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FOREWORD

This Translunar Midcourse and Lunar Orbit Inser­

tion Mission Tethniques Document is one ot several docu­

ments describing the H·Z mission (Apollo 13). The others----------------.a re as follows: ~

• Laurich Aborts

• Earth Parking Orbit and Translunar
Injection

• Lunar Orbit Activities

• Lunar Desc:ent

• Abort Irom Lunar Powered Descent
and Subsequent Rendezvous

• Lunar Sudace Activities

• Manual Ascent

• Powered Ascent

• Transearth Injection. Mldcourse
Corrections, and Entry

• Tracking Data Seleetion Controllers
Proeedur.1

• Contingency Proeedures

These d,,_eument. contain the ollieially approved guld­
anee and eonlro1 lequenee 01 eventl, the data How, and ru1­
time deelslon logle lor the H-Z million. The purpose ollhele
doeutti.riU Is 10 Insure the eompatlblllly 01 all related MSC
and lupportlng eontraelor aetlvltle •.

"or each million phase, a Oala !'rlorllyWorklng Oroup
has b;e;.-ellabllihed under-the til retilo;;-otciX~i; Aj,oii';-OA'a,..:.. ----~-----------------~ ---_. - --
!'r(orlly Coordination, AS!'O. Thete group', which are eom'

prl,ud 01 repreunlal~_V!! _~~ __~c:: ..~<J. ~~~~~r~~~~n-,~a-etorl,

III



FOREWORD (Continued)

hold ':requent meetings to coordinate their various associated

~illes~evelop-Jgreed\!ponmission lechnlq1,l_e_~T~~__-- --
as S,' sts in the dcvelopmen1...oLthe technIques and documents, ---------------------
II:!,mlor ASPO. AfleU9.rmalreviewbyASpO, E~DD, FCOD,

FOD, GAC, MDC._W. NR, and TRW, a document sucli--------."Ii =~ -~--asiM/onc~ -_.-._- ~"--------.,--- -_._- ---"---
r .._._

This Is the final Issue ol the Translunar Midcourse

Correcllonsand Lunar Orbltlnserllon Document. The mls.

slon dependent dala Unllts and traJeclory parameter values

are appUcable 10 the M·2 mission: the sequence ol evenls

data flow, and decision logic are applicable 10 the M.2 and
subsequent Apollo missions.
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~'-----------_ ......... .
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I. INTRODUCTION

. " .

p .. •

The following lexi and flow charts pre.enl Ihe guidance and navigation

evenlt and real-lime decisions which musl be made for Ihe H·Z (Apollo 13)

mission beginning from lran.lunar Injeclion cutof( Ihrough Ihe IUMr orbit

insertion maneuver.

The objeclive of Ihls reporl is 10 document a slandard acceplable

procedure (or verification and usage of navigation and guidance data

--!Egeth..t!!__~t~ _,!!!~nat~_£!..!>2.£.~P. P.!Q~_~.1\l!~Ji_ in.. th~ _~.~.nL9L~ prll!!~ry ,__ .,__

.....guidance. navigation, and control syste!:, (ONeS) failure. Routin~ P;~~:._.

dures and operations not pertinent to the objectives are omitted for the

sake of clarity.

The procedures shown in the charts reflect the following key ground

rules:

a) Mission Control Center· Houston MCC-H alwa s
~Vl as a maneuver targeting or rnidcourse

cor rectlons ana...fQ.t:_.._~~._

b) All burns (midcourse corrections and LOl) will use
the GNCS external li.V mode.

c) The service propulsion system (SPS) will be \!sed (or
all Mee's, 1f posSlble, in order to conserve reaction
control system (ReS) fuel. U'_._._n _

d) Aproperly operating Grics is mandatory for LOI.

Figure t·1 shows the sequence of events (or the translunar and lunar

orbit insertion phases o( the H-2 mission.

1- 1



., H

11}I I
I I IUT '[IIOD

I I
lAI.:loC~

GOiWH.O Tli

"'", ......'!-lI'. SEmJ,TIC_
CSIV\IIIIJ£Cf]OI
S·l" If'S hl~I;( """!IC~V[I

,~ ."-1 IrlLIG.
~ITI'TI) CSJIl 1)7 'AD
'lI ClSL~""". U'l(i.l,T/QI
S~.oT (.RT~ 'o'U1);[1 'HOTOGI,AP~' ..

PSI I"," IEAtIU

file·' MN';' 'J,~
~l t"J 'l.ll.IGI
UO (lHR!IAL tI
fIlCC-1 {Tl!.' kR)

" ..
PSI 1"'IJ RtALTGIl
'lO lH[~1lAl. tW
P40/.1 Sl'SiRCS T~JII.'ST

~cc·) {lOI - 12 HI}

" REST PE~IOO " E.~E ......
llll fAMIlllRllUIOI

£lIT llll

" "

RHT PlUCO
P5~ l~ RElllGN

"
UPll~K CS/II STATE ANe ~£$

'52 1"-1 IU.Al.IGIP52 11\1 UlLIGI '30 (nEI'IA!. ~,
'30 UTERNAL d '40/1' VS/IiCS THlWST

,""C·l Int. Z8 HI)

