i p u : ; e -ni t , e t c .
L i  ‘,- ,- - m r m  up :m t  l e : m s t  30 :‘I l u n i t  e s ,

- — ---‘-- ---~~- -~~~~~ — —



t u t u - n on lOU p o -  am i d  v~ cuie m mn s a l m ’ e -  and p r a m . etc - I I~~m L o

I u ’  e l  i n u i t i  , r - : gv c - w - o r ~ t - l s , s  r u i n  i t  i t l ( ~ I i I l O I ’- i  I i ) ;  \‘ IP e ’ , a t  i t i t ç  P c b i : e b t i l  c c ’

m a c t i ,  in S j t i m ~e ’t  , -1c’ , m i  t o t t  D i v i s i o n  ( SKI ) ) , l i l . i i : - i  l i t  n u m b e r  I - l 00F5~~7 !- I l 0 ,
‘ie~v is ion E i h e c k  for Pt e p c - r  ope ’r it ion 01 ,icc cc Ic - c o l t ’  ted’ t r i. i i  , ther nta —

: : e - L er , t i l e  - : i o n i e ’ t  cr , in e l i- c-e l 1 c 1  I m i , ’, e q e n l p - u e ’nL .

C e )  ~~~~~~~~ 
‘A L IGN h i(j lj) ’’ - y e - l i t  is r e mcli i! ( i s  p r i n t e d  - n i t  b y

t i -  t l e t ’ - p c  r b -n i . )  ‘ ‘ c- I ‘a l t  - ho 1 — !  ing I ~
- -:  t I t :-: t lu re’ rot - it i b I c t ~: hu e i in

p l icc - u i ’ t  t I  t~~e 101 ’  c i s c  t h i r o - i ; ’, hu  m p p r o : - . m : :  1 C l ”  103 ° . Pin f i : - : t u r e
it t h i s  p o i n t  w L L i i  S i c l  p iO .

7)  Ac q u i r e  01)2 c l u s t e r  :lirro t’ w i t h  12 . 12 1,  no . - p o s i L~ oned
su c h  t h i m t  ‘v t  b 0:3) t ; -  runs [or  r eco rd  can  1w- p - n o r - c u e - e l  at ;m na :sin i i
l i e -  te l  i ti g 0 t 0’-

-~‘ (  L I O L  te  Lit ’ case to o r ig i n m I  p o si t i o n  ( m o r e  :m::i s n o m i n a l ly
m iong ::ui ; S i I c  ~ u i g i t i n ’ i in i 1  for e ’  x i s )  inch  secu r e -  - - ‘ i t ! ,  b o l t s .

c-i I S u n p  r e c o r d i n g  e q u i p m en t  f or  m a i n - ;  fo r  r eco r d  (~~i ’ t

‘er os , sc .m Ic ( m c  t ar : ; , e L m . :  •
10) i O l i i S e : i l c e -  g ’ ’ c ’ ’) c s i ’ :p : ms S rein us t u g  i - m b O i’- m t ’ ) r \ -  ope c i t i n g  p r o —

cedar .’ set forth in  SbI i c t o c : i : - , ,  f it  number EI OOF 5 !e 7 h i l l O , R e v i s i o n
:-~L m r t  l i e u ’,”- ’ v e h i c l e  tratt ic in v i c in i t y  of i

11) R h  c o rd  L b ; e  tollowing p~i r - mc: ie -te n s , L  m t  ing i t  U i -  b e g i nn i nm c
of t h e ’ g ’~-r oess :’ip i s a  run .

.) A i r  in l e t  tempe ra t In e

b )  f ind  c ;pe - e ’ I l  end  di: e ’ ct  tor i

c I .\ c m .’ e k - c o~- ; m -  L e t ’ t r i m - I  n i t p t l t s  ( e h - u r t  ,m nd t i p e ’

r e - e ordc.’r s . :oiee ’ t nnot  e t c  L pe r e c o rd i n g ,  w~ L b  d e mt e , h m e m e l i n g , n t m n
m i ’ m : : I ’ b c r  , s t - i  - 1  - at  r m m n , ~‘t t ~ ( a t  run , ctc .

I A )  c ( i f e t ’ remarks  :;ctc h i :i:; m i p id  c h ;m n ; c  iii tc - -- , ( b e i m t ’ i r c ,

~.‘mnc! ( l , k l S t S , m n !  Oil ie r unu :;um I oce’urrences.

12! l i e - u r  the end of I _ l i e  a s p  tss c cc - . ,  - m t  up ‘i i - m u i ! ‘12
so t i m - it :1 mi ni :-: ’u t :t m ri oe m n t of r e - l e v e l i ng  m m i i )  O t h e r  - i d  j u  : L : : t c t : t  S : I t ’C
r e - qu  i r e - f - m t  ‘ A L I c O  DOLlY ’ .

13) i.’ i u , ii ‘‘A L ION lOLl) ’’ e v e n t  is r ea c h e d , - ‘ t up v e h i c l e s  I u ’ u t i c  ,
oa t c u r e - l u l l - ,- r o t i t c  U-It ’ - - ;e t h r o ugh  10.3 i t ,  i i ;  S te ’I i  b . l i r e ’  ope rtlto r
per Loruc ing tNt is manu .m 1 t u s k  ; !tni m l d - m v o u d  i ; :i I u m r t  lug d m.~;L,: t s i l l _ a : ,  L 5 I _ f , ’
ifle ‘ ,s t ie- boil :,

14 H - p e - m L  c- I  u p  11 mt t b t , - end (‘Al. [CN i~e fl,l i’’) of ~‘‘, t  b l i  N

15~ AL ‘‘ A l , l i , N  h OLD’’ , i t l m m : me I 1 , m t e ’ i - ,’ c - e i : u c e - i l e ’ e ’ t - m k i u m , t  opt i i  t I
d m 1 - i  by s i g h t m u g  on h ’  IOU cl b m : t t b -: ::irroi a u t h  ‘h ’ 2 , mm d I e \ ’  S i g l t t : l l ; -

an R I -U ’ ‘,~- i t  I t  Ti

2 1
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1” ) ‘ at ’:p l c ’ t e -  o p t  i c - i l  :ie’ , m , m u mr e - : :t eiuts h- , c o l l i me i t i n g  TI  - m i t  ‘l’2 .
17 <e ’petu t st -p - 8 t h n r o m m g bi 16 I o n  - m t o t - m i  of c- i t - h u t  reins ,

t i m e  p r u c e e l u t r e’ Ou t  i t l i b  el p m  e ’ V i e ) ’ i ’  1’; is to he t’ c- pe ’ - m t e d  : m t  c- - m e s h  45 °

no’ t i l t  m l  m c  - m i l i t L :  In c  r e - t : u e ’ t t t  i t  th e ’ h -N. m u d  t r i e s  tic , :m nid will likely entail
Se t t t  of tim , l ’ l , ’ , I a t ’ e s , t e s l .  ! , c :, id  t l l ~~~,

- 
‘ , D m t j  ‘e c ’qu n : :  I t m on

(5, r a e , :-’’ m s s  , i e : c u r i e s y  d m 1 - ,  e - : i l i  h e.’ , i c n - ; c r e - ’ i  u s i ng Ti , 32 , R~IP ,
a t h e  01’ ‘ , “ , ‘line- ’ m: ,  b ‘ l b - i t  h i  i [ r  i i ~t 1:: sb i o t , n in i ’ I(m i re -‘u — 2  in w h i c h

i a  t u l  1” e . . L m u g  ~~ - ;n L t ~~o m i t -  fe ( e i y :

1)  81 = Ti h u o n i ; - ; , ’i , ca l sc ie r e _ m d t n , -. a l i e n  , t e g h m t l m m ; ;  f r e e:: Ti
to RU ’

2 ) R~I = I I  hor i - t a u t  1 c u e ’  r e , m d  c u t ’  t h e n  a I g in  i n g  f r o m  TI
c 12

3) i i , = i 2 h o r i - i t t t  t i  s c - u  ic reachin g ‘,chien si ght : ii f r o m

T2 t o  ii

1)  h~~ = ‘12 f or  m i , o n t - : 1 sc l i e -  re - , m c l n n g  ‘,:lien - ; i gh t i n g  f ro i ’ I  T2
[ t I !

