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n,1b.fo,.,cd v .ttn thf.', r: • • s lr-ed If' t ,he d a.:f .'f~r"'nct" is g.:·eat~:r t hem 
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P.r vldes grounds for· t l:le coars a l i gn Teley :li.n a_eh 01" the stab mp 
t her y abang ·.ng stab a11Ip St"rYO compensr8:t i on . 

G mn:-ates an i nt.erns l, 
( 6.22 to incr. men:t, th.e 
read oun~e r h igh 8 ~a 

ding signal \!h ich. en.a ;as gimbal f eedback uJ fl . s 
er r· coun...... :r.·. · Thl.s aign l a lso che.nge t.he 
pulse rat ( P:t uleee ) f r.om 12 .8K ps t,Q 6. tK µ_ 

!f_,00 Re! p ro..'1.Se _ · ,o 1~:r~r..f2.u11 '!:!. E~.,;E When add..!'.'esa~d by the If <'l'O!' counte:r 
enab l e d i s r at e f rom the n?flpi t th ECDU; 

lo Genera t es ar1 in1.~er ne t mooing s i gna_ wh .::h a.l.lowe error cou.n'cfi?r :pul.sec: 
( PE "" b,_ 22 or .6.. ) o i ncrement t he error counter . Abs e nce of ·thi~ e · 
dis cret e z1.;:r~ t he e]:.'I.' r ouute and hol ds it the e . 

2 o 'Ihe "Error Count er Ena.bl ··" comllJ6.lld (E., i s :!Om i n d wit h the Coarse Al i gn 
di scret;e (CA) end the ' CDU Zero" ormnand (GIXJZ) t o mode t.he read count er 

1n accordance vith th :fol l owing logi quation , 

where; 

a . 'Ihe pr es ence of Y i nhibits PI pu -e f{; from i ne.'t'e'men-t;1ng t,h e :eea d 
\10unter 

sf! ilign Enab e 

d . C. :OOZ ""' COO Zer discrete 

E ,, 11 .,, ,...d u • ,. "' A .s an (AU pemti on 

f , +- is a n "or'' ope.r.s.t:lon 

I nhibiti ng t he r ead c unt,er in t h i s f ashi,m v ilJ · :!'.'even gi .mba l dri ft 
due t o r esidual vo ~ .g.s vithin the oop Th~ f i.ne e or v:tl .l 
accum:u.ls.'te t o a valui' such t hat t he :f'f'er; t of ree .. d 1 vc,1.t age _ i s 
can..,,e lled • 

.ECW Se~ Contro_l Servo ing th IMU t o the c:or roet pos i t,iou as commanded by 
the compu t er i s a c compl ishe d by . the R;W r, F:tgu 3 :tfh a :t\ mctional b l ock 
diagram which i llustrat es t he multi=loop s erv ing _wle pl.ayed by the roro ,. 
Figure 4 shows the mrumer :in which eacll element of figu't"e 3 may be modeled t o 
eval ua e t he dynamic · per f ;rmanc;e of the eoar se a l gn l oop . Fi.gure 5 i s t he 
scl)emis -l e dia gram ft-om which t he ,l go.t·i -h u of f i gur e 4 ver e det"ived n Each 
~f t he e l ements shown ! n f i gu:t""" 4 i s deriv-ed a.a .fo.L'l s : 

L .Error . .:.c~~ 1.rhe or co un t e prov: d~s digit s.~ diff ren.cing bet -we en 
gittlbs .1 coil'.llll1IDds and gi mo8.l pos i t ions I nput pul s e s t.o t he e. ro counte · 
are e i t he r pos i t .i on comrtJand p . s es ( 6.@a I fr.om he computer 0 2· g imbal 

pos i ·t i on feedback uJ.a s (6. 22 ) :fz•om t he :r-e o <.:o er l oo ,, ... omputer 
C Olll1tl,iUld puJ s ( ,, j\ 0 ) aua t e er . e;ount ~tr. t o count up . Read - ' ,_;i, (,~. 

( A • 2 • .- . · ·-·, in t t t t d t h 'b cow.ite ~ 2 .J p1.w ee. vt..u. . urn coun· he ~':!"If;,)£ ~oun .er. own ere y 



(contj ued) 

oduc:ing neg tive · · dback ~ The r r or c,ount ""r l s also meehani zed t o 
inhibit ( E) pu es vhen bits 7 and 8 of .t hl':l e_ .or ~ 01 t er are n1" .. . Th . 

result is a l im.tt ng of' the utpu at .. ., 25 n + . 625 "' or 16.875 '°, ':i.'he. 
total f unctional ha .. e.c t e ~a tic is ah, "'n 1)(.-! ow. 

