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- This report describes a test effort tha t was perlot-med to determine the
truth orientation of an A— b .iircra ft mounted on a Scient if ic Atl anta Inc..
Model PAEA—$S three-axis positioner at the Rome Air Development Center Newport
Antenna Teat Annex , and to estimat e the errors Inherent In using the .;ircraft
position ing system in the process ci antenna pattern testing .

The report describes t he’ toltowing aspects ~‘t th is  effort: (1) Establ ish -
ment of a reference coordinate system for the’ aircra ft , and ali gnment ci the
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aircraft on the positioner , (2) Description of the  inclinometer system used for
determining the airc raft orientatIon , (3) Test procedures , (4) Discussion of
results, (5) Summary of errors , and (6) Conclusions and recommendations for
the guidance of personnel using the system for aircraft antenna pattern testing .
The total system error was determined to be less than 0.683 degrees for a pitch
maneuver , and less than 0.533 degrees for a roll maneuver.

k

e..

TJNCLASS I FT ED
SECURITY CLASSIFIr~ATIOS O~ r,, iSDAGE (W3t .n  0.1. EnI..Sd)

• •

k- - - -, . ~~:t ~~- ‘ 
-

- - ---S —— . 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~



--~~ 

PREFACE

This report describes the efforts performed to de termine the

angular posi t ional error assoc iat ed w it h supp ort ing a full size
j i

A-l 0 aircraft on the PAEA-85 three-axis positioner located at

RADC ’s Newpor t Antenna Test Annex . The work was accomplished

• under Job Order Number 21140001. The authors wish to extend

their appreciation to Mr. Lawrence Crouth of RADC ’s Sensor

Cal ibra ti on and Ins trumen tation Branch and Mr. Edward Colluc io

of the 416th Field Main tenance Squadron Machine Shop for the i r

assistance in this effort. This work was performed during the

t ime per iod from Jun 77 to Dec 78. 
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INTRO DUCT ION

In order to e f f e c t i v e l y  and e t’ fi ci en t l v evaluat e the m u l t i p le

antenna sv s t  ems of the :~ 
- 10 a i rc raft Linde r rca Ii s t I c  fi i gu t  cond i -

t I On S W E  t hoii t ; ic t ua I I  v f 1 v i ng i t , t he a i rc r a  f t  w a s  a t  t a c h e d  t o  t he

turntabl e o f a p o s i t i o n e r  which i s  located on top of a S0— foot

tower at RADC ‘ s Newport  Test  Annex.  t he  P0s it i oner , a Sc i ent i I i c

At I ant a Model  PAEi A - 8 5  , i s a t h r e e — a x  i s  un i t , a: i i n u t  h ov e r e l  v a t  i on

o v e r  a z i m u t h .  It al 1o~%s the a i r c r a f t  to  be t i l t e d  in p i t c h  or
fri

ro i l  and r o t a t e d  about i t s  yaw a x i s .  See I ront i s p i e c e . A d i g i t a l

readout of the i ns tan taneous  p o s i t i o n  of each  a x i s  is obta  m e d

throug h the use of sv nchro d e v i c e s .  Th i s  in formation is requl i-ed

Lo d e s c r i b e  the a i r c r a f t  o r ien ta t  ion in s pace for purposes of

eva lua t ing  antenna t e s t  da ta .  However , s ince these dev i ces  measure

only the mot ion which occurs betwee n the turntable on wh i ch  the

a i r c r a f t  is mounted and the puints  in the pedes t a l  on which the

svnchros are mounted , an uncer ta in ty  rema ins as to the ac tua l

position of the airc i-aft . The inherent flexi bilit y of the system

c a u s e d  b y the foundation and tower , the pedes ta l  s t ruc tu re  and

gear trains , the turntable heai- ings , the a i r c r a f t - t o - p e d e s t a l  L

mount and the aircraft itself , results in de fo rma t i ons  due to

g r a v i ty , w ind , and thermal effects that are not detected by the

synchros. Other contributions to the positional uncertaint y a r e :

errors in defining the reference coordinate system ; inaccut-acie s

in the manufacture , installation , and alignment of the components

of the entire system ; positioning of the aircraft on the mount;

_ _ _ _ _  
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n~uc h a n i c a l  synchro readout error; and human error in conduct ing

the tests and tal~ing data. Lrr or anal yses have been cond ucted

in c en unc t ion w it h 
~ 
rev ious test s of a i rc ra ft mounted in a similar

::~.uine r on the s ; ime t owe r a - i - 1 pU s it loner a t  Newport . A detailed

di scuss ion of the s p e c i f i c  sources of error ment ioned above is

cOn ta in& d  in RAI)C I R ~Y9 , “J~ ~ 1 Posi t ional Error Anal ysis lVhen

~Ioun t ed on t h ree -Ax is Pos it inn er at RADC Newport Test Annex ”, and

v a lue s of the  expect ed errors a rc  determined or estimated for each

of the signific a nt sources . Where appropriate , these error values

are ta b ulat ed and used in this report w ithout further discussion.

The purpose of this effort was to investigate the total

angu lar positional error in elevation , hereafter referred to as

• total system error , associated w ith in iunting the A- b aircraft to

the po sitio ne r , and maneuvering the aircraft about its pitch and

• i -oil axes. This was accomp lished by the following: (1) Establish-

ing a coordinate system for the aircr a ft and aligning the aircraft

on the positioner , () Installing an inclinometer measurement

system for determining aircraft orientation w ith respect to the

gravit y axis and for estimating errors associated \%ith the air-

craft positioning s stem , and t 3) Testing to evaluate probable

errors in the aix-craft posit ioner s y s t e m . Included in this report

is a discussion of the results of the measurements , evaluation of

system errors , and recommendation of procedures to be followed for

estimating system errors.

The results of the test program show that in performing an

aircraft rot ation about the pos it i on e r elevation axis , the total 
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system error is less than 0.683 degrees for a pitch aanuev er , and

less than 0 . 5 3 3  degrees  for a rol l  maneuver .  To ta l  s y s t e m  er ror

is defined as the difference between the aircraft position as

Liete rmi ned from the pos i t i oner  i n s t r u m e n t a t i o n  and the t rue  a i r -

cr al t position as indicated by inclinometers mount ed in the air-

cra ft , cori-ected for additional estimated errors as discussed

li crc in.

II ESTABLISHI’IEN’I OI- R E F E R E N C E  ( : O O R D I N A T I i  SYSTEM FOR Al !~C R A F T

AND A L I GNMENT OF A I R C R A F T  ON PEDEST:\L

After the air craft w a s  assembled in the hangar , i t w a s

leveled following the leveling procedure described in Appendix •\.

:\ refei-ence platform was manufactured and installed in the interior

of the aircraft near frame 540 in accordance with procedur es which

are also described in Appendix A. The platform was designed to

he used w ith a bubble-t ype level or with electrical inc linometers

• such as those manufactured by Schaevit z which were used in this

stud v .

After the aircraft was leveled in the hangar , various

reference marks were placed on the aircraft fuselage . A set ot

marks was placed on both sides of the aircraft with the help of

an engineer ’s level. This established a horizontal reference

p lane. The horizontal plane reference marks were not used in this

test. They were intended primarily for use in determining air-

craft fuselage droop. However , since the inclinometer measure-

ment system transducers were mounted close to the points of support
- 

• of the aircraft , fuselage droop became of minor significance , and

3 
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t }ìc ~ v a t  ut p rey  II1i~ I ~ jilt- a st i  red in I he 1 1 1 1 tests was used itt the

Je t c i-rn i nat ion o t  ~ ~ s te rn  r n )  r - ,\ not he: s e t  o F ma i- ks was  H aced
on t he top and hot to rn  0 1  t h e  fiis.e lage t o  d e f i n e  :i ve nt  ica  I refer—

t -nc t ’ ~ 
I an& ’ . Eu i- c— t Ii— a I t pus i t  i o t t  ca  it hi’ a d e q ua t e  I v spec i l i e d  i n

to i-no— ci t~ t ito Use ai~t’ 5 t a I I Oil UUI1II )c 1s as pruv i dod by the a i rc ra ft

ma nn tact it re t ‘ s d raw i ng s the dot a I 1 s of  the proc edt: ies  wh i ch we rv ’

t o  I I o w ed  to  d o  t e r m i n e  l iii’ I oca  1 i on s  of  t ho no Ionence ma rks are

dese  r I h od iii : \pj iend i x  A -

Pr O i  t o  n o u n  t i ng  t ho a i iw ra I t  on t he p e d e s  t a 1 , a t e s t  wa s

p e t - l u  i tned t o  c h e e k  I he 0 1 eva t i on  ax I s readou t  o I t lic’ pus i t  1 Of l C i’ .

A m a c h  t n st  s I e v e  1 w a s  
~ 

I a c e d o t t  t he pede st a I p I at  Ic i- rn pc’ rpo !id i cu  —

I a r to  t he e I eva  t I on ax j s . th e e 1 eva t ion ax i s Jr i ye w as  ope r;: ted

— t o  h i i  ng t lie eve I w i t  h u t  one  di  u is  j u n  ( 0 . 0 0 0 5  i n/ f t  ) of  :ex-o . At

t h i s  p o s i t  t o n , t h e  e l e v a t i o n  ax is  readout I ntl ic ated +0.23 degrees.

l h  i s m e a n s  t hat  w i t  It t he l o w e r  a: i muth set at 0 dog t-eos and the

e I eva t i on ax i s readout  se t  a t  (1 d e g r e e s  , the pedes ta 1 p 1 at  tot -rn

t% Ott I it he t I I ted  (I - ~ 3 dog ro es  i ipwa rd w i t h r e s p e c t  to t h -  si te on

I a i l n e  t I i i I I —

I I I  I N C I .  I N O M I Y I ER Ml - : - \ S I I R N M E N r  S Y S T E M

Ihe t i i l - l it  :i li I e po~-~ i t  i on i s do te ’  i-rn i ned by synchi-os that measure

t he c l o t  a t  i t i l l  and a: I nut Ii met oim-nt s ci I I he t t i r n tah  Ic and d i  s~ lay

t he’.’.’ movement  s on d l  g i t  a I i-ea dot i t  s I oca t e d  at  the posit i oner

co n t no I cur so 1 e . I i i  uni t e t -  t o p rev i tie some means for check  i ng the

• s t  t i c Ii t o  r t ’ a d o i i t  s v st em a i td l o t  es t i mat  i ng t he ei i-o i-s as soc i at ed

i t It a I i t  t a  It  , mouti t a tid pec le s t  a I do f l e e t  ion , t ho a i re - ra It w a s

i to- t i - t i i n e t i  t ed w i t  It I w o Sc ha ot i t  2 Se I t O  mc I I i tomet e’ rs . Rot Ii I mc I I -

nontet  e is  w e n t -  mou lt I ed ott  a spe c  i a I I v made p1 a t  lot- rn w it I cii w a s  

- ~~- ~~~~~~~~~- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —- ---~~~~-- -~~~~~-
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attached to the aircraft at a location selected to be near the

points of support of the aircraft on the positioner. One inch -

nometer was mounted so that its inclination would sense the pitch

of the aircraft . The other inclinometer was mounted so that it

would sense the roll of the aircraft .

The inclinometers are closed-loop, force-balance type sensors.

