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1. PUlll'Otl 

'ftlta clocant clefiM• the apacecraft detailed t•t •J•cti ... for 
aiNion Apollo s (204/Ul-l). The detailed teat objecti,,.• ca11ply wt.ell 

the Apollo Flipt Miaaion Aaaipaeata Di~ectin (laference 1). 

'ftle MiHiOD lequireaeota cloc..-nt provi.de• aiHiOD plamailll a:upport 

to inaure the iapleMDtation and accoapliahaent of the priaar, aiNioa 

intent (LM developaent). 

'ftlia docuaent will be the control docuaent for all apacecraft a!Niaa 

requireaent• used in ala•ion plannina and ha• praceclenca ewer all NIC or 
contractor docuaent• in tbi• rupect. 

-,. . • 1' .. 
... _....._,, 
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2. IlmlODUCrtON 

1'be priaary purpoae of the Apollo 5 Lil MiHion 1• to fUabt wrifJ 
the uceot and deacent propulaion aubayateaa and the fire-iD-tbe-hol• 

(FITB) abort naatna for aanned flight. 

2.1 NISSICII PUIPOS! 

Thia la a 8 tr.,e ■iHion (Ref. 4) . The evaluation of the S-IVB/IU 

:,erfonance la an MSFC reaponaibility. 

2.2 TI.ICBT MISSION DESCRIPTIOII 

flle Apollo 5 Ml9aion ucent-to-orbit will include the S-lB boost 

pMae •d the S-IVB orbit inaertion bum. The nose cone will be jetti

aoned ahortly after orbital iDsertion. 

During the firat orbit after SI.A deployment, the LH will separate 

owr Carnervon fr011 the S-IVB using the LM RCS. The launch vehicle 

~and and control capability will be exerciaed after LM aeparation. 

Approxiaately two and one half revolutions into the mission, the 

first DPS burn aiaulating the UM DOI, will be aade in-plane. 

One half r~olution later, the second DPS buro sfllulating the LUf 

braking and aanual throttling, will be aade out-of-plane. Thia burn enda 

in a FITH abort ataging and the first APS bum. 

Near the end of the fourth revolution, the aecond APS burn ataula

Ung the LLM duty cycle, will be perfonaed out-of-plane and contiDued to 

propellant depletion. 

2.3 Df./INITIONS 

1) Categoriea of objective• u atated in aectiona 3 8Dd 4 are baaed 
on the follovina definittcma: 

a) Mandatory - Failure to aatbfactodly ccaplat• thia objecttw 
Oil aiHiOD Apollos will unduly coaprcaiN aubNqueDt fU.pt 
schedules and aay require apacecraft conftauratioo chaaa•• 
auch u addition of inatruaeotation . 
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b) Prjvry - Muat be accoapliaW before the 1 1-ut 
aieeion. AAy priaary objective not eatiafac ly ccia,i.c.. 
on lliHion Apollo S can be atteapted on a •-~--. .. c ma•ia 
without ujor iapact. Such objectiwe an p ry for die 
first opportunity to accoaplieh the objecti .,_•tratjoa 
on future aiHione will be clueified u Mc ry or will h 
considered to be operational unle•• aore t etra-
tion ie required to satisfy the intent of th ectifl. If 
the objective has not been satisfactorily ac liebed lfhea 

c) 

only one ac,re opportunity reaaine, it vill b 

Secondary - Any operation or test which voul 
experience to significantly improve knowledg 
MSFN and MCCH performance or provide other e 
scientific data. A secondary objective voul 
prevent a lunar landing if the objective wer 

2) Test Conditions stated in section 4 are those re 
that must exist for the test objective to be sat 

3) Priorities as assigned to each item in 
4 for the objectives vere based on the 

a) Mandatory - A mandatory measurement is one 
for the deteraination of the fulfillment of 
as stated. 

b) Highly Desirable - A highly desirable meuur 
furnishes pertinent information about the ac 
aD objective but 1• not necessary for its e 
stated. 

prov:IAle data or 
of spacecraft, 
ineering and 
not, by itself, 
not atteapted. 

nt is one vbich 
liehaent of 

c) .. Only mandatory measure•nts for mandatory o jectivea 
will be carried over as mandatory •uureaen in the 
Launch Misa ion Ru lea for 204 /LM-1." 

4) Previous editiona of this docuaent wen vdtten s thet the 
verbs (i.e., "evaluate", "detemine", "verify", ~ "cl•oe•trate") 
in the etateaent of each objective bad certain licatiCllla u to 
the aaount of apacecraft inatruanatation required to • ..,.rt tut 
objective. !ffectin with thie reTieion, DGDe of the wn• ta 
the etateant of objectifle (u used in Hctiou ad 4) haw 
•Y iaplicatione in reaard to data nquir-t•• 

a..tdoa S 
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2.4 OOIIPICUIATIOI COITIOL Of 11111 DOCUIG'r 

Collfipration control of thia docu.ent v1· . • .-rct.M.,. die 

Apollo S h!~don Staff Engineer (MSI). Depelk. • oa tbe tne of :tn••• 

the authority to approve or reject a change 1• gi,rea to the a:a. die 
Apollo Spacecraft Progr• Manager or the HSI. The will ~ 

the type of change md eubait the cbmge to the app1e111,,.u1ia authority • 

outlined below: 

1) The CCB will approw chug•• vbich: 

a) Result in a aiseioo profile change 

b) Add a nev priaary objective 

c) Delete existing pr:iaary objecti~,. 

d) Require spacecraft hardware or eoftvar clwlge 

e) Result in a aission rule or liaitline 

f) Result in an objective priority change 

g) Cauee a schedule slip 

2) The Apollo Spacecraft Progr• Manager (in l •• of the a:1) 
will approve changes of the above typ.. tha· reqdn 1 Hate 
action. 