3200 pps 
x16o"/ pulse 
.,, l.41'/aec 

El. R COUN11ER 

2 " ])\C t?:i&i,tal_~ An,!,_~£8 C~~~ The DAG c ns i sts of logic a d.teh 
dr.iven by t he erro?' counter, a divide aoi.m . i st l ve ladd . n"'two:rlt , 
and a s caJ.ing ampl ifier (t gure 5 ) q The f onction of th . DAC i s to 
pro,ride an 8 hen: t ~ signal vhose ampl t ude is proportional t o the 
angle content o . t he e ror counter . DAG a nsitivity :J.s ad,just d to 
0.3 Vrms/deg~ . by iel cting the :feedback resi s or ln t he DA.C scaling 
amplif'ier ( f'ig'Ul"e ) Q A :functional l o~ di a gram of t he M C i s s hown 
below o 

9:lit"! 1r.:.3VR~ 1- vno.(• 
· · · greea - .,_ 

( degr e ) ....._ ___ __, (800 hertz r ms) 

DIGI TAL 'l¾':) ANALOG ONV.IBTER 

rg()8.?'Se .Allgn Mix~ ~ The coarse a lign mixing amp i s a h i gh gain .ac 
amplifier wi~h feedba~.k (rigure 5). '!his amplifier adds the fine er or 
voltage and the DAC utput with a mixing ratio of 3 to 1 in favor of 
the fine error input . DA , out puts o the coarse align mixing ampli:f i r 
are , ,)\' "' l i mited to 0 o5Volta as shown 1n .fi gure 5. The coarse a.l ign 
~ixing a.mpl i fi.er i a roodel.ed a.s shown bel ov • 

• 5V 
; -

VC'f< ---->-
(8 he tz J'm$) 

, OV 

C:OA.RSE AL. GIi\' MI XING J'\MF 



4. Fine S;y:~~!.1:J .. ~:i'-~ Se,.;.egii?El.l:9~!..'! T'ne f .. DP. syst .<m switr.;h sel · Uon 
logi c is a. net :•.riork t' w ighting r es.i s tor~, a lllt'i!D ~ amplifiers and svi ti'!h~s 

used t o impl ement t ,h: . trigonometric i dent i ty =sin (G - \J/) "' .. ain 0 cos V + ~os 
, sin V . Funct.io1'18) ly this net,vork compa:rea the gim fill angle (~) as 
l'epresented by the 6 pe,.;;d resolver sig.na1s to t e read count r angle ( \f ) 
and generates an error 2tgn.a.l use to drive t.he r.ead count er loop . '£'he 
error s ignal a sin @ ~ ·¥ ) . For small angl ,.'s, s i n (e - 1.y "'. 9 ~ y l 
The fW1ct . ons. qUivalent of then 1ne · yst m switch l ogic" :i.s as shown 
below. 

{ Degrees.) 

5. ~ te -~ .l ec:_~....!..~~'E/r~!.!l-1:-~ic Rate sel~ct and up/down l ogk :l.s g~merated 
from t he fin e .I-'l"Ol~ signal Tan analog measm:'e cf t he t~rror b€' ;.veen 
resolver angle tmcl read co1.:mter angl ) by sclun1 · t trigger t~ level 
de tectors When the n n <P-rror si.gn .a rge, _, ra select logi.c v- :1.11 
ca.use the r ea · count ·,r to count at a 6l}OO pps rat.· • Simll fine error 
signals m·t: cctmt~d down at 800 pps ( figu.:.'.'e 4). 

The logic out of t e Schnrl.t t tr . gge::;·s . i s h J.gh ( -;6 .2V) when the f.in.e 
error 800 hert~ input i s a'oove the trigger l evel, and o-w ( OaOV) whe:ir. 
the input i s bel.o-w t he t rigger leve u The t.rigg r threshold f or t he 
lov speed count, rat e i s OelVolts ... 'fil·e t:r:lgg r t hreshold f or t he high 

speed count r ate :ts lo 7 Volts. (figi.are 5) 
I. Z ""''n 

The o\1t put o'f the Schmitt triggers is interrogated by a 16oO pps pu.lse 
trai n which :.ts in turn sync:hron1-zed wi th th 8oo hertz excitatl n o Jl.$ 

eho'Wll by the time line below 

7777777---r]7 777T7 ~ T 7 7 7Y 

,~{):.; !'"J! HEJJ) , '.GLM'1'E:B DOV A 

-LL.L l • .:.£,.J.'...£...L-1. .. L!.-LL!.L.l .l...1..t...t-

1 .,~:t<r gutt.;r~ Sc;hmit;i: '! . .-d ;ge ~ 
(. !_""('}-1.}'!.' 

f"'T T77 -r· rrrrrrnry 
1 !;:,· u:r?r REA£ r;~:J:U:l'&H U?' 

