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I. PRELAUNCH

i,1 Introduction

The Guidance System Operations Plan is publishedas =ix separate volumes

(sections) zs listed below:

section | Fre-Launch
Section 2 Nata Links

Section 3 Digital Auto-Pilots
Section 4 Operational Modesg
Section 5 Guidance Equations
Section 6 Conirel Data

The purpose of this section is to present the pregram reguirements and
descriptiens for the prelaunch ealibration and test gsperations for manned CM larth

Orbital and Lunar Landing Missions using program COLOSSU

£

These routines utilize the uplink capability (described in Seetion 2) of the CAMC
to load either variables or instructions forutilization or éxecution during the running
of the testis.

The results of the gyro drift and accelerometer parameter tests are used to
determine or confirm the MU compensation parameters used for the mission., The
compensation parameters will bie Ioaded priorio launch and used during themission
to reduce the MU alienment and specific force measurement errors,

This volume constitules a control document to govern the test methods and data

Revisions to this plan which reflect changes in theuabove conirol items require

NASA approval,



1.2 CMC Self Test

Theversionof AGC Block II SEI.F-CHECK foundinthe program COLOS5US
has been reduced to include only the erasable memory check, the fixed memory
check and the SHOW-BANKSUM job.

1.2.1 Opiions Available in SELF-CHECK

The different options of SELF-CHECK are controlled by loading the
approprizie numbers into the SMODE register. Placing 2 +0 into the SMODE
register forces the compuier to go intothe backup idle loop where it continuously
locks foranew job. Leoading SMODE with +11 octal or greater causes SNODE
to be changed to +0 and puts the computer into the backup idle loop. Loading
SMODE swith any other number less than £11 oetal starts up one of the active
SELF-CHECK eptions. These option numbers are as follows:

4 octal checks erzsable memory
3 octal checks [ixed memory
£11t octal performs both previous opticon=

4
||

, 2, £3, £6, 17T sgdme as £10 option

-1 same as =10 until an error is detected.
The SMODE register is set to +0 by any FRESH 5TART.

1.2.2 Procedure to Start SELF-CHECEK
Neun 27 isassigned tolhe SAIODE repister, so toactivate SELF-CHECK,

usze the DEKY as follows:
V2IN2TE (option number) E
This lozds the desired option number intg SMODE, and staris that option,

1.2.3 SHOW-BANKSUM Operating Procedures
The SHOW-EANKSUM rouiine shows the sum of the bank in R1 aof the
DSKY (equal to plus or minus the bank humber), the bank number in R2 of the
DSKY, and the "bugper" word in R3 of the DSKY. The operating procedare
consists of three steps: it is important to perform the last step io end this
particular job.

1-3




Procedure to START SHOW-BANKSUM

Thi=z routine has its own Verb (91) =o it is very east to start, The
information for bank 00 appears in R1, R2Z, and R3 of the DSKY immediately
after starting SHOW-BANKETUM. Verb 05 Noun 01 is used to display this
information. Starting SIIOW-BANKSUM puts +0 in the SMODE register, This
torees SELF-CHECK to go into the backup idle loop,

STARTING PROCEDIIRE VO1E
{The computer must be in program 00 o a V36E should precsde VOLRE)

Procedure to Display Next Bank

The"proceed" verbisutilized tc display the sum of the rest of the banks,
Each time the proceed verb is entered from the D3KY, the informeation for the
next higher bank appears in R1, R2, and R3 of the D3KY, U another "proceed
verh enter'' 1= performed afier the last bank in a particulsr rope has been
cbhserved, the information for bank 00 will be displaved again., Centinued

proceed verb entries will allow you to obzerve all the banks a second tHme.
CONTINUE PROCEDURE V33E br PRO

Procedure to Stop BAaNkK-sHONSUM

Theoperator must punch in the"terminate’ verb when heis 'LIu*c:u;_._r;h with
SHOW-BANKSLIN, This terminaies the SHONV-BANR~UM routine in the
EXECUOTIVE.

TERMINATE PROCHEDURLE V34l

1.2.4 Contral of SHLF-CHECK opiions (Figure 1.2,4-1)

The program Starts at the entry point sELFCHK after which it stores the
address of the ERASCHR routinein register SK1E*. A check foranew job is
madeand if no job is walting, procead to test register SAIODE. If the econtents
of BMODE iz +0, idle by looping through the check forr a new job ov, if greater
than =10 octzl, change SMODY 1o -0 and idle, Tarany vther contents of SMODE
increment the SCOUNT regisier and test SAMODL again, following with either
A, B, or C below.,

4, Tf the contents of SAONDE is =2 perform ERASCHK, the check of erasable
memarydiggramed in Floure 1.2.6-1, CNTRCHK, the check of all counters
and other zpscial erasable regizters (Figure 1,2,6-2), and CYCUL=HIT, the
check of the cycle and shift registers in Figure 1.2.6-3. Then increment
SCOUNT-=1 register, store the address of the RQPECHK routine in register

SREEPI znd check for a new job starting the erasahle memory test option
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again, Nermally the program continues to cycle as above until the content
of SMODE iz changed by DSKY or until an error-is detected,

If the contents of SMODE is + 5 perform ROQFECHK, the check of fixed
memory in Figure 1,2.7-1, The program then eyecles back through the
stariing point ZELIFCHK and continues tocycle in 2 manner similar to that
ol optlon =4, as described in the preceding paragraph.