3) The HSI will approve all other chanpa. P /Qd,af will nceb• 
requeet for chan1ea and ineure proper c:ont t of tbe pn,a••• 
changes. 

4) Kr. J. L. Toaberlin of the Apollo Spacecraf• Prasna Offiea 
(ASPO) Syste• Engineerin1 Divieion 1a the 1- ltaff 
Engineer for the Apollo S ■iadon. Kr. V. ; • MclNale (Dir) 
1• tba Aeaociate Kiaeion Staff EasiDHr fo~ the Apollo 5 .._ ... 
and will diacharae all functiom of the •& •lt~t to ••-
by the ASPO HU. In the effDt of Mr. Tolllt Ua e ·--• llr. 
R. V. Battey, PD7/Chief, will ••uae die·• 1.ee of tM -• 

2-3 
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The detailed proceduru to be ..... for clM•U,iat _, ___ .,_, 
all cbaaa•• are deacribe4 in AppeMis A, Collft,...acia • 

2.5 REASON fOI UISSUE 

Thi• docuaent present• the fifth revtaioo to the Nieeioa .,...Se1 
for the ,..,...nned lJt aiHion Apollo S (fonerly called AS-206). 

This revision aupersedes Reference 2 and ha.e been prepared: 

1) To change the foraat of the detailed teat objectiYu ill eeccioll 
4 by clarifying and updating the Purpose, Tut Coaditioae, _, 
Succeas Criteria for each objective; 

2) To include Background and Justification data for each objecti,,. 
and to renuaber the objectives by subayatea aod sy•t-. 

NUMBER 

11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
20.0 

SUBSYSTEM 

G&M 
N;S 
Propulaioa 
ECS 
EPS 
~icationa • lut~tatiaa 
Structurea/thenaal 
Sequenctna 
OperatiOD8/Syat-

3) To add new objectives Pl5.l, Pl5.2, and P18.l and to cha•• S16.1 (SU). 

4) To coabine objective Pl.J.1 and Pl.3.2 into oev objectiw 
Kl.3.J and to c011bine objectives P2.l and P2.4 iato ._ objec:ttw 
M20.2; 

5) To delete objective S7 and Pl fr011 thie doc .... t: 

6) To update the apacecraft coofipratioo ~ui~t• Sa eectt• S& 

7) To update the aiHion planniDa requinaata ta Nett• 6; 

8) To update th• alt•raat• aiHiOll acl abort ptdeliMe ta --- , • 

2-4 ... ,., .. s 
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3. IIDICAIT OP MIIIIOII tuT OIJICTtfU 

3.1 OBJBCTIVI PlIOIITlBS 

The follovina liat of objective• for lli••ioa Apollo S .. t.161~ CINt 
priorities of the tetailed spacecraft te•t objec~i.e•• la the ewet ca.c 
real Uae planning of an abort or alternate 11baioo becoaea nee...,.• dtu 

priority li•t should be ased. 

Priority 
11\aber 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Objec':ive 
Category/Nwaber 

M20.l 
M20.2 
M2J.3 
Kl3.l 
Kll.7 
M13.4 
K.17.1 
Kll.3 
M13.5 
Kl3.6 
Ml3.8 
Kl7.2 
Kl7.5 
Ml7 .4 
Ml.7.3 
Pl3.2 
Pl3.9 
Pll.2 
Pll.l 
Pl5.l 
Pl8.l 
S14.l 
Sl6.l 
Sl6.2 
Sl5.2 

Identification Title 

FITB Abort Structural Effecu 
FITB Abort Staging Dynaldca 
FITH Abort Stability Control 
Characteristics of APS/DPS Start/sa.at..._ 
APS/DPS Burn Duration Effect• 
Ascent Engine Burnout Olaracteri.ettcs 
LH Structural Integrity 
Pri11ary Propulsion/Vehicle Iateracttc.. 
DPS Pressurization/Propellaat Fee4 
APS Pressurizatioo/PropellaDt Feed 
RCS/APS I~terconnect 
SLA/LH Launch Interaction Load• 
DPS/APf./fCS Thenaal Effecta 
Critical Equipment Area Vibration 
APS/DPS Oxidizer Tanks VibratiCJD 
DPS Throttle Response 
LM/RCS Operation and Perforaance 
PCNCS Perfoniance 
DPS Cimbal Actuators 
EPS Perforaance Evaluation 
Explo•ive Devices Perfo~e 
LH ECS - Boo•t & Pli&ht 
LH/MSFN Comamicatiou 
PCK/DFI In•truaentatiOD P•rforaac• 
Nose Cap, LM/SLA SeparatiOG 

J-l 
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3.2 CUUINT otmr OIJECTIVIS 

The followina pri-ry aieaion objective• were a••i 

by the Office of Manned Space Plirht: 

1) Verify operation of the following LM sub•y• ... : 
APS and DPS (including reatart), and struct re 

2) Evaluate LM stagina. 

3) Evaluate the S-IVB/IU orbital perfonaance. (MSPC re•pon•ibility) 

'!be mandatory, pr1-ry and secondary mission te t objective• (u 

detailed in section 4 of this document) support the F objective• in 

the following aanner. 

<»f!,F 
MSC Objectiw 

Objective Naber• 
Nuaber Identification Title _!____! 

