
r r r  - -
~~~~~~~~~~~~~~~~~~~~

_  — -

AD A072 389 HONEYWELL INC ST PETERSBUR6 FLA F/S 11/7
LIMS. LASER INERTIAL MEASUREP€NT SYSTEM. Iii)
JUL 78 OAAK kO 76 C 0665

UNCLASSIFIED NL

____ 

END
_________________ D A T E

9 - 79
DDC

I

I
I



I .0 :~_________ 

2.2
L

H ~~
~~I.8

I .25 DIfli~ ~flfl~•~

LI II t I.\I~
\ :  t~L I l ~ t M l  C



~~~~~~~
—-- . . —-————-

~~~~

~ Sc’ I
‘(~ L 1~~S .  La ser inertial Measurement ! f4~- - System. ~ s/ / F I W A L  T rc ! ~C 1 1 P E P~~ T

~~~~~~~~

t)
P F EP A ~~~J 10’ 0

T H U ,

U . S .  AR !~Y M I S S I L E  R E S E 1~RC~ ~~~~~~~ ~~~~~~~~
A HD

D E V r L Cr .~E : T  C0~~~~:~D

In C o m p l i a n c e  W i t h

Cont rac t  D~M~4 0- 76 C O C 6 5 ~ ‘)

CDRL ITE M 004
>- _

--- -
~~

/ ) /
t• .

~~ 
/ /‘ / — — I

~~ . / - —~ - —

=1

Hon~ y’,~e 11 Inc.  /
13350 (iS Uiqi~ uiy 1- ’? ::ort h

St.  P e t e r s b u rg ,  F l o r i d a  33733

I- -



DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICA BLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT

REPRODUCE LEGIB LY.

- -



‘T~ ~~

— 1 —

A - A’i r.~ and 0h~~c c t i v e s

tlndnr C o n t r a c t  D A } ~4 0 - 7 6 - C - 0 6 C ~ p e r f o r m  the d e s i g n , d e v e l o p i i c n  I
i ld  a n d  a c c e p t a n c e  of  Las ~~r I~ e r t i a l  ~Ic ’ d su r e ~ er 1 t S y s t e m  (L 1:~~)
-
~ the Si npi i fi ed Inc rt i  ~ 1 Gui d a ’ c e  Den’n~ I rc ti on (S I G — D  ) Pr o ~~ran
d e s c r i b c ’~ in T e c h n i  c c i  f~eqi: i r n~ r t s  N o.  6 0 3 5 , 16 January  1 176 .

B — P o s i t i v e  an: ! ;:r~~~t i v e  R e s u l t s
__
ol e f f c , r t

— P o s i t i v e  r e s u l t s

Acceptance a n d  de l i  v e r y  of  the 1 teus de scr i bed n S e c t i o n  I of
TR 1~o. 6O3c~~ s a c c o ~~ 1TsTied.  ~~ 7~ Ta1 T Osf  qu ip ne nt  (STE) an~1
Laser In er ti :l Meas u re~~c nt  Un~\t (L 1~~1J ) a c c e p t a n c e  to a 1- TIRAD c o :~a p p r o v e d  A c c e p t a n c e  Tes t  P r oce ~t u r e s  occu r r c - d as l i s t e d  b e l o w :

/
8/ 29 / 77  th ru 9 / 6 / 7 7  / Ope rational Su p p ort Equi prent  (OSE

La unch  Control Unit (LCU)

11/ 11/ 77 thru 11 / 2 0 / 7 7  Sys tem Sup por t  Equi pncnt

LIIIU #3 ( V i b r a t i o n  Requi remen t
wai v e d )

1/ 4 /78  thru 2 / 1 0 / 7 3  LIMU 11

2 / 4 / 7 8  thru 2/ 10/ 78  LIMU 114

2/ 23 / 78  thru 3/ 2 / 78 
- 

LIMU 112

3/ 1 7/ 78 th ru 3/ 24 / 78  LINU 115

A summary acceptance test report h-~ ~bc~n provided to MI RADC0~1

~

for eac h L1lil delivered. , ‘
~ 

‘~~The an om alies and /or failures d u r i n e these acceptance te st were

• 
pr inar i l y due to re m aining har dn~ re d c v e l o p n e n t  pro~~1en~ a nd
pr oce d ure d ev elop m en t prob lenc , not u nus u al f o r  n ew i te i~s

~“A ftc’ r these d eve1o p ”~ent a1 pro b l ens ~erc solved , the L1~1t ! ‘ S
capa hi 1 i ty of 1:~ei ’  t i n  ~ t he “eq u i r e : c  t s e c t  a hi I s h e d  for i t w a s
a d c q u a t  (1 y dc e ns I ra  ted as e ~i d enc i d by the fact that t h~ las I
four dcc &p t an c e test . t ,t re acco mp i i sh ed in a 2 mo nth  i nt ~ rval
and w ere  r ou t i i~c in na tur e .