[f the content=of ESMODE i5 -0, £10 octal, 1, £2, £3, 6, or =7 branch ito the
routine indicated by the address in register SKEEP 1. Forthe first pass this
would ©e the address of ERASCHE. Complete the ERASCHRK,; CNTHCHE,
CYCLSHFT Ioop, At the startef the second pass, the content of SKEEP1 has
beenchanged to the addressof ROPECHK, Therefore, after the second test
inthe loopof SMODE, the branck (TC SKEEEP) ig to ROPECHR. At theend
of ROPECHK the program loops through SELFCHK changing SKEEFPL to
the address of ERASCHK for the third pass, This alternate ecyecling .of
ERASCHK and ROPECHK continues indefinitely until the conient of SMODE
is chanped by DSKY or an error is deiected. 1o the event that an erroris
detected, the program stores In register 3FATL the address of the location
following the locationin SELF-CHECHK thatdetectied the ervor. Thisaddress
i# also storedinthe register ALMOCADER forthe ALATRM routine. [T LRASCHK
is running, the program will also restore the contents of the erasable
registers under test, The register FRCOUNT (set to -0 bv DoRY FRLESH
START) is incremented and the ALARM routine is called. The ALARN
routine turnson the program alarm light and leads into vegister FATLREG
thealarmeode for SELF-CHECK (aetz101102), The BECON of SELF-CHECE
izloadedinto register ALMOCADR « 1 and returns control tothe SELFP-CHECK
program,. Thecontents of SMODE is then tested, Tollowed by Dy Eor P.
If SMODE is - Naon-Zere, change the contents to +0 which puis the computler
ifito the bzckup idle loop,

[[-SMODE 1s- Non-Zevo, start the optionagain from the beginning (at-entry
jpoinl SELFCHR).

I SKMODE is-0, branch on the contents of SFAIL to the location in SELF-
CHECK immediately following the location where theerror wis detected and
proceed with the uption from that point.

Alarin Display: A SELF-CHECK error initiates program zlarm by calling
subroutine ALARM2 with C{4) = C(Q) = C (ALMCADR) = C FFAIL) and
ERCOUNT incremented by one, The alarm code for self aheck error
ie lJllﬂiE.



H. In the event that the check for a new job finds one waiting, the job will be
executed and at the conclusion will return eontrol to SELF-CHECK. Since
SELF-CHECHK is runas partof the backap idle loop it cannot runag long as

there are any active jobs.

1.2.5 Explanation of SHOW ~BANKSUM (Figure 1.2,5-1)

SHOW -BANKSUM consists of a routing called SHOWSUM, This routine
essentially doesthe =ame thing that the reutine ROPECHEK does: that is, add up
the sum of separate banks inthe rope, Afterthisthe similarity ends. ROPECHK
makes surs the sum of the bank is plus ar mintus its own bank number while
SHOWSUM displays the sum of the bank in R of the DSKY irrespective of what
the sum may be, SHOWSUM alsodiaplays the bank number and the bugger word
in B2 and R3 of the DSKY =zt the same'timne, The sum of the bank and bank
numberin Kl and R2 are shown as the least significant bit instead of bits 11-13
{the actuzl hank Hits in the computer).

Uridoubtedly the greatest use of this routine will be in restering the
confidence of personnel in the compuater and in verifying that the correct rope
maodules for 2 particalar mission areactually the ones in the computer package.
Fellowing is a short dézcription of the SHOWSUM subroutine.

Each bank in the ropzis summed separcately; from the lowest address to
the highest address used in that bank. The contents of a higher address are
added tothe sum ofthe previous addresses, I this credtes an overflow condition,
a +1 is added to thenew sum; a =1 Is added te the new sum'if an underflow
conditionis created. The sum of 2ach bank should be plus or minug its own bank
number. The sum of the bank is displayed in {11 of the DEKY. The bank
number {actual bank number used to sum the bank evelsd § places left) i1s
displaved in H2 and the bugger word is displayedin 143, Entering a proceed
wverb (33) from the DSKY will display the sameinformation for the next higher
bank. Entering a terminate verb (34) from the DEKY will end the SHOW=OM

routine,

1.2.6 ERASCHK (Figure 1,2.6-1)
This part of SELF-CHECK makes sure that it i= ppssible to read a "1V

and a "0" into and oul of each bit position of erasable memury,
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The RESTART program tests the contents of ERESTORE (the ERASCHE
activity indicator]) before proceeding with RESTART. The conients of
ERESTORE (set to +0 by any FRESH START) should be equal to the contents of
SKEEPT (address of the first of the pair of registersunder check by ERASCHK)
or equal to positive zero if no pair of registers are heing checked, I the fest
determines that the contents'of ERESTORE isnot "a positive number less than
2000 octal and egual to the contents of SKEEPT", the program switches to
DOFSTART (programmed FRESH START). The reason for the DOFSTART is
that the improper contents of register ERESTORE causes one to doubt the
contents of erasable memory. (The exception occurs when ERESTORE itself is
being tested. )

If the contents of ERESTORL are positive zero, do not restore erasable,
proceed with RESTART. If the contents of ERESTORE are positive, less than
20100 ocial, and egual to the contents of SKEEFT, then the original contents of
the pairof registersunder check are restored to those registers, ERESTORE
is set to positive zero and the program preceeds with the RESTART.

The non-special erasable registers are checked for correact addressing
and content by placing their own address in two successive registers and
making sure thereisa differenceof -1 when the contents of the lower address
register isadded to the complement of the higher address register; if it is not,
‘this subroutine branches to the PRERRORS subroutine,

The previous contents of the erasable repgisters had been preserved and
are restored to the two registers by PRERRORS which then performs a TC to
the ERRORS subroutine,

If the differenceis -1, the contents of the tworegisters are complemented
and the complement of the lower register added to the contents of the higher
register; the rezult is checked for-1. 17 the result isnot -1, TC 10 PRERAORS
as noted above. If the result is -1, restore the previous contents to the two
registers, and proceed fothe next iteration, The higher address registerof the
past iteration becomes the lower address register of the next iteration. The
erasable memory banks are checked from zero through seven with common

erasable (60-13732) being checked after each erdsable bank,

CNTHCHE (Figure 1.2.6-2)

The C= instructionis performed onall erasable registers from oetal 60
through cetal 10. These include all counters and other special erasable
registers, It is not feasible to put their own address in these registers and

check their contents because of their specizl uze,

1=10




CNTRCHK

put 00050 in SKEEP2
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CYCLSHFT

put 25252 in CYR, CYL,
SR, BDOP registers

:

add e{CYR], e{CYL),
c(3RY, c(EDOF), anda Sl®]

constant and check that

result is =1

o Y

add ¢lCYHR), clCYL),
c(SR}, c(EDOP), and N

+1 and check that resal:

iz -1

increment SCOUNT +1

go to SMODECHEK
{put address of ROPECHK in
repister: SKEEP1, check for
new job and eneck register

SMODE for SELF-CHECK option,

Fip. 1.2.6-3 CYCLSHFT

d )



CYCLSHFT (Figure 1:2,6-3

)
Ths octal number 25252 is placed in the twe cycle registers, the shift
right register, and the EDOP regizter, The tontents of these registers arethen

iwice checked for correct contents.