___ _ _ ..i....!...r'....L.L.J....L.L.L.1...!_! l l l .I l t 

.f 't•~n~,)':a•t,e 8 .! .. nrit'" '.lt'i~:r-
1:t p r:' 



5, (continued) 

(8 

The ::result i a sanrp1~ and hold ef'fect llf'Lth tl. pe:riod ✓•• L25 m!-!e wh :tc,.11 

can de ect e.1 tha:r,· 0 phase or tr phase e ·r..,ra. '11he read counte loop is 
me emized such tb.a.t i f G> V a ... rr phas~ er:r(,,r v111 ·t-J g~n ated y 

t he fine system evi ~ .hing log4 , this in r; ·::i 1n:.1 ,:,ause the re .d cm.mte.!'.' 
to ount up o 

The ra ; se.~ e c and up/d,:nm logic proe·;s fJG t=, .-• s "1',.pled u:tpu"t, · t he 

Schnrttt t. .. Igg-P.rs to d~t.e:rmine at whi.ch t-at t .. e ~ad c un t. sh·ould be 

incrennented o lf' th hi speed Scllm.itt :t, on t.d~ read count .r :I. 
incremented at. 6lt00 p, s 1 if the fine Si::n.m: t;t ls o t.he- rate is Boo _i;;s. 
Th1 ir.1 one sampl e t _ , th~ read count,;,,r 'rJi.:u. 'e! il1.c1:emented 1 bit a ·t~ 

low speed 01.· 8 i ts a t h .i gh s peec . 

A f nctional . 1ttpres~n tl. inn of' the Schmitt trigg . 
logic · .s s bo . be1.ow " 

~ 

·,:···· . 
C 

re 
~ 

Et[ ,. ,, .... 0100 

X. · t>()()[) 

ppa X 20 ''/ 
l)lJ. 

·< 's ' · 

t.:::, ",. !JC R e .... 8('.() ppSY20 •: .' -~· ·1. . 

~ 1/1600 P!:! 
, X ! 

Rea.tl Count er T'he rr?. a.tl ~oun:ter is a. 16 s tag-~ dig:l.t a l c. 1. ··1t:er -wi h a.n I MU 

angre-u e.nula.r l ty of 20 "/ oit. I nputs to t-he r :::a.d counter er cont.roll~d 
by r at e select and u_ / down logic The o:.it, ·ut. · s used by t he f ine 8Y tem 

' ' ' ( I ~ ( ::, 

swit.ch seLction .togic, to 1>rodu •e the :fine ,~:r-r..,., s 1.gna.l ('fi iXt"(~ 5) , f 
J\e,~eaa to ·t he;; c:cm.t.ent,e cf ·the read counter by c-otb the compat ,"'r aTJ t he I' J;(J/ 
er :r- counter 'ls se.ria.l only<, Ace a 'by th.f:' c mpute:r. i s t o th<R 1 c,f .,r ~do /j, 
ordier bit ( 6 2e ) o A cf.'ss by the err r cou.r:t.,!i".I:' ts t o th~ t 2· :.d order I D c,;t. 
bit ( /\22 ). Iw>c.a.U,SE> ,r:,f t h above , t he c,mnt 'fdte to th-0 c 1upnt er :i,1,; i vt,""' ~ l 
four t:im.ie1& ±'aat":'. than t o the . or count ,t·. Qomp·1t.;"'r bits ho ever /,o ~~ 
have one fo 1•·th th w~ight factoi: f h el~ trana:f'er e ;i t · t he ez-ror 
counter . 

Funct i ua.1 , t: e read c:ounter i repre~F>U\:-": a~• ao _,. :...,;·, -. ,1:_,_r w;ith :~. 

count r at e in ,;,./se ond :-111:1 _ o '!.put .in e.c:· e~c-



7~ St ab I 'fb~ •a log pa'l"t t'.'J f the (! St~ 

of th st.s.b amp, tor.qtL mo t.:..:;r d gimbs.l, 
func+- i ona ' epreseu ,~d as fo ovs: 

ST B AH}' 

r 

{800 b. T d lll.8) 

l.12 :ft .~b 
----~"'4 
(v.mp ) am 

GU-ID.AL 

I 
. J1 

(8 

a l:igr: s e , vomeche.ni m 
i'n •.:; e ,~Lemen .s ar"' 

l 
I -•··:~ 
1-----~ I c~n!j,!~) 

cons:!.sh. 