62 — ~~~ it i v o  _R e c u 1 ts

As a resu lt  of p rob lems in the d e s i n n  and deve lop m en t  cycle
of the Gu lc1 .~nce Con t ro l  Co m p u t e r  ( G C . C ) ,  d e l i v e r i e s  of s o i t w a r e
and har thia re i t e m s  were  heh i nd s c h e d u l e .

- ~~- - -~~~~ - --
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The f i r s t  a nd ~c’cond a tteiip t to ac ce pt ~ nce t e s t  th e L IMU
a nd STU in J~ng us t  a nd O c t o b e r  1977 , ‘ e s p e c t i v e i y ,  n e r o
a b o r t e d  due to C CC hal ts , S SC mal fu~ic t i ons  and f a i l  nrc to
m et  the v i b r a t i o n  p e r f o r m a n c e  re qu i~ e ;i nt s . The v i b r a t i o n
re qu i r e r ie n t s  nere w a i v e d  for  a c c e p t a n c e  o f  LIIIU 113 in
Hoven be r 1979.

The s t a b i l i ty  o f  the por ro r  p r i sm  w i t h r e s p e c t  to the a c —
c e le r on c ? t e r  t r i a d  w a s  near  the  100 m ic ro  r a d i a n s  hsd~ e t e d  in
afl a c c e p t a n c e  t e s t s . This  is d i s c u s s e d  i ri detail in the
prob le ms s e c t i o n  o f  t h i s  r e p o r t .

C — Prob lem s E n c o u n t e r e d  and T h e i r  S o l u t i o n s

Sum na ri zed b e l o w  are t h e  si qni fi c a n t  p rob le m s  e n c o u n t e r e d
dur ing L IM S a c c e p t a n c e  t e s t i n g  a n d  the resul taut sol utions
or reco n ree nd a ti on s . T he Des i qn Chan g e Flot i  cc ( D C U ‘ s )  are
re f e ren cec i  for c o m p l e t e n e s s  but are not i nc luded  in this
report .

Pro len ll - CCC U o i s e _Susce j ~~n b i e

D e s c r i p t i o n  - Dur ing a c c e p t a n c e  t e s t i n g  ( a b o r t e d )  of  LIMU #1
(C CC ~5) in January / F e b r u a r y  1978 , RAM n:cnory a l t e r a t i o n s
occur red  du r i ng  ÷28 V O C t r a n s i e n t s .

Cause The c o n d u c t a n c e  of  the -i- S V DC Hi c i f l d  Lo c i r c u i t r y
in the CCC CPU Il and CPU ~2 t rays  was  not suf-
f ic ien t  to p reven t  the bu i l dup  of  u nois c o s i g n a l s
on th is  c i r c u i t r y  under a l l  c o n d i t i o n s .  These
noise s i g n a l s  on the 5 VDC wo u ld  o c c a s i o n a l l y
resu l t  iii an unschedu l e d  s t a t e  change  of  l og i c
in the CPU t rays .

So lu t i on :  Two mod i f i c a t i o n s  were  i n c o r p o r a t e d .  The f i r s t ,
i n c o r p o r a t e d  v ia  UCIV s 203 , 204 , 206 and 207
(Sep tember  1 9 7 7 )  1 nc r ea  so d the c o n d u c t a n c e  cap a-
bill ty of  the +5 V O C Hi and Lo c i r c u i t r y .  The
- second m o d i f i c a t i o n , i n c o r p o r a t e d  v i a  P611 ’ s 266
and 267 ( 1c b r u~~ry 197 8 ) ,  i n c r e a s e d  the c a p a c i  t iv e
coup l i ng  be tw een the +5 VDC Hi a nd La.