Pll.l DPS Gimbal Actuators X 
Pll.2 PGNCS Performance 
M13,l Characteristics of APS/DPS Start/Shutdown X X 
Pl3,2 DPS fltrottle Response X 
Ml3,3 Primary Propulaion/Vehicle Interactions X 
Ml3,4 Ascent Engine Burn~w~ Characteristics X 
Ml3,5 DPS Pressurization/Propellant Feed X 
M13.6 APS Pressurization/Propellant Feed X 
M13.7 APS/DPS Burn Durati•>n Effects X 
Ml3,8 RCS/APS Interconnect X 
P13.9 LM/RCS Operation and Per{ormance 
S14.1 LM ECS - Booat & Flight 
Pl5,l EPS Performance Evaluation 
Sl5.2 Noae Cap, LM/SLA Separation 
Sl6,l LM/HSFN CoDDUnicationa 
S16.2 PCM/DFI Inatrumentation Perforunc• 
Ml7.l LM Structural Integrity X 
Ml7.2 SLA/LM Launch Interaction Load• X 
M17.3 APS/ DPS Oxidizer Tank.a Vibration X 
Ml7.4 Critical Equipaent Ar•• Vibration I 
M17.5 11lS/ APS/RCS Theraal Effect• X 
Pl8.l Exploaive Device• Performance 
M20.l FI'l'B Abort Structural Bffecia I 
M20.2 nTH Abort Sta&in& Dynaaic• I 
M20.3 PITH Abort Stability Control I 

3-2 ReviaiOD 5 
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• 3.3 POINT OF CONTACT FOil EACH OBJECTIVE 

The following HSC repres•ntativ•• are deaignated aa the polat of 

contact for the indicated objectivea. Th••• repreaentat ••• c• proriM 

additional information or initiate propo•ed changes int • uaaer u 
described in Sectlon 2.4 of this document. 

Point of Office Objective 
Contact Symbol Humber 

s. P. Weiss ES12 M20.l FITH Abort tructural Effect• 
s. P. Weiss ES12 M20.2 FITH Abort aging Dynaaica 
c. F. Wasson EG43 M20.3 FITH Abort ability Control 
J. F. Hanaway EG25 M20.3 FITH Abort , ability Control 
C. E. Humphries EP2 Ml3.l Character is cs of APS/DPS 
L. J. Haywood EP2 Ml3.l Start/Sh down 
L. J. Haywood EP2 Ml3.7 APS/DPS Bur Duration Effect■ 
c. E. Humphries EP2 M13.7 APS/DPS Bur Duration Effect■ 
c. E. Humphries EP2 Ml3.4 Ascent Engi 

Characte sties 
s. P. Weiss ES12 Ml7.l Integrity 
L. J. Haywood EP2 Ml3.3 Primary Pro lsion/Vehicle 
c. E. Humphries EP2 Ml3.3 InteracU 08 

L. J. Haywood EP2 M13.5 DPS Pressur tion/Propellant 
Feed 

• c . E. Humphries EP2 M13.6 APS Pressur ation/Propellant 
Feed 

c. E. Humphries EP2 M13.8 RCS/APS Inte connect 
N. R. Schulze EP4 M13.8 RCS/APS Int connect 
s. P. Weiss ES12 Ml7.2 SLA/LM Launc Interaction Load• 
L. J. Haywood EP2 Pl3.2 DPS Throttl Reaponae 
C. F. Wasson EG43 Pll.l DPS Gimbal tuaton 
J. F. Hanaway EG43 Pll.l DPS Gimbal 
C F. Wasson EG43 Pll.2 PGNCS Perfo 
J. F. Hanaway EG43 Pll.2 PGNCS Perfo 
N. R. Schulze EP4 Pl3.~ LN/RCS Oper and Perforaance 
s. P. Weiss ES12 Ml7.3 APS/DPS Oxi Tanb Vibration 
s. P. Weiss ES12 Ml.7.4 Critical Eq t Area 

Vibratio 
J. A. Saith ES12 Ml.7.5 DPS/APS/1£S rul lffecta 
A. Capo■ EE4 PlS.l IPS Perfo • &Yaluatioa 
R. E. Mayo EC3 S14.1 LM ICS - t ~- lliabt 
J. C. Brady EC3 S14.1 LK ICS - t aad ftiabt 
R. Irvin £813 S16.1 UI/IISffl lcatiou 
A. D. Travis EB3 S16.1 LM/1110 C icatioaa 
R. Sioder■on Dl6 S16.2 !Qt/Dn IA• tatlr Q 

R. L. Gie■ecke EE4 S16.2 Perfo 
R. A. rr,lonna PD4 S15.2 llo•• Cap, 

w. H. Siaaona EP4 Pl8.l lxplodve 

3-3 .. vul• s 
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3.4 OBJECTIVES CROSS UFIUNCI 

'l'he following liat of objective• provide• a croe refer.a of CM 
old and new ntabera. 

Old 
Object he 
Number 

Pl.3.1* 
Pl.3.2* 
1'1.3.4 
Pl.3.5 
Pl.3.6 
Pl.3.7 
Pl.3.9 
Pl 3.11 
Pl.3.12 
Pl.5.1 
Pl. 5. 2 
Pl.5.3 
Pl.12 
Pl.13 
Pl.14 
P2.l* 
P2.2 
P2.3 
P2.4* 
Pl 
S7 
S8 
S9 
SlO 
Sll 
S12 
S13 

New 
Objectiv.e 
Nuaber 

Ml.3.3* 
Ml3. 3* 
Pl3.2 
Pll.l 
Ml3.l 
Ml3.7 
Ml3.4 . 
M13.5 
Ml3.6 
Ml7.l 
Ml7.2 
Hl7 .3 
Ml7 .4 
Ml7.5 
M13,8 
M20.2 
M20.l 
M20.3 
M20.2* 
DELETED 
DELETED 
Pll,2 
PlJ.9 
Pl5.l 
Sl4.l 
Sl6,l 
Sl6,2 
S15.2 
Pl8.l 