- : ; L : ; 1t i m ’ i mr ( ~s - 2  t i l t t I m e -  I r e ’ g m : L n g  l e t  in i L ~~aula  , t I m e  f ol lo ’ -:; ng t i n g le ’s
- u r e -  k ; ;  i ’ ’ . m r c m - i  hc c , l c t m l  .t~- c t  u s  i nd ic  t e l :

C ,\ :~o’ ,’r m t  le  l e s t  :e en N - ’ r  t I ~ a n d  l e n -  - - ) !- - l ig h t  I LOS ) t o  R IIP

2 )  B = R~ -

‘3 )  C = 8
3 

— K ,

‘~ ) i_i ,\ n ’

= t ’ ~fl -

I ) m ~ Ii  u e l i m m ,; I, 2

‘ S I) — (  ~~D

~~) 7 l~’- t t i , .fl a i t , ’ Ie l e t’ - m l a s  to  Ctt t u u ; - I X m c c c c l c t  Ot :u ter input

C j ,  ,~ 
- ~~~i - t i m  ‘ - ‘ l i i i  -s:  ‘e . ,me ,’- l I - -ionl i ct - -l ’ input a,-:n.c L 1 m ’

‘ ‘ m ’ ’ ~~~ ”’ , m t c I -

- ~~—_ - — — -~- .-—-~-,‘ - - — —--- ‘~~~~~- - :- - - - - --,‘~~~ - ‘ ‘— - ‘--“-— - - - ;,—— — -‘ -‘— - - _— _ ‘ - - - 
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l p L i ~~, m 1  r e I i n i g s  8! , R2 , R i , m c !  1<- ’ ‘,~e m l I  c m c h  hi -  c i l c i l I t ’ - ;  q
t ii ’ ;~~ e u ’ m e m -  - ‘  

- ‘ : m l i i  : : t ’ m l ’ l  0 t -- o - ,,’t a e ’ : n ” - , i i i  i n c h  r -  i c r  a’ -a - -~ u c- i t  - -

::i el ’ - ‘ s n  t hi f i t  ‘p I ~ e’- m  e l - I ‘ o - t - e !  m l  -

‘[ l i e ’ m e - , m : i t i r - ’ ’ : i c - u u t  d t - i n’ m u  ‘1 F i c - a i C .— I p~ e h  i , -- - ‘ : l u - t i  t b -  l l u l , , L l c i
m a t  r 1 c r e s  t i  ‘ I i  I I m e  I , e ) S l b c - L ’ ,,a c-n 1 m d  2 ,

h - N I t r i c -tm u1,.’cessm m’ V t o n  c - m l e ’ul i t  1 1:1 01 ‘ - n i l  h e - I iUdt’  Ofl t I  l ie ’  1
I C  i t  I S h e e t  -

- b , 1,

Ii I_ tn - , i~’ a t  No , 2 v i  I i  he i I t e’ , t ’ e h I  - ii t i m ’ - - i i ’ ’  i t t  er - - e ’ -; w i t  I
I, m 5 c t - - ‘‘-en 11 end 1’2

A cce lc :ii ’,, ’ t b - c  t n oel d ,m t - m st ill be : I c e ! u m r ,  ci 1, , I I I ;? I c i i  m u  r e - u  - i n t l  - :
t , u i  ~u t m e ’k’ i a - ’ ~~‘ i t ’ p0 -~~ -mnd w i l l  m l s e  he ’ u p ’ - ‘ : u  H lot o t t — I  ~a
p - 0- a - ‘5 [11cc ,

L spe c m t U l ’ e’ m i d  w m m m - t  ‘ l i t - i  ‘ -s i l l  be u ’ -~~a , !ed eIu t I ’ m n :. e - i etm gyroc-o 
I ii: - m e ; -,~- c’ll ms m u m - ,- u m u i : m - n m . m l  oe - u r n - l i c e’s (lii; [1m g J t e st .

-. t  t h e -  elm t o t  ‘ - - u c h m  ‘ - s r o c e o c : : p t s s  r u n  e. ‘s:p’ t - I  ‘ ‘ u l u -  01 mc  i : : t i ;t h
t i c -  c l i n g , , , i t  printe - ’l out b’, the  L e ’ l e t ’ : p - . N - c t hi - - lm m u - I  I r m i t  r ti:
I I ; ) ,  “-.~-st  cdi rin d dm ’im t m u t e _ c ( O W ) ,  mnc l i~~ . t t e~ L l 1  l d ’ S O L \ ’ e i  I - i d o ’ i t  I tO -N ’ !
ir e also jet ’ im ’mte d 1 :1 . l i m e  :; c- p e u ’ e u : b e t - :  i l e n s  we  Lb u s  c -~ c :t p t t t  . 1 ‘‘l’

m t  ‘ N ’ ~~-t  No , I or  C m t ~~ ‘N’, -
-

- L N i , 2 ‘‘ill bm. - b : i - - : e e 1 Os i t t  m e l d
She 1 No . 3 , Nt  I c r  p c  : I I r u - n t  da t  - v i  11 b - , ’ , t  ‘ - t k - :!  is  m l  m et i t  e d  ,‘ I i ,
t o p  o f l i t  m Nh - - t 0- . 3.

I , .  O , u t , m  : 1 - m e t  ion

,iI t h  i~e f  e r e n ce  to 1 ) , m t  u Sb -c t 0 - ’ . 3 , t I m , - i’ m ’ r o t  in a
p m - ’s r u i n  i s  computed - is

— e — r ( i r e  see )
0 0

and ‘it 11 be ent ‘: ‘c d  in t h e  i iii) l e N .  - t col m :-”tu ,

The u ’oot  en  - t h e m e r r  ( t O t S ) ,  - l y e - r n ’ - C ’: ,:; , m m m i s I  ui - , I , m n d  ci .’’. i - r u  e ’ ) rm

( c c )  of  t I m e ’  c r 1’ e i ~~ I t  ea n u i n c ’d  in t i m ’  h a - u t - s II e i g h t  runs it a p
i c r  h i ’ - : m l i n g  w i l l  he ’ c . m l r u l , m t e ’ h  in t m - e m ; . : -  : u u i l  m i n n e l ’ :

1/2(
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~ Oi

N 1 /2

N :

r e ,  m l : s  a i l l  hue - c u t  ‘ - ‘ in l ) , mt  - :  S hee t  1. ’) . I ,

I pc  cc - r u l e - ’ m C c e ’ l c ’ m ’’v - t i m -  trite! ‘ , t  s- i ll be- proc c-s-e ’d o i L — I , end
h )  l e_’ b  t t ,  i t O ~ t~~ ,: ,v’’r ugc p c  - r  ‘ p e ’ L i . m  of e n ’ ,’ i u ’e cn cl : : t  i i  d m s t t . r h : m n c ’ e ’ ’,

1 - , e 1~~- -~ co  I ;c  - [ ‘ 1 ’  :;I , e t m  I I  L i  u i g  I ; s: t - mu e m m m d  - - m e ’ ,

I’ i ’ , ’ ‘-, t c t i ’ .’i t  i c ’ ,

A t  t l t e -  c e- np ! , - t  ion  o f  ci I ‘ i e e e  t c v  rsu - et’:p m s i-u tes s I _ i  rig t i m e - L I :  ‘ ‘ c l i
“c l c ~t , , ’ t ’if t o  t i - h -  m t ’ - r ”  t e s t  -;~~e u n p  m u d ,m c , m l i h : , t  i o n  run will
Ni’ !Th, - t -

R i - h :  :, v r ’ c’oi’lp - m uia n - i n s  s i l l  be ‘ : : m u l c ’  m t  c ’ m  h h -  d i n .  ; o m  h i t _ l i
t e , ,- m t .  ‘ C l ’ e ; ‘et ’ - ~ d Out dO or S I

P r - ’  t ’ - f i t , , i~u t  t , c o r  ‘ l , m t . m , . incl  p o - I _ — t e N  d m 1  I ~i I1 be c ~~; i i i cd!
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b l I ’ I , ’ I c - ’ i ,  c ’ S  ,~i ‘ t . I’ ’ u s  s i l l  lie ‘ i , m d e ’ s how’ in N-ic , c ’ , and

S ’ , c T t b f  n - I  e l e ’,’t , m i  ~ - -~ i i i  error v u i ’ i -  - a i ’ : i ’ , I m s  h i  etim ~g for c- echo ! tlua’e

‘ st c cnt . ’ rons.
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I)A ’l’\ SIIEE ’l ’ No . I

P11 1 1-1’ ~t I S s l l b - ; ~~I X m  ‘~h El ) ( , y R i u L e u l - : i ’ ,’~:;S TESr