Proh em~~ 2 - S S E O v e r t e t s ~~~P ro t  c ’ c t i o n  F a )  f u n c t i o n s

f ) c s c r i p t io n  — During the a c c e p t a n c e  t e s t  in o f  LIFI U 111 and
SS E 111 in Augus t / Sep tembe r  1977 , the f o l l o w i n g  a no no lou s
beha v io rs  of the ovc r t c i a p  p r o t e c t i o n  c i r c u i t r y  w e r e  o b s e r v e d .

a ) t l lth the 01 o v e r r i d e  s w i t c h  In the o f f  p o s i t i o n , on
o c c a s i o n , e r roneous  c han q r ’ s to th e  CC C and AT ov e r t c r l p
cond i t i on  wou ld  occu r .  These  c h a n g e s  were  not depende n t
on wheth e r  the GCC and AT wer e  c o n n e c t e d  to the S S C .
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1f the chan ge was from a n on — o ’.’tr t ei np to an overt~ np state,
s h u t d o w n  of  the syst em +28 v dc  r c s u l t e d  ( u f t c r  c o r r e c t i o n  (; f
ano ma ly described be lo m in “h and with the 01 M o n i t o r  s e l t c —
tion swi tch properl y p r i s i  t i o i e d )  and

b) w ith the 01 overri de smi t c h in the ‘ off” ( p r o t e c t )  n o s i l i o n , ~ h
dow n woui d occu r  only ir both t u c  C CC an d AT w e r e  in the e .e ~state.

Cause : a) When the SS I T ETI sprin g m echani sm is re w ound , cur-
rent surges on the 28 v-i c and return occur as a DC re-
wind solenoid is en e r c i i ;c d . This ‘ noise ” on t h e  re-
turn line would oc c a s i o r a l l y  cause the CCC and AT
overte m p latch e s (U6 in t he Po ;er Contr o l  Lo gi c , P/~
34027146) to set resul tin y in t h e  system shutdo wn .
b )  An e r ro r  in the d e s i l u  of  t he  d e c i s i o n  lo g - i c for a
shu tdo w n  c o n d i t i o n  ( p a r t  of the Poaer C o n t r o l  L o g i c ,
P/ N 3 4 0 2 7 1 4 6 ) .

So lu t ion :  a )  Decoup l i ng c i r c u i t r y  w a s  added  at  the El!. In addi-
t ion the ETI r e t u r n  w as  m oved  f ro m the p o s i t i v e  s i d e  o~the system curr ent sense res istor to the low 

- 
s i d e .  T h e s e

- chan g es  were  a c c o m p l i s h e d  v i a  DCII ’ s 1216 , l?~ 6 and 1 2 2 7 .
b ) Log ic  c o r r e c t e d  so a s h u t d o w n  i:ill occu r  i f  e i t h e r
AT or CCC are in the ove r t em p  s t a t e .  Ch ange a C C O I n p I  is bed
by DCN 1196

Problem #3 — 1-350 VDC
__~1oni tor  \‘ol t a q e  Pol an tv Inco r rec t

D e s c r i p t i o n  — Dur ing the a c c e p t a n c e  t e s t i n g  ( a b o r t e d )  of L1~ U ~lSSE #1 , in Aug / S e pt  1977 , the p o l a r i t y  of the +350 V O C at the SS E
Power Cont ro l  Panel  was n e g a t i v e .

Cause : Design error . The +150 HI was wired to the monitor
return and the +350 LO to the monitor H i .

Solution: Via DCN 11 96 , the wiring was corrected in the Pow er
Contro l  Pane l .

Problem #4 - Pre laun ch Sequenc e Test_ Resu l t _ Out of Sp e c .

Descr ip ti o n — During the acceptance testing (aborted) of 111W ~l in
Aug /Sept  1977 , the comp u ted  change i n a z i m u t h  a f t e r  e re c t i  on from
+3 degre es pitch to +54 degre e s pi tch was 0.2 degrees when the
ac tua l  chan g e  w as near  ze ro ,

Cause : The s ign  o f  the Z a x i s  po rra al i gnment  w i t h  r e s p e c t  to
the a c c e l e r o m e t e r  t r i a d  ( C a l i b r a t i o n  Pa rame t e r  PC , ’ )  w as
I nco r rec t .  Th i s  co ndi  t i on  w a s  a r esu l t  of  an i n c e r r a c t
Input to the C a l i b r a t i o n  Program d e s c r i b i n g  the  re la -
t ionshi  p of the Porro axes  w ith r e s p e c t  to the acce l -
e rometer a x e s  (A ;~GC in the ISA * da ta  s e t ) .

So lu t ion :  The ISA* data se t  was  co r rec ted .

_ _ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~ 
. .