'" '" ClSLlINAI !j,I'I!GITlOI " liICc·' (lOI - S HI)

lJPl.INI cO!'! SY ANO VEl

uPOATE IN IilNVR PAD

P51 llllU ItEIUGI
'10 UlElMAl ~'. '40 !iPS THRUST

UPl.INl: cs... 5~ 11tO ~E5

75 CO,

Figure 1-1. Typical H-Z MissionSequence of Events
for TL MGG'. and LOI

1-2

)



r

Z. 1.01 GO!NO-Qo PROCEDURE

5 2

Prior 10 commltllng 10 Ihe lunar orbilln.erlion (LOll burn. Ihe

GNCS mu.t be evalualed 10 as, orlaln If It Is operallng within .peclfled
__". , ~ ••~.""'~~ .".~ .• _,".' "0. , • ' .~ .,._•• _

limit. (Reference II. Thh h accomplhhed In a manner .Imllar to the

Iranslunar InJecllon ITLl) go/no-go procedure. The lechnlque make. u.e

of velocity component strip charts during TLl and vector comparhon dis­

play data during Iranslunar coast. The .trlp chart data consht of a com­

parhon between the S-lVB and GNCS velocity component. In the Inerllal

measurement unit (IMU) coordinate.. Changes In trend. or a large grad­

ual divergence (beyond established IImll.) between the two .ystems are

cause to suspect that one system is malfunctioning. To determine the sys­

tem that is maUunctioning. orbital parameter differences between Manned

Space Flight NetWork IMSFNllracking and GNCS telemetry (TM) source.

are compared by use of the vector comparison display during translunar

coast. The strip chart parameters also include a comparison between the

S·lVB and ONeS inner. middle, and outer gimbal angles.

Z. I GNCS AND S-IVB IU TLI VELOCITY COMPARISONS

The velocity difference str~p charts consist of a set of {our charts

which Indicate the difference. betw~en th~ S·IVB IU and GNCS total (~Vcl

and component velocities (~X • .6. Y I AZ ) at any time during the TLI
c c" c

burn. The comparisons are made in IMU stable member coordinates after

the velocity vectors have been time synchronized. The velocity differences

will be forced to zero at the start of the TLI burn, and the gravitational

integral effects are removed in order to detect the sensed velocity errors.

Table 2-1 shows the acceptable strip chart limits at TLI cutoff that

are used to determine a satisfactory GNCS/IU cornparhon (Reference 3).

Z. Z GNeS AND MSFN ORBITAL PARAMETER COMPARISONS

During the translunar coast the orbital decision parameters are eval­

uated usi.og the vector comparison display data. Three comparisons

between the IMU navigated state and the MSFN tracked state are used to

determine the IMU performance during the TLI maneuver. For detecting

2- I
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•Table 2-1. Typical LOI Oo/no-go Llmlla

Decltlon
Parameter Definition Limit

A~<l
24 1I/.ec*.

AX Saturn- .pacec rall O!<N vela cit)" 69 1I/sec.*.. ' dU(erences In IMU stable
66 ft/sec *.Ay

member coordinates
AZ' 66 1I/sec.*,
Aa MSFN-O!<N difference In semi- 130 x 106 ft'"

major axis

AYO MSFN-O!<N argument o( perigee 0.15 deg•••
Aw MSFN-O!<N dlUerence In nodal 30 (t/sec •••

max crossrange velocity

*These numbers may be revised prior to the mission.
••Based on RSS value of

I) IU: 30' hardware errors TLI, and 30 constant gyro driCt
and errors at EOI since lift-off to TLI

Z) IMU: 90 TLI. 30 constant gyro drift since IMU realign in
EPO at 54 min OET

***Based on RSS value of (2) above, that is IMU uncertainties
only.

z-z

)

---'-------"-- ~~
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L-

veloclly magnllude erroro, reoullingfrom In-plane acceleromeler biases

or ocale faclors, Ihe semlmajor axis difference (Aal Is used. For delecl­

Ing In-plane erroro Ihal are normal 10 Ihe Ihrusllng dlrecllon. resuillng

from Y-axis gyro drifts, Ihe dUference In argumenl of perigee, .

(Ato = to' to I Is used (Figure 2-1). Croll range erroro are delecled by

a parameler relaled 10 Ihe wedge angle (Aw) belween Ihe IMU esllmaled

TLl conic plane and MSFN Iracked TLl conic plane. The wedge ~ngle (Awl

will provide a clear indication of cross range velocity errors that occur

during Ihe TLI maneuver. The parameler dhplayed 10 Ihe esllmated nodal

cross range velocity (Awmax) between the IMU esllmated TLI plane and
the MSFN tracked TLI plane.

The LOI no-go limits for the At O and Awmax orbital decision param­

eters are O. 15 degree and 30 feet per second, respectively (Table 2.1).

The Aa no-go limit Is a function of the ground elapsed time (g. e. t. I of TLl

ignition (Reference 3). A typical oo·go value for .6.a for the nominalliCt­
off time is 130 million feet.

2.3 WI GO/NO-GO PROCEDURE

The LOI go/no-go procedure consists of the following steps:

a) Decision parameter diCCerences are revised to reflect
initial misalignments determined in earth parking orbit
(input required from gimbal angle strip charts pro­
cessed during parking orbit) (Reference 4).

b) MCC-H will calculate and evaluate accelerometer bias
observed during the coasting period. An accelerom­
eter bias compensation is updated if the bias error is
greater than 0.003 foot pe r second squared. LOI is
no-go when the bias error is greater than o. 164 foot
per second squared (Reference 5). The v.,locity strip
charts and orbital parameter limits are revised to
compensate for the known bias.

c) MCC-H will calculate and evaluate constant gyro drift
error~ and initial misalignments calculated during
translunar coast. U this error indicates that a GNCS
failure is evident (greater than 1.5 degrees per hour).
then LOI is no-go (Reference 5). If the drift error is
greater than 0.045 degree per hour. then a gyro com­
pensation update is performed (Reference 5). The
calculated drift values are used to update orbital
pat'ameters and strip chart limits.