1.2,7 Check of Rope Memory (Figure 1.2.7-1)

The routine for checking the correct contenis of a rope is called
ROPRCHK. Its purpo=e is twoicld, First, it is s check on the compaier. [t
makes sure all curreni drivers, senze amplifiers, and zssociated cirecuitry
used in connection with the fixed memoryare operating preperly. Secondly, it
iz a check on the rope itself, W mzkes= sure none of the zense or inhibit lines
bmve become shorted or opened (essenilally guarantees content of rope is
correci and can be read correcily by the computer).

The sum of edch bank should be the same 2= it= bank number it the law

"hugger' word,

order bits of the computer. A special word, which iz called a
ig added to the normzl sum of the bank as the lasi word to be added. This
"bugger" wurd forces the sum of the bank to be plus or minus the Hank Number,
Az an example, the sum of bank 33 octal may be 00033 or 77744, Twa TC
SELF wardsindicate theend of the summing process Ior each bank unless the
bank 18 Tull. The "bugpger" word immediately follows the second TC SELF
wnrd. If the bank is full, tHe"bupger" word is in the last address, and the two
TC SELF wordsarenot necessary 1o indicate the end of the summing process
for that bank. Of course, all addresses In a bank up to and including the
"bugger" word have to contzin words of good parity. Following is a short
description of the ROPECHK routine.

Fach bank in the ropeis summed separately; from the lowest address 1o

the highest addressused in that bank. The content of 3 higher addressisadded
to thesum of the previcus addreszes. If this creates an overflow condition, =
#1 ig added tothe new sum; 2z -1 iz added tothe new sam if anunderflow condition
iz ereated, Thesum ef each bank should be plusor minus its own bank number,
If the sum of the bankisits bank number, the subrootine proceeds onto checking

the nexi bank. [f the sum of the bank i3 not ifs bank number, SELF-CHECK

goes to the error routine. The banks are checked in ascending order.
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1.3 Prelaunch Alignment Program Computations

The stable member will be aligned at launch with the stable member £ axis
vertical, down; the stable member X axis in the direction of the desired launch
azimuth in the horizontal plane; the ¥ axi=s completes the right-handed triad.

The prelaunch alignment operation is depicted in Figure 1.3-1,

1.3.1 Imitizlizaticn Data
Theinitialization data required for the pre-launch alignment programis

the following:

1. Load wehicle azimuth (VAZ), scaled in revolutions, measured clockwise
from north to the 2 axis of the spacecraft,

2. Load latitude of test pad sealed in revolutions.

3. Loaddesired launchazimuth{AZ), scaledin revolutions measured clockwise
from north.

4, Load azimuth of opticzl targets, scaled in 1/2 revolutions measured
clockwize from north to target,

5. Loadelevaiion of opiical targets, scaled in 1/4 revalutions, measured from
horizontal plane passing through the 5XT focal point.

6. Load performance parameters

1.3.2 Cozrse Alignment {PO1)
The computations for coarse aligning the stable member as part of the
initialization of the prelaunch alisnment are as fellows:
1. Compute the desired stable member ¢rientation matrix in 2 vertical, south
and east INMU-centered earcth reference coordinate sysiem.
D ~-1/2(cos Axy 1/2 (sin AZ)
‘-‘"5?-.-1] - 0 1/2(sin AZ) 1/2 (cos AZ)
=1}% a i

LZero CDHUs and wgit 10 seconds,

Al I

Compute thengavigation base orientation matrixins vertical, souith and east

IMU-ceatered earth reference coordinate system.

1)2 d 0
‘};NB‘ = 1] 1/2 {zin VAZ) 1]/2 lcos VAaZ)
0 =1/2 {ecos VAZ) 1/2 (sin VAZ)

ks

Given the| X, |and|X lorientation matrices in the vertical, south and east
coaordinate system, compute the CDU angles reguired to bring the stable

member into the desired orientation. (Ref. 5.6.3.2.2)
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change

3
l
n
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Fig, 1.3-1 PrelaunchAlignment Propgram Operation
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Fig, 1.3.5-1 Agzimuth Change Computation
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8. Command [MU gimbals to the CDU angles using coarse align mode,

3.3 Vertical Erection Computation (P02}

The wvertical erection computations are depicted on Figure [.3.3-1.

3.4 Gyrocompassing Computations (P02)

The gyrocompass computations are depicted on Fipure 1.3.4-1.

.35 Azimuth Change Compulations (P02}

The szimuth change compuiations are depicted on Figure 1.3,5-1.

4.0 Optical Verification of Alignment (PO3)

The computation for caleulating the stable member alignment error using
optical line-of-zight information should be according to the following steps:
1, Display pre-lozded azimuth and elevation data for Target 1 and Target 2,
2. Convert azimuth and elevation of Target 1 and Target 2 into two 1/ 2-unit

line~of-zight vectors 11, and I":: in the launch pad verticzl, souath and east
coordinate system, )
3. Compute the Target 1 and Target 2 line-of-s5ight veclors in the desired

stable member coordinate system.

;x:::‘l‘ X I_,.l = '1'1 referenced to XHI‘-.'I desired
i.‘x:_.‘_ x L = T, refersnced to A, desired

4. Cornpute shaft and trunnion angles for Tareet 1 utilizing L, and "\NB‘ (LHef.
1.3.2)

n

Drive to the computed shaft and truonnion angles when optics mode is trans-
ferred to CMC control:

B. \Wait for "mark" on Target 1.

=1

From "mark" data I::DmpuieT,: . line-aof-=ight veelor in actual stable member

coordinates,

8, Compute shaft and  Lrunnion angle {for Target 2 atilizing E2
and |X, t_§| (calculated in 1,3.1).