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~
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1 eL~ 5 — I a 1 1 ure 1 ’  I o a ~ CCC Mc rv ‘‘ ‘. in~ I? I ‘ ~ -~ C en o i ~n

D e s c r ii’ t ion  — D u r i n g  t h e  a c e p t c n c e  t e s t i n q  o f  I1~~U ~3 and SSC ~li t ’  Ho vti ~~t i - 1 9 7 7 ,  el i  ~i-: o occ es i an s t h e  uC C LT uU could not be
l~~ deJ ihe n  IISC U f:4 wa s b i nj  us ed.

~~~~ : In t h e  f i r s t  i n s t a n c e , a diode ca st w a s  s h o r t e d  to o

t r a n ’ H s t o r  c a s t ’  in t he H S C U .  In the s e on d i n s t a n c e ,
the S : [  II SCI J i n t e r  t a c o  h o a r d , S/ U U~ , ia ii unc t en~. J

S o l u t i o n :  The  s h o r t e d  c e ! d i t i e n  wa s r e m o v e d .  The )
~ C~,~ i n t e rf e ~. a

b o a r d  w as r e p l i r e d  w i t h  S/~ 01. A d d i t i o n a l  d e t a i l s
a re  p r o v j d e d  in  L1~~d ~3 A c ~ p tae c e Tes t rep ort.

Prob le m r;6 — Fa i l u re  t o  M e i t ViL ’r a t ion pe rfu i:~~uc e r e q u i r e m e n t s .

De c n iption — P u rin~ acc ept an c e t os t in ~ of L I~~
) ;‘l in A u q / S e p t

i~~i; (aborted), L I~ 1i ~ in Oct 1977 ( a h o r t e d )  and LJ ~ LI ~3 i n ~~1 9 7 7 , the ve l~~c i  t y  and p e s i t i e n  per ~ c’ r: -~nc e  rc q u i r e ; - i e n ~~s fi~r v i~~r a t i e
t e s t i n g  m er e nut  t m i t s~~~t c n ~~1y n et .

Cause : E x t e n s i v e  e v a l u a t i o n  t e st inq  in 0ct /’~ov 1977 t- v ea1c. ~mi n i sc u 1 e rot a Li e s  o f t h e  ~ i n ~ L o s e r  Gy r o  ( 4L C ) a s s a
b l i es wi th re s p e t to the  Gyro  i,~ i ad c h~ s s I s .e re to ~ ii i qplac e w h e n  th e  Cy ra  T r i a d  m i s  s u b j e c t e d  to viTh r a ti or .
These rotatio n ¶ - :e  w e  ~ en~ ed hy t h e  r e s p e c t  i \ a in Ui v i  d ‘.:a 1
gyros , a n d  mUon p r c c : s s e d , ca u s e d  e r r o n e o u s  t h i u g i s  t o
the at t it ude a tr I \ w h I c h i n t tu rn p ro  pa a ed i ii to  y e  —

loci ty and posi t i  on e r r o r s .  The c u s e  o f  t he r o t a~ en s
was de to m i  ned to  Le du e to th e  gy ro  to nut i a ho 1 t s *

inch , 300 s e r i e s , s t a i n l e s s  s t c e l  b o l t s , bel  t ie  in  t h e
y i e l d  r eg i on , as a r e s u l t  of t he  s pe ci fi ed 75 inch  p o u n d
torque .  Th is  in tu rn  r e s u l t e d  in the f o r c e s  a x c c ’ r t a J
on the RLC ~s s e m b ly du r i n q ~i h r c t  ion to e x c e e d  the y i e l d
strength o f  th e m oun t i n g  b o l t s .

S o l u t i o n :  Two correctiv e actions were impl em ent ed . The f i r s t , and
r~os t s i gni fi en ii t , wa to han ne t he  RIG tao u t  I e t o  i t
fro nt the 300 sen i e s s ta  i n 1 s s to a t vpe ha y i n  a a h i S

y i e l d  St ren qt h ( net: hu i 1 d m i l l  us e 41)0 Sc r i t s  s t  a i i~ S s
steel b e t due to a long lea d  t i e on 4 00 s e r i e s  s t a i n 1 ~~’~s
steel h~ 1ts , it w a s  n e c e s s a r y  t o  usc ’ c o l d  r o l l e d  b1n~~oxide c oa t~’ I s te e l on e x i s t i n g  J e v i c ~~s ) .  The  s e c e w d

L~~ ~ cha ~‘ ~ i n s  to 1 f l S o re a ni m t  a t  ha~ a 1 cc a p 1 a b
I n g a co p po r s hi in i i t  h a one I i t c h  l ine r  di a a t or t’ t ~

- t i t

J ~tir 
.
~~~~~~~ 

1 the RIG a s s  eunbl y and the q’ ro t r i ~ P . For net :  bu 1 d , t hi s

~~~~~ ~~~~~~~~~ coup l e  can he a c c e m i l i s h o d  t h e  qy en ti— i ad a t I iii
By 

— - t he c o p p e r  s hi m cli i i  ii a to d . The c han ~~ s w e i— c i mp 1 ~:en t e d
-

~~~~~~~~ via D CN 250 .