m l  I r im : : R u n  No , 
_________

101’ 5 , 0: [ 1 5 0 :

I t i t  e ’ : 12 S ~- N

i )P11 L,’et , 1,\ 1 ,\ (eleg , mm , S e e )

tOt = R i

1(1 = R4 =

( 1 I = R 2 - R 1 ) :  B (C R3 - R 4 ) :  C

=

(D = A B) :  9 =

= 179 ° 59’ 60”

c =  ________

I) =

(E = 151) — C I) )  : E =

( = E - ~ ) :  t c ~ =

TE~1PERATI’RE AN !)  W I N I )  DATA

Temperature (°F)

Acc el IMU Air
Tr iad  i n l e t  Wind S p e e d / D i r e c t i o n  (mp h / c l e ,g )

S t a r t :  _____-_______ ____________ 

S t a r t :  
______________________

End : End : ________________
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1)A 1’\ S h EEl’ N! ) ,

P 1 1 101 ’ N I S S  I i , i —~- X ) t ’N ’ I I-H uYRo i :I  P’t[’-\ SS TEST

hc ’ i u ! i n g  : itiin No .

101’ S ‘N Ti N / N :

1)at c : 
_________ 

T2 S / N :

‘ f t  S / N :

OPTICA L DA T,-\ (deg , un in , se _ c )

R 5 =

R l =

( F  = R5 — R I ) :  It’ = G =

R 2 =

R6 = (Ii = A + 1- ’ + C + J ) :  ii =

(G R2 - R 6 ) :  G =  
_ _ _ _

(~ 
r~~~4 . . ”):  i =

0 0

R 3 =

(3 = R4 - R I ) : 3 I t
o 

=

= ( t i  — Ce ) :  =
0 0 0

TENP E I-IA ’I’ IJRE ,-\ ND W I ND DAT~\

T e n :p c - r t i t u r e  (°F )

A c e  el  LII ’ A i r
T r i a d  In l e t  Wind  S p e e d/ D i r e e ’t ion ( m p h / d e g )

S t - i  r t  : 
__________ ____________ 

S t a r t :  
_______

E n d :  
- End:
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SI _ m t i st i c s  P r e t e s t  i - l o u d  P - u ’ , t  - L e s t
i - m d  i l t g f o r  8 Error i c a t  E r r o r  E r r o r

( - d c i i : ) Reins ( inc  S e _ C )  ( t i n e  sec ) (- tre sea )
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RMS 
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Appendix B. RAW DATA SAMPLE

iht e .’ t o l l - s t r ig  r - m w  i i i  m s- er ’-  t m k e t u i  i t  - i  t i o u - :L n  i i  - n j s s i l , -  m e  i i t

a: I 5 . , t_ l i t - - u  lie_ me l m i: , h - - ‘ c a :; i l c  b l o c  ke el I _ l i e -  i t  c . - — o  t — - ‘ i ;t ht

h i t  c : :  ‘ft mu m — i IN re q u u it ’m rn g t i m ’ - in s -  o1  c u t  iu i:-t i i i mr-c t h m - -od o l it c ’ , ‘LI .

R ,m m ~’ s ep t  i e ’ m  3 u m f t  h e ’odol i t ’ - t’ e -  ee l :  n — : - ~ ) - : o r u a ’ s p u n l m n t ’  1_ a t h e -
c c ,- , i m i r ~~ri~~- : m t s  ( - - t t i t l : : i i t u :: 0 1  t i - ’, S e t S  0 1  I c u , - , m r d  : mn d  r e ’ ,’e - r : ; e  i : e  m - - u n r e ’ r : c  u _ I S )

,: i p p e - :  c l m x  ‘c , l e S t  i r - i c c - d i i i e  i r e ’  p i ’e-se ’t m t , - I in I , m b e I t — I , I i D l e - s I t — N
1 ‘ u , u t ; g i i  I i — ’) p r e s e n t  u e s u l t s  01 r aw i l , i t  u u’ c - - ! i i c t  L e t ,  : m s ’, n , ~ time opt  ic~i l  

u i t  d i  g r rum of  F n , c : ’ r -  . c — 3 , i p~~e u m h i : . t  A . i - - p  r u r a l ’ - - u n d  -~, m u i d
r c  ,J ~a - d ,  - - ii  i t . T m  b 1 e. ’ 1-2 t m :  - ‘ t m g l m  h i - ’! ,

c t  i u i e  ‘ 1 - ‘ ‘ I ’ - u u o l 3 g i c , m ] .  N - m t  m i r e  l i o n in T - m h l m  iI lO  i t  1
Nt I -  u v : i  -; d ’ m r  t r i g  e- m es h 01 1 he - S gv rocomp m s s  t o ’ - t - - i t  I I l L S  l i e  iN i n - : .

~5 ‘ : : ~~1 , : c  o f  J C C e ’ j (  i ’on :e te - r o u t p u t c . , t  u us  r e c o r d e d  w i t h  - i t : - ’ i l t c c h a w m e ’ l
c t i - u : ’t r e c o r - l e ’ s  “ m e n  e a ch  0 : t i m e - A c o m i c ;  l i e -  s h ot - t m in Fi g u re s  B — I  t i t r e , u i g h

t m _ S . A l l  r e t e t o r d t r i g , :  m -I e I ’ c’ : n , d u ’  -,s i t h  . m m l i - e r t  s p e c - N  0 1  100 nun /Sec ~:m I .1

s c m t e l~~ ’ t , e ’ or i r e )  ‘c / I - i n . l u - ’ i e ’ : C I e r , i u : u e t e’r s - t i e  I m c t a r  1- - 0 , 5 g I - -ur :u

so t b - i t  iii , e l i - i ’  m ’ ci~~i e r J~~r ,; ccn le  I i , t o r  in t c r : :ua  of  i c c e i c - r u t  ion  ~~
‘I )

‘I t i e ’ 1 ‘ a t  the- re es e_ u cdese’ ’.e_ s~s not used .
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‘I , \B L) ’  11— 2 . P1 1 Lii’ - t I S S i L t —~~
) INN - H (:‘

~‘RuisIu ’AI;S ‘I’ES’I’ ,
h I l ~-\DI Ij( - iS~~’ , Rl’IN O’ ) . 1

S :11 : ‘f i S / I N : 1 1 ( 0  75

i ) , u t e  : 
- 

I - c  N et 7tu 
_________ 

T2 S/N : 5 3 19

T i  S / 0 :  h h ~ c D ’ ) ’ )

iPTlC:\l~ l),-’e ’i’A (deg , mm , -~c-c)

R5 137 83 ‘ c ’~ A = ((H - ’, 33 is

RI  = 097 48 01 F = ( ( - ‘a)  35 4

(F  = R5 — Ri  ) : I’ = 040 35 . I C = 0 - 3  - ‘  1’) 57

R2 = ( ( - Nc -‘)5 92 3 = 104 l i t  13

5i3 = 001 01 35 ( 11 = A 1-’ C 3): 11 2,53 25 -~i

( C R 2 - R 6 ) :  (~~~~~I ) - ’e3 -‘u S  57 ‘v= 10 2 02 1’)

R e = 101 30 91 ( ‘ = H - H :  - ‘  = 1-sI 2 3  22
0 - 0

R3 = 000 00 48 ‘ tc 181 2-+ 28

(1 = ~~c - R I ’ ) :  1 = 104 30 43 :c
~ 

= 181 2 3 22

(~, = r- - m e  ) :  -: = 000 01 06
0 0 0

= 66 ,iu ’ e see
0

ll’ , l1 h ’l’ ,h(A’1’IlRF, ’
~N h i WIN D , i ,-\ T,-\

I - - -~~~~- r  i t u i r -  (° F)

\ ccc l  I ’ l l ’ A i r
Triad Inlet Wit ’id Spe ed/Direct m~e u i ( ‘t I p li  / e]eg

St m e t :  _ 2, ,~ — 
39 

— 
St art : 5/130 ——

n i l :  12 ‘ 1  Futi l : 5/110
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T A R I , I -  1 1 — 3 .  I ’ l l  1111 lIN S i ll - — ON ’ NI ED (Nm . I I i ) i _ , u N c , \ N N ’ f  I - S  I