A pendulum mass is suspended which tends to rotate relative to the

frame of the inclinometer as the inclinometer is made to tilt. H

As the pendulum rotates , a s ign al i s genera ted wh ich dr iv es a

torque motor which in turn repositions the pendulum in its null

position . The torque motor current is directly proportional to

the gravity force acting on the pendulum . Thus , the torque motor

and the inclinometer output are directly proportional to the sine

of the an gle of tilt of the inclinometer base.

The inclinometers used in this study were designed to operate H
between 0 degrees and +50 degrees. Each instrument was calibrated

at the factory at one degree increments throughout its range. The

calibration data as well as other data pertaining to the accuracy

of the inclinometer are provided in Appendix B includin g a calib ra-

tion check performed at RADC .

When the inclinometer is tilted about its nonsensitive axis ,

no output voltage would be observed in theory. In practice , how-

ever , it is impossible to construct a device which is perfect in

this respect. The output which is observed for rotation about the

nonsensitive axis is indicated by the instrument ’s cr oss - a x i s

sensi tivity. The numerical value of the cross-axis sensitivity

5 
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t u me 5 ituti I t  auoous 11103 s i m e u t e n t  5 o t  s t - m e l t  no ri’at lout and inc I I nomot or

vu it age we i c  matte . I - ‘— ~- e u i  t t a 1 1 v e I ght t i’ st mancuv e i-s we i-i’ pet- t o  rmecl

( I
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(1) ~\osedown P itch Ch~iitge ’ , ( 2 )  Tail down Pit c l i  C ha ng e , ( 5 )  Ri g u t

W ing Down Roll C ha ng e  , and (-2 ) Ic  f t  W ing  Dow n Ro I I (h i n g e  , eat  ii

he i rig pc i - to t - m od  Ion  hut Ii r I gli I s ide up and 
~i~ts ide down pos it i on’.

o I t h e  a I re t- a It . Meas uui - i’ment cia t a w a s  t o i l  oct od t m i l  2 S

(lips ide Down )  and 31 Ma i ‘S ( R i  g u t  S u b  I’ p)

•- \ .  P i t c h  Change T e s t s

T h e s e  t est s were pe t- l o t- met !  liv t-ot at ing t he tippi’ r and

l o w er  tabl es to the des i red sy n c  ii no readout s sue- h t hat  a io t  a t  t o u t

c i t  t hit’ pos it I one t o l et - a t  ion ~i X  I 5 t%OU Id Fe 5U It in a p it cii t o t  ,i t t ou t

0 f~ t he a i re i-a ft -

One test w a s  pe r  fo rmed liv I owet- ing t iti ’ nose of l iii ’ i t

e i’a ft , t ho cith o r by lowering the t a II 0 I the a I re ri ft - Il ~ ’ a i t -  —

t~ r a f t was or i en t ed  so that the  p i t cit ine I i monet em - rog I ‘ t e i-ed 0 . (1 ( 1 1

c m It , equ i v a  1 en t  t o  0 - (10 dog i-ees - i Item - fli t’ t ippet a n d  I t m w i ’ r a: h im t Ii

so f t  I ngs were made , and su b s e q u e n t  1 v , t he a l t d - a  t t  w a s  ro t  a t  Oil I 0

p rot  I do p i tc h  ang les  o I 1 0 , 2 1)  , 30 , 10 and -I S dog net’ s lot- ho lb

nosed own and noseup o r i e n ta l  I tmI t  , as  Intl i t a t ed liv t iti ’ p i t  cii I tie I i

nomet ci- . Pot - oac hi H tehi 01- i ent at  I on i tie I tid I ng ii . 00 dog noe s . t h e

p it cit I nc I i nomet ci- , t he e I ova t i o n  s ne - h i ro , a n~l l ilt’ t o  I I i l id  I I 1101110

t or read i ngs w e m-e recorded .

B - Rol i Change l e s t  s

T hese t e s t s  wer e  per formed by a g a i n  rota t ing the iippe m

and I owe t- a: intui t Ii tab  l os  t o  the  des i red sv uit h no readout , s u c h  t hi . t I

a r o t  a t  I on cm I the ~~ 05 I t I one  r ~
‘ I eva t ion ax i ‘. i’ out lii r’ su i 1 t t f l  1

i-u t at i o n  o t~ t lie a I rc i-a ft about it s ro l  I ix i s . l e s t  ~ u. ’ re ~~ r

formed Fe t both  e I oekw I se and count ore I oekw i so to I I s - Iho

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 
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i i  Id  F t  It t~~t ’ .  or  t ou t id ‘.~~ that t iii- no I 1 t i l e  I I uioinet i’ F nc ’g i ~ ti’ rod

- I  001  \ o  It , equ I v i  1 cut t 0 0 . Ito c~ eg i t c  s £ t t  C i t ho uppe r and 1 owen

~ott i rigs 1% i ri ma di’ , and ‘.uiim ‘.t’d I u l eii t I V , t o t :ing I t’ s ~ 1 10 , 2 1)  , S it

-1- 0 • alitt iL ~ dog l ’ t s  is liii! i at ed h’ the i- u I I i n t l i n o n t e t e r  except

t hat  t o n  t hi’ tip- s t di ’ dots t i , m i ght t~ t ng c t uwn t u l  I t i’st , a 35 degree’

read lug w i  s t a k e n  il ‘ t m  . I ui ca~~h a n g l e  , inc 1 ud i ng 0.(i() degrees

the no I I i tie I i nonict or  , t hi’ t ’ l i t  at i on st- it ch i- u , and the p it cli tic ii -

monte’ t ci- road  i rigs u~ 0 i t’  recu riled .

PRh ‘-I \ I \ IiO \ Oh 
— 

RI ‘-~t Il I ‘—s

lhe r-e~~u u It s o I f l it’ I os t p t-og r tnt a no p rosen ted in Tab I e~ 1

t ii it m tt g h -1- and I I  g ttit ’ s I t hi otigh -1- - l ab its 1 ~iiiI 2 p resen t  has be

ila t a Ion 
~ 

i tchi arid no I I te ~ t s l o t - ni gh t s I di’ up and ups ide down

pus I t i on s o t~ t he a i rc r i  I t . h a  t a inc 1 tides nonm I na 1 p itch or no I I

ang It’ as det e t u i i  I ned by i t ic I I h ornet t’r read i ng , a l ong wi t  It the cii t- —

t-o spond i ng e’ I ova t I on s vnch no i-ead i ng in flit’ I I n st t w u cci i tirnns

I’he me x t do 1 rz rn n I s flit’ d i I t o  r en c e  bet  w ee r i  Inc I I ututne t en int l s ~ncIi t o

i-eatl i rigs . llio n e x t  two eel urnn— , inc - and ~~~svn . , rt’prescnt t ho

t ot a I change , uhf a I ned by sub t rae t I ng t he i n i t  u a I neat! I ng I n or n