I • ,
~

•
01~
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Prohl e n  # 7 — l i i i  d a t e  t— I 
- 

t ~ y t o  i c  j 
~ ! ,‘t i r 1 r ;

Dc’~i ri pt i  on - Pu r l  no T a m p e r i  t u ro/ ~~l t 1 t i de t e S t  iii (j po r t i  on of
Li ‘U a 3 a C t  c p t n n c (  t es i n ~ i n  O c t  1 ~7 

~ 
( , i  r t e d ) , a i - c  o ~~~~

‘ r o f
t he hi t h vo l  t~~r;c :, o ccurre d mit t— n t ht ~ 1.~~~tI we : ;  s u h j e t  t e d  t o  a
s I v u  1 o t t  d SO w i t o  t a 1 t it a d ’  . To I n S a  ro i :; t r gr cI the tin —

sea l  od RI G S . i t  1 . 0 5  li e i S  S C t .V to  ri urn t i  ‘ t o  h O t ;  t -y  . e li
~ti i n ,  fo r DO c i t  d m e t e s  t . Th e H i  gh Vu it a ~ t ’  Po or C iii d it ion .’ r
w h i c h  i t s  d~l : :oged  beyond  re p a i r , t:~ t s c r a p p e d  a nd a ne m one
Ins to 11 ed

C a use : A g ro s s  l e n l  e x i s t e d  a r o u n d  t h e  ~v ro  t r i a d  c o n n e c t o r
J~~. S i n c e  He  G y r o  T r i a d  s e a l  i n t c a r i t \  i s  r e q u i r e d
to p r o v e n  t I. rc no i . :  a n o pa r n  t i n  he LI  a t  near
V a Cu u~ c on d i t i i ilS , t ‘ 1  ; 1 ia  I a 1 1 ot  3 a .- a cu  ma t o  be
pul 1 ed on I he C) ro i t - i ad an d t he re s u i t  o t t  t a u — c — o v a  r
The l e a k  i - as  u n d e t e c t e d  L e c a u s i  t h e r e  wa ~ rio way to
v e r i f y  s e a l  i n t e g r i t y  a f t e r  c l o s u r e .

S o l u t i o n :  A S c h r a d e r  va l v e  was add e d  to th e Gyro T r i a d  via DC~23 1 * T h i s  v a l v e  p re v i  das the C e  pahi 1 i t v  t c ve r i fy
the s e a l  i t t  t o  gt- i ty . In add iii ( f l  a le a I t e s t  re—
qu i re ’cnl m a c  a d d e d  ~o the L i~~ A c c e p  C O O n  T e s t  Pro—
cedure . it s h o u l d  a l s o  he i t o t e d  t h a t  i.he a d d i t i o n
of t h e  S c h r a d c r  val ~~a l e a d  to th e  d i s c o v e r y  of  poro-
s i ty  in the CT c a s t i n i .  As a r e s u l t , a l l  CT c a s t i n g s
w e re  v a c u u i U I’ I’ g na t  U u n i t e  a n t  ho i-i ty  of  PC 2 5:: .

Problem ~8 - ~~pa r e n t Po r ro P r i s : t 1 ns t a b f l i t v

Des cr i  pt ion - The s t a b i l i t y  of th e a l i g n m e n t  o f  the po rro pri Sn
w i th  r e s p e c t  to the a c c e l e r o m e  t a r  t r i a d ,  e x c e e d e d  the 100 ml ro - radi an
Air rt ”qui r e t - t e n t  du n ng a c c e p t a n c e  t e s t  l og  o f  Li~t11 d4 a nd ii:tu ~5
Suppor t ing  da ta  is p rov I  do d in p a r a g r a p h  C o f  t h i s  r epo r t .