9. Drive to thecomputed shaft and trunnion angles whenoptics mode is trans-
ferred to CMC control.

10, Wait for "mark" on Target 2.

r
11, From "mark" data compate T,, target 2 line-of-sight vector in actual

stable member coordinates,




= i — 3
G 12. Given T.E and '1',._’ referenced to desired |X€_,“ | and T'1 and Tgreferenced to

actual | X, | compute rotations required to co-align

; h‘f_‘i[‘x’l] desired
amd ;.'-x'H__Ii actual, {(Ref. 5.6.3.2.4 and 5.6.3.2.3)
13. Display the three rotations as gyro torguing angles since gyro torguing

sequence is Y, Z, X.




m 1,4 Prelaunch Alignment Functional Description
Prelzunch alignment funetional descriptionis in Section 4, under P01, P02,

and P03,




. 1.5 Ierformance Test Computations

1.5,1 Gyro Drift Computation

The physical basis for gyro drift measurement during prelaunch

operations is the detection of the vector rotation of the gravity reaction ac-
celeration. The IMU accelerometers provide thenecessary data. The data is
corrupted by accelerations due to launch vehicle swayving motion and by
guantization in the Pulsed Integrating Pendulous Accelerometer.

The eifect of gyrodrift onthevector rotationof gravity is small, therefore
an optimurm data processing methed is required,

The data is processed by asimplified optimum lilter which includes in its
Gtate vector estimates of the launch vehicle disturbances. The 13-dimensional
gtate vector is described in Table L

The simplified filter design recognizes that the pains for the aptimum
filter may be precomputed, since the measurement times will be the same for
all trizls and the a priori assumptions for the statistics of the initial siate
vector will not change.

The filter gainsare precomputed by operating on a digital simulation of
the system with a complete linear optimum filter. The gain functions are
reconstructed piecewise in the CMC during the operation of the filter process
using data loaded into the CMCerasable memory. The operation of the simplified
optirnum filter is depicted in Figure L5 1-1.

Figure 1.5.1.1 isa block diagran reprosenting the following computations:

A, Measursment

The accelerometers are samplad every second, The sampled
appelermmeter ¢uiputs are transformed o the vertical, north and

past reference ecoordingte system,

= i
AV AV
¥ T ¥
3 | AV, |:<_~+ .n[ - AV
AV AV
A (=

Wnhere |:{."~!.I-'. l te the transfomiation metrlx from vertleal,
soukh, east =srih refzrence Lo stable member coonrdinates.

E
The sign of the A is changed ki A

The mezsurementsz are used to updste S3T1m z of south and

aast veloeity, It is corrected of wind
.
L ¥l

disturbsnce.



po = ﬁs‘ - CI&VSIEE} C.= 0,76376834

5 a 1
Pt a
po, = PO, - C,av_(2 }
= N =-0, 5227547
aMy MCZVSI PO, C, =-0,52223478
&ME = -HCE\FE} po_

B, Filter gains
The filter gains are pre-determined in the design process of the
simplified filter, The gains are updated every second, The following

gains are used,

K., maultiplies the total pulse counts from the accelarometers (po},

multiplies the estimated leveling angles () andjl.

multiplies the estimated zzimueth axis angle (g,

multiplies the estimated vertical gyro drift (dx},
multiplies the estimated north-south gyro drift {dy),

Zero.,

AR AR A AR
A= AL A = S

wind induced sway velocity gain.

B =] @ N e L3 B3
-

-

a wind induced sway accelerometer gain,

For the first 30 seconds Kl and KE‘ have the form Ae
(see figure 1,3,1-2),

K, = 0.035e ~0-09128

K, = 0.262e

-t/y

-0,208t

The gains are modified at vach sample as follows:

Eia, =15 [KIEU} =, ‘.‘3:'\05[;‘;‘,‘{]]
far By KE‘* K. are zero initially, then modified as follows:
I"L.B - 33 = Kj
K, +2; = K,
K. + a. = K,
2 s ]
KE E‘ﬁ = hﬁ

The walues of a, -ag are applicable over specified intervals. The values

of 4, - ag and their applicable intervals are tabulated in Teble 2. The

value of aﬁ is Zerao.

= 0.17329931

K'i‘
KE =-0, 008353370

()



State vector update
The state vectior variables are updated as follows:
o+ aM, (Kp) =

B+ AM, {Kz} = B
¥+ AM, (K;) = ¥
+ AM, {Kli = po_
po, + AaM, {K]} = po,
v +AM, (2K.) = v,
v + aMz {EKT} =

P { These parameters are updated during

launeh vehicle parameter extrapolation

[~
a, + &Ml IEKE_': =a,
a_ + AM, (2Kg) = a,
d}, + aM, [KE} = d}_
d, + AM, (K, = d,

Extrapolation of launch vehicle parameters.

The launch vehicle parameters are extrapolated for the next
measurement using the following equniions:

plto+1) =[Cipf1:n} e Cz'.'{tn': + CEa{tnf 2

vitnF1l) =[C_1p{tn!l - Cﬁv{tn} + Cﬁa[tn}] 2

a{tot1) =?_C?p{tn} + Cgvltn) +Cpaftn) ]

Where the coefficients C of the transition matrix are;

C

1
C, = 0.23125894

0,47408845

CH = [}, 145R1AAY
04 ==0, 16360691
Cy = -0,16806748
CE = 0,15582939
C? = -0, 06B0ETE4
Cg = -0,75079854
CH = -0, 24878704



Caleulation of the sines and cosines of alignment angles for ex-
trapolation of platform variables,

This simply involves computation of the sine and cosine of the
various angles using the interpretive trigonometric routines
in the CMC program.