ASJ ShO'l<:'11 

ignal t 
l imitin 

n thir,1 ~1gur , out put of the DAO t s diffP: .. enc d with the fin;;, ,..,,:i:-ror 
ae::hj.eve gimbal rate i mit ing. The me h8..ols m v J.a. vh icll g i ha). :rate 

i s achie,r?d ~-J. a..~ ±'cD . .ow ~ 

l . .. f t he DAC out put i gr · ater t an .6 dag1·ee-a ~ 
commancling l MU pos :J:t io vill be limitPd t C' "5 
in the coarse al i gn mi xi ng 8l1.lp . Tbs signal :t 
·th s tab amp Ci dri ve th gimbal a t a h:i. 

t he cor:respondi g s .1.gna . 
o1 ts by di de cXi pp1 
sufftcient t , aaturate 

te. :.-:,;. 

2. The fine error signal 18 an analog me am: o he angular accuracy wi th 
which the r ead counter i s tracking I r e sol er posit on~ For high 
gimbal rates , the e.ngu.lar rror betw en gi mba.:t posi t ion· ·and the read 
counter measur nt f g i mba1 pos tion vill be lar e, •" The mgni tude of 
the fine error s ignal i s therefore related to gimbal rate .. 

3. l f the :fine e:n·or. s i gnal is mixed 1n a. negat i ve f eedback s en.ae •.,;ith 
the MG output, t;he net :::olmlllUla t o posi't,ion the IMU la a f unction o • 
t h 1r diffc.rem:e o Thus if the gimbnl r a:te exceede the 11l8.ximum read 
counter r a.t,e t h fine error incr asea to ral ue vbich -wi ll _on eal 
the DAC output thereby 1 1111.it i ng gimbal :r t. - t a val u e uaJ. t o t he 
maximum r ead co• t r ra.te., AB a res.ult,. P.: imba1 mozr.ent um i s cont.:ro11ed 
s t t hat th. t"oars e align loop i s s be and g i mbal r at e i s l imited to 
a maxj.11ru.m value of ~5 /sec ~ 

.Anal~g C5)mputer_ Si~t. t i cn of Coor s . ili.i!'?: The anal og co uputer s imu.1ation 
of the b l ock di.a.gram shown i n :fi gure 4- is shovn in figuJ'.·e a. loop espmise 
to normal coil.lm8.lld se uenc s i s shown in f gur 9a 1 and llo Figure 9 is 
the · response of th coaree align loop t o a. siri bu:r-11 · of 192 pulses o The 
fine e:i:·ror s i.gnal shown 1B t e output of the me.in c1.m:r..ing amp and t herefox--e 
will be , .5 times les s han the out t of the •· 1·o r.- amp vhi ·h is t he EX::00 
test po1.nt . 

Figure 10 i s he response of t he coar e e.lign loo. t o or mal omputer out ut s 
wh:lch co sists fa sequence of puls burs s 11:ach C)Onsiaq.ng of 92 bits . 
'lhe response of ecarse align ·t o the GSE eomput r ain1u.lator output i s ahimm 
in figure lL 

Figure l2 shows the eff'ect of gimbal f rict.:i.o , atab- amp of s-set, and :Mc 
residual on· pos i t ioning accurs.cyo 'llle 1niti e,1 cond1tior.u; are 10 nw DAC 
residual, 5 mv at 1:1b amp offset, ,38 me. gimbal f r.ict ion and zero b · ts in ·he 
error counter. 

~b!l Positionin~ ~~ The accuracy 1 · vbi,,m thr; coar,ae a lign .'oop 
can posit i on the l t i s proport ional t o t h unc~r ta nt y :tu the o t.put f 
eacll of. the ma.jor ·l oop lemen -s shovn i n f :! gure Total. steady s t a e st and= 
off error may be ev l uated by us:tng auperpos ition i ~ . tb.t!! uncerta.inty i n 
ou:tpu , o-£ eacll majo.r l oop e leme:nt i s r ga d d an a command . e f'e.1.·enc: • input 

· to wh · ch tn.e lc--0:p will sit on itself . Tabl e J is a tab · s.r listi?Jg of' 
ea ,1 majo:t· error source and t.h.e corresponding :,- , ,_. i n. gimba pos i t in 
bat wou· d occur i~ ea $l e nt v re acting a l 1n~. 
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