Cause : Four s o u r c e s  of  the i n s t a h i l  I t y w e r e  1 de nt i  f l ed  and
c o r r e c t i v e  a c t i o n s  i m p l e m e n t e d .  I

One s o u r c e  of  i n s t a b i l i t y  i ns  d e t e r m i n e d  to he due to
the r e l a x a t i o n  of  s t r e s s e s  i n d u c e d  d a r i n g  th e a s s e m h l y
p r o c e s s .  A s e c o n d  s o u r c e  of  i n s t  a b i l i t y  i n s  d e t en i : i  w e d
to he po rro pr i  s a ::te v a: to t i I n s  a f u it  c t i en of  Gy r o  in ad
C h a s s i s  t e m p e r a t u r e  w i t h  a ~c ’ .1e f a c t o r  o f  a p p r o x i m a t e l y
‘I Si / ‘ F . Tb ) s inn ~c r n  t I s a rt ’ s ul t o f  a hi — “ i’ t a l l  C
e f f e c t  o f  the s t a i n l e s s  s t e e l  pr i sm  m o u n t i n g  t a s e  in
conju n ction with the  n lu ;t ’ innn Gyro T r i a d  c h a s s i s .  When
the I 1110 i s c c l i  bra ted in a roo t ‘imb le nt of a pp r o x i —

mat e l y  7 5 ° F , the Gyro T r i a d  ch~ c S i S  t e n i p t e r a t u r e  S t a —
b l l I~ es at a p p r o x i s a t e l v  1 15 0 1 . Fro m a c o ld sta rt ,
the s t a b i l i C a t i o n  ti me is a p p r o x i m a t e l y  3 hours , but  at
2 ho u rs t he  t . : i p e r a t u r e  i s  w i t h i n  S F  of the  s t a b ~ l~~ ed
t e m p e r a t u r e .  Opt i  c a l  pr i  S i ’  rea di ng~ t ak e n  pni or to
r e a c h i n g  the s t a h i h  c o d  s t a t e  m ore t h e r e f o r e  d i v e r g e n t
from those  t a k n a f t e r  s t a b i l i : i n g .
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A (hi rd so u roe o f in s oh i i i  t v w as de t e ni~ ‘ I O  t o b
t h e  p0 r r o  pt - i S i t  a l l  q il I t ’  i t  s i n s  i t  I v i i  ‘.‘ o t hi’ to t q  ac
a ~) p i l e d  t o  t ha 1. 1 ~ U i - n  u a Iii L u  1 t, s , at :  (1 t he so q ut ii L t’
in t . h i  i cli t h o S e  t o  1 t S t o r e  to N, ne d.

A f o u r t h  source of l i s t a b i l i t y  a ’s deter m ine d to [a
t hi ’ ai :o  t int o f I c e rin :~ s tir f cc  t - t w o  en t i ’  p a rro ~~~~

i iO LI tt t i n  11 h eac h e t dOd rn i_ i — i ad s I r uc u t rL  . ,
~s th e

bc n n i t : q  S urf ~ t t ’ s a s  i n c r e a s e d , ~he s t a b i l i t y  ii: ~ r uvvd .

S o l u t i o n s :  To o verco me i n s t ~~h i 1 l t i c s  due ~o re l a x a t i o n  o f  s t r e s s e s
a pi’oc~~dur w as ~ i p l t m ~ t t ~~d to :orca the re1a ~~a t i c :
pe r i o t ’ n i n q  a m i n i m u m  o f  t h r e e  ‘L :tcrIId l c~~ l e s  from — - L ~~F
to ~l 4Yi on the ISA  a s s a m t l v .  Thes e t h e r m a l  c y c l e s
we N ’ C C  . on: p ii she d on ct  bu l i d  , a ft or a n v  ro re: c a
an d i n s t a l l a t i o n  and a~~ cv ’ tim a c celer ome ter tria d t-,as
re tov ed ari d i n s t a l l e d .

To overco m e ins t a b i l i t i e s  w h ich result e d if o p t i c a l
d a t a  w as  t a k e n  p r i o r  to  s t a h i l i a a t i o n  of  the o y rc -  t r i a d
c h as  s i s t a t i p  ~ t-a t u i-c , a pi - o c e Un i-a i. as in p 1 a en e d t a
mat _ c a ll p o rr u pr i sm o p t i c a l  i ; :aasat’er ~~n t s a~ th e c :i o c f
a cal i brat i on w hen t h e  1~~~I w~~1l have I.ad pe er ar~’i~~edfor at l e a s t  2 h o u r s . i n  ad.i i t i on , a st ad y was c o n du cted
to determine the i m p a c t  of t ti i s s e n s i t i v i t y  on thc i :i ssic n
CE P. The e ffect inc r~ as id th e i - ’ e si orn a C [r from 1~~l. 9 d
to 13?. 9 foot. A revisi o n so t h S IC - P t~a v i g o t i o n  •~~c ur—acy Analysis , Hi docu m ent ED 2 le ~4 has been p r o v i d e d .