2- 3
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dl ACter the .trlp chart velocity component limit. have
been compeneated Cor known accelerometer blue.,
platCorm misalignment., and gyro drift. (If nece.·
eary), the data are e"amlned to determine If the
allowable limit. have been violated and If deClnlte trend
change. e"lst. If the data are acceptable, then WI Is
go at this point. If the data limit. are e"ceeded or
unCavorable trend change. e"lst, then a temporary LOI
no-go Is given until the orbital ded.lon parametere
have been Investlgated.

e) It Is not nec.s.ary Cor MCC·H to evaluate the orbital
decision parameters (dlCCerence. between ONCS and
MSFN tracking) unless the .trlp chart limit. are vio­
lated. These parameter dlfCerence. will be revised to
Include the eHeets oC Inlllal platCorm misalignment
(ReCerence 4). IC the orbital parameter dlCCerences
are within limits, then WI Is go at this point.

f) The vector comparison display will be used to evaluate
GNC~ performance after each midcourse correction is
completed. If the trajectory is determined to have been
significantly perturbed and if it is determined that a
GNCS failure is the cause of the perturbation. then LO!
is no-go.

A program which generates the required velocity and gimbal angle

strip charts has been developed {or use in the.RTCC (Reference 7). S-IVB

and GNeS velocity vectors and gimbal angles will be processed. and strip

charts generated. The strip charts will be used to rnake the LOI go/no-go

decision.

If a ground station or ship is in sight of the TLI burn, then the

required data can be obtained real time. If Apollo Range Instrumentation

Aircraft (ARIA) ~ata must be used, then they will be transmitted sometime

during translunar coast. If all TLI data are lost, LOI is go if all other

checks are favorable. Flight Support Division (FSD) can process the

requested data within 3 hours after they are received. The ARIA data will

probably be available to the RTCC within It hours after TLI. This will

provide adequate time to process and analyze the results in order to make

the LOI go/no-go decision.

2- S
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2.4 S·IVII EVASIVE MANEUVER AFTER TDU;

eSM/LM ejection from the S·IVB occurs al TJ.I cutoff t 1.20. The

eSM initiates a ReS 'X 4-Jetlranslatlon maintaining its altitude. lhe eSM

translation is terminated at a AV ;:; 0.4 foot per second. The minimum

total ejection AV :: 1.2 (eet per second (0.8 (oat per second for the spring
actuator).

The eSM/LM views the S-IVB through the hat,-h window after eJec­

tion. The initial vieWing attitude aligns the eSM/LM in the backup ReS

evasive attitude. This attitude depends em the launch day (Reference 7).

At the tinlc of the S.. IVa APS evasive maneuver. the S.. IVB is located

approximately 500 {eet south, 600 feet ahead, and 50 feet below the eSM/

LM at a range of approximately 800 feet. The ground sends a command to

the S~IVB to orient at 0.3 degree per second to the APS evaaivc maneuver

attitude. The gimbal angles at the maneuver attitude are pitch

(IGA) = 49.6 degrees, yaw (MGA) = 40. 0 degrees, and roll

(DGA) = 177.9 degrees. The S-IVB maneuvers out of plane toward the

south Iron) the CSM/LM. In the event the S·IYB APS evasive maneuver

fails, the CSM will perform a 6-second tX 4·jet ReS backup evasive

maneuver in the S-IVB viewing attitude. The S-IYB APS evasive maneuver

is terminated after an 80·second burn and a AV ;; 9.3 feet per second.

Approximately 500 seconds later, the S-IVB initiates the maneuver to

lunar impact burn attitude anrl maintains this attitude.

2-6
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3. TRANSLUNAR MJDCOURSE PHlI.OSOPHY

The purpose of Iranslunar (TL) mldcourse corrections Is 10 maintain

the SC as close •. s pracllcal 10 Ihe nomlnallrajeclory. During the Irans­

lunar phase Ihe SC will probably never be exacUy on a free return trajec­

lory Intersecllng the entry corridor. This Is because Ihe Manned Space

Flight Network uncerlalnly In esUm.tlng the vehlclc slate veclor can prop- .

agale Inlo enlry flIghl-palh angles which lie far outside Ihe entry corrl.

dor. Since the lunar module (LM) provides a perlect communications

back'Jp and also an SPS backup, it is not imperative that the se always be
on a Cree return trajectory within the entry corridor. This allows the

MCC lechnlques 10 be designed so that Ihe MCC RCS propellant expendl.

ture is minimal and also allows a more flexible MeC technique.

Four TL-MCC's arc planned for the H -2 mission. The scheduled

times are '!LI t 9, TLI + 28, LOI ·22, and LOI - 5 hours. The disper­

sions in perilune from 60 nautical miles, due to a l-foot-per-second veloc­

ity error arc shown in Table 3-1.

Table 3 -I. *Perilune Altitude Sensitivity for Mission H·2

Most Sensitive
Time Horizontal Out of rlane Radial Direction
...lli!:l (n milfpsl en mi fps) (n milfpsl (n milfps)

279*-TLI 277.087 -0. 658 36. 319

**TLI + 28 4.22) -8.361 25. 755 26 (after hybrid
maneuver)

---LOJ - 22 O. 154 -3.948 9.845 10
8***LOJ - 5 2.791 O. 024 0.096 2.

*nata provided by MPAD - Lunar Mission Analysis Branch (References 8
and 9)

**Along the velocity vector

***Along the local horizontal (nominally referenced)

3-1



The Ihree.slgma MSt'N veloclly uncerlalnlie. Cor Ihe Iran.lunar

coast phase arc shown in Table )·2.