l1F~\ I i t  om . 1,Som , R I O  Iii , 2

1 1 1 S/N : 001 ‘I’l S/N : l l ’ ) ( i 7 5

) u l e : I N m , ’ /0 [‘2 S / I N :  N, ’) 3’ )

T3 S ( IN : 1166 (e )

OP’l’IF,’m L I),- ’~ Li ( ‘ l e t ’, ,  nu in , S e C  i

R 5 = 137 K3 ‘c7 ‘c = 0 9 _ c ,j3 15

R i  = O H I - ’cS Q1 = 010 3 ’ )  16

(F  = R5 — Ri ): I-’ ( I - c O  35 - ‘c6  C = 043 1/ 36

R2 = i t , :, ‘.6 96 J = 104 
- 

33 00

R6 = 001 01 40 (11 = ,-\ ~
- I’ + 0 J ) :  I i  = 283 27  60

(0 R2 - R 6 ) :  G 04 3 4 5 36 y = 1 U N  1,2 19

= 101 33 5 - c  (cc = Ii — 7 ) :  e_~ 
= 181 25 I I

R3 = 000 00_~~~ c = 181 26 76

(J k m  — 1(3): .1 = l i F e  33 00 
=

(, = — e , e ) :  € = 000 01 (5
0 0 a)

= 05 - mu ’ ’,’ se’c

l L O b ’ I - : R A T I ’R i - , -‘iN !) W I  Icr D A t A

I’ e - u : m p  o i - m I _ c i t e  ( ° F

A c e d  I l-Il ’ A i r
‘j r i,-md In let W i n d  Spec - el / I) i  r , -t  ion I ::ph ,‘eIes~:

Nt: m - t : 
_________ 

46 : ; t , m m -t  : s / I  tO 
________

h t m l :  5 1 )  -‘e8 E n d :  4120

17

- _ _ _  _ _ _  a
.JrrrrU - - - ‘ - _____- ____



‘tA B L E  1 — - ’ . I ’ l l  I I i ’  : t t S s  I L E — ’ lm 15 11) 01’b -DuI l’ ,\ SS ’f I-I S’ !’ ,
Ihl1\I i 10 ’ - ISO °, R I ’ ;  ( 1 • 3

‘I i ’  S “ I N :  SO t  TI  S / N :  110) 78

- 
- 1 ~- : 14 0, -c 76  ‘12 S /0 : 5 5 ) 1 9

T3 S / I N :  1166 99  
________

OPTIC.\I, I), ’~’i’,-\ (deg, ‘ :11) , ‘ t e e )

1(5 = 137 83 ‘cO A = ( 1 9 ’ , 3)  1-5

R i  = 097 ~-S 02 F = 040 35 35

(F = R5 — R i ) :  1-’ = 0’, ) ) 35 38 C = 0 )  ‘~6 03

Rd = 0’. ‘
~ 

‘c 7 -

‘ I J = 1 ) )  , - j 2 c ”

1(6 = 001 01 38 ( I I  = ~ + ~
- - + C -1) : 11 = 283 27 47

(F = R2 — - 6 ) :  C = 0-5 3 cO 03 7 = 102 02 19

R4 = 10 - c 132 103 ( e — 7 ) :  ‘ 181 25 2-5
0 0

R I  = 000 00 55 
- = 181 25 85

( 1 = l : c — R f l :  3 = l IDS 32 - ‘iS 
= ~~~ ,~ 2 k

0

(, = c c  - ( i  ) :  = 000 00 57
0 0 0

N = 57 ic c SOC
0

‘I’I’N -ll’ERATI’RE ‘c N I )  W I  01 ) DAT,\

‘I c c  e r m t u m r e ’  (~~F)

i \ ec e ’I  11- lU A i r
Tr La d I n l e t  W i n d  S pee c l/  D i r e c t  ion (mph ! e ie g )

S ta r t  : 3() 
________ 

48 S t i n t :  6/110 
— -

End : 5 5  
________ 

52 End : 5/130 
- -
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I’, ’dBLl- 11—5. P11 lot ’ -IIS S 11,1 —00 Ni ED F Y k m k t: I’ , ’ -.SS ‘LYST ,
IL’ul ( , I I ,  1 -‘— (0 ’ 

, Si N No , -S

101’ 3 : ; : 00! ‘11 S / N :  1196 78

H u t  e’ : 1 -~ I 1 e-c 76 12 S -
, 
0 :  55939 

- ______

T3 S / N :  110699 
_________

oP’I’lcA L DAt”, (dog , u: :iu’m , se e )

R5 = 137 83 -‘ci , \  = o’~ 33 i ,~

Ri = 097 48 00 1 = 040 35 -‘c i

(F  = R 5 - R i ) :  F = 040 35 41 C 0 . 1  .6 31

1(2 = 0 - c - S  47 45 3 = 10 ’ , 3 2 12

R6 = 001 01 14 (11 = A + I” + G + 3 ) :  11 = 283 27 42

(C R2 - 1( 6 ) :  C = 043 1+6 31 ~
‘ = 102 02 19

R - ’c = 104 33 2 0  ( ‘ = 11 — f t :  Ce = 181 25 23
0 0

R3 = 000 01 08 
a = 181 25 61

(3 = 8 -c  - R 3 ) :  3 = 104 32 12 
. - = 181 25 23

= 000 00 38
0

( = i.e - - e ) :  e, = 18 t i r e  sec
0 0 , 0

‘I l-N 11’ I - KS’!’ (‘8 1’ . - 5 NI )  W iN)) DMA

I’ c - t ’ u p e -  r , i  I _ c u r e -  (° 1-’)

‘iee e I [~lU c\ir
T r i a d  i n l e t  Wine! Sp e e d/ l ) i r c,’c t ion ( umip h / d e g )

st a r t : 55 52 Start : 3/120

End : 56 52 End : 31090
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I’,\D),,F, 11-), , PIt [01’ OIH’SII , I , _ ”ui NI ’IN c (, ‘i’ii)L() tl’ ’cSS ’

IlI’ ~-\D1 110 183) ” , -1 : 0 : - ;  ) , 5

j e
~
. 71; : 001 11 S / I N :  11967o

i~ I a  - ( ‘ c  D c c  ~~‘ ‘I’d 5/ 0 :  559 39 
_________

ri S/N : 11,6699

‘H ” i  ICAL Ii ,’,I,’~ (l e g ,  m en , S e - C )

I ’ 7  SN 57 ,\ = 09’~ S i i - s

P I ~
- 3 ) 7  4” ~e’/ F = 040 35 31

( F = ::5 — R I ) ;  F = 040 35 31 C = 043 ‘56 32

-NI = D-~ . ‘.7 6 3 = 104 32 18

116 = ( 301 01 i -+ ( I i  = A F + C + 3 ) :  11 = 283 27 39

52 — I O u :  e , = ((- ‘.3 c It 32 = 102 02 19

il-S  = 104 13 27 ( - = II — ‘ ) :  c = 181 25 20
0 0

1-l i = 000 0,j’,_~~i9 
, = 1 81, 25 10

(3 - - 84 - S ~~L J I D - c  32 18 r, = 1,81 25 20

= 000 00 10
0

(~ = i . e  — c . ) :  i., = — 1.0 t I r e  sec
0 0 0

- ‘1: 1 1 bt ’e ’l’l’RF - OIl WIN )) D~\ IA

‘1 ‘n p ~ ~ ,i t e , ’ c ( “  - -

N - ’’ -\ ‘ r
‘ ( u - i  I l et  Wind  Sp e e d / D i  r , ’ ,’t ion (tnph/dcg )

Sr t n t  ~~
‘i St ur t ’ : 0 120

- u-I ‘I  5 .  
- - 

!‘, u m ’ l : ô/ hdO 
-

- 
- - -—=- - - - - - - - :~~~--, - - ‘— -- - - -  
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F

‘fA BLE 1 1 — 7 , P11 01 - : l : - ;3II,E— ’’sc :;‘i - l i  (;‘~‘k~~~3 ) : .o e \ s- s  T
i l _ ,  - ) I N i ,  1 Sc ) ’ , 8 ( ‘ I N  N i ’ . Ic

101 ’ S / N : 1 1 0 1  Ti S / N :  1 j O , 7 5

I r e - : I .  l)’ c 1’)76 I’d S - ” N :  ‘ ) ‘ 3 9

‘13 S / N :  I 1o699 
_____

u PT (1,5 L DA’I’,\ (c- I c -  
~ , ml n , ‘ - c

85 = 137 8 3 35 A = 09-. 3 ’

R i  = 007 Ss i,i F = 040 I ’ m 2 3

( l R5 _ RI~~: F = 0 - ’c ( (  3~ 23 C ( m ’, 1  c

Rd = 0:, ’~ - ‘4 7  50 .1 = 1’

tI l t  = 0( 11 0 1 13 ( I I  = A + I C C  3 ) :  H = 283 ~~~ “
~

(C = R2 — R h ) :  (5 = ( ( ‘. 3  -‘.6 37 = I N ,

84 = 1 c C ’ , 33 u- c  (( = l i _ —,- ) :  
~ ~~~~~~~~ 55

c-i

R I = 5 t ) t )  01 02_ u = ~~~ , - - , ~~

( J ’  8 5 — 8 3 ) :  ,J lii - , 32 ( 1 7  - m c  = HI  25 (St
- 0 — -  