The s e n s i t i v i t y  to  LI~ U m o t : n t i n a  bo l t t o r q u e  and t h e
sequence these torques are a ppi ~e d  was c o r r e c t e d  by
requ i r ing  t h a t  the L 1?W a l w a y s  b~ t o r q u ~ d to  125 i n c h
pounds in a spe d fi c s e q u e n c e  (~ e f e r e nc e  f i g u r e  ~~~~ ( d  ) )
in the ATP. In evaluation test of t h i s  r equi r c nen t * it
was demons ten ted  tha t  the po r ro  p ri ssi al i g niae nt  r e p e a t  —

abi l ity is less than 4 arc secon ds when this proc e d u r e
is follo w ed.

To I ne t - en s e the he nr i  ng s ur fi ce b etween the porro p n i sm
m o u n t i n g  b r a c k e t  and  the gy r o  t r i a d  s t r u c  tu re  to a
real i stic i ’ lOXl i iu l l . t h r e e  N S d 2 C C I P L  i a s h e r s ~ g r o u n d  t o
.028 thic k ~.fl OO l , were pl a c e d b e t w e e n the pris m br~~c h c t
an d CT s tr u ct nrc. T b i s  c h a n t i e i n s  I in p i emen ted vi a
DC~ 18 7  . In t he ’ e v a  1 n o t  i C C  t es o f  t hi S C h i n  oc t he an i t
was  t he  i — m c i  C ) ’ O 1 cd t h r e e  ii me s for a t o t  ~t i  o f  n i n e  c y c  1 S

b e t w e e n  — 4 0 °F a nd ÷ 1 4 5 ° F  w i t h  th e result bein g a Siu i i t  iii

align m ent from baseline of 21 arc-seconds i1n e l e v a t i o n
and 1.3  a t - c — s e c o n d s  in a z i m u t h  a f t e r  the  f j r s t  t her mal
cycl es and minimal shi fts a ftet’ the next t/~o t h e r i a  1
c y c l e s  w i t h  the f i n a l  d e v i a t i o n  f ront bas e lin e bei n~t l~~.3
arc—seconds in elevation and 1.9 arc-seconds in a zi m uth.

_ _ _ _  

-
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R e c o n i r : e r : d a t i o n  - [x c e p t  fo r  t h e  c h a n g e  to t a k e  o p t i  c a l  r e a d i  n ’ s
at the end of a c a l ibr a ti o n sequ en ce , i ll of t h e  dis -
c u s s e d  c o r r e c t i v e  ac t i  or. s ~-ic re i i ; pl c t .en t e d pri or s o
a c c e p t a n c e  t e s t i n g  of  the I I~~1J ‘ s . To ga i ii i n s  i y ht
into w h i c h  element was t i e i:~ij or con tn buter to the
apparent p o rro  pt - i S i t  i n s t a b i l i t y ,  the da t as  oh tai n ed
dur i ng the L 1 t ’ J  a c c e p t a n c e  t e s t i n g  w e r e  r e d u c e d  to
det e r in i r e  the p o r ro  pr i  Sm s t a b i l i t y  ‘ii t h r e s p e c t  to
the gyro ti-lad and m o v e m e n t s  b e t w e e n  the a c c e l e r o m e t e r
t r i a d  and gyro t r i a d  in the x , y , z coordinate frat: e
( G r a p h s  o f  t h e s e  r e s u l t s  a re  p r o v i d e d  in p a r a g r a p h  G
of t h i s  r e p o r t . )  For LI~ U’ s 1 , 2 and 3 , t h e  r e s u l t s
are i n c o n c l s i v e .  For LI~~U ‘ a 4 and 5 , the pr e d oc i n e a t
source of instability i s  m o v e m e n t  o f  the  a c c e l  e c o r i e t e r
triad ( A T ) .  This n i ov e m e n t  of t h e  AT appears to be
bounded to iii t h i n  200 micro-radians , a n d  for  the de m on-
stration tests w ill n o t  be a m ajor error cont r ibuter.
Undoub ted l y , the s o u r c e  of  t h i s  r iove t : :e nt  c o u l d  be
i s o l a t e d  and c o r r e c t i v e  a c t i o n  i m p l e m e n t e d  for f u t u r e
systems *

D - R e f e r e n c e s  Used

The f o l l o w i n g  have  been r e f e r e n c e d  in th i s  r e pG r t :

SIG-D LI L1 S Acceptance Test Procedure
Des ign  Chan g e  N o t i c e s  -

E - C a l c u l a t io n s  Requ i red for Con~~~ete De f in i t ion  ¶
None.