The following functions are evaluated:

s5in @ ., cos o
=in 8 , cos B
s T cCos ¥

Extrapolation of stable member variables,

The Euler angles for aligning the stable member to the refer-

ence coordinates are computed as follows:

dx
S S dy Yom W, I[‘ﬁrsm is the angular velocity of the
dz stable member)
cos3 O -sginf Ccosy siny 0 1 ] 0
'& SMI = |o 1 0 —giny cosy 0 o cosSa Sing
sind £ r:ns;,'-i‘ {1 0 H I -Sifg COsg
For vertical drift measurement W S = R‘.’SM + W e,
& cos B2 o Sin g
cos Y Cos
r':l _ |Einy cos 1 5in 7 cos B ‘Wﬂm
CO5 ¥ cos 5
v-} -zin § i cos g

} L 39737013

AT W ITREH.ELTIS]

R
]
QTR
ER
ey
TN



G. Computation of estimates of velocity to be measured,

This computation adds to the previous value of south and east
velocity the component of velocity expected due to the rotation

with respect to gravity.

e _ e 4 .
PO, pUE =iny g
Y ’
ffr‘ue = poe + 5inB cosyg

1.5.2 Accelerometer Frror Measurement
Tne zccelerometer scale factor and bias errors are determined by
comparing measured cutput with local gravity reaction acceleration, The
o accelerometer isaligned with gravity at the startof the messurement using the
estimates of leveling error angles generated by the simplified optimum filter
(1.5.1). Pulse rate from ihe vertical accelerometer is measured. (Figure

1.5.2-1}% Th= pulse rate is converied to ::m.-'s-ec_'z and displayed.

1.5.3 Gyro Torguing Scale Factor AMeasurement

The computation of the gyro seczle factor is performed by comparing the
number of gyro pulses rerquired todrive a O throagh 22,5° o the number for
theideal scale factor. The result isthen sealed for display inunits of parts/mil-
lion {ppm). The effect of CDU guantization {40 arc sec) is eliminated by
starting the gyro pulse count at the receipt of 2 CDU bit and stopping at the
receipt of the last bit. A gyro pulse corresponds to only approximately 0.62
aresec so this guantizationisnot important, Figure 1.5.3-1 shows the flow of

these computations,

I
I
0




TABLE 1

FPrelaunch Calibration State Vector Components

Azimuth Alignment Angle (z)

2. South Axis Leveling Angle (3)

3. East Axis Leweling Angls [v)

4. South PIPA Velocity Increment: {po )

I, East PIPA Velocity Increment fPUe'}Ia

6. Launch Vehicle Velocity; North-South EVSJ

7. Launch Vehicle Velocity; FKast-West {vE}

a. Launch Vehicle Displacement; North-south {psj
8 Launch Vehicle Displzcement; East-wWest [pej
10, Lzunch Vehicle Acceleration: North-South (a )

11, Lazunch Vehicle Acceleration; Enst-West [‘EE_]‘
12. South Gyro Drifl (dy)
13, Vertical Gyro Drift (dx)
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TE=1

TIME *1 %3 *3 %4 %5
(seconds) {(Time Constant {Time Constant {Zlope {Slope (Slope
PIPA Counts) Leveling Angles) Azimuth Angle) Vertical Drift) | North-South Drift)
0-30 0,91230833 0.81193187 -0.,00035882 =0,00000029 0.00013262
31-80 0.,88122133 0,98940585 =-0,00073010 -0, 00000265 0,0043154
81-100 0,99971021 0,99852047 000042697 =0.00000813 0.00011864
101-200 0, paGHO06EY 008902124 0,00043452 =0, 00000401 -0, 000218980
201=-450 0.996T3264 (OnARG4RT D 00003767 -0, 00002317 =0, 00003305
451=-T90 0.99924362 0,998BB274 O 0000006 4 -0,00004012 -0,00000185
T91-1200 0,539963845 0.89913162 GO0 -0, 00002927 -0, 00000026
1201-1700 0.99934865 0.859868703 0.00000055 0.00001183 =0 00000005
1701-2100 0.99247099 0.998547499 D.00000018 0, 00000300 -0, 00000001
2101-2700 0,995957801 0.99916085 0.00000007 0. 00000056 0
2701-3400 0,.92966H14 (0,99933952 O, 02 0. 00000028 1]
3401-4000 0,99272716 0.899945654 000000001 0.00000010 0
Tahle 2 Time Constants and Slopes
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Compute estimate of

o

Extrapolate stable member
variables acecording to plat-
form dynamics for next

measurement

velocity to be measured

Measuremaont

Sampled velocity ingre-
ments [rom PIPAs
transformed into vertical
gouth and east referenco
coordinate system.

Extrapolate launch
vehicle parameters

far next measurement

Calculate sines and
cosines of alignment
angles for extrapolation

of platform variables

Subtract extrapolated
launeh wehicle para=

meiers

Pre-load all filter

pain caleulatinn data

o

Incorporate current
PIPA measurements

in state vector

Y

l.5.1-1 Operation of the Simplified Optimum Filter

Reconstruct gains for
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coant &l e5d k Error (FPM) * ur Bl 1o PP pertion af the
COmmpIE BT DEr f1deal no. & plaex) B3 dlapiay teng theee LLEiEs
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Fig. 1.5.3-1 Gyro Torguing Scale Factor Error Computation
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i Functional Descripiion of Performance Test=

1,6.1 Gyre Drift and Accelerometer Error Test Description
The gvro and accelerometer calibration program reguires initialization
of approximately 400 erasable memory addresses prior to stariing the test,
The complete determination of the performance parameiers reguires repeat
of the test 13 times. Each repest test will reorient the platform with respect
io the following reference cpordingie system:

% axis - in the direction of local gravity
¥ axig - south
L oaxis - easi

The initialization data include constants for determination of filter gains

(1.3.1), desired stable member orientation, spacecrafi latitude and azimuth
and test coding.