A typical trajectory and proc;ed\"ral profile (or the transJunar MeC

and navigalion sighlings i••hown In Figure 3-1. The Iypical MGG

sequence is shown tn Figure 3 ·2.

There arc three modes oC targeting available (or the 11·2 mission

(Reference 101: Ihe firslls Ihe be.1 adaplive path (IlAP). FR or Nt'R. The

objective of this mode of targeting is to reduce the sum of the ~VIS

required {or the translunar MeC's and the LOI maneuver to the smallest

possible value which will result in the desired lunar orbit. Generally this

mode will not be used beyond TLI t 30 hours {or the following reason: As

the MeC nlaneuver point gets close to LOl, the tlV tradeoff betWeen per·

forming a given plane change at a MeC or at 1...01 becomes significant can·

ccrning translunar phase AV optimizations~ that is, a given plane change

AV at a MCC can reduce the plane change tJJ.V at LOI by an ever increasing

amount as the lunar sphere of influence is approached. Therefore, the

HAP mode of targeting (which recognizes the small potential AV savings)

would produc.e the corre~pondingplane change tradeoff. Thus the situation

could occur where the BAP MeC ti.V would begin growing in magnitude

even though the previous MCC had been executed perfectly. The situation

would be comparable to preplanning a nominal mulit-impulse translunar

MCC/LOI combination to save tJJ.V. Since AV is not that critical and

because it is operationally desirable to freeze the nominal flight profile as

early as possible, the BAP mode for the latter portion of the translunar

coast is generally undesirable.

Beyond the scheduled time of MCC-2, nodal (XYZ and T) MeC tar·

geting is normally used. This type of MCC is targeted for the position

vector and time of arrival at the nominal node between the lunar approach

hyperbolic plane and the desired lunar orbit plane, thus providing a direct

coupling with the desired lunar orbit. These nominal nodal targeting

objectives are defined by the last previous BAP targeting com.putation;

i. c., if the previous BAP M~C were executed perfectly (including naviga­

tion), the actual l:J.V required for a subsequent nodal targeted MGG ",'auld

be zero.

3-2
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Table 3-2. Typical Three -Sigma Uncertainty of MSFN
Velocity Measurement (Reference II)

Time from TLI Velocity Uncertainties
Cutoff lhr) (Ips)

M v+ w+
2.00 0.42 1.02 2.85

6.00 O. 24 0.81 1.59
10.00 0.18 0.72 1.20

15.00 0.15 0.63 0.96

20.00 O. 12 0.51 0.72

25.00 0.22 0.24 0.69

30.00 0.09 0.39 0.54

35.00 0.09 0.36 0.50

40.00 0.09 0.33 0.45

45.00 0.01 0.28 0.36

50.00 0.06 0.24 0.J2
\ 55.00" 0.06 0.20 O. 28

60. 00" 0.14 0.06 0.14

65.00" O. 15 0.06 0.33

•(, .. MSfN Ihree-slgma uMertalnty In radial dlrHtlon.
v.. MS1'N three -sigma uncertainty In horls.onlal direction.
ok Is MSrN three-,Igma uncerlalnly In out-ol-pl.ne direction... .u. V. and ok are In moon relerence (earlh relerence prior to 55 houre).

(
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A Ihlrd mode of Mee largellng, free- rplurn flyby, Is available

throughout the translunar coast phase as a backup to the BAP and nodal

modes. Its largel objecllves are a specified perilune altitude and latitude

and earth return flight Apath angle for a circumlunar trajectory. The pri 4

mary disadvantage of using this third mode {or Mec lor a lun~r orbit mts·

sian is Ihal II Is decoupled from any speclfted or desired lunar orbll

orienlatlon. thus, It will normally be used for largetlng a flyby alternale

misslon. tn the unlikely event the flyby mode were used due to some con­

tingency, II would sllll be possible to targel and execule a LOI maneuver

based on Ihe re.ulllng lunar approach lrajectory If Ihe perilune altitude h..

been kept rea.onably low, buill may be ltnpos.lble 10 oblaln Ihe exacl

desired lunar orbit orlenlatlon.

3. I tRANSLUNAR MIDeOURSE CORRECTIONS

the Iranslunar MCC execullon <tllerla are as follows:

al SI'S MCC's should be greater Ihan 3 .econds. (Ills
undesirallie to pHform an SI'S burn less lhan 3 .ec·
onds '" 20 feel per .econdl. I

bl MCC·2 and MCC·4 are preferred execution I>0lnls.

cl Con.lderlng th. abov., Ih. first ml.dcoursew~1Ibe
delayed until MCC·2 If co, I Is hOI prohlbillve ,

dl Yor a nomlMI hybrid Dllulon, Ihe maMUver 10 go
nonfree return will b. executed al MCC ·2.

3.2 nRST AND SECOND MIIlCOURSE CORRECTIONS

MCC.I, II I>.rforltled, or MCC.2 will b. ex..uled with Ihe 51'S. The

VOX burn residual will be Irlmmed 10 O. 2 fool per .econd II VOX -: 2 leel

I>er .econd, burn re.ldua" greater Ihan 2 leel per second will nol be

Irltllmcd, The VOV and VOZ burn residua" will not be Irlmmed. It Is

°lleal'lIllle decision bUN1 on SI'S reserves

, c
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desirable to trim the VOX burn residual during the MGG-I or MGG-l

opprotunlties. because these should result in an ReS maneuver (t. e., < .3

feet per second) for MGG- 3 or MGG·4.