F — Tables and Charts of Results and Si gnificant D a t a

None.

G — Other A p p l i c a b l e  Da ta  and Ca lc u l  a t i o n s  G e n e r a t e d  in the P rog ram

Figures 1 through 5 were derived from Acceptance Test Calibrations
and are r e l a t i v e  to the d i s c u s s i o n  of p rob le m ~8 in paragraph B of
th is repor t .  The acronyms used on these gra phs are as f o l l o w s

J~~~~~~~ Ca l I b r a t i o n  Number
LIflhJ S e r i a l  Nu m ber
H I R A DC 0 Li

GAU ,V ,W - Gyro A l i g n  L/ R to Accel Frame in components  c o o r d i n a t e
frame

GOU ,V ,W - Gyro Orthogona l ity about U , V , W Gyro Axes

—— —— F- — -~~~ —— —  —
~~~ 

~~~~~: 
~~~- _p—”—-
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* . cc i l i’ c c ;  
~
‘ t ~ ‘

Ax e s -‘
5 ’

rOY., 
, Pd . •— Pow we i~1 I ~ n b I d  1 0 A a t 1 r t b o  a a a ‘ 1 F r a t .’ we I a ed

j ii t ~i t i~~ ,\ — ~ .-~ r i
- ‘5
,

, ~~~ 1 — Pe rr 1 1 an b - ’ ~ o Cv ro h i ’. a 5 ; m . .  I I i’ a e  r a t a t odC t - S - -

‘ I I  I a I Li i .’ \ , ‘t , * I I

— Ac e ’ ) O i - t h o ’ n a l  rame ‘/ ~ t o Cv ro h r t h ’w o a a l
F r a t  a n t he X \ • I no a t i n  to 1 r ’ o i ; ,’

H - P ho I a -~ en - h ’. P r t  i’  a - c .

L~o i ie

1 — C t a c l u s i ns at ’ ,~

The s np 1 1 f i ad In o r  t i a 1 Cu d a n c e  r~c~~oa ~ 1:-at i a n L a sew I n or I I
t~e a s  Ui’ e l i C i t  S ‘~ t C ; , a coma 1 . ~ s e t  u 1 l i i :  I s o  I i t  eta , cc i’a —

t i on soft i a r e , s u p ; -  ‘ ~ s o  1 ‘ i t  , fi I a h I ha i’d :a ct . ’  . 1 a “a en cry
t es t hi a rh ; . :— e a a I n  ‘ ‘c h i t a  pa r ha r . ‘ ‘a • p r o v I di ’ -

~ t o t i  a
Ar m y  a p O ’ . i  i’ f t .  1 c~ a I 1 t v I a e a a 1 ua a i i  ii ~ 1 a s  or qv ro ha s e U
sys te . :  for Ar ty a p i  i c i t  i on. c * 1 hi.’ ~ I t - d 1 1 5 mc s t i t ’ we ~ i i  cc -
t i te nts c s t ~t b i  i s h e d  i n n  1~~od~~’ . It is  exp ec t ed th a t  th e l UCCU
c o n d u c t e d  s l e d  a nd f l i  g ht t i ’ s t  s o f  th e  L I - ~S m i l l  h e h i g h~~’,su cce s s tul * 

-

U n e x p e c t e d  pr o bl ems w e r e  en a o t in I e rod in the dos i n i  a nd  do el a a -
~itent of th e Gui Un nt a Con t rol Cc - rtp u t a r • a itd rose It i.’d in p ro r e n t
delays * The preb l  e n s  oneou i l  ~o r e d  i n  I h -a Ui ’ si dfl a nd do vol op en I
of  the Gy :‘o it- i ad a i d  A c c ~~ Ic ro nnie toe Ti’ i ..J i - c  w e t p cal or nec
des i g n s .  The s y s t e n i  Su pp o r t  E~i ’ai p n o n t ,  the rnn ju i ’it y of w h i c h
is a 1 ah o ro tar y ve t ’ s ion o I t i c  C CC , ha d s I ci 1 or do v .a 1 c ; ’  a n t
probl e m s to those en count e r e d i - i  th i the GCC.
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