The initialization data must be oré-ladded for each of the 13 repeat

tests. Each test is rerminated with & FRESH S8TART (V3i6) and assumes a

FRESH START has been executed prior to its initialization,
The following flow diagram provides a detailed description of the
operation. (Fig. L.85.1-1)

1.6.2 IRIG Sczle Factor Test Descriptian

The =table member is positioned sepacately for each of six portions of
the test, The CAMU then positions= the platform, torgues the gyros, and computes
the resulis without further operstor action, The following flow diagram

describes the UM(® and ground) cperator actions required: (Figure 1.5.2-1)
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CMC OPERATIONS

OFERATOR CPERATION COMMENTS
Load H-Start tape with
Initialization data
Start program with V2N2EE
ZNONIE XHAAXE YYYYYE
(where XXXXX = starting ad-
dress and YYYYY = contents
af BRANK)
|
VI0DE
Initizlize program. Set
mode 07, Display latitude
and azimuth. VERB 06 N 41
Azimuth + XXX, XX DEG
Latitude + XX. XXX DEG
!
Is Azimuth and Latitude
correct?
Wiy YES
VERB 44
ENTER
Load correct
azimuth and latitude
VERDB 24 NOUN 41
ENTER
Azimuth = XXX XX ENTER
L.atitude = XX, XXX ENTER
—z—
Calculate coarse align
angles to position stable
member to preloaded
orientation
; Fig. 1.6,1-1 Gyro Drift and Accelerameter
Error Test Description
{continued on next page)
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CMC Operations

|

Operator Operation

Cosrse align gimbala

heerve HOATT light on
DEKY

i

Do calculated gimbal angles
reaull in gimbal lock?

YES N

|

Change IMU mode to
inertial

Wait ~ 245 srconde

[

Sample IMU accelero=
meters every 1 second

and pstimnte southerly

gyro drilt

|

Check for computation

Cugerye alarm
e UEtermine cause for

overfiow
bis Owerllow
Overflow Deeurred
sy Turn on alarm
stconds ]
elapasd? Terminate tant
KO YES

r'_]l

{Continued on next page)

system failure
Terminits {eut
with VIRE,

Fig. 1.6,1-1 (Continued)
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Commenta

Presence of IMU nr
CDOU fall signel at this
time will result in sutn-
matic tent termination
07 will be blanked in
made Hphtg

Alarm code OIROL dis-
played

Posglble causes of aver-

flaw are large initial align-
ment errara, {*5%) errors in
iebahization load or degraded

arcelerometers



CAC Operationa Operator Dperation Comments

i

Display south gyro drift
VERB 06 NOUN 28

Ri::XXXX)L} FRT
R2: XXXXX

R3: HXXXX Position code
Do 1 wish to proceed to The normal test flow
accelerometer error measure- | will proceed if con-
mrent ducting test positions
Load K -Start et dtsks
tape with ¥ S NO
initialization data PROCEED VERBD 36
i | ENTER
Align platform to local * 4 Alarm code Q01601 will

vertical using estimatrs
of leveling errors com-
puted by previous test
section. Correct for

eirth rate errors

Te=t torminated

Determine
vertical acerler-
ometer oulses,
Coarse alipn to
e

rate determination

[&]
)

rate af

ettt

TP
5 O alkar

Y

Display measured

Do I wish to proceed to

be displayed at this time
if IMU or CDU fails are
present at end of platform

alipnment

The normal test

gravity vertieal drift measurement sequence will proceed

VERE 06 NOLUN 25 | | il conducting test positions

R ::}:xxxx.} L I‘jﬂ 2 and 4.

R2: KHKEXX PhoCEED | VERB 38 Vertical drift measure-

H3: Position Code ENTER ment in positions 2 and 4
Test terminated. must be preceded by south

Load estimates of prev-

iously measured east-
west drift.

+

Load K -Start

gyro driit measurements
in Positions 1 and 3.

tape with : Big. 1.f.1=1 {continued)
(continued on next page) initialization data
1-40
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CMC Operations Operator Operation Commentsa

i

Torque platform to move

Accelerometers out of

deadzone region (~0,35° )

— I

Sample IMU accelerometers

every 1 second and estimate

vertical gyro drift

1

Check for computation

overilow
No Dvlrﬂﬂw
Owverflow Occured

1

Has 3287| |Turn on Observe alarm

seconds | [alarm 1600 - Determine cause for system

elapsed? Termpatetem failure, Termingte test with
| VERR 36 Enter,

NO YES

I‘_——I
C*:DFI'EI'_‘E
earth
rate
caused
misalign -
ment in
south aXis
only
Display VERB 06
NOUN 498
RL:+ KXXKX } ERU
R2; XXXXX
R3: XXXXX 5SM
POSITION
CODE

TERMINATE TEST WITH
VERB 36 ENTER

Fig. 1.6, I-1 {continued)




Flow of IRIG SF Test

CME Ground/ACE

Accept UPLINEK data Load KSTART Tape to initialize test.

The following data is loaded:

1. Set flag to provide branch for required
delay afler Set gyro torgue enable relay.

2, Set flag to provide small inerement of

torquing (640ms) befors start test,

Set count of earth rate forgue passes o

TEr0.

Set index for CDU to be read.

. Set flag to show direction to torgue gyro.

3et indicator for gyro to be torqued.

Initialize register to show no CDU pulae

yel.

_ Initialize so it will compensate for earth

rate odd number times through.

Inirialize a matrix which determines de-

sired 3M pasition.

10. Partially load the matrix for the Nav.
Base position{remainder filled in by
progrium based on M. B. azimuth and
latitude. )

1l. Partially initialize matrix used ui
calculation,

12_ Constant for scale [ector error
caleulation. J

el

=1 @ N e

(=]

(s

Enter VZ5N28E 04001 XXXXXE YYYYYE.
(Where XXXXX = Sltarting Address and
YYYYY = Contents of B Bank)

V30E

N

'

{continued on
the next page)

Fig. 1.6.2-1 CMC and Ground/ Operator Actions




O

Flash V06 N4l
with R1 = Azimuth Monitor Display vl
R2 = Latitude Va2

VAiE |VE21E V22E

Change if desired
Change VZ1E change azimuth
azimuth

Change
latitude

| !_ Vide Proceed

V221, change latitude

Caleulale sin and cos
az. Store inmatrix giving [
N. B. position. i

Calculate gimbal angles to
align to desired pesition

!