ea c h suic -cei’ci I ng re’ad ing . Hit- n ext column is ct -rot - , do fined a’— the

~~~ sy n c h  i-u r-eail I rig in i n i t - . t he ~\ h ilL 1 i nornet c i-  i~e;uti i ng - The t i  t ial

co I uimn i s t he v c il t a go i-cad I r u m  t he I tie I i nomet en wit i cli i s not a ted

ab ou t it s nonsen s I t I ye ax i s liv t he pi - I ma i -v i ut at ion of the a i t - -

ct - a It - I I  gu nt’s I antI 2 a i- c a g r aph  l e a  I 
~ 
resenta t ion i i  F t he c i  io r

vi’ r- ’- ii ’- t hi’ ang Ic o I not a I t o n  - Ili I ~— dat a nep neso nt  s t lie 1 m a  I out

put of  t he test — t h e  tilt Ic Fence h etw i ’en t he 3 t t  iii I ui - i eri t at I on

01 - t he a i re ni ft as tie I I ned liv the  inc I I nomi’ t c t - s , and t in’ pos t t i o n

S

— -_ — ~~~~~
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sh own b~ f l it’ s vnc h no c

l a b  Ic’— ~ and -1 and I i g u i m t ’ ’s 3 and -2 p t t ’st’ ri t t lit’ t-o ’-~ut I t ‘-~ o I

t hit’ eu a I uta t uoti ii I t t-o’-s — ax  t s o I I oe t s , t . e - , rt m I 1 l o t  at I on s w It  t t h

~‘c cu I dii r 1mg _ i Pt  t t b  ma it e u tu -  t’ i a nd in t cli t o t  at i o t t  w hi cli Oc d Ut

till F t  ng r~t’ I 1 i t i ;t neutvt ’  I- . ( c i  I t iHht i  I I I ‘~ t ‘- t hi’ a u g  l o s  o t  pn i  ma nv

r o t  at ton , t ’ i t ho i p i t  cli t ’  t- t ol 1 . Co I titnit 2 1 i - .t -. t Ito to It a gt’ t i l t t

putt  t i  I the i me I m onte t e n  exp er tone lu g l iii’ P’ I ma i t  t t i t  at t on  abou t

i t ’ -  non sens it i v i ’ ax i ‘- . Cu! umn ~ i s  t Itt’ t o l l  age t aki’n I nolu \ Iipt’hi-

B , 1- I gui res R2 t hi ouigh RS a — app i op r i~~tt’ • a ml ?t’ I ) i- es t ’i) t S liii ’

t e l t ,i~~~t ’ wIt It l i  should e x i s t  tine so lel y t t i  t hit ’ p i i tii~t t \  not at ic ’ I i

u ~ 1 u initt -I I liii ’ di I e renco bet  w i’t’tt i
_ tm 1 uimns 2 and S a nib I ~ t he

~ t i l t  ;t~~i’ Jute t o  rot  a t  I tin of  t h i S  h i t  I I nomet or ;t l mo u it i t s  - .ens i t  lv i’

,i \ I “ • a~ tl w h i i~~h i n e  I uili’s t ho c I t cd t  o t~ a nt in i t  i a I oii t t ’  1 1 ou t -  I

c t m n d It hu r t . Cu I uimn S i s t he ang I e rep ni’ seti t ed Pt t iii s \ t i l t  a gt

a kot t  I i-otn .-~ppeni! ix B , l ab  he ’ — B t  (il B-I . ( u  I utmu Ii I s  t lii’ t u  I t  agi’

tIne to in t t  i a I mit — ti I — love  I e t c - u rn t - i n g pe rpeni! it -u t I a i t t i  t lie 1 m i -  1 1113 F’

t o t  a t  t o n , an d is c 3  1eu I ,iteil fo r  each  angl e of rt m t a t ion hi unit I t  I —

p 1 v I mig I lit’ t o t  a I lii i t I ~i I out t - o t - I eu- c 1 t a  liii’ lit- I he cos  t tie u I t hit ’

,lng Ic.  ( o h  umti — Is the  d~~t I  C FCi iCt ’ hii’ t W (’t’tl cii i t it ut t i s -I in tl (i  , and

t hi- vu It ,ige iluc t i m  c t- uss ,i x is  i-u t a t  ions iiuc t i m  u t nk t iow t t  c I f e e t  —

‘.Ut hi a ’- di’ I te i t i uri s u t~ t hue a I n-c i-a It or t hi’ s t l p j m o t - t ~ t ruic l i tre  , o n

nt m oi- in t si I I gnmoit t s suit Ii as 11011 1)3 t~ t 1 Ic I I stit or t iot ipe rpend t c u t I a t  t t t

ii i a i m - c t a  It  c c i t t  i’ i i Inc antI pus i t  i mit ’ F C I t ’ t  a t  i on ax  I s . Cu I umn S

t the ang I e’ i-cpi -escui t etl liv t ii i s u-o I t  age , t ako n I n u n  A ppet id  i x B

t b  N -s B.~ oi- B-I . Cu I unins 5 auth 8 a i-c (b it ’  angit I a t -  e tu ” s a x i ’ -

mtm t i on s  , S ht’ i ug t ho t o t  a 1 tnot I on • ichi I Ic S i ‘- t lie 1m a i t  t i  t t lit’

¶1 
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Fi-om svnchro readings From dross-axis inclinomet er

readings

R i g h t  Side Up:  R i ght Side lip :

0.49 degrees nose high 0.495 degrees nose high

(1 .15 degrees loft wing hi gh 0.123 degrees left win g high

lh pside I)own : Upside I)own :

(1.26 degrees nose high 0 .2 6 5/ 0 .3 0  degrees nose h i g h

0.18  degrees right w ing  hi gh 0 .26 3/ ( L089  degrees r ight w ing  high

The two va lues for both c a s e s  of the upside down t es t , i . e . ,

0. 2 6 5 / 0 . 3 ( 2  de g r e e s , ind i ca te  a d iscrepancy between readings taken

for air craft azimuth positions 180 degrees apart . Since the turn-

table w a s  level in all cases , no such discrepancy should exist ,

and it must be attributed to experimental errot- . On 2 Nov 19’8 ,

shims were placed between the aircraft and the suppoi- t mount ing

pads in the upside down configuration . As a result , the amount oI

out-of-level was reduced to 0.02 degrees nose h i gh and (LOS degrees

left wing high.

I t should be noted that the method of obtaining the error in

Tab les  1 and 2 , in which only the changes in inc l inometer and

svnc hro readings are compared , ha s  the effect of eliminating the

et-ror due to in it ial nonlev elne ss . Nonl eve lness , therefore , w i l l

i-ic l isted as a separate ert-or.

B. Inclinom et er Tests

These tests compare the angular position of the a u - c r a f t

as described by the synchro system with the angular position with

respect to gravity (vertical) as described by the i n cl i n o m e t er

I I  

~~ 

_ _ _ _ _ _ _ _ _



sv s tent . ~ i net ’ t h -  I n i  Iitonit’ t o r -  s v s t  em t a k e s  i t s  measurement with

ri’ -‘pt’c t t o g n;i V t t v , i t  i nc I uitlt’ s do I 0 umn a t lout s occur i rig in the sys —

tern bc tu -,t’cn the inc I inonietor s y s t e m  p l at lot- itt and the ground

whet he i- caused by g ray  i t v , w m d  , or  t hit’ tm a 1 e f f e c t s  - The d i f fe r  -

o n c e , o n  t’ r ru r  t n & ’ a s u i r e t l , ther ef ore , tends to be the total error

occurring in v en t i c a i  p i a n o s , except for the initial out-of-level

condit ion of the aircra f t  a s  discussed herein , and distortions of

the a i t c r a  f t beyond the Inc I inon ietet - p1~it form . The m c i  inometer

data  i t s e l f  is in c i t - o r -  because of inaccurac y  of the incl inometers ,

et - ror  in e s t a b l i s h i n g  the  inclinometer level t-eference plane , and

e r r o r — ~ In i- o a d hr ig  the m c i  inot i t t ’tet - o u t p u t .

1. I’ t t c h i  les t

Max imuim el- I-or m e a s u t - e d  was  -0 .04 degrees which

occurred lou- the r ight s ide  up, t a i l  down pos i t i on  at 40 to 45

degrees p i t c h .  The nega t i ~~e en - ut - i n d i c a t e s  that  the nota t i on  of

the a i r c r a f t  w a s  g r e a t e r  than i nd i ca ted  by the sy nchro .  In all

c a s e s , the er t - o n- tended to i nc rease  un i fo r t n lv  w i t h  increasing P

p i t  cli , excep t  that for t he ups i do dow n  , t a i 1 down posi t  ion there

w a s  v I t t  ua 11 y no or i-or tint m l  15 deg ri- c-s w a s  t -eached and then it

was o n l y 0 . 0 1  degt - cc .  I o r one c i s c , F i g ht s ide up, nose down ,

the ro ta t  ion of  the a i r c r a f t  was l e s s  than i nd i ca ted  by the

synchro ( p o s i t i v e  er ro l- ) .

2 . Ro l l  - rest

Max innuim c t  t o t -  it te as ui red was  (2 - fl degret- ’ s w h i c h  occurred

for the r i g ht ~ tdc up, r ig ht  ~ ing down posi t ion of the aircraft .

.\ max imitin o f  0 .20 degrees  otc u i t - red fo t  the upside dowti l e f t  w ing

_____  -~~~ - :. .. ~~~~~~~~~~~~~~ T:~: T~ i.~ :ioT -n. - - .- . . tff ~1F]~ Ti . 1. - 
..



down and i-i ght wing dou5 n po s i t i o n s .  In t hese three cases , the - ;

e r r o r  inc reased  w ith Inc reas ing roll angle , t hi’ max i mum va 1 ties

occur r ing  at 45 deg i- e cs .  For the r ight  s ide  up, l e f t  w i n g  clown

p o s i t i o n , t he e r r o r  i nc r ca s c ’d up to  4( i th’g i-oes , at w h i c h  po in t ,

it w a s  0 .0 9  dcgi-ees , then dec reaset l  to  0 . 0 8  d e g r e e s  at 45 t legt -oe s

Note that fo r  hot I) a I t t ~ na It ups ide down eontl i t  l o u t s  , a l i-era f t

r o t a t  ion as i n d i c a t e d  by the inc 1 in( ) rnt ’to t s  w a s  l e s s  then iuid i cat t -d

by the s v n c ht - o s  , w it l i e  fo t  both  i- i ght s i de up cond it lo uis , t Ito

oppo s i to was t r ue  -

3 . C r o s s - A x i s  F f f o c t s

1 hte ;nax i mum c ros s — ax I s inot ion obse rvocl w a s  0 - 6 1 4

de g r e e s  o f p i t c h  mot ion oc c u r t - i ng  during a 4 0 d eg r e e  i- ig ht u~ t u g

tlown rol 1 unot ion w i th the a i r c t - a f t  r I ght s ide up. lit 1 s va 1 ue

inc ludes the e f f e c t  o f  i n i t i a l  o u t - o f - l e v e l .  i~ i t h  t h i s  effect

ci imina ted t rorn t he dat a , the t-cn:a in i ug mo t i o n  1 s I) . 2 3 0  de g r ees  -

ihe maximum c r o s s — a x  is pitch er ro r  remain ing alt i’ i- r emova l  c-f

i n i t i a l  o u t - o f - l e v e l  e f f e c t s  was (). 2 S ~ degrees of p i t ch mo t ion

occu tr ing d u r i n g  a 35 degree l e f t  w I rig dow n i-o i l  not at ion w i t h

the airc t aft rig ht side up.

The m a j o r  contributor to c r o s s - a x i s  e r t - o r s  iii t hese  t e s t s

was the i nit i a! out - of- love 1 cond it ion . ihe cu t - y e s  show sub -

stant ia l Iv lower ct-rot- values in a l l  cases when the m i t  i al out -

o f -  l eve l  e f f e c t  is removed .

C r o s s - a x i s  et - t - ors occul - I- ing  dur ing the roll tests at - c

substantially great ot- t ha n  d u r i n g  p i t c h  t e s t s, for both total

errors , and errors due to unknow n causes. (‘ross -ax i s  C rro F5 t i l tO

L - 
__________________



to u n k n o w n  causes  tIut -ing i - c - Il tests tend to  inc rease  in a somewha t

i i nt- a t- ma uuio r w i t  hi i tic rca s i ulg no! 1 aug I c  , a ntl are I a rgc ’ i- f ou  the

r ight s i-ic up orien tat ion of  the al t - c t-aft - l o r  p i t c h  t e s t s , the

e r ro t - s ar t ’  ve t - v sun t I I for  t h e nose dow n ease  , I - e . , less  than 0. 02

degt -ees . 1: 01- t he t a i 1 down c a s e  , they inc rease  to  a l nu os  t 0 - 1

Ll& ’g r i’e -

Ait a t t t — u np t was  mack - to  d e t e r m i n e  t lit-’ el- I-or in t roduced into

the pr m a ry not ion measurement - fo t -  i ns tance  p i t c h  - by a c i-o ss -

ax i no 1 1 rut at ion by go i rig to the c u r v e s  c - f  Ap pcnd i  x B , 1 i gures

B t ii rough h~ u.. I t  ii the s Inc of  the C i
_ os s - ax is aug 1 es , but the

v a l u e s  were too s m a l l  to he of  any s ign i f i e a n c e . F r o m  th is  it

c a n  he seen t ha t w h i  i t ’ c r o s s - a x i s  not ions up to  the ot -de t -  of  0.6

degree tlO occu i- , the i r  e f f e c t  on the accu i- ac v  of  p t - m a ry  mot ion

da ta  is n e g l i g i b l e .  Nc - t o  tha t  the matheuii at i c a l  s igns  of  the

o ~
- rors in the c ross  - ax  i s dat a do not hav e  a cons 1 s t cut ~h)~ s i cal

s i gui I I ica ncc in t 1) i s dat a

\‘ I I Si~~ l-\Ri
__

OF FRROR S

:\. As men t i oned prey i ous I 
~ 

I n the j O t  i- c -duct ion , RAPC -T R-

- 29~ cont a  i n s  a dot a i te d  di scus s ion of  ant i c ipated e rror sources

for  t e s t  p n-ogr -ant s such as this - See Sect  ion V for the d i s c u s s i o n ,

and Sect  ion V I  tot - spec i f i c  a l o e s  ass i gned .  The ei-ror sources

and ~- a lutes shown in la huc ’  S u~et -e t aken fu-oun the t-epo i- t and are

cons ide i-cit to be d i t - o c t  lv app i I ca b Ic to t ii i s tes t

: \dd it i ouia 1 c- r to i -  sc- u m - ce s and ~- a I umt ’ s i dent i f  I ccl as pat- t of

th i s t c - s  t p rog  t-a uit a no shots n I n I ib  le 6 , ~intl the max i mum d i  f f e t - en ce s

found to e x i s t  b e t w e e n  e I c - v a t  ion sv nchro t-t’adin gs and inc l inomete r

I-I 
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i- eadings are shown in Table 7 .

B. In order to arrive at a probable value for total

s y s t e m  ei- ror , a log ica l  combinat ion (summat ion)  of the i tems

l i s t e d  in ‘l ah les  5 , 6 , and must he a c c o m p l i s h e d .

It mus t f i r s t  he noted that certain i tems l i s t e d  in Tab le

S are included in the observed d i f f e re nce  between svnch i- o and

inclinometer readings list ed in Table 7 and should the i-c fore not

he inc l uded in the summation. For examp le , sInce the inc linom cte rs

measure the position of the platform on which they are mounted

with 1-espect to gravity, all deforunations and other erroi- s occur-

ring between the ground and the inclinometer platform a r e  included

in the differen ce between readings. In addition to pedestal

do format ton and svnchr o readout en-Ui - shown as Items and 3 of

‘ F a b l e  5 , this w ould inc ludo foundation and t o w e r  d e f l e c t  ions , ~ 
-

at i-craft support structure deflect ions , and aircraft st 1-ucture

de flt ’ct ions between the points of aircraft support and the m i d i -

nc-mete r p lat form. The a i rt raft dt’furmat ion shown as Item 3 in

Table 5 is ci)nsidered to occur bet-c-nd the inclinometer platf orm

and is not included in the differ ence between readings. It w i l l

therefore he included in the summation. Tahle 5 , Item 1 , “Esta-

b u shing Reference Coordinate System ,” and Item 5 , “Inclinometer

Readout Error ,” are likewise not included in the difference between

read i ng ~ a - - 
‘ 

~~‘ i l l  he Inc I tided i n the summa t I on -

It should he furthe r noted that Items 2 and 4 of ‘I’ahl e 6

w i l l  not he included in the summation . Both items defin e an ct- i-or

which is an unwanted y a w  rotation. Item 2 defines a yaw of the

15 
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aircraft with respect to a pei -pen di cula i - to the positioner eleva-

tion axis , while Item 4 defines a vauc of the inclinometer princi-

pa l  ax i s  w i t h r e spec t t o the same reference. In both cases the

ct-ron in p i t c h  or roll angl e s caused by these items is a second

order eff ect whiich is so small a s  to he trul y negligible.

Fina 1l~~, I t em 5 , 1’ahle 5 , “ Inc l inometer  Readout Err or ” ,

w i l l  not be included as a se pa i - a te  error as it is included as

part of I tem 5 , Tab le  6 , “ Inc l i nomete r  Error ’:

C. Items to he included in the summation are as shown

in Fab le  8.  Note that  the f i rs t  f i v ’  i tems are random in the

sense that  the i r  d i r e c t i o n  is unknow n , and in the case  of a i r -

c t - a f t  d e f o r m a t i o n , both va lue and  d i rec t i on  vary w i t h  the l oca t i on

of the par t  i cu lat - antenna being cons idered w i t h  respect  to the

inc l inometer  s y s t e m . It the re fo re  seems reasonab le  to combine

them by the root of  the sum of the squares method (RSS) , i.e.,

by squar ing e a c h value , summing , and t a k i n g  the square x -oot of

the sum. The v a l u e  thus ob ta ined  is 0 .1 53 degrees .  I tems 6 and

, the i u i it i a l  o u t - o f - l e v e l  , and  the difference between svnchro

and inc I I nomete t- rea d i ng s , a re  m ea  su rod  quant I t i es ~di ich should

be e i t h e r  added or s u b t r a c t e d  from each o ther , and the result

added to  the ’ RSS u-a lue of  I t ems  1 throug h 5 to obta in  the Tota l

Sys tem Fri -o r .  The d e t e r m i n a t  ion as to whether I tems 6 and 7

should be added o x - s u b t r a c t e d  w a s  made by inspect  ion of the da ta .

Resu l t s  of  tile summat ion for t w e l v e  t es t  condi t ions are

presen ted  in Tab le  9 .

I) . C r o s s - - A x i s  E f f e c t s  are summarized in 1’ahle 10.

16
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V I I  CONC LUS IONS

1. !~hen t he t a b l e  of  the p o s i t  ic - n t - u is level , t hit clet’ :i -

t i on  ax i s  x - ca dou t i n d i c at es an a u g  Ic o f  +0 . 3 d e g u e c s  . I h i s  mea ns

t hat  w i t it the  l owe r  a: i uiiut it Si ’ t at :: i-no dog ree s  and t he e le \ : i  t ion

ax is set at z e r o  dog i c e s , t he pc - s  i t  i o uter t a b l e  is  t i I t ed  0 . 2 3

Jeg i ce s  Up~ and t. i th respect to the s i t o  on ‘ lanne r Iii 1 1 . R’’duc t I c - i t

o f the dat a in t h i s  repor t  is such t ha t  t h i s  t a d  t o n  is riot i tic! uded

i n  the res  u it s - I t shi oxil d be t rc’ a ted! as an add i t i on a 1 b I a S C FVd ) r

and c o r r e c t e d  f ou ’  i c c o rd l lnglv .

2 .  P r i o r  to 2 Nc-v 8~ an in i t  i a 1 out — o f — i  e v i l  cc- nd it loll

ox i st  Ccl suc ii t hat w i th t lie t u m t  ab i€ I eve I , the r I gh t s i do UI) - -

a i mc r a f t  w a s  t i It ci 0 . 4 9  dog roes  nose It I g h and 0 . 1 5 d e g r e e s 1 i- f t

wing hig h . The ups idl e down a i rc ra ft w a s  t i It od (I - 26 degree s nose 
F

hig h and 0.18 degre t-s ri gh t  w ing it 1g b .

3. On 2 Nov ~
‘S , the initial out-of-level was i-educed such

that the upside dow-n aircraft w a s  titled 0.02 degrees nose b ig ht

and 0.05 degrees left wing hig h. This a m o u n t  of out -o f- l e y o l can

he considered to be :ero as far as Conclusions 6 and  7 a r e con~
c e rned .

4 . W he n conduct ing  t e s t s  requ i r ing  a p i t ch  unane uvet - , the

maximum probable d i f f e r e n c e  be tween  synch ro read ings and t r u e

a i r c r a f t  p o s i t i o n  when the o u t - c - I - l e v e l  c o n d i t i o n  c- f  Para 2 is

included but the d i f f e t - e n c e  of  Pa r a  1 is riot included , is 0 .6 S S

d e g r e e s .

5 .  When conduct i ng t e s t s  uequ in ng a vol 1 maneuver , the

maximum probable d i f f e r e n c e  be tween  synchr o  i- ea d ings anti t i-ue 

- - - - ~~~~- ~~~~~~~~ -- - - _ _ _ _ _



airc t -aft position when the out-of-level cond it ion of Para 2 is

included hut the difference of Pam I is not ini-luded , is 0.533

degrees .

o .  When conduct ing tests r - quir i ng a p itch i utant-uv er , a

simultaneous roll iotation of up to 0 .23 degrees , including the

effect of it i i t i al  o u t - o f - l e v e l , ca n he e x p e c t e d  to e x i s t . This

reduces to approximately 0.10 degrees if out-of-level is not

considered .

7. When c o n d u c t i n g  tests requiring a roll maneuver , a

simultaneous p itch rotation of up to 0.61 degrees , int - luding the

effects of in i t i a l  out--of-level , can he expected to exist. This

reduces to approximat e ly 0.20 degrees if out-of-level is not

considered.

8. Ab ove va 1 tie’ s ar e  e x t  r-emes w h i c h  c ov e r  the’ liii I range

of ang les of r o t a t i o n  for  both r ight s id e  up and ups ide dowui

po sitions of the airc i -aft . Data  c o n t a i n e d  here in  can he used to

determine probable errors for more specific cases of orientation

and r o t a t i o n .  Ihe e f f e c t  of m i t  m l  o u t - o f - l e v e l  can he el imi -

na ted  from the e r ro r s  I i s t e d  in Ta b le  9 1w simp ly d e l e t i n g  the

o u t - o f - l e v e l  v a l u e s  lu-nm the summat ion .

I X  R F CO M~tENDAT T ONS

The following recommendations are made concerning future

aircra ft antenna testing on the Scientific-Atlant a pedesta l :

A. Cenera l . T h e  procedure fol lowed in this test program

is sat isfa ctor~- , prov ided that t hc’ degree of accurac y stated

herein is acceptable for futur ’.’ tests. When m ore stringent 
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t-equ I n c’ment s are imposed , such as inc I us out c - I c i i  i-o ct I ou ia I

antt ’ nnas  , or I c - c a t  ion of antennas in a rca s who ii~ una l or d e l i  i-c t i ens

o c c u t - , t e s t  p i-occ ’di i  ie s w i 1 1 have t e be i-e li fli’tl 1 0 ;i ci i love great em-

accu i -acv  -

R . lnc l ino iumete r s. m d  i u tom utet c t - s shou ld  be c a l  i b r a t c d

about hot Ii axes pr I ot- to t he s t a it  o l~ eac h uut a i on t es t p log t am ,

and means should be dove loped to p emin it ~~ci I c-i i c rechtccks bet i~ i-o ut

ca Nb t-a t ions t o  in su i t ’ t hat me i l ist a I I at jolt of  inc i i nouiie t 0 r— a I t  eu

suc h th ings  as changes in a I i-c i-a ft c- i- i en tat ion does n ot result i n

inc 1 inometei - Pen t  o rm anc e ciegi- ;ud ;it i c-ui .

C. Re Ic ronce C c - c - rd  i nat i’ Sv s t  em. Rot Ii ho ii  c- nt  a I a utd

v e n t  i c a l  p l a n e  re f e r e n c c ’ ma u- ks should he ~ l ace d on t he a I rc r a f t

when i t i s p roc  i se  1 1 eve l Ied1 in t hi’ hanga t a s i n  t he p a c t  , e~ en
f

t houg h , a s in the present case , an i mtncd I a te need c-u t lie b c - t i

:onta I p lane marks  is not app;u i-ent . lhe pos s i hi I I t v  1 h a t  t iic’V

w ii 1 be need ed  a lw a v s  e x i s t s  and compa u-at i vi5 l v  I i t t  I c aiti I t c-na I

effor t is required to p la c - e t hem at t h a t  t into , wi u i he a ma j o r

effort would he x-equi red late i- .

D . lirc ra ft Inst al t at ion - The a I rc m a t~t shout  d he

I tist a lied to be 1 evc I in bet It 1)1 ani’s when mofint ci on t lie pedos I a 1

t a b l e , when the t a b l e  it so I I is a I so levi’  I - Il i e svst cut c-f check

ing the ievc ’ 1 of the t a b  Ic using a m a c h i n i s t s  l e v e l  as dosc i i  bed

hem -c in is  adequa te .  The a i mc ra ft l e v e l  shot i  Id he ye u - i f  i ci by the

i tic I I nome t e r sy  stern and mod i t~ i c a t  ions mack’ t o t he moun t i s  m - o q t t  i red

p r i o r  to the start of test ing. W i t h  the t a b l e  and t h it ’ a i rt’ r aft

l ev t ~ 1 , the c It ’ v a t  ion sy nc - h u -c- shou I d h e c o t  to ue a d  em - c-

I c -

______ 

,.
~~~