New Identification Ti le 

Primary Propulsion/Vehicle Interactioaa 
Primary Propulsion/Vehicle Interaction• 
DPS throttle Response 
DPS Gimbal Actuators 
Characteristics of APS/DPS Start/Shutdovn 
APS/DPS Bum Duration Effects 
Ascent Engine Burnout Char cteri■tica 
DPS Pressurization/Propell t Feed 
APS Pressurization/Propell t Feed 
LM Structural Integrity 
SLA/LM Launch Interaction ads 
APS/DPS Oxidiser Tanks Vib~ation 
Critical Equipment Area Vi ration 
DPS/APS/RCS Thermal Effect■ 
RCS/APS Interconnect 
FITH \bort Staging Dynamic 
FITH Abort Structural Effe ta 
Flffl Abort Stability Control 
FITH Abort Staging Dynamic• 
Launch Vehicle Uprated H-1 Engine Performance (MSFC) 
LM 'l'henial Response to Space Environaent 
PGNCS Performai,ce 
LM/RCS Operation and Perfo ce 
EPS Performance Evaluation 
LM ECS - Boost & Flight 
LM/MSFN Coanunications 
PCM/DFI Inatruaentation Pe rfol'Mllc• 
Nose Cap, LM/SLA Separati°'l 
Exploaive Devices Perfona ce 

* Two old objectives combined into a aingl• new objec 

NOTES: 1) Old objective Pl vaa deleted becauae 204 .... 
not have uprated 8-1 engines. 

2) Old objective S7 vaa deleted because peri 
find orientation were too abort for det• 
theraal reapoan. 

3-4 llevilion 5 
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4. DETAILED TIST 01.JEC'l'IVU 

'ftli• Detailed Teet Objective ••ction provide• th detaila aece•NtT 

for iaple•ntation of the aieeion objective into the li&ht plaa, tlle 

criteria for data retrieval and data evaluation, and he criteria for 

detenaining that the aiaaion objective vaa succeseful y acc011pliebed. 

Objectives listed in Section l vhich are related only to the launch 

vehicle are not repeated below since they are the res cn81bility of JGPC. 

Unless othervise stated, the engineering perfo nee values a• 

quoted in the objectives do not include instrumentati n inaccuracies. 

Where reference is made to LUI duty cycles, refe to MSC Report No. 

PM]/M-171/66, 30 October ~966, DRM IIA and DRM IIA ap ndiciea (Propulaion 

Appendix F) . 

4-1 Revuion 5 
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Pll.1 DPS GINIAL ACTUATOIS 

Verify ducent eqine aiabaliq rupoue to CODtrol •tpele. 

PurJ)oH 

Prior to aanned LM fliaht, it 1a duirabl• to ev luat• aiabel tna 

actuator operation in a free body/fliaht enviroment qine tbruat, --• 
heat and e•ine vibration). 

THt Coaditiooa 

1) Th• approxiaate LUI DPS burna are 

2) T.M. coveraa• ahall be nail.able approx tely 1 ataute 
precedt.na DPS enaioe ipitioa(a) thrO\lah pproxiaately 
1 ainute after DPS enaioe off cc t?da. 

Succ••• Criteri.a 

Deacent enain• aillbal drive actuator• drive at 2•/•ec ill r--,oaa• 

to control aipalc u apecifiecl in LSP-470-30. 

Evaluation 

Operation of the actuator will be rnluated for nect r-.-. bJ 
coaparilla the aillbal rate vith the control ai1111al.a. 

Data leguirWGta 

T•l-try Neuur...ata: 

Neuur-t 
IUllber DeecriftioD DI ruomz -

GG 0001 X PGIICS Dowlllillk Data (To T/1() pal) • Gil 1313 V Volt, Pitch GDl foe (lat/1st) Pal II 
Gil 1314 V Volt, loll CDl Poe (lat/1st) Pal • Gil 1323 X Pitch Trta fail ,aa • CB 1330 X loll Trta rail Pal -

lniata' 
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Pll.1 IIPS CINIAL AC'l'UATOU 

lackarouad - JUft1ftcat1op 

~c•t eaatne gtaaltna will be 'Hrified to be pe onias tu fwtl.• 

of coatrolliq q tbruat wctor control by obaervq tbiat the 11111,al td11 

driwa at approdaately . 2• /Sec in rupooae to control •iaDal•. 
TrJa giabal vtll allow the vehicle to liait cycle tbia the acs jet 

deadbaad durtna the perioda vben aapalar error ta lua D approldllately 

1 or 2 c1egr .... 

In the event ti.. gnbal drive actuator dou aot pr rly poattioo tbe 

d .. c•t engiae noaale for thruat vector coatrol, apacec1 ft attitude cootrol 

•Y be loat. Therefore, it ta duirable that thia obje~,tive be accoapU.ahed 

on u •-•nned aiaaion prior to the firat _ __. LIi 

of eaatae tlmaat, englM beat and eagiDe vibratioo oa 1 --1 trm actuator 

operation auat be naluated ill e free body/flight eni ... t. Grouad 

tut1111 caaaot coapletely aatiafy tbe cooatra-...u oft oltjec:tbe ••• 

a free body/fltaht eariroaaent would ha•• to be 

4-5 
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Pll.2 

Purpose 

PCICS PDPOINANCE 

Deaooatrate PGRCS thruat vector control and attitude control 
capability and evaluate the perforunce of be DAP aad DIJ ill 
a fli&ht eaviromMDt. 

PGNCS burn accuracy, attitud~ deadband control 

auat be evaluated in flight. This is because etructu al dynaaics, pro-

pellant ■losh and IMO sensor perforaance in a flight ronaent are not 

well known froa analy■ie and slll\llatione. It is ded able that PGICS 

perforaance be evaluated prior to -aned LM flight"• 

Tut Conditions 

1) Continuous traclting and T/M coveraae dur g LM descent 
and ascent burns. 

2) Schedule heavy uutaged vehicle attitude 
deadband over autaua T/M coverage area. 

3) Vehicle attitude hold of the aeceot staae 
dudband ehould be scheduled durina the 
following the first APS burn. 