Zero ICDU's
Presence of IMU or
CTAT fail sipnal at
this time will resuls

Ceoarse align Observe No ATT i automatic Lest

light on DSKY termination, Alarm

Code 16850 will be
displayed,

e 3 :
Command 3607 ahout

OhA of pyro under test.

Fine align mode

|

(continued on next page)

Fig. 1.6 2-1 (continued)
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Fine align to desired angles

Calculate earth rate vector
in Am coordinate.

Set gyro torgue enable

Wait 20 ma

Start gyro torque with POSMAX
in gyro torque counter

Wait 640 ms

Zero CDU Counter

{continued on next papge}

Fig., 1.6.2-1 {continued)

-
1
=
=




Check for CDU pulse

1 pulze more than | pulse

Alarm Exit

Alarm Code
1660

o pul e

160ms wilh-
out interrupt

Mo

Yo

Chock Tor Tngher
prinritv goh

Load 22.5Y into CDU counter

Save contents of gyro
lorgus countor

—

Targue gyro [or 2, 82 and monitor
for COU counter = 0

‘Even & cxit O # 0

cCou=20
odd # cxit CDUF0

Compensale for carth

ili

ath add pass

EXTT Alarm

Y Alarm Cuade
1670

{ Continued on next page )

1-4

(411

Monitor Alarm

I {continueil)



Save final contents of
Eyro torque counter

Unreasonable numher

Alarm Exit
Alarm Code 1&TD

Compute number of pu{lsns
corresponding to 22, 59

Compare to ideal number and
compute scale factor error

Display VOGNZ8
Rl =:5F error ppm
R3 = gyro and torgue direction

Terminate this position
Resynchronize AGE and CDU
by FRESH START

Fig.

1.

b

of pulses (Ref. Fig, 1.3:3.1)

Hecord resulis of test

Terminate this position

Recycle for additional positions

. Z2=1 (continuod)

)
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1.7 Performance Test Data Analysis

1.7.1 TRIG Seale Factor Data

The data for each positionare dizplayed in K1 at the end of the running of

each position inunits of ppm. The gyrounder test and the direction of torguing

=

ie displaved in B3 as {ollows:

asl, a6l

in eac

1 X gyro positive seale factor
= X pyro negztive scale factor
+2 Y gyro positive scale factor

-3 ¥ gyro negative scale factar

+3 Z pgyro positive scale factor
-3 # gyro negative scale factor

Plus 5F errvorisdizsplayed witha+ signin R1. The scale factoris defined
T980%Gsec/pulse(1+53FE), The tezt should e run four times for each gyro

h direction and the resuits averaged, This iz to smuooth the effecis of

cccasional 1 pulse irrvegalarities in the CDU pulse rate.

1.7.2 Gy

T
.‘nd

where

ro Drift Dita
The model equation used for gyro drifi is:

_ N —N - - i
= Dy = DUST) + D(SF). + DGIST)g + DISFI] - D (SF)

2 (= L o SF bl & T
lSF:ID - DH{SFJII_F}ﬁ : DID{:.F‘JIL_FJ D[:J._;t._f iD{bI }n

*Dop e

subscripts 1, 5, and O refer 1o input, spin and output axes respectively,

= gpvra drift rate, defined as positive by the drift rate vecior pointing
along gyro input axis.

= bias or non-acceleration sensitive drift rate

= NBD in Apolle nomenelature

= drift rate proporticnal to specific force zleng input axis

= ADIA in Apollo nomenclature

= drift rate proportional to specific ferce along spin axiz

= ADSEA in Apollo nomenclature

= drift rate proportional to specific {oree zlong output axis

= ADOA in Apolle nomenclature

= drift rate proportienal to specific force sguared along input axis



Dy = drift rate proportional to specific force squared zlong output axis

]'}55 = drift rate proportional to specific force squared along spin axis

DI.‘S = drift rate propotrtional to the product of specific force along inpul
and spin axes

D = drift rate proporiional to the product of speecific force along input

znd cutput axes

Dog = drift rate proportional to the product of specific force along cutput

and spin

axas

The gyrodrift performance test produces dataonthe NBD, ADSEA, ADIA

and ADOA terms in the equation. The other terms are expected o contribute

very little, The NBD, ADSHEA and ADIA terms are the only cnes compensated

for by the in-flight

Position

ocyro drift compensation program,

Stable Membear
Orientation Drift Equalicn

(DH = Horizontal Drift:
DV = Vertical Drift)

X, DOWN DH

NEDY — ADOAY

SM 1
¥y, SOUTH
Zopyg WEST
Xopp DOWN DH, = NBDZ - ADOAZ
¥y WEST DV, = - NBDX + ADIAX
zZ.,, NORTH
Xgqy SOUTH DHy =+ NBDX - ADOAX
Y, WEST
Z .y DOWN
Xapq EAST DH, = NBDY + ADSRAY
Yopp SOUTH DV, = NBDZ + ADIAZ
Zgyy DOWN
Xgyq WEST No drift data for this pesition
Your UF
Zosyy NORTH

1-48
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Stable Member
Position QOrientation Drift Eguation

(wp]

Xom BOTUTH Mo drift data for this position
Yong DEWN

Lign e EAST

=1
b
1

1 5
MNORTH DH, = -NBDX - .-";T.}:'SE?A}{'F ATMIA

3

o

!

e

=1
.rj'”._.