—-‘ 
~~~

-
~~

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

—



— —— —— — ———  

I \Rl~F l- \

( ‘ 1 1 ( 1 1  1(15 1 NOSI I~~W N

l)a to : 28 Oct 77 Cc-n I I gura t ic-n : tJ~’s I ~le ( i c -w i t  W i nti s : 10 mp h
I t )~~ e i  , \ :  + 0 . 0t ° t) j)j)et- 1: : 0 . 00

0

SN 1 79 0  F rom Start SN 1 7c- I
Pt tch !n~~. ii1e ~~. S v n .  D i f f e L-~ ucc A huc. Z~S n .  Lu -nor R oll Inc .

- -0 . 4 1  0 (1 0 0 .0 2 3V
+ 1 . 1 3 2 = 1 ( 1 ° 1 0 . 4 1  - 0 . 4 1  10 It) 0 ( ) .O l O \
+ 2 . 2 2 0 = 2 0 ° 2 0. 4 2  -0 .42 21) 2 0 . 0 1  -( 1 01 0

50.43 - 0.43 3~1 3 0 . 0 2  -0.tU 0.013\
+- I. 188=40 ° -10 .43 -0 ..i3 40 4 0 . 0 2  -0.02 0 .025\

~4.o()7=45° 45.-IS -0 .43 45 45.02 -C .02

i’ i [‘CII I F S A I I. 1IOi\ N

[late: 28 Oct 7~ C o n f i g u r a t io n :  u ps i iIC ilown WI muds: 1 5mp h

Lowe t- .- \ :  + 0. 00 0 
Uppo m- - \ :  1 81) . 00°

SN 1791) Fi-outu St a m-t SN 1 701
Pi tch Inc . FIev Svn. Difference L’~ 1nc . ~~~Syn. lIt- i-or Roll __In c .

~~0.  -0 . 12 0 . II (1 (1 0 ~0 .010 \-

- I 30 1(1 0.88 0 . 1_ 10 10 0 -0.030 \

- 2 .  2 2 7 = 2 0 ° 19.09 1) .12 20 20 1) ‘0 .040\

- 3 . 1 5 6= 3 0 ° 29.88 0 .12 50 30 0 - 0 .  O S O V

-4. 1 8~ =4 00 30.88 (1 [ 2  40 40  0 - - -
- 1 - 1 . 8 0  - () . 12  - 15 4 5 . 0 1  -0 .01 -0.0o5 \

20

_______



r - -