SuCCffS Criteria 

1) Actual apogee radiua within __,!__ • of d 
radiue as a result of the first DPS burn. 

* Allowable liait baaed on propaption of 
uocertainti• to apo1u. (Uaofficial 
tbia burn aiat in Vol. II of the aiat 
official dlaperaton ualyaia 1a aot na 

2) a) - -Vehicle a and Vat atart of read• tb 
DPS wre within predicted uecertaint 
nctor update aait DIJ a11...-t an4 
uncertaintl.. for tbia lllara aiat 111 
alat1111 CSOP. An official diaper• 
nallable at th1a U•.) 
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b) Por the ■econd DPS burn, the actual 
agree (vithin in■truaentation inacc:u 
progr-ed value■• (GSOP I-S27 Vol. 
4-20.) 

hrotcl• :o m◄• 
cy) to the,.. .. 
' .... 2,,.. 

3) APS 1 and 2 - Vehicle a and V for firat d Ncoad API 
burn■ at cutoff were vithin predicted unc tainti .. ...... 
on the IMO error aodel. (Unofficial unc~ taintiea for tbt■ 
burn exi■t in Volume II of the existing SOP. An official 
dispersion analysis is not available at his tiae.) 

4) LM attitude control during descent engine operation ani1· 
drifting flight. 

a) At DPS ignition, disturbance torques ere properly 
controlled by the RCS and DPS gillbali1iig (as specified 
1n the LM-1 GSOP), and during the stale attitude pbaae 
of the DPS burn, the gillbal trim posi ions the tbruat 
vector through the CC without RCS ass:lstance. 

b) Vehicle limit cycling during drifting flight (configura
tions of the LM staged near full and ~nstaged near full) 
were within predicted uncertainties b,aaed on the LM-1 

DAP simulation data (Ref. TBD). 

5) During ascent engine burn, disturbing acceleratioaa were 
controlled by DAP in a fuel conserving i>de, i.e., RCS 
propellant conswaption were within predi~ted uncertaintie£ 
baaed on LK-1 DAP simulation data (Ref. BD). 

Evaluation 

The poatflight evaluation will conaiat of the f llowing: 

1) Coapare obtained orbit with targeted orb 
First DPS burn (the siaulated 001) ta an 
aaneuver urgeted for a specific apoaee 
(r ). (Tracking data and CC 0001 I.) 

a 

t coaditiooe. 
in-plane 6 V 
diu■ aapitud• . 

2) lurn 12 

• 

a) Coapare actual and expected atate •~tor durtDa eec:oad 
DPS burn at ■tart of randoa throttli11 • Second DPS 

b) 

burn i■ a aiaulated powered deacent •1a11MU1¥•er baeed oa 
arrival on a ■pecified orbit vith pr ■pecified Yalocity 
condition■• (Tracking data and CC 1 I.) 

Coapare actual tbruat level■ vitb pr~i-proar ..... c sad 
level■. Vben conditiou in a) are o~ tained, the LOC 
■ iaulates the hover phue by coaaand~.na a pre-prosr ..... 
■et of various throttle level ■ettin9 ■ for 10 eec:. 
interval■• (GG 0001 I and GB 1331 V,) 
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• 3) Coapare PGNCS indicated vehicle etate • cor ac Al'I 1-, 2 
cutoff with track.lna Ntiaat .. of •ehic • •tat• Yticc«. 
(Tracklna data and 00 0001 X.) 

4) Obaerve convergence to Hait cycle froa I tbnater fit'._ 
data and rate and attitude data. (CB 1 8 Y throe,p 
GB 1433 V, 00 0001 X, GB 1461 V, GB 146 V, ad CB 146J Y.) 

5) Determine that RCS thruster firing duty 
burns occurs in a fuel conserving aode. 
GB 1433 V.) 

cl• cluriDI die 1111 
(GB 1418 V tbr011111 

6) Compan LGC downlink. data with tracking ata to deteraiae 
IMU sensor performance. 

Data Requirements 

1) Telemetry Measurements: 

Measurement 
Number Description TM Priori~ 

CG 0001 X PGNCS Downlink. Data (To T/M) Pam " CG 6001 D Vib, Nav Base (Roll) PAM/PK ID 
CG 6002 D Vib, Nav Base (Pitch) PAM/PM BD 
CG 6003 D Vib, Nav Base (Yaw) PAM/PM BD 
CG 2112 V Volt, IG lX Res Out Sine PCM D 
CG 2113 V Volt, IG lX Iles Out Cos PCM BD 
GG 2142 V Volt, MG lX Res Out Sine PCM D 
CG 2143 V Volt, MG lX Iles Out Cos PCM BD 
CG 2172 V Volt, 0G lX £es Out Sine PCM BD 
GG 2173 V Volt, 0G lX Rea Out Cos PCM BD 
GG 2121 V Volt, IG lX Iles Sin (Expanded) PCM BD 
CG 2151 V Volt, MG lX Res Sin (Expanded) PCII BD 
GG 2181 V Volt, 0G lX Iles Sin (Expanded) PCM ID 
CB 1461 V Volt, Tav R.G Sig (0.81tc) PCN II) 

CH 1462 V Volt, Pitch RG Sig (0.8kc) Pal -GH 1463 V Volt, Roll RG Sig (0.81tc} PCN -GH 1418 V Volt, Jet No. 4U Driver Output, 28V )CM -CB 1419 V Volt, Jet No. 4D Driver Output, 28V PCM -CH 1420 V Volt, Jet Bo. 4F Driver Output~ 28V POI ID 
GB 1421 V Volt, Jet Ro. 4S Driver Output, 28V POI • GB 1422 V Volt, Jet No. JU Driver Output, 28V PCN -GH 1423 V Volt, Jet No. JD Driver Output, 28V PCM -GB 1424 V Volt, Jet No. JF Driver Output, 28V PCM -GB 1425 V Volt, Jet No. JS Driver Output, 21V PCM -Gil 1426 V Volt, Jet No. 2U Driver Output, 28V PCM -GB 1427 V Volt, Jet lo. 2D Driver Output, 28V PCM • CH 1428 V Volt, Jet No. 2P Driver Output, 21V PCM -GH 1429 V Volt, Jet No. 2S Driver Output, 28V PCM • 