~~~~~~~~~~~~ 
- -

( -  = - c  — ‘ ) :  = O l e - i  0) 1 ‘e ’
0 cC

- - = 7 u i ’  ~
-.~~ ‘ -

0

I , ‘ i’ltK’u ’l’ I ‘1

I c ’n i p -  u~ m C t i r e ’  I ~ F

, i1 ’ e t - l  101 ’  c u l t

‘triad Inlet :1,, ‘ ‘ 1~~’ e - e l , i i  te - e tt a ;, ( c : p u u

N t  i u t : 58 55 ~.tam I :

End : a 55 ‘ 1/ :  H I t  
- -

c i

________ a



0 5 5 1- i ’  I I — ’ ’ . P11 101 II ~S 1 1 , I  —00 m l  i :S ’souo: I e , ’i t e s  TEST ,
) I F ~l D1 :-~ 18t ) ~ , S I N  N i l . 7
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Append ix C. AVERAGE POWER SPECTRA OF ACCELEROMETER DATA

41 ’) , C C C C I e ’ t I C ’ t I C  h - F  tr i ad ‘,‘.‘cs use d to : m on i t o r  t r w - m i c t i o n . i l  d i s t e u r —
b I n C e s imp cc  ~- l  t o  t l i - U-l I ’ c c — m e ’ , .-\ c c e l e ro m - t c - c  d e l  c - i - r e  r e co i ’d -d ~,,,C i  Ii
1 t’, I i l t  i — C h - t n u’uel  C ’ I ‘ t  I t’ ,, -e - o i Ic ’ u , the ’ pr cmu n i p l i i  ie ’rs of  - - ‘ E u i  h e u - c u — m c ’ i j  t o

inp u t  ~l , i t - c  t o  l i e  - c c i i  t i — c h - u m ’ u ’ - l  t u p e  r c - e - o u ’ m l e - i ’ .

Cl i  c r 1  r i - -o r d i n g - ;  o f  (in k’ - i 1 cm-,’ — m e ’ , ’on e l s  d u r - i t  ion - - - - r e  m eel ~ ’ fo r q u i c k —
loos’ p- c - p -o ’- e s . ‘l ’ pe ri’ ,’ o cd i n g s ’r e ’ i i ’  mode f o r  t l n -  l u l l  —r’ m iu ’ ,utL’ duu - t~ i o n
of Seq uence’ 4 (- 10 ° p o s i t i o n  01 h-Il ) m i n d  t l i ’  l u l l  ‘e — ’ - i i n u i t e  d u c  m l  ion ot

Se q e u e  n e c  7 ( ( ‘ C  p o s i t i o n  0! h )  in th gv ro c -ee’ cp p r o g r  i’ .