~~~~~

---

~ 

----

~~~~~~~~~

—

~~~~~~~~~~~~~~~~~~~~

---

~~~~ ~~~

. 

TAEft E lB

ROLL TI~ST R I GE -IT W IN G DOWN

Da t e :  28 Oct  77 C o n f  igura t  ion :  ti ps ide Down W i nti s : I 8 m p h

1~d)We t - A : :  +() .06° llppe r - \ :  0 0 .01 1°

SN 1791 
1 From St a t-t SN I 79(1

R O I L  inc . Fl e~~~~Svn . D i f f c r e n c e ~~~~tnc . ~~ Syn.- 
- 

l i ne r  P I t c h  i nc.

- 0 . 0 0  lV=0 ° 0 .3 7  -0 .37 (1 0 0 0 • OSOV
- I - 1 34\= I 0° 10 - So - 0 . 1 ( 1 9 . 9 9  0 . 01 (1 

~~~ 0V

- 2 . 2 3 2 = 2 0 ° 2 0 . 3 2  -0 .32 20 [0 .05 0 .05 0 .055\
-
~~~~~. 202=30° 3() .25 — 0 .25 30 0.8S 0 - 12 0. 0o3\

—3. 7-12=3 5° 35.20 —0 .20 35 34.83 0 .17 0.0o~ \

-4. 19 3= 4 0 ° 40.21) -0 .20 -10 30 .83 0 . 1 7  0. (17 IV
4 0 I  2 = 4 5 ° 4 5 . 1 7  - 0  . 17  45 44.80 (1 .20 0.075y

D a t e :  28 Oct 77 Con Ii gui-at ion: t ips  ide Down WI  ~d s :  I S -  l8ultpli

Lower  A~ : + - .06 llppe u- A:: 2 0

SN1791 . From St au - t SN I~~c- (1
Roil Inc . F 1ev . s~~ p - 

I I) i lIe rt’ ruce - ~~~~~~~ rue - ~~ S v n  . l i t - n ot - (‘it cii Inc

+ (1 . 00 1 V _  00 (1 (1 0 (1 (1 - 
. 03 S\

+ 1 .132=10 0 9.98 +0 .1) 2 1(1 9 .  c -8 0 . (U 0. 0 2 0V

+ 2 . 2 3 1 = 2 0 ° 19.95 ~0~~~ç 20 19 .95 0 .05  (1

+ 3~ 2 6 3= 30 ° 2 9 . 8 8  ~0 . 12 30 20 $8 0 - ( 2  0 . 0 1  (1\

4 . 1 9 5 = 4 0 ° 3 9 . 8 2  ~0 I 8  40 3 9 . 8 2  0 .1 8  (1 .0 3 5V
4. 61 5 =4 5 0 4-I .80 ~0 ’ 0  -15 -1 -1 .80 0 . _

~0 0 . 0 - h O ’

2 1
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h a  te: 31 ~la  t - S  C c - mu I I gut- a t i c - n :  RI glu t Side t i p W I uui t s : 0 - 8mp h

I c-~ e r A7 : 0 . 0 0  lh ppe i- -\~~
‘ : (1 . 00

SN l~~9() 
- - - - 

h: i.()ltu St~it . t 
- 

SN VOl
I’ i t c h  I tic . 1: 1 i-v .  Sv uu - I l i I I e m i ’nco ~~ I ne.  ~~Svmu . I nrc - u- Re [ I  lute .

+ 0 • O 0 1 \  0 
~0 .o I 

- 

~~ 0 . 0- )  

- 

0 0  

- 

0 0 .0  i S V
-0. 1 3’l~ I ~ I 0 . o S  +0 . 0  ~ 10 10 . I l l 0 . 0 1  (1.00 2V

2 . 2 2  I ~
c- +0 - on 20  2 ( 1 . (12 (1 . 0 2  (1~ ~~~~~~~~~~

3 . 2 5 ~~~~~~0 
. (~~ +0.07 3(1 3(1 .03 (1 .113 - (‘.021 1\

- I . I 8 0 = 4 ( 1 ° t O .  I ~0 . (~~ -10 - 2 0  .11 3 (1 (13 - 
C. 0 2 9 \

I . ni l -I = 1 5 ° -I ~ .o ~0 - -25 15 .03 (1 .03 0. 03 S\
- - I ~~~~~ ~~~~~~~~~

F -,
P1 I t h i  1 1 5 1  I. \ 1 I. DOW N

Da te: 31 ~1a u- 8 C c - n f l  g u i- i t  i c - n :  Ri g hu t Si  do t i p W i n d s  : (1 - 8mp h —

I c-wi- i- \ : : 0 . 0 1  
° li ppe r . \ :  I $0 . 00

S\1 90 
- - 

From St au - I 
- 

SN VO l
Pm tc hi Inc - ~I - l e v .  S~ ii. I l i f t e r e u i c  o ~~ l muc . ~~~Svn. I r u _ c - u  Rell Inc .

+0  .0( l\ 0° -( 1 . 3 3  0 . 5~ ( 1 0 (1 4(1 .11 1 2~
+ 1 . 1 3 2 = 1 0 0 9 . O n 0 . ~-I 10 . - o  .1 1 1 ~0 .02 5\

+ 2 .  2 2 9 = 2 0 ° b .c-S - ( ) ~~ 55 20 19 . 98  ~1 
(U ~~ O . (1~~~$\

•3. 2S8=30° 29.n I (1 S~~ 50 2 9 .  t )~~ - 0 .1) 3 +0 OS (1\

+ 1 - I 8 8 = 1 0 ° 39.03 -0 . S~ -10 59.90 -0 .0-1 +0 .00 I V
+1 . 0 0 =  15 ° 1 - 2 05 -0 . 3~ IS -1 -2 9n -0 .01 ~O . (1(~~~~\
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ROLL ULSI FliEr W I NC DOWN

Date : 31 M ar .8 Confi gurat ion : Right S ide Li p W i n d s :  3- Ouuph

Lowe u- 1:: 0 . 00° ti pper  1 :  2 0 - 0(1 k i 
-

SN Vo l roiut Sta it SN 179 ( 1
Rol l Inc . F le~- . Svn  . D if f e rcn~ e Inc . ~~~~~~~~ _ Erroi- Pi t ch_Iitc -

- . OIl IV = 0~ t~ . 3 1 + 0 . 31 0 0 1) + (l - OS 6V
- I . 1 34 1 00 10. 30 +0 . 30 1 0 9 . 99 -0 - 1)1 ÷0 . 007 V

— 2 .  2 3 2 = 20 ° 20.26 +0 .20 20 19.95 —0 .05 +0 .07S\

30.23 +0 .23  30 2 9 . 9 2  -O .08 +0 0 8 4 V

— 4 .  I 93 = 4 0° 4(1 .22  +0 .2 2  40 39.91 —0 .09 +0 . O S9 V
- -I . o I 9 = 4 5 ° 4 5 . 2 3  ~0 . 23  45  4 4 . 9 2  - 0 .08 ~0 . o 9 1  

—- -—.--- - -— — - - —----————-— ____ --— —-—--- —  — — ---— - —— - -

ROLL TEST R1GII ’r WING DOWN

D ate: 31 Mar 8 Confi gur at ion: Ri g ht Side ti p hinds: 3-tiup li

Lower 1 : 0.111° ll ppei- 1 : 90
0

SN I 91 
- -  — 

Fl-oI l Start 
- -- - - 

SNI 0() 
-

R o l l  I nc. F l c v . S v n  - E) i ff c u- enci  ~~~~Inc. n. E r r o r  
— - 

P it d i  Inc .

— 0.OOI \=I )° () .02 —0 .02 (1 0 0 ÷0 .05 \

+ I . 1 32 10° 10 . 01 -(1 .01 1(1 9 . 99 - 0  . (11 + (1 . (14 ~V

÷2 .2 3 1=21 )° 19.99 ÷0 .01 2 (1 1 9 . 9 7  - ( 1 .03 +0 .035\
+ 5 .2 0 3 r - 3 0 0 2 9 . 9 5  ÷0 .05 30 2 9 . 9 3  -o  . o ÷0 .023 \

+4. 1 9 5 = 4 0 0 29 .9~ +0 .13  4 0 39 .8 5  -(1 .15  +0 .01 2V
+4.0 L 5= -I 5° 4 4 . 8 1  +0 .  19 45 4 4 . 79 -0 . 2 1  +0 - 00 4 V
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CROSS AXIS 1)ATA

Date: 28 Oct :\i reraft Configurat ion: Upside flown

Pitch Roll Inc I i noruuetei- Data Serial I 9l
— 

Di florence [hit erence
1. 2. 3. ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 0.  ~

‘
. 8 .

Angle Measured Voltage ~o1tage Ang le Voltage Voltag Angle
I IX’grees) \o  It age due to 2. -3 (Ik’g i-ees) due to 4 - -0 (Degrees) . -

Pitch Initial
Out Of
Level

Nc -so Down

0 +11 .1)23 —0.003 +0.1)20 ÷0.230 +0.1120 (1 0 —
-

10 +0.0 10 -0 .0 14 +0. 1)24 +0. 2 12 ÷0 .0256 -11.002 -0.017
2t) 0 -0.024 ÷0 .02- 1 +0. 212 +0 .0244 -0 .0004 -0 .003
30 -(1.1)13 —0.03-1 ÷0.021 +0.180 +0.0225 —0.0015 — 0.013
40 -0 025 -0.043 #0.018 ÷0. 159 ÷0.0199 -0.O01~ —0. 1) 17
50 - - - - - - - - 

~0 0l84 - -  - -  — 

-

l,ii I I)own :

() +9~~ (f l () —0.0 0 3 +0.013 +0 . 115 # 11 .013 0 0
)t) ÷0 031) +1) . 00~ +0.023 ÷0. 20-1 +0.1)13 +0 .01( 1 +0 .1)88 - -

20 +11 .040 ÷0.02( 1 +0.020 ÷0. 1 7 +0.1)12 +0.1)08 +0 .0~ I30 +0 0.S0 ÷0.031 ÷0.01 9 +0 . 1o8 ÷0.011 ÷0.008 ÷0.071
40 - - - - - -  - -  - - - -  - -
45 +(1.(1(-i5 +0.04S ÷0.020 +0. l7 +0.009 ÷0.011 ÷0.097

2 - I
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CROSS AX IS l)AI- \

Rite: 28 Oct 7 -Vi tcu -a ft Con f 1gw-at lout : tI ps ide Ikwiu

Pitch Ntch Inclinometei- Da t a  Si n ia l 179 (1
- 

I)i flerence 
- 

‘ 1)i ffet-t-tu ct’
1. 2.  3. -1 . 5. 0. 7 . 8.
Ang l e Measured 

- 
Vo l tage Vol tage Angle Vol tage ‘\o ltage Angle

(l)egrces~ Voltage due to 2. -3 (Degrees) due to ! .  -b ( Deguees)
I Roll out of J

_ _  

Levelj ! 
_

loft Wing flown:

- — ------—-±.-—— - —~~
- - - - . -- — - -

(1 — 0.035 0 —0.03 5 —0.310 -0.035 f ~ 
r 

(1

1 0 —0.020 +0.020 ~0 0 4() —0.35 4 - —0.034 —0. 001 ) —0 .05 3
20 0 - +0.039 —0.03 9 —0 . 345  — 0.033 —0.00 0 —0 . 0 5 3
30 +0.010 +0.057 —0.047  —0. 416 — 0. 1) 31) — O . O V  — 0 . 1 5 0
4() +(J~ (J 35 +0 .073 -0.038 -0.336 -0.027 -0.011 -0.097 p
45 +0.040 +0.081 — (1 .041 —0.363 —0.025 —0.01 0 —0 .1 12

Ri ght Wing Down: 
-

0 -0.030 1) -(1 .030 -0.265 - -0.03 0 0 (1
10 -0 040 -0.0 16 -0 .02 4 I -0.212 -0.029 ~0 O 0 5 ÷0.044
20 —0.055 —0.031 —0.02-1 —0 .212 —0.028 ÷-().004 +0 .035
31) —0.063 —0.04 5  — 11 .018 I —0. 150  —0.0 20 *0 .008 ÷0 .0 ’0
55 — 0.0 0 8 —0.0 5 1 —0.017  I -0. 150 -0 .025 ~ 0.008 +0.07 (1
-2 0 —0.07 1 —0 .0 5 8 — ( 1 .1)13 —0 . 115 —( 1 .1)23 *0 .0 1() ÷0.08 8
50 —0.0 75 —0.064 1—0 .011 —0.09~ 

- 

—0 .021 *0.010 ÷0.1188

2S 

—- -- -—-- - - - ~~~~ -



— -V

l ABI E 4A

CROSS AXIS DATA

Date: 31 Ma t- $ Ai re m-aft Configuration : Right Side Up

Pitch Roll Inc l inometer Data Serial 1791

Ill ffem-ence [Ii ffe i-once
1. — . ~ . 4. 5. o. - - - • 8.
-~ng1e Measured Vol tage Voltage Angle Voltage Voltage Angle

Dogucos Voltage due to 2~~3 (Degrees)ldue to 4.-c I (1~grees)
Pitch Ini tial

lout of

_ _  - 

C
~L~~_ _  _____-

Nc-sc Down :

0 ÷0 .013 — 0 . 003 +0.1)16 +0.14 2 +0.016 0 0
10 +0.0(1 1 —0 _ I l l - I  +0.01 0 +0. 142 +0.010 1) 0
20 -0.1)1)8 -0 .  (124 +0.010 +0. 142 ÷0.015 +0.001 +0.009
3(1 -0 .020 -0 .0 34 +0.1)14 ÷0 .124 +0.014 0 0
40 -0 .1)29 -0.0 4 3 +0.014 +0.12-1 +0.1)12 +0 .002 +0.017 I -

45 -0.035 -0.0-1 +1L012 +0.106 ÷0.011 ÷0.001 +0.009

Iai I Down:

1~ ÷0.012 -0 003 ÷0.015 +0.133 +0.(iIc (1 0
10 +0.02S ÷0.008 ÷0.OV ÷0.1 50 +0.015 ÷0.002 +0.018
20 +0.1138 4(1 (1211 