4-9 leYUiOll S 
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Meuureaeat 
Muaber De1cript1on 

Gil 1430 V Volt• Jet No. lU Driver Output, 21V 
CR 1431 V Volt, Jet No. 1D Drinr Output. 21V 
Gil 1432 V Volt, Jet No. lP Driver Output. 21V 
CR 1433 V Volt, Jet No. 1S Driver Output, 28V 
CR 1331 V Volt, Auto Thru8t Coaaand• 

2) MSFN Tracking Data - Trackina coverage r 
and APS firing•. Continuous coverage (HD) 
end of each burn (M). 

JI """" ,as • ,ac -Pell -pa( -Pell -
red for all .. 
eo.eraae ...r 

) 
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fll,2 PCNCS PDPOIMANCI 

lacy-round and Juetification 

PGNCS burn accuracy and TVC capability auat be aluC., ta fl---. 

Thia la becaua~ atructural dynaaica, MU ewor pert-.mnca 

are not well known fro• analyais and aiaulatiou. ly thrOlllb fli.-.C c..c-

ing with actual hardware can satisfactory PGNCS TVC erfo~ N .....-.... 

Alao, the above mentioned uncertainties are dependen on the •ebtct. c...
figuration, i.e., ataged or unataged and the quantit of fuel 1D tlae ~. 

Therefore, to obtain a high degree of confidence, bu with both c:oafipra-

tiooa over the full range of fuel loads are required 

During coasting flight, the LM is expected bilize in predicc.l 

Hait cycle IIOde baaed on the attitude deadband To auN~iate 

RCS fuel budgeting, an evaluation of the actual 1 cycle obtained 1• 

required. Demonstrations in the unstaged and atag 

required. 

IMU perforaance is predictable basc1 on hiator 

coaponent ground testing. Flight testing will aube 

predictions and will help verify that 

LM enviromaent. 

The above TVC data is definitely required 

qualification, and this development mission la 

and APS burns are aost t'epreaentative of the LJJt 

ucent burns. DPS burna 1 and 2 uae aiailar guida 

of inertial 

ti.ate tbese 

tioa rnulta la ti. 

aiace the tll-1 DPS 

for LM DOI and powered descent burna, respectively. APS INra 2 1a 

representative of a lunar ucent type burn. 

.. vialoe S 
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MU.l 

Purpose 

CIWW!nUSTICS or APS/TJPS STA&T/SHUTDCMI 

Detenaine DPS and APS atart, reatart and hutdOWD cbarec«.ru«w 
1n a apace environaent. 

To uaure that DPS and APS engines cao be rel d upoo to NtiafacCOl"11y 

aeet the propulsion atart and shutdown prefonunce equireaeat• tac:1-fas 

FITR ab"rt neceasary for aanned LH operatiooa. Fl dynaaica, attit ... 

control and structural effects are evaluated under jectivea M20.l, M20.2 

and M20.3. 

Tut Conditiom 

1) Two DPS burns of at least 5 secon·• at 0% thrust. 

2) Two APS firings aust be aade vith each ing 1n eac ... 
of tvo seconds duration. 

3) Ullage maneuvers sufficient for aettlio 
aiat proceed each burn of the DPS engin 
APS engine burn. 

4) The second DPS burn shutdown auat be pr 
leut tvo seconds at the full throttle 

5) The first APS burn ahould be effected 
DPS burning. 

a rttll vttll 

6) All DPS shutdowns auat be initiated vhi e operatiD& 
at the full throttle position. 

Succeaa Criteria 

l) General 

Sufficient data were obtained to uaur• aaf• o,eratt• 
of the DPS and APS eqinu durioa atart ... ato, foe all 
buru includin1 the nTH abort and no ra• ~cttOM 
are detected. 

4-13 
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2) APS 

a) APS ■tart and ahutdown tranaient per 
within the limit• defined in LSP-47 

(1) Transient■: Paragraph 3.4.1.3 .. 1.1.1.2 

3) DPS 

(2) Start and shutdown transients: 
3.4.1.3.3.1.2 (c) 

(3) Impulse repeatibility: 

ar1itgraph 

3.4.1.3.3.1.2 (d) 

a) DPS start and shutdown transients pe ormance should be 
within the limits specified in LSP-47 -30. 

(1) Transients: 

(2) Start and shutdown transients: 
3.4.1.3.3.2.5 (h) 

aragrapb 

(3) Impulse Repeatability: Paragrap 3.4.1.3.3.2.S (1) 

Evaluation 

Following the flight, APS and DPS engine star and ahutdown 

impulse will be determined by time integrating the r pective cbaaber 

pressures over the transient periods. The resulting ulae and build-

up characteristics will be correlated with propellant 

to ascertain compliance. To verify that any noted 

is peculiar to start, a postflighl analysis of the at 

regime• will be conducted to appraiae the norulcy of 

illllllediately prior to shutdown. The ata~t and abutd 

lou• perforunca 
y-atat• operatiq 

•natne behnior 
illpulH detUll!Md 

from cbaaber pressure will be verified by c011parina a art and ebutdcNB 

impulse, derived from extrapolation• of the ateady at t• operatiq 

level• to the beginning of the atart tranaienta and t the ead of the 

ahutdown tranaienta, using characteriatic atart 811d a utdOVD trual•t 

profile data obtained via ground teata. 