5 , - c I C C  f l d ’C ‘c is t l u -  p~ ’ r iod  d i u u r i n i /  -,~- I i i c h  I~ I~ ‘ m m l i a r e -  being • i c q u i r e ’ - m

and pu  or , - -i~~cI l iv t i l L -  co;cptc t or f au b i s tug  the  wL-s t  g ’- ro . Ou r  i
- ‘;ci e -n; ’ e - 7 , m I , c t a  - i c ’ ’I c u L s l t  ion nd p r o c e s s i ng i’~ r d - p d - - i t c i  I ‘r l i i i ’ - g ’, ’ro-

c c C - - t p  m s s  j u g ,  S i n c e -  t l u c  l 0l,° s - e c c ,’ e l a ’r o m e t e r s  (not  to be con l u s ed  w i t h
t h e  in - f ’ i t ” , d - n t - e  I ion , l c c c  I , -  r o e - i  - t i  rs c in d e r  d i - m c l u s  ii ion ) ir e  t h e  p r io r  i p .i I
- e l i  - o r s  t o~ ~~ 

f -  C O n g I Ii - gy r o  h i t s  mci f i n e  g v r o c o : ’ ;p - m s s  f u n c t i o ns
I i ) ’ ,’ ‘ . e ’t i sc , ’d y ’ t u ’  mu cou s e c c u _ - l e r a t  ions m E e t  to  b ase  mot ions induced h’,

WI ’) t e ’V c ’ i ’ l”, ( - i f l : i  I r e -  po t e nt L i i  s o u r c e s  01 - z i m u t h  e’ rr ,C; ’ . This  is  p i r —
i c u l u r l y t r ue  i i  ,- : - : t r i f l e - o h s i c c u -  1 c r - i t  ions ‘i r e  ‘,e-n se’d durin g Se’’(u -n7 s

- - c u d  7 , hen ce t h e -  choice : -  o I t l n - t s v s eq u i en c e s  f o r  i ’C C c C rd i ng  p e l t  po -u s ,

‘I ’ cpc ’ r e c o r d i ng - s  0 1 e a c h  of t h e  three - c , -c~ ’l c - r o me t ‘1 channels ‘-‘. rc-
I i c  ill (~~. t e - .-,t  r uns . ‘rh e- r e c o c e l i l i g s  ‘ ‘ c ’  i ’ .  p l - i ~~e ’d h i c k , o i l — l i n e ,

i n t o  a d i g i t - c l  F o u r i e r  un  d y-icr  c i p ub I c  o f  c o ’ t c p e i t  i ng  thu_ ’ average  po - -~ r
sp~ ctrurn ac in arbitrar y v o l L , g c  si gna l m d  o u t p u t  i ng  t h e - p - c t  rum t o

- c  d i g i ta l p l o t t e r  for ob taining mc l u c r E  cop ~’ o l  t h e ’ r e s u l t

A b l o m  k e l i  i c r , I rn  o~ t I u ~ - coc lp le - t e ’  i n t t r e i e ’ i & - n t  c t i 0 f l  sy s t e m  i i  .511o4:n

in 1 - i g m i c e- C - I .

The F’oeir ier i n - I  l y z e - r  ope c it c - s  on t l t . - I ime d , ) i . l , e i n  s gn , i l  , V
3

( t  I

c - shown in Figure C—l (en’ cli nn~- I ct .c I icc’.: I t - ,  - ‘det in I. he- (“ ou r  i I

tr cuis for rru , I n :  suh-~~’ q eie-ntl y - o l t I p h i t e s  t he ’ pot ’ .’ r sp ‘ 3 I F I L C C . The ’ l’~J I 1 r i F ’ r

- u n - c l ’ ,’-re r  oIlt p uIt is sc ,c i e - e l  t o  g i v e - - e - ‘.p c t r i i s i r - c c - t b  o f

to s c i - c e i l s  of  v i r i o c i - - ; l u - I ’ ( I I I L - u u L ’ie’s th i t u n i v  be p r e s e n t  in t h e  input .

The v o l t  ge m x ’ s  o f  t h e  d i g i t - e l  p l o t , h o - i c - u n ’ , i s  l i b e l e d  V ’i so t h

((-I )

0 I I i  F - f  ,- C - i f i - .’ t o  Fi ~y I  r e  - ,— I , th •- t i en ’ d ’~c ii I i n  i np u t  , \‘ -~ (t  • i n  t c -

ii - e 1 -  - r - i t i on i cc , - , ‘,‘ e- n h’4

e ,C t ) = V K
1 ~( t  )

Si

- - ~~— 
- -- - -  - -



i ’ll , i- C,~

= ‘l ip . - c’ e -c oi’ e l c - r  s c - t i e -  1 . 1  r ( ‘ /\ ‘ )

K = Cli - - I r e c o r der  p r e  u r ip l i 1 i c - c  lOw 1 r e - e ( I I L ’ n m -v se - - d c - I clor ( \ / ‘, ‘

K = ,\ce:~-lero :-:~- t i  , s c , u l e  f a c t o r  ( V / g )

= I n p u t  i c c e - i c - r e t i o n  ( g ) .

‘i ’li ~ - c o r r ’ .  spond ing  I r - ’ : ’ c - -n cy  e i o m t i n  .- x p r m ’ s si on  1 01 L i e u  e t i o n  (L—3 ) i

3
( I )  K K c(t) ( I I -  3 )

S C l b s t  i t u t  ion of E m u  t ion  ( L — 3 )  i n to  E c u  it  ion  ( 1 1 — 1 0 )  y i e l d s

2 1
(K

~ 
K K )  G 7 f )  = U ( C - c )

or
- )  -2

(; ( i  ) = ‘ ‘
~~

‘- (K  K K )  ( C — 5 )

so t l u e t  th - u c c e l e c ’ , m t  ion sp - -c t r i c c ’ ;  is d i r e c t l y  rd  u t e d  to  the  p l o t t e d

v o l t a g e ’  s p e 4 t r l i ’ - c  by t in - sc -tie f a c t o r , 3 ( K  K K )  
2

‘rho p e c k  v a l u e  of - i  s in .-  w i v e  l’ei n u t i o n  of i c c e l e r - i t i o n  01  f u ’ m ’;~c i e ’ nc v
f t h  e t  c it y  b e - c co  p 0 c m - n t  o f  Iii.- i n p u t  si gna l , t m  d e t e r m i n c d  by t - i k i n g
the c - i  r e -  r o o t  of E n ’u ,m t ion ( C — 5

G ( I  ) a 2 1•’ K K )
1 

, ( L i - h )

whe re ~, , 2 
in } ‘uci , u t ion ( c - i )  is read d i r e c t l y f r o m  the  p l o t t e d  sp e - c t r c e c c .

Nom i n - c i  s c a l e  f , i c t e c  v - c l u e - s  f o r  t i l e -  sy s t e m  of F i g u r e  C — I  mind
C cii  u t  ion (C— 5)  m Ire :

= I V / V

K • 100 V/V (low I r I - e ( I u u - n e : y )

K • 2 . 5 V / g .
a

Fre q uen c v  r es p o n s e  of  t i n ’  sy ’m t C - I l l  ~ t i I im i  t e e l  b y [ l u . -  c h ar t  r e c o r d e r
p r ’.c eci p l if i c r m d  t h e -  1 r e q u c n c y  r e spon se  cu rves  in F i g u r e  C—2 should be
uisc d  t o more ’ mic c e i r - i t  e l y  S p I ’ c l l \ C  t h i s  s c , i l e  I , I c t , ) r ,

) ‘4

- - - , — —  - -L ‘ - - —— - d



O i t h  K , t ; N ’ c e l  I c ’ s-i I i g u t ’ ( — l , - I n ch t h e  V i i e i c ’ ~ c m -  ntiorìc-d p r e -- ! f fl;sl y

b c  - - u~ - l K ~ i i h s t i - t e i t  C d  i n t o  l : c e  i t  i on  ( C — ) ,  t i m ’ -  r e s u i l  I is