~~~~~~~ Ø1$  +9.15 0 +O.(113 +0.004 ÷0.035
3(1 ÷0.050 ~0.031 ÷0.0 19 ÷0. 108 ÷0.013 +0.006 +0.053
31) +0061 +0.041 ÷0.1)20 ÷0.1~~ +11 .1)12 +0.008 ÷0 .071
5(1 ÷0 06o ÷0.045 +~~~~~~f l 2 J  ÷0.18o ÷0.011 ÷0.010 +0.088

20
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CRt) SS AX iS l )\l -\

: S b \la r .8 A i u-c m-a ft Coii ft tt zra t ic-n : R i  tW t  ~~ mdc [ (
p

I I  1 t c h I rtc I t uio um k— t i’m Pat ,i S—u m m  I I 90
Ilt ffe t euiL c 1l l (fe  rondo - - -

1 . 2 .  3. -I .~~~~~~~~. ~~. 
- 

I 
-

Ii’ \k- .i stiro~ \ c- I t~ige c - I t  ~mgc- Ang lo \ c - I t  ago \ c - l i  age Aug lo
I, 1)cgtee~- \ c - I t  age due to 2. - 3 ( l)og u oos dime to -2 - Ilegu-ce s

Roll h u t  t a l
c- it t of

- —____ — _____ ________ ________ 

I c~ ol 
- -

1 c- tt I~ t u g

11 +(1 (I~~ (1 ÷0 .  O S o  + 0 . 4 9 1  +(1 ()~~~~ ( 1 - 1 —

10 ÷0 0n ÷11 .1121) +0. 0-1 +0 .412 (1 ~~~ - 0 .008 - ~1 1 r

20 + 0 . Y S  +0.039 +(l .(13(-~ +0.3 10 +(1 •(l~ ,3 - 0 .0 17 - 0. IH
5(1 ÷0 ,084 +9 05 +0.027 ÷0. 23~ ÷0 040 ~1. (1 ’ ’ 9 . 1 *-’ - 

-

20 ÷ (1.9$9 +( 1 . ( 1 3 ÷0.01n ÷0. 14(1 0 .043 -0 0$ 0 .
+(l (10~ +0 981 ~0.0 l0  +0 088 +0 .039 —1 1 .1 129 1 ’ ,

-— -— --—~~~~ -- 

R i gltt 1~ i rig I)oi~ii :

1~~ ~~~~~~~
—---

+0  - 
(1 + ( 1~ ~~~~ ~~( 9 • 9-~~~ (1 -

10 +0 - - 1 0 .010 ÷0 .  0n3 40. ~~~ ÷9 - ~~~ + 9 99 - 0 .

20 ÷0 — 0~~~ 0.931 +0 (1(~ ÷0. :‘~9 
+ ( 1 • (1~~-l * i~ .012 -

÷0 . ii _’.~ i 1 .0I~ .9 008 +0. ~-9 
÷0.0-29 ‘0.91’) ‘0 . S

4~1 ~9 01 ’ - o 9 ~ $ + ( 1~~~ Y ( )  +0. nl - I ‘0.0-1 4 •0_ 02n ~0.2S0
+11 .0 1  0 .004 ÷0 .Ons +0 . ~0 ~0 .0-2 1 +0. 0.~ - 

‘ 0- :  s

-— - ~~~ ~~~~~~~~~~~~~~~~~~~~~~ - —- -~~~~ -~~ - - ~~~~~



T A R l ~E 5

ERROR SO1JR CES TA KE N FROM RAI)C IR — 77 — 2 9 9

I . l:st~~b1 i sh ing  R e f e t e n c o  Coord inate  Sys te iu u

a . P1 ac ing Re ferenc e Marks on A i l- c ra ft 0 . 0 0 3 0

b . Level ing Air cra ft with Sp irit Leve l 0 .00 4 0

2 .  Pedestal D eform ation

a. C ravitat ional Lo ad ing (1 .14 °

h . Fh e tauia 1 Di sturt ion • 05
i)

5. Ai r cr a ft De formation 0 .03°

4. Electrical or Mechanical Svnchro Readout Error 0.050 f —

5 . Inclinome ter Readout Error 0 . 0 5 0

2 8
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i ~~~~~~~~~~~~~~~~~~ -



—-- ------- -- - - - - -
~~~~~~~~~ 

-- -
~~~~

- --~~~~~~~~~~-—-~ - - - -

F -\ B I . F  1-i

j :I~}~(1}t Sc-tiR ( IS 1)11 [I RMI N i l )  DUR INC Fill ~~ 1 51 PROc9 I-~-\M

Pc-s i t  i c - ni uig -\ i n c  t a  f t on Pe d e s t a  1 ( In i t i a 1 Ou t - c -f  - l e v e l

Pt- i or t o 2 Nov 8

(1) Ups ide l)oic n - P i t  ci t 0 . 2o ° Nc-se  II  i gh

1 2) lIps I do I)c-i~ui - Ro I l  0 . 1 8 ° R i glt t Iii ng H i  g ii

( 3 )  Ri g u t  S ide Up - P i t c lt (1 -19 ° Nose Iii git

( 4 )  Ri  gu t  S ide t Ip - Ro 11 0 . 1 5~ l e f t  Ic i rig I I i  g h

R . A f t e r  2 Nov 8

( I )  Ups ide l)o~~n - P i tci i (1 • (12 0 
l a  1 1  I i i gb

( 2 )  Ups ide I)ow ut - Rol l  (1 • 05 0 I.e f t  ic i n g  II i gh

2 .  Es ta b  Ii shing ti ppe t -  Tu i-nt a b l e  Pos it ic-n
fo t -  A i r c r a f t  Cente i- 1 m e  Not - mal  to I l e v a t  ion
AX iS  (S o d’ :~PPe1tdl ix A ) (1 • (ii (1~

3. Level i n g  of Inc Ii nomet or P1 at Ic- rut 0 . (1(14

4 . Es tab  1 i sh i n g  Inc 1 i notitet ei A x e s
Pc rpend i cut at - to a n d Pa r a  110 1 W i  t it
A ire i-a ft C e n t e r  l i u m e s  0 .  (1 1 1

5. Inc 1 inorn eter l rro t (See -\ppenil ix 11) 0 . l S~

‘ ()

______ —-



7

I MUM 1)1H RIN 1’ 1 Th i IN I
S\ NCIIRo RFAD I NCS -\\l) I \CL I NOMFTi~R READI NCS

P1 t c h  L i - ~~t

R ig h t Side ti
~
)