During Fllll, thi• eatiaate 1• aubject to error a a re1Ult of the 

following: 
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1) The DPS data will not be retrievable 1ub1 qunt to d-.c•&/ 
aacent dudface which i• acheduled to occ r 0.447 1KOM• 
after the Abort Stage cm.and. The expec eel DPI tbrut .a.c., 
period will be in exce•• of 0.9 ••conda. 

2) Certain APS data will not be retrievable rior to the afon•• 
tioned deadface (see Telemetry Heuureaen a). The APS tpiUoa 
is scheduled for T + 0 .412 from deadface nd 19 expected to 
reach 90% thrust within 0.310 seconds fr ignition. 

3) The APS effective thrust during the FITH tart will be 
augmented by the "closed breach" firing p enoaenon and auat 
be adjusted accordingly. 

To assist in defining these estimates, an aoaly■ L• will be aade of the 

DPS and APS steady-state regimes occurring prior to a aubaequent to nn. 
:-espectively. Thrust decay and build-up contours wil be extrapolated 

from APS and DPS ateady-state levels to the beginning of the APS atart 

transient and to the end of the DPS shutdown transien • respectively. 

Data Reguirements 

1) Telemetry Measurements 

Measurement 
Number Description Priority 

GG 0001 X PGNCS Downlink Data (To T/M) BD 
GH 1260 X A.E. On/Off To Prop RD 
GP 0501 P Press, Fuel Tank Ullage ID 
GP 1001 P Pre••• Ox Tank Ullage HD 
GP 0718 T Temp, Fuel Tank Fuel Bulk ID 
GP 1218 T Tnp, Ox Tank Ox Bulk ID 
GP 1501 P Pre••• Fuel Iaol Valve Inlet ID 
GP 1503 P Pre••• Ox Iaol Valve Inlet 11D 
GP 2001 P Pre••• Fuel Injector Inlet .. 
GP 2006 P Pre••• Ox Injector Inlet .. 
GP 2010 P Pr•••• Thrust Chaaber HD 
GP 2010 P Pre••• Thrust Cbaaber ... 
GP 2706 T T•p, Injector Surface ... 
GP 2801 D Vib, Thrust Chaaber D Axia • GP 2802 D Vib, tbrust Chaaber n Axia :] .. GP 2803 D Vib, Thrust Chaaber ZZ Axia 
GQ 3603 Q Quantity, Fuel Tank lo. 1 11D 
GQ 3604 Q Quantity, rue. Tank lo. 2 • GQ 3611 P Pr .. a, !Daine Interface fuel • GQ 3611 P Pr•••• Enaine Interface fuel • 
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Measure•nt 
Number ~•sc_ rip ti on TM Priority 

GQ 3718 T Teap, Fuel Tank No. l Fuel Bulk PQ( ID 
GQ 3719 T T•p, Fuel Tank No. 2 Fuel Bulk PCM ID 
GQ 3811 T Temp, Engine Interface Fuel FM/ HD 
GQ 4103 Q Quantity, Ox Tank No. 1 PCM HD 
GQ 4104 Q Quantity, Ox Tank No. 2 PCM HD 
GQ 4111 P Press, Engine Interface, Oxid PCM HD 
GQ 4111 P Press, Engine Interface, Oxid FM/ HD 
GQ 4218 T Temp, Ox Tank No. l Ox Bulk PCM HD 
GQ 4219 T Temp, Ox Tank No. 2 Ox Bulk PCM HD 
GQ 4311 T Tewp, Engine Interface, Oxid FM/ HD 
GQ 6510 P Press, Thrust Chamber PCM HD 
GQ 6510 P Press, Thrust Chamber FM/ K 
GQ 6806 H Pos, Variable Injector Actuator PCM K*** 
GQ 7301 D Vib, Thrust Chamber XX Axis FM/ H 
GQ 7302 D Vib, Thrust Chamber YY Axis FM/ 

:] ** CQ 7303 D Vib, Thrust Chamber ZZ Axis FM/ 
CH 1331 V Volt, Auto Thrust Command PCM H*** 

2) Trajectory Profile (HD). 

*These channels are not transmitted prior to descent/as nt stage 
deadface. 

**One of two mandatory. 
***One of two mandatory. 

i:'.:i .. • 
-~~> -.. 
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Ml3.l CHARACTERISTICS OF APS/DPS START/SHUTDOW 

lack.around and Juatification 

The purpose of this objective is to assure tha the APS and DPS 
engines can be aatiafactorily started and shutdown n the apace ....troa

aent. In the event engine start and shutdown opera ions are not aatia

factory, crew and mission hazards are implied. Eng ne start, due to it• 

dynaaic nature, is of particular concern in terms o combustion stability. 

The DPS growid test program has given confidence th•t normal starts and 

shutdown transients will occur in the LM-1 flight. APS ground test 

history has, however, indicated start problems (viz, thrust chaaber 

pressure rise rate and "over shoot"). The LM-1 APS (S/N E2B-36) did not 

demonstrate this tendency in ground test. The o 1 engine start tran

sients are also grossly dependent upon the effectiv ness of the preburn 

ullage maneuvers. Providing propellants are proper y settled, the in

flight start transient should be no different and c rtainly no aore 

hazardous than those conducted in the vacuum chamber test. 

This objective encompasses the evaluation of t~e APS start and DPS 

shutdown d~ring the FITH abort. As this is conside red a haz•rdous 

operation, it must be successfully performed unmann•!d prior to perfond.ng 

it manned. The LM-1 mission presents the first opp rtunity to satisfy 
this constraint. 

While DPS shutdown and APS start transients w1 l be overlapping, 

sufficient DPS data obtainable prior to ascent/desc nt deaclface and APS 

data obtainable subsequent to deadface should be su to depict the 

DPS decay and APS buildup characteristics reapectiv•ly. 

With the exception of the FITH abort, all star trauienta, evaluated 

under this objective will be preceded by an LM/RCS llage settlina •...,,.r. 