1; ” ( 1 1  = O , e e \‘~ / K’ (C -  / )

t s  I : ;  c t e  e l  on the u\’ e l ’ c ,gL’ pO’ ’.- - l ’ - .p c  L t r u l c c  p lo t s s h e  ‘n in F i g u r e  ( 1 — 3

i c ’ e e i i T i  C — ,~6 , j I i e - O , p lots c r c -  t h e  r e  c u l t s  Er- en c c c i i  , i c c e l e r o ’ e - tc- r
cl i  d u n e  1 I or cc - i g l c c  t - - - I  r e i n s  r c e , c d c -  a t  a i~’ i d  m u g  o I 180 0 ,

rh. - pe u k ‘.‘ c l u e , ’ m e f  on a c r e - I c c - c t  i on s i n u s o i d  c o r r e s p o n d i ng  to

V c c c  i t ion (C—7) is

G ( t  1 0. 8 ‘m ’ s- K ( 1 , — u )

in  e- r r u r  01  .:eppr ecr c. e t ce lv 7- of re -odin , I i  mainly to g u n  m u d
I i n .- m i t  V e r r o r s  o f  t h e  I p c -  r e - c - e c ’d e- r , c l i  c c l r e c o r d e r, t u i d  c ce l e ’ r o —

l e t S ,

Thu ~- plot s shown in  Fi gure- s L—3 t h r o u g h  c l — 2 6  were e b td  i n c  b y
I n [ v z i c i g  30 I i i  m sa m p l e s  ( 15 I l’oicc S e ’ ’ . i c i e u i c e’ 4 and 15 I r - e c c :  Sequence  7 )
e tch 0 1 

-
‘ , (9 ’’ . s econds  d u r a t i o n , T h e m  , pp - , e y  i c c  it c ’  l y 1 m i n u t e  ( I  I . S -

‘

s ’ .’c on e l s ) 0 1 d at a  f r o m  c e c i l  01 t h e -  h o  — - ci i i c i t e  s e -qw - n ce ~ e: - d i i  ( ‘ ‘ed
i uLi i v e ’ r i g e d  t o  p c - a e lu ce  t h e  p l o t s , i)u t ’ i n g  ~i c l , i t i p r o c e s s i ng  r u n , Lii-

o ’c c’ ie ’r  I f l e  l v , ; . ’r  a c m  ept  s el I t t  f o c  5 , l ,F’ .-)h  s e c o n d s , co” lp u t e s  th e-  t r  c n s [ o r c m
- c u l l po;:er p ’  - I r ’r  - , sums mi nd  stores t h e e  r e s u lt  in appro >c i ccc e t i  ly 8
se- c onds mind  r e - p d -  i t ’ m  t h e s e  op - r ;d t i o n s  ‘i t o t - i l  o f  30 t i n e - s . ‘th e- I i n u 1,

- , ‘ i c - I ccci - d p C W C - r  ‘;p - t r m l c :  is d i v i d e d  by 30 to oht ,t in an a v e rag e  V d l h i e - .

l b  p lot  - ; s i io’ ’.’n in l-’i g u r e -  I , — ’) through C— Yb a r e - -good r e p r e s e n t  u t ions
01 t h~ : requenc ies - m d  -cver ;tge str e-nc - ’tlu ot ci i s t e i r h m m n c e c s  p r e s e n t  ct  th~
LII ’ r i s e , I t  shou ld  b . n o t e d , ho-,- ’e’’,-m ’ r , th ;it s l i ch t l y different ccc i
s t r e n g t h m i - m  ‘,‘.‘o e i l d  he o ” c p e i t e - l i f  [l ie ~l 1 I u - f e - . ’ w i l y t e d  b eg i n n i n g  c t  -d
d i l f e  r u t  St  c t  i ug  p o i n t  on t h e  t i p e - . To con ~~i e t e ’ l y I n c  l y e  ~ l e u l l

‘,—m inute Se ‘( c - n e  - t b -  l i t  e - ,‘o ’i l d  h Ive IC )  be r ep i y e - I  t h r e e  t i r m e - s  wi th
sucCeSsLu’c st c r t  dug .  t i nc  a d e l , u - ,-e.l by . 096 se - c o n c h - , f r o m t h e  p r e v i o u s

~Lu rt ing t ime .

‘l ii - - t -chnique u-~&-d is a coop r a d i i  Se ’  t o  p r oy  i~ l e r ep r e s e nt  ‘i t  IV e  d i  t
wit t a c i t  - u t -p  ic ’ : ’ , synchroniz,ut ion e q u i pm e n t  and t h e  i d d i t  ion 1 t i4m.
t - -e ( u i r e d  I C C  make two c c l i i .  ~) l - i ’ ,i),dCk r c i n ~~

l I c e -  raw ci t - e s - I c - p l c -  in A p p e n d i x  B ‘; t a c t  1 ci be coui~ cu ed t o r t l ie ’ p i e ’ —
v a i l  l u g  e - n v i r o n m e n t , m l  m t  imuli during the ei ght t e’st  run s it - I h - u l i n g
of 180 .

(“or r e f e r e n c e  p u r p o se s , t h e  , c v e t  ge pow e r sp - c t r - m  b r  l000u’ , l t c ) r v
o p e c - I t  ion  of t i n  ins t  r ’ m n e - n t , c t i o n  - i e ’ c e l e r o m e t e r c m  mounted  on t h e ’  I MI
t e s t  f i x t u r e  w i t h  t h e  1 1-il ’ r u n n i n g  mi re  p r e s e n t e d  in F i g u r e ’ s  C — 2 7  t h r o u g h

C — Y Y  • A v a l ue  of K — 100 wm m s t i c c e e l  in t h e  - m n n u t , i t  ion o f  (~~ cs - t  f un c t  ion
2

of V
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Appendix D. SUMMARY OF TEST RESULTS

T- ibt€ s ) — 1  t h r o u g h  I ) — ~5 4 - ) f l t - t L f l  - (  su ~~ n I r y  0 1  g’,. O C ( I Y ~ ) ss L -  s t

t ’ t - s u l t s  )t  C - - l I t )  01  - ‘ i ~~F it . , , - imu L hi i t -  - H i L f l gs , ( ;V I R  or :lp 55 e1’ l’~ ) for e tch
m d  i v  - h u , I  ~ i’un 1S ro U t t I n ed  in the Co l I e u )  1-the led (arc sc-c) , The

roo t  - can  s q u i r e  ( R ’Ls ) , i v I - r I d e  (AVG ) , and  st  nd ,ird deviation (v) of
th c t — h I e r r - u  values ir e  s i t u - cm  t t  t h e  b o t t o m  01  this column , OLh c ’ r

- (i S -  nt t l t t . i  i r e  :~i-,’en i n c  i u d i i i i~ 1~-1F cit -tune- I d ri l I, , I Z L ’ : I I I t l l  r -  ~I I t ver
r I - , )d i , I c s  , e nV t l ’o n l - l I L - i l  c lnih it ions , m d  power t u r n — o n / t u r n — o f f  oper  I t i o n s

o r i~~ina 1 d t 1  t a k e n  - m t ~ 225 0 on 13 l ) e c 4 - - : - I D C -r 1976 , ts  s h o ’ii i t

1 - m b 14 -’ I > — (  , w,1S s at ed  t o vi- .- Id the  la r~ est  e r r o  ~:-~ . Tb- s - t i e ,  was
p Iac I i  i t  2 d 5 ° on -i D e c ember  1976 and f i v e  add it ion ml (c-st r Im -

w~- r i . C-i ICI C to  g a i n  a ss u r . n co  tb -it p o L e - n t  i - i l  e r r o l -s in the  t e s t  s e tu p
nd opi r a t i o n s  s’e i’~ - no t  c o n t r i b u t i n g  is the 1 eg- - gy rocomp a ss  e r r o r s .
- i t t  o b t a i n e d  I r o n  t h e  t i v -  t e s t  r e r u n s  , l r l -  p r e s e n t e d  in l i b l e  -9

‘1 I b l e ’  D — 1 O  p r - - n i s  a summary of p r - t e : ; t , i i ~ I d — t i - s t  and p o s t — t e s t
4- - e r r s  on in R DS AVG , and h i s is versus .1/. i : ~t i th hi-ailing . \ lso si i - ’ri
i r e  c- - - p o - - i t e  s t - itt stics for p r - t e  t , field— te- ,t , i n t l p o s t — t - - t  e r r o r s
h - Si it on the total of 64 runs  f or  et ch of the  3 t e l L  C O f l I it I O U - .