- Nos e E)owri 0 . 05 °

Ia  i i l)own 0 0 4 0

ti ps ide Down

- e I)own 0 - (1 —
- ,  - 

0l ai l Down 0 .0)

Ri ght Side Up

R i gh t W ing Down 0 . 2 1 0

Ief t W ing I)own 0.090

Up s i d e  flown

- - -Right  1% iut g Down 0. .0

Left iVIng I)own 0 . 2 0 °

30 
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F.-\B l~I ~

l T l ~ IS II) RI I NCLIJ IJL1) IN L R R O R  SIIMM \ F ION

- P 1 ac ing Re Ic re nce Ma rks on A i rc r a f t  (Tab Ic S , it 0111 1 a ) : (1 . (10 3~

2 .  Love 1 ing -\i rcraft ( Ia b l e  5 , 1 tern lh)  : 0 . 9 0 - 4 °

3. - \ t u e  ra f t l)e f o r m a t ic - t i  (Tab I c 5 , It em 3 ) :  0 .  ( (30 i

4 . l eV i -  hug I tic ii no rnete r F l a t  form ( l a b  Ic 0 , I t em 3) : 0 - 0 (1 4 c-

S .  Inc 1 inorneter  Er ror  ( l a b i c b , I teun 5): 0. 15 0 °

I’ . i n i t i a l  O u t - o f - L e v e l  (T ab l e  0 , I tem 1)

7 - lii f fe renee i~e t ween Synch t-o and Inc ii nomet ci - Read ing s (Ta h Ic ~ I

I

31
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TABLE 9

TOTAL SYSTEM ERROR

(Maximum Probable Difference Between Elevation Synchro Readings
and True Aircraft Position)

I1.RSS of Para’ 2.Initial 3.Difference Betwee: 4.Iii~~i- - - -

VIIC ,Items 1, Out-of- Synchro ~ Inclinome
_____________________  

2,3,4,5 Level ter Readings 
_______

Pitch:
R i ght Side Up

Nose Down 0.153 0.49 0.03 0.673 .-1
Tail Down 0.153 0.49 0.04 0.683

Upside Down (a) 
- 

- 
-

Nose Down 0.153 0.26 0.02(c) 0.393
Tail L)own 0.153 0.26 0.01 0.423

Upside Down (b)
Nose Down 0.153 0 .02 0.02(c) 0.153
Tail Down 0.153 0.02 0.01 0.183

1-~
R o l l :  

-Right Side tip - 
-

-

Ri ght l\ing Down 0.153 0.15 0.21 0.513
Lef t  Wing Down 0.153 0.15 0.09 (c) 0.213

Upside Down (a)
kig ht Wing Down 0.153 0.18 0.20 0.533
Left  Wing Down 0.153 0.18 0.20(c) 0.173

Upside Down (b)
Right icing Down 0.153 0.05 0.20 0.403
Lef t  Wing Down 0.153 0.05 0 .20(c) 0.303

_ _ _ _ _ _ _  _ _ _  _ _ _  I
(a) indicates prior to 2 November 1978

(b) indicates after 2 November 1978 (releveling accomplished)

(d) indicates cases where columns 2 and 3 must he subtracted from
each other in the summation

32
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A P P E N D I X  A 

- -(ALIBRAT ION A\D ALIGNMENT EFFORTS FOR A 10 TES1 S

This project is divided into two parts. Part I is associated

w i t h  only the airplane , i . e . ,  center l ine determinat ion and leve l -

ing opera t ions .  Part IT is a s s o c i a t e d  w i t h  the accu racy  of the

entire system , i.e., the airplane , the support pedestal , and the

angle sensing devices (the upper and lower azimuth and the eleva-

tion readouts) of the support pedestal.

Par t I
PS

a. During the time the A- b was in the hangar being prepared

for installation on the pedestal at Irish Hill , it was placed on f
two pedestals and leveled. RADC/OCSA personnel assisted in this

opera t ion by monito ring the l ev el chec kpoints on the aircraft .

A 10- inch b ench typ e p r e c i s i on bubb le  l evel was u se d f o r t h e

level determinations. The aircraft was suspended rig h t s id e up ~- -

on two pedestals , one under each wing . When leveling was completed ,

a row of five reference points were marked at the same elevation

and at approximately the same location on both sides of the fuse-

lage. The marks were set with a steel center punch and encircled

with black stick-on targets. A Wild N-3 precision level w a s  used

for these obs erva ti ons.

b . The ver t ical plane containing the centerline w a s  determined

and marked on the top and bottom of the aircraft . This was accom-

plished by selecting initial points under the ta il and ahead of

the windshield and transferring these to tape on the floor beneath

the aircraft . A line connecting these two points was extended in

43
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both d i re c t i o n s  to p i-o t - ide po in ts  from wh ich  a t h eo d o l i t e  could

he u sed to locate additional points on the vertical centerline

on the top and bo t t o m  of  the a i r c r a f t .

c . To e s t a b l i s h  a “w a t e r Lnc ” re ference for the hor i zon ta l

p l a n e  level line , I)rawings 1001)891497 and IO0D89l597 were studied

to  l o c a t e  a s u r f a c e  i..hose w a t e r l i n e  w a s  known and from w h i c h

m e a s u r e m e n t s  c o u l d  be made. It was detet-min ed that the bottom

of the trailing ed ge of the retracted inboard flap is located

between lc . L . 7 4 .5 5  and 74 .04. A nominal value of 74.0 was  used.

A level w a s  set up and measurements made result ing in the deter-

minatio n that the level line is at W .L .87 .6 inches approximatel y .

d. To insure that the Schaevit: inclinomete rs could be

installed level , and parallel and perpendicular respectivel y w ith

the aircraft centerline , a mounting plate was fabricated for

installation in the aircraft . The plate is shown schematical l~- - -

as follows:

________  

Inclinometer Mounting
Leveling Surfaces (Both Sides)
Surfaces 

j 
~~

- L Cve l j fl g Scre%~5 (3)

o _________________ 
A l tgnm~ n t Pins (2)

1~ 1~

~ i t 
}
~i the a i rc ra ft in a 1 eve 1 posit ion as 

~ 
rev i ous lv det e vu I ned

the plate was mouutted nea t -  s t a t i o n  54 0  on the tht- ee level ing Jack

sc t e w s  s how n - the  bench t y p e  I eve 1 w a s  ~ I a ce d on the 1 eve  i i n g

- 1 4 
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—II u - I  Ice ~- pro v t ~led i t t  hot It d i r~’c I I c - ui ~- a mi d t he p 1  .1 t 0 l~ a ~ I ~ t~ I o~I

to w t l i t  It 0.00-4 degr~-e~ . I o i l  c-t~ t ug  t h i s  , i t t  o rder  t c -  t,s t Ih 1 t

he _I  \‘ -~ c - I  t tic i tic 1 uiomne t o m - s pa u a 1 Ic I a ut~l p& - u pe nd  i c u I a u - t~ u Iii I

a t  c i a  ft cent or I m e  • a p c - t n t  i~as  es tab 1 t s i tc ~ i c - ui  the 11 c - c - i ~- \ i c I Iv

ut- ide r t ho L o u  t o t I t tie c- t~ t he 5 i t  m c  m a  t I and app r c -~ i ua t o  1 v undo u- ho

_
~ 1 i ~ utuno ut t i~ 

1115 ot t  t ho inc-un I I mig p i _ i  t o  . \ I hoodo I it o t’.a s sot up

p t ec i ~e lv c-i cm t ho pot  mit and a 1 tue pe rpemid m c  u Lit I c- t he c c - u t  e m
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3 . the tolo sL ope c-f the th eoL io l it c w a s  then p o i n t ed a t t he

targ e t set c-ri the v e r t i c a l  ix is of the lowe i -  a: imuth t a b l e .  The

a t -p la ne  t~ as then observed t hi-c-ugh the te l esc  01)0. The upper - and

1 c-ic e t a: i ritut its t~ e r e ’ ~id i  ust  e d unt i 1 the t w o  t a r - get  s on top of  the

a I rp 1 aut o c m i ’ t il t 0 proc i so a I 1 gnmert t w I th the t heodo I i t c - I h o

c i  e t a t  ion ax is w a s  t hon 1 c-t~e r o d  (nose  down ) t o  its ma x i rritant de p res  -

5 i c - r i  wit i Ic oi~s oi- v lug the  t a r g e t s  th rough the the oL i c- I i t t ’ tel oscopo -

~l i nor a d j u s t  non t s wet -c uuta de t o  upper and l o w e r  a: I i:iuth se t  t i u ig s

s c - c it t hat t he target s rema I nod in Ii no th m-oug hou t t ho inc -vern on t -

l’ he uppe r and 1 c-w e u- a: i ritu t Ii i-cad i ng s w e r e  t hen teco rded - Fhci

we t-c 0 . I’ ~ dog roes and 50-4 - 0 ~Ieg rees u-esp ect i vol 
~ -

Ac c t ir a c v

I . Pc- j u t  s c- n the top  and s ides of the a I rp l ane ( p r  j o t -  t o

inc -c-nt i ‘ig on pede s t a I) : p 1 US 0~ mii i nc-s I) - S mi 1 i i uutet o r from de I i uted

1 jut e.

2 - Proc is ion of repeated attempts at I in i ng up the t a u - g e t s

c-ri top c - i the a I rp lat ic : Fi lus or ril inus 0.01 d ‘grees -

3 - P roc i s I on o f 1 c-re Ii rig t ho i nc 1 i nomot or mount i ng p1 at  e iii

t it c a r i - c i a It : 0 . 004 dog re o  S -

4 - P rec  i s  ion o f  i u l st a! 1 i rig the  i tic 1 i utouut etct - mount I ng plate

PC rpend r cii i a r t o  t he a I m-c t~~i f t  c cu i t er l ine 0 - 01 dog roes -

-4 (1
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O Ut  put t o  it  ~lgi’
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I
was mi et eri n j uted that the t h i c k n e s s  o f  Ott o b l o ck  w h i c h  w a s  used f o r

each  a n g le w a s in  e t r - o u - . The corrected value was used in c a l cu la t —

ing the am igle s which i co ro  de te rmined  to  he 8°Ih’ , 28°8 39 0 5 8 ,

a n d  17 °30’ .

h-c - i - cacti am i gle sett im ig , each  m d  inomut etet - w a s  p l a c e d  i t t  e a c h

C)  I t he lout- or i out at ion - is shown in F i gum re 1 and the V o l  t a go u’eae l i ng

isa s i-cad anti rcc o rded - I h u s  , e i ght road i ng s  w e  i’c ob ta i nod lot-

cacti ang lo inc l uel i rig 0
0

. Note tha t  Cases  -~~ a n d B p r ot - i de  s o n s i t  ivi-

ax i s road i ngs wh i i e cases C and I) p t-ov ide cross ax i s or non sort s i --

t it-c ax is . The dat a i s shown in lab 1 o 2 -

I I I  CA LC t I!  I O N S

Ihe I no 1 i itor rtet or aug 1 e lot’ ca c - h inc ii ttomm te t or , for  Ca s o s  \

c- nd B , F ig u r e  1 , w a s  de te rm ined  f i-oni the m d  inount e te t -  output

vo l  t tu ge - Tb is t~a s accon nip i i sited liv int o rpol at i ng dat  a fm on mi the

t a b l e  (3 or- 1) as  f o l l o w s :

Lot

Me~m scm red I nc i i nomet ct  A ug 1 o = 0

I no 1 1 rto innct ci- Out Put Vet It age =

No x t l.a t’ge 1~ \ o  1 t age F n - c - rut  Ta b Ic =

Ni ’  x t Sma 11c r  \ o  I tago I rorn Tab I e =

.\ng le R i’ p rosen ted  liv ‘ 1 = I)
!

