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Subjec_t: Proposed Tolerances for Misaligfl..ments of IRIGs and PIPAs Witll 
Respect to the Stable Me:r.aber Axis System 

l~ Gene1.•al. MisaUgr.-..me:::,ts of ~e ffiEGs sr..d PIPAs with respect to the ideal St&ble 

Member Triad ar::: the s1.1hject of a} ... !gnn-ie.::t t~s~a uo\·1 bein.g generated in th_e. 

,~U Systam Grot1p. k. L':le cou1·se of this work 0 criteria for individual ~om-. 
ponent misa.lignment have been rev~.awedo 'l't.e following paragraphs contain · 

· proposds for specifyi r:g th2 n.lisalignment~ in detail. 

2. ·JRIG MisaHg-.amento It is proposed that I.RIG misa.Ugnme11.t should be specified' ---"~ -
by its effect o:n ffu.e alignment h'.1 space. Tbe misalignment angleY n -is define.d 

as the rotation of the "n" gyro about the "m" stable member axis. m 

(See Figure lo ) 

Rotation of lRlGs abou. t th~ir own inp11t axes do not do damage. Therefore, : .. 

Yx , 'Yy • and Yz"" will not be discussedo . 
x N~t0 con-sitter a case where a one-degree error. A1• left over from 

Coarse Alignment is to be eliminated by Fine Alignmell?.t torqu:i.r-g of a given gyro . 

abo_ut its ir:o,puto {See Figure 2~) Consider a rotation of one degree about the 

ZSM axta. for exw-npleo when the Z IRIG ia misaligned by Yz . · ·· 
The correct number of pulses (approximately 1440.) are fed to the Z ffiIG. 

However. rotation must occur about the Middle Gimbal· Axis in order to null the . 

·gyro. All of the gyro error goes: to the middle gimbal servo because A1 G = zeroo . 
Because of the misaU.gnc-uent~. more rotation A2 must occur about MGA to satisfy .:.~ . 

. • ~' :,11"'~ :';\ 

· the Z lRIG ·null. The error. Ep in fine alignment due to this condition is glve11i1!1: ., :·; 
' .~.·~}}}~ 
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0 A.ssume gross Irig :misalignment; Vz..., = l 
...... J 

~ 1 = ~o =. 3600 seconds 

E
1 

= 3600 [l. 0001 .. l .. 0000) 

= o. 36 seCOi1dS (Negligible) 

Ne:n:i cqn.s:Kder the effects of 'Yzyo whe1.7, s. one-degree ~rro:r ,, A 10 left oYar 

from. Coarse Alignment :i.s to be ccr:rect0d by torq,;11:b,t$ the X IRI.G about XsMo 
When thi.s occu·.,:,s the misal:l.groied Z !RIG w:1.11 sense the. mot:~on :~:,~,d-introduce a 

n-:dSE'1ign.ment E2- a.bcut Za?-1r• (See Figure 3 .• ) Tile error ia fi1ia aUg;:imem di~e 
.:,.a,;;. 

to this cozidition is given by 

To place a figur~ of merit m1 o.llowab\e Yzyg assume th.a_t E:2 sltotud be no 

large~ than other errors whlc~you have listed as con.tributmg to FL.'1.e P.U.gn111ent 

error~ Tb.en: 

E2 f 20 arc seco~ds 

A
1 

= 3800 arc seconds 

= 6 milliradians (approJc. ) 

To ·anow fo.r a factor of safety# I recom.tnen.d that: 

ao We specify that 'Vzy ~ -f.O arc _miautea . . _ . ·. 
b .. Our !RIG Alignment Tests shpuld measure to a~ least :t·1 arc minute~· 

. ' . . . 
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3.. PJPA Ivlisal:;.f;Y:"m,ents. !t fa proposed .that PlPltmico.Hgz~rned shonld be 
......,_4.:-r .. ....,i,,,,,p-"':"'~ 

specif~.ed by its effect or.. po\vered fligh.t trajectoz·~~s.. The mise.U~--ner1~. cr..gle 

an ' is defin~d as the rotati::n;1. of the ''n" PIPA about the "m 11 e.table member 
' axrn. (See Figur,~ •1:. ) 

Rotat~on of PIPAs about their O\Vn ~pi.st axes do r,;ot do C:a;mage. Therefore., 

axx' a
1 

, cu"?.d a.,z.,, •will not ha discussed. 
Ne1t., consil1el'" the typical situation planned fo1· powered flir;ht. .f;i.ssu.me 

. that ·Xsr~1 has been pel"fectly aligned along the boo.st direction w.1nerUa1 Space .. 
. Any rutatlon of L~e velocity desired durir.g the n:mn.euver. fa a.i;;st1:med to b~ 

small and in the x~.1\K -:- Zs",\I' plane. Thus, Yi:,nr-., is il.Ol"X-.aa.l to the ni&neuver 
µJ.otJ. . ,1.✓l · ;:>111.1. 

plane~ (See Figure 5. ) 

The X PIPA is usad to dete1·:mine the Pl"Op,.,Jsim:i Cllt,;,off commando The . 