URE-WEST
Zions UB-EAST
1
AT = - . o | o T .
Eas] DH, i (-WEDZ - NBDY)
Yo UP=-NORTH 12 [ADBIAZ - ADIAY)
Zonr UP=SOUTH F 12 (ADSRAY + ADSRAZE)

ADSRAZL - N R[.J.’d—l ADOAZ
o

w
bt

UP-EAST [11{5 =

T

A= =W LT

Lizmny SOUTH

1 o
HP-NOBTH [”HU =J§ (NEDY - NBDX)
¥ e UP-SOUTH < 12 {ADIAY - ADIAX)
o g 309 A bl e 08 WK L ] = r
/IS:-\J EA%] = 112 {ab=R L+ 5 ADODAY

o

NORTH DH, .5 NBDX - ADOAX

i

WEST

L P

up 1'JI-.ll2 = NBDY + ATXIAY
50UTH

EAST

13 b AR DB 2 IZ‘IHL.3 =NBDRZ + ADOAZL
Tane EAST

2. NORTH




The eguations for compensable drift terms in terms of the heorizontal and

yvertical drift measurements are:

NBDX = EIDH 4= DH, )
NBDY = 1/2(DH, - S'ET.JEI
AT B 2
NBDZ 118 ~:]J~H2 DH, )
ADSRAX = /2 |DH, + 1/2(DH 4 - DH )| - 3 (DH_ + DH,)
ATV Foo= * U o i i s
ADERAY DH, - 1/2 (DH, DH )
ADSRAZ = /2 [DH4 ¢+ 1/2(DH, + DH, g)l + < (DH , - DH,)
ADIAX = DV, + 1/2(DH, - DHp)
A
ADIAY = 2DH,,- A~ DH, - = DH

107 5 1T 5 12

+ DH, + DV, - -.,/’E_l'}l-[?f Il{])n‘ - DH, )
2 2 I

3 2
ADIAZ = DV, - 1/2(DH, + DHg)
ADOAYX = -~ Lf2 {TJ]—:” - I'JHE.} (Mot ¢ompensated)
ADOAY = 1/2(DH- DH ) (Mot compensated)
ADDAZ = 1/2 (DH, 3 DHE] {(Not compensated)

1.7.3 Accelerometer Scale IMactor Error and Bias Lrror Duta

The complete accelerometer modsl equation is;

(SF) = AytSE)Y

Specific Force Indicated = '1"1.5 |

B . [-“F} r ‘!LI_J[-:;F}I_-. T
-"-_

+ A SISFLISF), + Ap(SFIUSF), + Apl8F)(8F ),
where subscripts I, P, and O refer to input, pendulous and ouipul axes

respectively.

Apg = bias coefficient, ins=nsitive to specific forces
_-’tI = scale faclor of instrument

"ﬂ"F"".I"CI = cross coupling coefficients

A[I = =zpecific force sguared coefficient

Arp = coefficient for the product of specific force along inpat

and pendulous axes
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Aoy = ceoefficient for the product of specific force along input

and outpul axes

_-'1110 = coefficient for the product of specific force along pendulous

znd ouiput axes

The zccelerometer test dats sre used to determine only the biss and scale
factor coeffcients. Tne other terms are noi separzaiely measared or
compensated,

The simplified equation for the accelerometer mod=l i=;
specific Force Indicated = Bigs - scale Factor [ specific Force zlong input axis )

The spacific [oree used in the test is die ig the gravity reaction ac-
celerziion: The comparison of the indicated magnitude of the gravity reaction
acceleration and the known loczl gravily provides the calibration of the ac-
celerometer. The scale factor errar and bias are ssparated by reversing the
direction of the speacific force along the input axis.

Forihe X and 2 accelerometers the drientution of the input axis parallel
lo the direction of local Fravity iseasily accomplizhed bv use of the data from
the cther two zccelerometers, Forthe Y aceelerometer the simbal configuration
does not allow acourale positioning, thevefore data irom the other two ac-
celerometers is used in the datz analvsis to correct for input axis alipnment

errors.

Pesition Urientstion ‘ecelerometer Error Eguation

12 ¥uo s UP g o =b, - (1-5FE)s
Y-S0 UTH

¥ EAST

5 7 IWN =h - SFLM-
a Mon, DIOWD B =B, (1==FLH-g)
Y., WEST

NORTH

Xgp NORTH g.3=b, + (1 -sFE)}g

T WEST

Fiio UB

-
I
[#1]
[



4 4 ? A = ~BEE)-
1 Xoqp EAST By = By T 41 - SFEN-g)
[ ROUT
‘l':n}'ﬂ SOUTH
LSM DOWN
- L = = = 5F @
5 :\‘:-‘-.E-.-I WEST Ens b}_ + {1 --3FEle
Yo UP
LET‘»‘T NORTH
B 3‘:’.[‘-,1 S0UTH g6 " b}_ + (1 = 3SFE)-g)
‘.L'SM DWW
ZHM EasT
a
By = measurad gravity reaction acceleration (em/sec”™) caleulated
e using ideal scale Factor of 5,85 L:n"_-_,-"_-:ecl,-"pulse
2 = lopcal gravity reaction scceleration (cmf!;ecg]l
e
b, =bias of i accelerometer (cm/sec™)i=1x, y, 2
SF. = scale factor of i accelerometer in cm/sec/pulse
SFLE = sezle faetor error in parts-per-million defined as positive

‘.l >ideal scale factor

For positions 5 and 6 the misalignment angle E_!:r_ between the ¥ aceelerometer

and the vertical shall be determined from pulse raie date from the other two

accelerometers,
3

8. = 8- + a7

2O 1 4 3

(AV_ - AV B ) SF_
b XX b

Q?, = AT g local

(AV_ - AV B ) 5F
G = z 2 = Z
¥ AT g local

where AV = number of velocity increments accumulated in AT



£ 5 will be modified by the misalignment B\__ as Tollows:

g =g ... =sec g .

“mb" mia Vo
g = . siee B_.
Smé' - Bmé 6
g s and £ g BTE used to determine ¥ aceelerometsr scale factor and bias

error coefiicienis.
The eguation for caleulating sezle factor error for the acceleromeler 1s;

o = - ___A; nijfly o o
.‘:1.I.—Ei 1 . T 2107 ppm

The eguation for determining bizs error for the accelerometer is;

& . § ) )
S H1'11'[] £1) .
— cm/ser

b, =
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