Ang le Rep roseritod liv \ s =

= 

~~ 
- I ~ S il l  j  - 5 1  tt + 5 1 1 )  )

5

‘ i.  
\ •

~~~

U h e  s inc p1 ate c-ri g it ’ - ‘ i .- as do t e r m i  11 0th b~ init iI t i P l vi ng t lie gage ’

SI)
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CASE A 
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CASE B

- 

‘ 4—TILT AXIS OF SINE PLATE—’

I P
CASE C I CASE D

FIGURE 81 INCLINOMETER CALIBRATION - -

PLAN VIEW OF FOUR ORIENTATIONS OF
INCLINOMETER ON SINE PLATE
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TABLE B3

Calibration data for Inclinometer SN 1 7 90 . Calibra tion
perf o rmed by Sch aevi t z Eng ineering , Inc ., us ing  an op t ic a l
index table wi th an accuracy of 10 arc seconds. Calibra tion
performe d for temperat ure 75 0 ~

~N ;I.E OI1 TPIJ T • ANG LE OUTPUT ANG LE OUTPU T ANG LE OU TPUT

1’ —0. 113 26 ’ — 2 . 8 5 5  359
0 +0.114 +2.857

2 —0. 227 27 — 2 .9 5 6  358 +0.228 333 +2 .958 _ 
- -

3 —0.341 28 —3.057 357 +0.341 332 +3.059

4 —0.454 29 —3 .157 356 +0.455 331 +3.159

5 — 0.567 30 —3.256 355 +0.569 330 +3.258

6 —0.681 31 —3.354 354 +0.682 329 +3.356
7 —0.794 32 —3 .451 353 +0.794 328 +3.453 —

8 —0.906 33 —3 .547 352 +0.907 327 +3.549

9 —1.019 34 —3.641 351 +1.020 326 +3.644

10 —1.130 35 — 3 . 7 3 5  350 +1.132 325 +3 .737

11 — 1 . 2 4 2  36 —3.828  
- 

349 - +1.244 324 +3.830

12 —1.354  37 —3 .919 348 +1.355 323 +3.921

13 —1.465 38 —4.009 347 +1.467 322 +4.012

14 —1.575 39 —4.098 346 +1.577 321 +4.101

15 —1 .686 40 — 4.186 345 - +1.687 320 +4 . 188

16 —1.795  41 — 4 . 2 7 2  344 +1.797 319 +4.275

17 —1 .904 42 —4.357 
- 

343 +1.906 318 +4 . 360

18 —2.013 43 —4 .440 342 +2.014 317 +4 .443

19 —2 .120 44 —4.523 341 +2.122 316 +4.526

20 — 2 . 2 2 7  45 —4.604 340 +2 . 229 315 +4.607

21 —2.334 46 —4 .634 339 + 2 . 3 3 5  314 +4 . 687

22 — 2 .440 47 ~4.762 338 +2.441 313 +4.765

23 —2 .545 48 —4.838 337, +2.546 312 +4.841

24 —2.649 49 —4 .914 
- 

336 +2.651 311 +4.917

25 —2.752 50 —4 .988 335 +2.754 310 +4.991
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l -\BI.1 B4

Cal i b t - a t  ion da ta  lou - m d  inoin ic tet- SN I 91 - Cal ib ra t  ion pe r fo rmed
liv Sc h aev i t :  Ft t g i t i e e r t n g ,  I n c. ,  us irt g c-m i o p t i c a l  index table w i t h
am i a c c u ra c  v o t~ 1 0 a rc seconds  . (‘a Nb ra t  ion per le m- nutod i or
t erupt’ rat  ui-c ‘ ci) 

~ 1 -

ANGLE OUTPUT 1 ANGLE OUTPUT ANGLE OUTPUT ANGLE OUTPUT

10 —0.115 26
0 

—2 .860 3 59 0 
+0.113 334~ +2.860 L

2 — 0.229 27 —2 .962 358 +0.227 333 +2.962

3 —0 .343 28 —3 .063 357 +0.341 332 +3.064

4 —0 .456 29 —3.163 356 +0.455 331 +3 .164

5 —0.570 30 — 3.262 355 +0.568 330 +3.263

6 —0.683 31 —3.360 354 +0.681 329 +3.361

7 — 0.797 32 —3 .457 353 +0.795 328 +3.458

8 —0 .910 33 — 3 .553 352 +0.908 327 +3.554

9 —1.022 34 —3.648 351 ‘+1.020 326 +3.649

10 — 1.134 35 —3 .742 350 +1 .132 325 +3 .743

11 — 1 .246 36 —3.834 349 +1.244 324

12 — 1 .357 37 —3 .926 348 +1.356 323 +3.928

13 —1.469 38 —4 .016 347 +L467 322 +4.018

14 —1 .579 39 —4.105 346 +L57 8  321 +4.108

iS —1.690 40 —4 .193 345 +1.688 320 +4 195

16 —1 .799 41 -4.279 3-1 4 +1.798 319 +4.282

17 —1.908 42 —4.364 343 +L9 07 318 + 4 .3 6 7

18 -2.017 43 —4 .448 342 +2.016 317 +4 .451

19 —2 .125 44 — 4.531 341 +2 .124 316 +4 .544

20 — 2.232 45 — 4 .612 3-It) +2 .231 315 +4. t-15

21 —2 .339 46 — 4 ec -12 3 1’i + .! 338 314

22 —2. 445 47 — 4 . 7 7 ( 1  3 313 -+2.444 III  +4 .773

23 —2. 550 413 -4.134 / 117 4 2 . 5 4 1 3 12

24 — 2 . 6 5 4  4 ’~ ~ 4 _ t~’ 3 c- it, 2~~~54 311 •-L~~- ’ -
—2. 75H 50 --L -~~~/ Li ’~ 4 2 7 5)  310 4 ” . c-c-c- I

~‘ -I
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1’ lock he tg ti t liv 0 .2. [he m i d  inome tem- angle was then dompai- c tl

m%i t h the sine p l at e a n g l e  and the e r ro r  ob ta ined  as  f o l l o w s :

Ft - ro n-  0 -

T h i s  data is shown in l’a hle 5 a n d o .

~ t o s s — a x  is  so ns  it i v i t v  for each m c i  ino mn teter  for Cas e s  C and I) ,

F i gure 1 , is showt i g raph ical  Iv on F igures  2 throug h S , w h e r e

tic 1 inoniet or i-o it age is p lo t  ted vi’ rsii s the s i no o t~ t ho an g  1 c -

IV !u~Sw.I,~
lab 1 es S and o show that  four dat a points aFt’ subs t ant ic - Il  v

PS
i n c o n sis t e n t  % % i t h  t he  o t h e r s .  S ince  these  Points a l l  t - e pt - t’somi t . 

-

dat a t aken fo r  tile sante pos it ic- f l  0! t he s inc p l a t e t c-b 1 c , i t  i s

prohab Ic tha t  t he I a x -ge i- ct - rot - is i n  tab 1 c ang I e rat  bet- t b c -m i

inc 1 i nomete r  ang le . F is rega rding these  po i mi t s , t he muax irntun nt o r - r o t

obse rved  w a s  0 .  1 3’ . l’he 1 a t’ger i-a luos o bs e r v e d  wen’ fo r  S e r i a l

Numhet ’ 1 7 9 1 , and t h e  en- t-ot - tends to m ci-eas e w it il the s i z e  of  the

a n g  le - Tb is coit it! poss  i h i y he ’ due to tile Ic-ct that g i-cat t’ i ntu rn

hers  o f  gage blocks w e r e  used to  o b t a i n  the la rger -ang l e s .  t h e

max imnum et- t-o i- as soc i at ed w it ii the s m o  p l a t e  a mi g it ’ i s es t  j unta t ed

to be not more t hami 0 - 02 . The inc 1 i none to t- i-c- 1 t ago can t  he road

to  w i t  Ii i n  about 2 un i l l  i ye Its , w h ich  rep resent  s c - m i or ro n  o t~ 0 . 0 1

degrees at I degree to 0. 02~’ degn - cos  at 50 eleg rt’es - h~a s e ’d on

t hesc  f a c t  s , I t i s os t ima ted that  i tic I nomet e r aug lOs C an he ’ in

ct- rot’ by 0 . OS to 0 - 1 5 degi-ees fo t I a 1-go ang les  (40 to SO dog tc cs 1

o f  p i t c h  and n- o i l

C r o s s — ax i s  s t ’ns i t  i v i t v  obse rv e d  in t hit ’ c a l  t h at toil sul is t an

t i a liv e xc ceded tha t  s t a t  CtI liv the manu Ic-ct  ui- c t- - I c - I .  Se ’ u -  i c- I Nunin -

her I 9() , lab 1 o No. I s how s a ~ r o s s —  ax ~ s semis It i v  i t ’ -  v ,r I no c - I 0 . 02  -~
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and to determine the reason 4
~or the drastic nonsensitive axis

increase in output.

4 .  Incl inometers should be r eca l i b ra ted  about both axes

prior to the start of each major test program . Means should he

developed to permit periodic rechecks between calibrations to

insure t h a t  reinstallation of inclinometers after such things as

changes in aircraft orientation does not result in  inclinometer

perfo rmance degradation .
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MISSION
I 

of
Rame Air Development Center

• RAVC p &Ln6 and ~~cwte+s ‘te ~s ewtch, deve1~opmen.t, -te,6-t and
6eLeC.ted acquJ4~Lt~ort pkog .’tain6 -Ln i~appo~-t o~ Command, Com’vt&o-e

C ’ ‘ Corm 1i~o.tLon6 and In.te-ll--~g ence (C 3fl ac.t-CVL&e4. Teciirt-c c.a~and eng~nee~~ng ~uppo/ t~t ~ttk~n a~ea~ ~~ -teahit-Lca~ ~ompe~ent e
~~s pitcv~Lded -to ESV Pkogn.am 0~~~ce4 ( P04 ) and o-the’t ESV 

FeLeme.nt5. The pn vtc-Lp ol -tech~u coi &~~ Lon a/L ea4 aAe
commun at~on~, e2ec tomagne-t4 c gw~danae and c~on.tito-t, 4Wt-
t ’eLUance o� gitound and aeko4 pac e ob j e~-t.6 , te!2Lgence da-ta
co!1ec.t~on and handUng , L o ’tma--tion 4~14-tem -technotogy,
£ono4pheni.c p/to pag aLion, 4oUd 4 ta-ta 8c-Lenc.e4 , rti-LckowAve
p hy4~c4 and a&e.t ’toru a kat-&tb~W.ty, ma~n.ta~nabLUty and
~ornp otü,.L.Uty.

•

L - - - ~~~ - - - - . ,, -