3.) THIRD MIOGOURSf; GORRf;GTION

The third mldcourse Is scheduled for LOI - II hours. I( MGG-) l>.V

Is such th.tthe resulting l>.V for MGG·4 Is not prohibitive. MGG·) Is not

executed. I( MGC·) Is required. the 31'S burn residuals are trimmed

using the ..me crlterl. as for MGC·I .nd MCC·l. This should ensure

th.t MGC·4 will not be required bec.use post MCC·) resldu.1 errors In

perlcynthl.n .Illlude will nominally be corrected during the LOI m.neuver.

3.4 t'OURTH MIOGOURSf; CORRf;CTION

The dedalon to do MCC·4 Is coupled with LOlln th.tllthe nod.1 .nd

perlcynthl.n .Illlude errors c.n be corrected within the LOlt.rgetlng con'

str.lnts then MeC·4 will not be done. Nominally. any predicted nodal .nd

perlcynthlan altitude deviations at MeC·4 will be small enough to b. null.d

during LOt. In the unltkely evenl Ihat Ihls Is flol Ih. c.... Ihe Mee· 4 will

be performed at LOI. S hours. A MeC AV of Ie .. than 3 feet por s.cond

which cannol be correcled during LOI will be nulled 10 within I fool per

lecond ullng Ihe ReS. NodAl tArgeting (XYZ and 'f) Is uud for this cor·

rectlon. but generally only lh. X componenl, Which adJultl hp, Is uI.d.

I( Ihe Mec AV II greller than 3 le.1 per lecond, a 51'S b,jtn may b.

reqUired and Ihe residuals will be trltnmed 10 within I fool pe r lecond.
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4. TRANSLUNAR NAVIGATION

p

(

The basic ground rule Is Cor MCC-H to provide the navigation func­

tion as long as communicatIon" are maintained with the SC. Nominally,

the MCC's will be perCormed under GNCS control using the extern'" 6.V
mode and the MSFN state vector. The typical program sequence around

a MCC will be PS2. P27. and P30/P40 (411. as shown In Figure 3·2. The
MSFN vector and external 6.V target parameter are upllnkcd to the CMc

prior to each MCC. The vector Is placed In the CSM slot •• and the ground
then transCe.. the vector 'rom the CSM slots to the LM slots prior to the

burn In. order to store an unaltered state vector onboard. ACter the burn,
the CMP trans'e.. the CSM vector to the LM slots to keep a redundant

state vector onboard.

In addition to the maneuver target loads, state vector. and CMC
PAD data sent to the SC by the ground, block data maneuver PAD's will
also be sent. In the unltkely event that communlcallon Ie lost In bolh the

CSM and LM. these data wl\l be used Cor an aborl. IC an abort Ie required,
PH wl\l be selected Arter the burn, the W-matrlx Initialised, and navlga.

tlon slghtlngs taken to perCorm lhe backup naVigation Cunctlon required Cor
subsequent MCC's.

Star/carlh horlson slghtlngs scheduled st TLI +3. S hours are
evalusted by MCC -II to determl". the carth horlson blu (6.111 above the

rUcher el\lpsold used by the CMC. Such slghtlngs are I<heduled again

st TLI +28. S hours, when 6.11 errors are negligible, 10 establish sexlant
blaHS, IC uiy, that may have InCluenced the earlier delerhllnatlon of 6.11.

IC the 6.H determined frOm the lirst slghtlngs II dltterenl 'rohl that In the
~-lllel1lory of Ihe CMC by Illore Ihan S, 0 KM, then the All will be updated

In the CMC. 'this uplink will occur AI a"proxlt1l1tely 'tLl +55, S hours,
A summary of the tuulunar naVigation sighting schedule II shown In

'table 4- I,

4- I
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Table 4 -I. Typical Navigation Sighting Schedule*

Time 01
Sightlngs Stars Used Numbe.r 01(hr: min) Sightlngs (Octal) Marks

TLl + l:lO Star /Earth H, 221, 125, S sets 01 3
Horhon 40, 42

TLI + 28:30 Star/Earth 37, 221, 21 Z, S sets 01 3
Horhon 44, 77

*Relerence 12



5. DISCUSSION OF FLOW DIAGRAMS

The Collowing checks and procedures are Collowed lor the transiunar
mldcourse and lunar orbit Insertion phases oC the M.2 mission.

5. I IMU ALIONMENTS AND REFSMMAT'S

Periodic IMU alignments (1'52) to particular REF:JMMAT's wl1l be
made during the M·2 mission. All realignments are verUled with auto
optics to a third star. IC at any time the gyro torquing angles Indicate an
o((·nomlnaIIMU drlCl, Crequent P52's are perCormed to assess the drill
perCormance. The LOI rio'go compensated gyro drllillmil has been set
at I. 5 degrees per hour (ReCerence 5). That Is, the ONCS wl1l be con'
sldered Called IC the IMU drill shilts more than I. 5 degrees per hour Crom
the Inllial compensated value. The compensation is updated IC the drill
rate exceeds O. OH degree per hour (Relerence 51.

OIlCerent RE}'SMMAT's will be used throughout the tran,lunar coa,t
phase. The launch pad alignment RE}"SMMAT will be used Cor launch,
TLI, arid TO!E. 'the PTC I1.EFSMMAT will be uoed Cor mldcourse cor.
rectIons I through 4. Thlo REFSMMA't places the X·axl, In the ecliptic
plane and perpendicular to the earth'moon line projection In the ecliptic
pla"e althe average time oC tran.earth InjectIon Cor the lnonthly launch
window and ulmuth range. The Z·axl. 10 then perpendicular to the eclip'
tIc and directed .outh. At the beginning oC the PTC mode, during TLC,
the 'pacecra!t will maneuver al an FOAl dl.play ot roll 0 degree, pilch
90 degreu, and yaw 0 degree.