Y PIPA an~ Z :?!PA are used to dJrect ihe vt~locir.1 bufidup in yaw and pitch 

respectively. 

· Obs.ervi,1,"'l'.g th>?-.Yc- ·;i l!' - Zsr,n plane i..1 FigLlre 5» H. is app .. ~ent that _a., 
. ' Jj ~t·.\ ' :1.1 . ' -'~r.. 

and a,,, in~rodL1~e 0x·rors which amou.I!t to g:2-.:i.11 ch .. ~nges i!>. L'le pitch and yaw 
u . --- _,,___ --- . 

velocirs, steer:ing loo;;,::;. Thesa ch.ru;i.g~a ~re e::preo1:;,~d by: Erx-o~ in Ga.Sn= 1- cos a. 
It would take a ·value oi a= 8 degrees to .make a 1% cha,,.ge in steering loot) gain.· 

As long .as the boost occurs along XsM• "'y and ar!"!i . are not critical .. 

· Misali,gnments .of the X PIPA. ax ei.r.,cT Clx • x in.b.·oduce seca.nt e:. ... rors . 

into the cutoff velocityo '.rh.e.se errorsYa.re alw~y$ in the direction of late cutoff 

· or too much vel~clty. Usir..g 100 parts per millior.. as a rouah figt1re of r.aerHg 

a..,. and a must be mronta:h:;.~d at less th&, 87 arc;. mi~utas of miaaUgi.•.n1ent~ 
~ . X . 

{Secant of uo0 3lP oo" = l .. . 0001). · · · 

Fili.ally 41. the steering bfa!l misalignments s.re co::lside:red.. aiy er:i.·or mean~ ·· 

that the Y PIPA pie~$ up boost velocity erroneously a.nd steers . ~,?vehicJe out of 

the rnaine11ver pla\1.e by that angle. Similarly0 az . produces pitch .steering e.1 .. ro:rs 

directly.~ These two thev. al'."e the most critical i>-'lPA alignmentsft 

· However0 az ·. is a.\most zero by defia"1.ition~ Actually it ie only off by the 

four arc seco,nds lit.hfn ·w·hich· we hope to zero the h7.ner Gimbal Resolver .. · 

This is ·&n electrical adjustment. On the other· hand~ a1 emerges. as the most 

critical mecha.ru.cal PXPA alignment • . A tolerance ot 10 Jc seconds on these 

two itexns would relate a and o:z to tbe other secondary items in your 
Yz y 

IMU/SXT error budget. 
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• In the discussion above,, it was assumed that t.1e boost acoelerations 
reraai.ned cloi:;sly associated with the XsM ~xis. lf the !MU was involved in. a 
90° vebkl~ turn during boost, the boost accelerations wo:.tld rotate frm.11. an 

XSM orientation to a ZS!i.lt orientaUono Then-the cutoff ,vould be affected by 

az; and azx.· ceY .. ,:vould now become significant as a source oi ya,v ~teermg 
er.ror4 ax . woulcl play a similar role in pitch steering. a.,. a:n.d a.y· . then would 

·v . . .... z · z 
become ga:11i terin errors. 

This i.r<..formation is st1mmarized in Table las a l"ecommendat:l.on f .o:r a 
. tolerances and a descr:pUon of their relaU.ons~i.p to physical dfa.nens~ons on the 

Stable Me1nber. 

TABLE JL. Proposed PlPA AUgnment T9lers.ncea 

Allgle - Deterinin!ng E,leinent I 
ax ,r\ Machine no;."mal to 

y pl"!me surface 
a . xz_ c\ Pins 

°y \-Y Pins 
z 

a 
Yx 

,, Maeb;11e paraUel to 
lGA boi-e 

"z \0 Pins 
· x 

az . 
y 

Prime 

Distribution 

Mo Trag..eser 
R- Ragan 
D., ·•Hoag 
.a.. Therrian 
F" Gr~"'lt 
J. Nuge~.lt 
A. Boyce 
L. Wilk 
R. McKern 

t:· _· . R .. Latvalla 
:; : , · H. Baunuum. 
t,' · · · · E Gross 
'.{ • ~·.,__; i,-E: Olsso~ 
-'~ ,·_ ,~f;-·:r:.=. J ... Triggs (3) 

• ... ~ ·/s r .il --:l :a b' <': · ·. ,.,_ ".·.:': . • · • Gil . ert 
,: : ·--\; :. ;,- ./ ~ile (2) 
-.,_ -<-:" · ·. i. · Miller 

· · J. Flanders· 

sut>fs.ce 

Tolerance r..ro!eran:ce 
(X Boost) (Z Boost) 

3'1' 1ou 

37' Not c1;it!cal 

10° Not c1"itical 

not critical 1011 

not critical 37' . 
10" S'i' 

Tolerru1ee 
.(Overall Mino) 

10"' 

37' 

10 11 

10" 

37' 

37' 
. 
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