Tb-: e r r o r  I L L  4 c o n t a i n e d  in Tabl e-  ) — I O  i r e  p l o t t e d  in I- i -cures 1) — i
‘, I- ~~h Ii— to  prov i de a V l sI )  1 I 1 ) p r cs on  of ~ et c - St  f i _ 1~1 t ’ . 1 i n t l

p o s t  — t e  :t gyroco-ip . 15$ p - r f o r m i n c e ,

P r et e st  and po -~t — t e s t  c a l ih r  i tj o n  r e - su~ t s  - i r e  p r e s i - n t i -d in
T thu -s il — l i and D— 12 ,
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TABLE 1)-la . P11 IMU GYI~OC’)~’WA SS ~
- IELI )  TEST RESULTS

IMU S/N :  001 : CO1~~11~~TI ON OF PRETEST , F I E L D  AND
POST-TEST DATA

SLa t i st i c s  Pr~-t~ : ; t  Fi .-ld P o s t — T e s t
}3ea l i n ,~ for  8 E r r o r  Test  E r r o i - E r r o r

Ru ns (arc  - ,ec ) (arc Sc , .)  (o r c sec -~

0 R~~ 31 (2 D ec)  4 3 *  78

Avg — 19 H) —57

27 4~ 5~
R~LS 45 (9 D e c )  61 6- .

Avg ~~~ t )  ( ,4 
~) —5 1

____________ ____________ ____________ 
36 12

RNS —~0 ( 7 -  D c c )  2 2 -

5 (70 ‘)  -2  —52
43 2~ 20

135 RMS 2 5 (6 I l eC)  90*
9 83 36

a 25 39 21

180 R~-~S :.~ (1- Dea l 63 38

Avg 32 23

o 31 32 3:

225 45 (13 Dec ) 132 20

Av -..~ 111 1— .

4: 24 15

2 7 8  R N ~~ :32 (10 h-,. 9 ~ 32

Avg 1 95 2 (3

o 34 27 77

315 R - -~; 40 (~ 
) c c )  .t-~~ 60

avg 2~ 37

48 33 ) 5 8

Con~pos i t o  RMS 3~ 77 72
S t i t  1 S t  .cs

6 Avg S - .(‘  -5

Rui - ; t or  41 3~ ‘.8 52
Eac h ‘rest
Cond1t ion

— ~ 36 38’ 3311 ; should b&- Ø3~~ 0

EL Jack8 not extended

A 

-

_ _  _ _ _ _ _ _ _ _ _

_________________________________________________________ 
—

~~~ —
~~ - 

- 
g



TA BLE D-l1. PRETEST CALIBRATION DATA , 40-FOOT CABLES ,
2 NOVE~fflER 1976

Entr ies are D - V 1 4 t L 0 f l s  f rom A c c e p t a n c e  Test V,dues

DFZ E 0.00777695 d€g/hr 1)IX E 0.06210616 deg/hr/G
DS/. E 0.00777695 deg/h r

DI? E 0.06210616 deg/h r/G

DL/ E 0. 16653737 deg/hr/C DELTY X 0.00005547 rad

I)ELTZY -0.00001263 r;id
i~ -l :)b .2 .05 7007 

~~~~~~~~~

ry~
_ :  — 113 . 9 :10 8704  ( ./ ( ;

KOZ E -97.67112732 - C
< I X  E — 1 7 9 . 6 : - - . J 5 6 6 9  .G/G

KSZ E -81.70867920 kG
K i / I D - . — l51~.5 .+ 23496 C/ C

KU/HE -85 .04553223

ESZII E -90 . 18788147 -C
‘‘  1-’ 0. 01000393 ~ -~~‘0rJ G

KOX E 26.49459839 ,,C
K 0 .08050755 deg /h r

-SX E 2 1 . 72 198868 C,

KOXHE ~~) . 784 8~~l59 - C
K i E 50 . 742 07,254 -c l /c ;

KS XHE -27 .40397263 .G
C :r ; ;1 4E 43. 4965286 3 c: / (;

: i - ” E ) .O2 ’~ I906 9 deg/hr
DELTZX -0.00000712 rad

E - 9 .00466~ 65 !~~g /h r

-
~~ 

j~~i’~ - U • 
J ’  ) 4 h ’  ~~ ‘ ‘8 II g - hr

~0Y E 2.69024658 8 ( 1

~9’-3 ~‘-g!hr/dcg/hr KS? E 11.00490761 .G

- 1 — C  , 0tDJ ~~~~~ ~: ‘ hr / d  y ’hr ‘ YHE —52 .97576904 ,~ ;

Li± ‘~~~~~3~~ ~~~~~~~~~~~ 
_________
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TABLE I)- 12. POST TEST CALI BR ATION DATA , 40-FOOT CABLES ,
16 DECE MBER 1976

Entries are Deviations from Acceptance Test Values

DIX E 0. 00174049 deg/h r / G
DFZ E -0.04159076 deg/hr

DIY E 0.00174049 deg/hr/G
-0.01083504 deg /h r /G

DELTYX 0.00003333 rad
DLZ E 0.10650995 deg/hr/G

DELTZY -0.00002276 rad
KIY E -93.79339600 pG /G

KIYHE -47.91403198 3G/G
KOZ E -160.22668457 -( 1

K1X E -106.87594604 p G/ C KS?. E -111 .99859619 C~

KIXHE -53.13750458 pG/C KOZHE -99.77009583 .G

KSZHE -71 .48503113 (1
DOZ E -0.01711116 deg/hr/G

KOX E - 8 - 4 . 75085439

DFX E 0.07787050 deg/hr KSX E 48. 16700745 (1

KOXHE -12.49636841 C.

KIX E 57.22663116 G/ G KS XHE -21.57628632 C.

KI ZHE 20 .3076 8967 GIG

DFY E 0.03096781 deg/hr 1)E1 T/X 0. ~0O02S8 rad

DSX E -0.00273511 deg/hr
KU’ 1 j a ,  140 f~555 a.;

DSY E 0.00273511 deg/hr

K’- )  I, ‘1~) ) ~~7 C) ,  2 .

KTX E -0.00054308 dcg/h r/deg/h r  L - Y ~ft -I. . Si . 375 ~~. i .

‘CT’Z’E -0.0003451 deg/hr/deg/ht KSYI -2 • 0 2 ’ )~~1 cC

ICT/ !-. -0.00009416 deg/Iar/d cg -”. -
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