ICthe mlddie glh,bal angle I. predlcled to be > 60 degrees tor a par.
ticular "ICC maneuver, a preterred I1.EFSMMAT wlll be ultd. The plat.
tothl I. realigned 10 Ihe prc I1.E}"SMMAT atter MCC·I to MCC·3. Atler
"ICC ·4, the plattorm Is aligned 10 the aligned 10 Ihe landing .lte
I1.EFSMMAT. The landing .lIe I1.EFSMMAT at the tIh,e ot lunar landing I.
dellned as toliOW'1

• X•",Is 10 along the poSItive lunar radlu. vHtor Ihrough
Ihe landing .lte•.

I
~

I
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• Z·a,,1s Is In the direction ol flight parallel to the CSM
orbital plane and perpendicular to the X-axis.

• Y-axis completes the right-handed systenl.

This REFSMMAT will be computed and upllnked by MCC·H a(ter MCC.4
(or uSc In the CSM.

5.l PIPA BIAS UPDATE

Periodic checks are made by MCC·H o( the PlpA bias values. A

change o( 0.003 (oot per .• econd per second In any ",10 requires .n update

(ReCerence 5). The LOI no-go limit on the PIPA bias Is 0.166 loot per

second per second (Re(eronce 5). That Is, the ONeS will be considered

(ailed IC the plPA bi.s shilts more than O. 166 (oot per second lromthe
Initl.1 compensation.

5.3 BLOCK DATA MESSAOES

}'requent block d.l. PAD ,nessages are voiced 10 the crew. These
dal. conslsl o( Ihe M.neuver p.d (r.ble 5-1) .nd the PH block data

(T.ble Sol). The nomln.1 block d.l. limes are shown In T.ble 5-3. The

e><lern.1 AV lolutlons .nd PH liral guellea during TLC ..suit In dlrecl

(nonclrcuhllunar) lrajeclorles with I.ndlng In the prlm.ry are•. The

1..01 • 5 hours .bortls largeled (or. circumlunar Ir'jeclory 10 Ihe prlm.ry

contlngeney bndlng .rea (eLM .nd with. perilune belween 60 .nd

1S00 n.utlc.1 ,nllel. The perilune f l hours lolutlon II I.rgeled (or Ihe
easlell relurn 10 • CLA.

During earlh orbit, Iwo .borl hl.neuver pAD'1 will be voiced 10 Ihe

crew. the (Irsl will be .n .borl (or tLl • 90 mlnules 10 be uled (or SC

lyslelllS probleml. the lecond will b. Ih. (lUI I'H PAD 10 be uled (or

Ihe LOI • 8 hour .bort. Illock data lolutlons .nd PH PAD', will b.

corrected (or lrajeclory Updates .. re/lulred. Illoek dala (or born attllude

gltl1b.1 .nglu will be (or Ihe appropriate It£tllMMAt. 1he"le 01 loll

01 cOllllnunlratlon, while Ihe eMC hOI olher Ihan Ihe nohllnallt£)'SMMAr

will only relullin the PAl> glnlbal angle dat. lor Inonilorlng 061 being

usable. the AV d.t••re nol .I/ecled ,Inee they .re In lor.' vertlc.1
(1'10' coordlnalel.

& &
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Table S·" Maneuver Pad

2

COMMENTS

R
AlIGN

__ - _

PAlION-_-_--­

VAlION-_-_--

UllAOE- _

HORIZON!WINDOW---

OTHU - _

MANEUYER
PURPOSE
PROP/OUID

+ WT N47

0 0 PWM N48
0 0 YWM

+ 0 0 HRS GETI
+ 0 0 0 MIN N33
+ 0 SEe

AYX N91
AYy
AYZ

X X X R
X X X P
X X x y

+
"

A NH
Hp

• AYT

X X X aT
X Aye

x x x x SXTS
+ 0 m

.~

UN• 0 0
ass --

X X X
X X SPA
X X X SXP

0 LAT N61

- I~ . LONO

• RTOO

• VIO EMS.
OET .OSO
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Table 5·1. Maneuver Pad (Continued'

• PURPOSE Is the name o( the maneuver.
• PROP/aUlD I.• propulsion and guidance .elected.

• WT Is the CSM 'velght (lb).
• pTRIM and YTRIM are re.pectlvely the pitch and yaw trim 51'S gimbal

angles (deg',

• OE'f1 Is the tln,e o( Ignition.
• AV". AV).• AV. are the 1'30 velocity to the gained com.,on.nls In local

vertical coordinate. «(p.).
• R. 1', Yare the IMU gimbal angle. at the time o( Ignition (or the

maneuver (deg).
• IIA. lip are the altitude o( apogee and perigee, re.pectlvely above

launch pad radius (n mI).

• AVT Is the'totallnertlal velocity Impulse «(1'.).

• nT Is the burn time (mln,•• c).
• AVC Is the EMS AV COUl1ter Input.
• RALlON, 1'ALION. YALION are the backup ODe or IMU allgnm.l1t

angle.,

• sX'fS Is the ••"tant star to be used (or the se Ignition attitude check,
• S}''f Is th. sextant sha(t angle tor the SXTS (deg).

• TRN Is the se"tant trunnion angle tor Ihe SXtS (deg',
• nss h the bor••lght Olar tor an Ignition altllud. check using Ihe COAS

(a. required).

• SPA h the nss "Itch angle (COAS) (as required) (deg),
o SXP Is the nss X ,,08ll10n (COAS) (as required) (degl,

o LAT and LONO "e. r.."ecllvely. the IUltude and longitude at the
re.ultant landIng "oint tollowlng the abort ",aneUVer (degl,

o RtllO Is the range to go tor Ihe entry hlantuver (EMS) (n ",I).

o via h the EMS Inertial veloclly tor the entry "'aneUver (tp'l.
o OET. OS g IS Ihe ..tllllUt,d ground elapsed time to the 0,05 g level 01

a«eleutlon tor the enlry "'aneuver (hr:mlnllec).

The laU tlve lIem' ot the maneuver PAD are elSenUally an abbre'
vlated entry pAD.

i..
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Table 5·l. Pl7 PAD

P37 BLOCK DATA

OEll (HR:MINJ

X X l>VT

X X LONG
GETAMK (HR:MIN)
GETI (HR:MIN)

X X l>VT

X X LONG
GETAMK (HR:MIN)
OtT! (HR:MIN)

X X l>VT

X X LONG

IOH4OOK (HR:MIN)
GETI (HR:MIN)

X X l>Vf

X X LONG
GETlMK (HR:MIN)
OETI (HR:MIN)

X X l>Vf

X X LONG
OEflMK (HR:MIN)
Om (HR:MIN)

X X l>Vf

X X ,LONO

OETlM~ (HR:MINI
,ow (HR:MIN

X X tNf

X X LONO

OETlM~ (HR:MIN)

. .
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Table 5 .. 3. Translunar Coast and Lunar Phase Block Da.ta

Time of GETlof
Block Data Abort

Transmission Description of Maneuver
(hr :min, g. e. t. ) Block nata (hr :min. g. e .. t. )

1 :40 TLI + 90 MIN 4:11
LO + 8 8:00

6:00 LO + 15 (W/O MCC-l) 15:00

12:30 LO + 25 25:00
LO + 35 (W IMCC-2) 35:00
LO + 45 45:00
LO + 60 60:00~

•
<:- 35:00 LOI - 5 FLYBY 72:25

71:10 PC + 2 (W IMCC-4) 79:28

74:30 TEll (W ILOI) 79:41
TEI4 (W 10 DOl) 86:08

TYP"
of Data.

Transmitted

Compl"te P30 Pad"
P37 Pad....

Compl"te P30 Pad

Partial P30 Pad......

j

Return
Mod"

Direct to AOL
Direct to MPL

Circumlunar to MPL

Direct to MPL

Circumlunar to MPL

t

• I

~ I
l ,

,.
See Table 5-1.

to";.
See Table 5-2 (spacecraft weight and SPS engine pitch-and yaw-trim. angles added as a comment of first

pad).

to.toll:·Only CETI. AVx • /j,.Vy '. AVz • pitch-gimbal angle will be provided (spacecraft weight and SPS engine
pitch- and yaw-trim angles provided on first pad and updated only if necessary).

I
'"-" -
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5." SCS DRIFT CHECK

PerIodically Ihe IMU gimbal angles are compared 10 Ihe SCS gimbal

angles (ODC/IlMAO's l). The allowable IImll (Ihree-slgma) for Ihe SCS

drl!l check II 10 degrees per hour for all axeo (Reference \0). It Ihe ODC

fall. 10 Indicate Ihe IMU allllude wllhln Ihe allowable IImll•• Ihe SCS I.

swllched 10 Ihe backup rale mode (IlMAO's \) and Ihe ODC Is realigned to

Ihe IMU. The lesl II Ihen rep.' 'ed. It Ihe SCS FOAl (using IlMAO'. \)

doe. nol Indlcale Ihe allowable SCS drlfl, Ihen Ihe ODC Is probably operal­

Ing grealer Ihan Ihree sigma (Ihe IMU could be drlfllng). It Ihe ODC drift

II wllhln Ihe dala acceplance IImll. after swllchlng 10 IlMAO'. \,

IlMAO'. l are operallng grealer Ihan Ihree sigma. The BMAO/ODC

failure IImll is 15 degree. per hour. Afler Ihe lesl, Ihe ODC (if opera­

1I0nal) Is aligned periodically 10 Ihe IMU.

5.5 EMS TEST

Nominally, before MeC's, a test of the EMS AV counter and accel­

erometer bias is made (AOH procedures). The accele lometer bias failure

limit is O. I foot per second per second (Reference 11). Failure to pass

the test prior to the LOI burn does not inhibit LOI. since time is used to

manually backup SPS cutoff and is also adequate to backup the SPS cutoff

for TEl.

5.6 CMC UPDA TES

The CMC updat,e program, PZ7. is selected by either :MCC~H or the

crew to update the CMC The update may include state vectors, target

parameters, PIP,A. and IRIO biases, REFSMMAT's. etc. In between

maneuvers, the state vector is uplinked to the CMC CSM slots at the

discretion of MCC~H. The PIPA and IRIG bias are uplinked whenever

their allowable limits are exceeded. The REFSMMAT's that are uplinked

are described in Section 5.4. The REFSMMAT is always sent up last

whenever the CMC is updated with other data to ensure a correct

REFSMMAT in the CMC, as other uplinked data. may result in destroying

Ihe REFSMMAT within the CMC.

5-7
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5.1 I'REDURN PROCEDURES FOR ALL SCHEDULED DURNS

This secllon <lescribes Ih. Iyplcal preburtl acllvllies tor sche<lule<l

GNCS conlrolle<llranslallonal maneuvers. The firsl acllvlly cons Isis 0/

per/ormlng an lMU allgnmenl (P5Z). The allgnmenl Is checke<l using aulo­

optics 10 a Ihlr<l slar. Following Ihe CMC up<lale (PZ11 an<llhe maneuver

PAD message, Ihe Exlernal AY Program Is exerclse<l. The Ihrusl pro­

gram Is ellher P40 or P4..

The crew monllors Ihe CMC aulo maneuver 10 Ihe burn altitude and

adjusls Ihe ouler gimbal angle 10 Ihe PAD value. The SFT an<l TRN angles

are sello PAD values. It the SXTS Is in Ihe SXT roy Ihen Ihe oNcs is

go. It Ihe SXTS Is nolin the SXT roy, Ihen Ihe aulo optics Is used 10

drive Ihe SXT 10 Ihe SXTS WAD dalal. The TRN angle musllndicale Ihe

PAD value wilhin I degree In or<ler 10 proceed with Ihe GNCS. For 1..01

if this t -degree optics check is failed, 1.01 is no-go. For Meers however,

the burn is executed with the 5CS if the ONeS problem cannot be resolved.

A/IeI' Ihe ignilion allliude is veritied, Ihe GDC is aligned 100-0-0

{or MeG's and to 0- 180-0 for LOI burn. The BMAO's 1 are then uncaged.

The crew will monitor these attitude references to determine if the SC is

drifting while under GNCS control. The SC is drifting if both the 5CB atti­

tude references indicate a drift greater than their respective three- sigma

limits in any axis (5eS/GDG • 10 degrees per hour; BMAG's 1 • 1. 7

degrees per hour).

The preburn sequence of events lor the LOl burns are shown in

Figure 5-1. The. typical sequence for a MeC has been shown previously

in Figure 3·2.

5.8 1..01 BURN MONITOR

This section presents the burn monitor functions during the GNCS

controlled LOl burn of the H-l mission. Data limits included in these

charts are supplied by MPAD (Reference i2).

It is assumed that certain undetected double failures (both sets of

BMAG's or one of the BMAG sets and the primary control system) will

5-8
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Figure 5-1. Typical LOI to DOl Sequence of Events
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not occur during a .Ingle SPS burn. Thl. mean. that If the IlMAG'. dh­

play dl.agree. the one that 10 not nominal h assumed to be faned. If

b"th DMAG's displays are off-nominal, the GNCS I. assumed failed.

Since pre.enlly LOlls not considered no-go If either IlMAG'. I or

DMAG's Z faU prior to the burn, both SCS attitude dhplays may not be

avanable for LOI monitoring. If either SCS altitude dl.play Is not avail.

able. the crew will attempt to use an external reference (stars) as a gross
third vote, If required.

For confirmed rates greater than 10 degrees per second, the com.

mander (CDRI will turn the translation hand conlroller clockwise. This

places the secondary attitude control system (SCS rate eMO mode) in

command. It also places the secondary SPS actuator :system in the TVC

control loop and activates the automatic EMS AV cutoff. The AV counter

must be Initialized with AVC from the PAD data which are compalible with
an BeS auto mode burn.

The vehicle attitudes are also monitored by the CDR and CMP. If

any attitude errors exceed the allowable limit and are confirmed, the

backup mode is selected. The allowable attitude limit is computed by

MCC-H and will not exceed to degrees excluding the start transient. This

limit was chosen to insure a sale perilune.

If an SPS burn is ta.ken over, control may be switched to SCS auto

for completion if the peak attitude excursion is under 17 degrees. If the

peak attitude excursion exceeds t 7 degrees, the B~!AG's j are no longer

properly aligned, .so the burn must be completed with SCS RATE CMD

control. With this control mode the SCS FDAI total attitude will be used

for steering.

The advantages of continuing the LOI burn under SCS control when

a ONCS problem is detected are:

a) It would be a standard procedure regardless of the
type of GNCS problem.

b) It would provide as much time as needed to analyze
and verify the failure.

a •
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cl A premature shutdown during the f1ut half of the LOI
burn could require a tlme·crltlcal,burn since the abort
AV would be Increasing contlnoully with time.

d) The aborl block data would be more nearly applicable.

e) The nominal tlmeUne would be maintained so that
.ome or all of Ihe lunar orbit million objectives
could be attained If the O&N could be fi~ed.

The ONCS controlled LOI oorn will be shut down manually when Ihe

burn time e~ceed. BT t 10 .econd.. This limit wa. chosen to make It

e~tremelyprobable that Ihe ONCS would automatically shut down the SPS

If It Is going to, and also to a..ure a Slfe perilune.

5.9 SPS MIDCOURSE CORRECTION BURN MONITOR

The SPS MCC burn monitoring procedures are similar to those

described for the LOI burn monitor (Section 5.8). In Ihe evenllhe attitude

or rate lirriits (to degrees and to degrees per second excluding the starting

transient) are exceeded. the procedure is to switch to SCS RATE CMD

mode, damp rates, and terminate the burn. The SPS MCC burns will

( also be manually terminated if the nominal burn time (PAD data) is

exceeded by 1 second.

5.10 ABORT (BLOCK DATA) BURN MONITOR

The block data abort burn monitoring procedures are very similar

to those described {or the LOt burn monitor (Section S. 8). In the event

the attitude or rate limits (10 degrees and 10 degrees per second excluding

the starting transient) are exceeded. the procedure is to switch to sec
RATE CMD mode and damp rates. The burn, may then be completed with

either the SCS RATE CMD mode or the' SCS AUTO mode. Before the burn•

.6VC will be slewed into the EMS .6V counter. The burn will be termi­

nated manually if the EMS AV counter reads less than -70 feet per second

and the burn time is greater than BT + 10 seconds.

For TEll and 4 block data maneuvers (no communications). the burn

will be terminated if the EMS 6.V counter reads ~ess than -40 feet per

second and the burn time is greater than BT + 10 seconds.
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