Inherent in this objective is thus the verification of the ulla• ......,,.n, 
however, the RCS burn tiaea planned for thia aiaai are greater tlaaa re

quired for subsequent aiHions. The nTH abort aeq nee and aubeequeat 

APS burn 1a preceded by a DPS burn and thus RCS ull ae la not required to 

settle APS propellants prior to ~gnition. Satisfac ory start of the 
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dependent upon burn tiae. but alao upon throttle ae taa, a 1terat1•• 

relationahip exiata. While ground teata have iildtc ed 'the Ul-1 -aiM 

to be• "lov" eroding eugine. the correlation• bet thruat and actutor 

poaition vill be applicable for subsequent aiaaiona The reaultiq 

thrust profile will then be correlated to the actua r position profile. 

Croas correlations will then be aade to deteraine t thruat coaaand 

voltage to delivered thrust relationship. ionahip will then 

be studies in conjunction with similar relationship generated in 

acc~ptance test for the S/N 1026 DPS engin~ to dete ine ground to 

flight differences. 

Data Requirements 

1) Teleaetcy Measurements: 

Measurement 
Nuaber 

GG 0001 X 
CH 1331 V 
GQ 3603 Q 
CQ 3604 Q 
CQ 1611 p 
GQ 3611 p 
GQ 3666 p 
GQ 3718 T 
GQ 3719 T 
GQ 4001 P 
GQ 4103 Q 
GQ 4104 Q 
GQ 4111 ? 
GQ 4111 P 
GQ 4311 T 
GQ 6501 P 
GQ 6506 P 
GQ 6510 P 
GQ 6510 P 
GQ 6806 H 
GQ 7301 D 
GQ 7302 D 
GQ 7303 D 

peacriptton 

PGNCS Downlink Data (To T/M) 
Volt, Auto 11trust .am 
Quantity, Fuel Tank Ro. l 
Quantity, Fuel Tank No. 2 
Press. Engine Interface Fuel 
Press, Engine Interface Fuel 
Del P, Fl Tk No. 1 Bot-Eng Interface 
Teap , Fuel Tank No 1 Fuel Bulk 
Temp, Fuel Tank No. 2 fuel Bulk 
Press. Ox Tank No. 1 Ullage 
Quantity. Oxid Tank No. 1 
Quantity, Oxid Tank No. 2 
Press, Engine Interface Oxid 
Press, Engine Interface Oxid 
Del P. Ox Tk No. 1 Bot-Eng Interface 
Pre••• Fuel Injector Inlet 
Press. Ox Injector Inlet 
Presa. Thrust Chaaber 
Preas, Tbruat Chuiber 
Pos. Variable Injector Actuator 
Vib, Thrust Chaaber XX Axis 
Vib, Thrust Chaber n Axis 
Vib, Thrust Chamber ZZ Axis 

2) Trajectory Profile (HD). 
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PCM 
PCM 
PCM 
PCM 
Pat 
PM/FH 
PM/FH 
Pat 
PCM 
fM/FM 
Pat 
Pat 
Pat 
fM/PM 
PN/FH 
PM/PM 
PN/FH 
Pat 
FM/PM 
PCM 
PN/PN 
PM/PM 
PM/PM 

Priority 

M 
M 
HD 
HD 
HD 

•M 
HD 
HD 
HD 
HD 
HD 
RD 
HD 
N 
RD 
ID 
RD 
HD 
HD 
M 
RD 

• an 

-
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Pll.2 DPS 1'IDIOffl.E IISPOIISI 

lackaround act Juattficatton 
The purpoe• of thia objective!• to aa•ure that t 

thrut r .. pon.a• to tbrottlina co •ignal• are •atiafactor, 

for LLM. In order to achieve this objectiw., analy■e■ are 

oece••ary; fir•t, the injector throttling actuator ru ue to the thruat 

cc nod• ... t be deterained and, second, the DPS 

throttlina actuator po•ition -...t be deterained. 

Aa crew •afety would not be directly coaprOlli•ed b 

if they were to occur in an ~arth ofbital aisaion, the 

thin objective is not a prerequi•ite to aanoed operatio 

engiiae response to thrust co.aaoda on the LLM, hCl'llever, 

■iaaiOD abort or a loaia of crev. For this reason, 

accoapliab■eot prior to the LLM. 

Tb• injector actuator respa11ae to thruat coaaand a 

deter■ined by a ti■e profile co■pariaon between T/M ■ea 

Injector Actuator Position (CQ 6806 H) and the throttle 

r .. pooae to 

poor reapona•• 

coaplishaent of 

• An adverse DPS 

require• 

la can be 

contained in the PGNS Downlink Data (CC 0001 V) and the utoaatic fllruat 

Coaaand Voltage (CH 1331 V). 'ffte DPS engine thrust rec 

actuator position nece•aitatea indirect deter■ination o 

ayate■ ■eaaur•enta and velocity gains. A coaputer pr 

centered around a ■ini■u■ variance treatiaent of flight 

to detemine the beat eatillate of DPS thru•t 

analysis is of extreae illportance aa DPS thrust 

vhich is 

will be UNd 

11th 

by thnaat chaaber throat erosion. Since throat • not only d.,--

dent upon burn ti■e, but also upon throttle setting, an terath• relaticm-

ship exists. While ground teats have indicated the UI- eaaiDe to be a 

"lov" eroding engine, the correlationa between thrust actuator poeittaa 

will be applicable for subsequent ■iadona. '!he reault thruat profile will 

then be cornlated t~ the actuator position profile. 

will then be aade to deteraine the thruat cOIIIMDd wlt 

thrust relationahtp. fllie relatiooehip will then be at 
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Evaluation 

A poetflight analyaia will be perforaecl to dete tbat tbe apecifi .. 

engine cbaracteriatica vere -intained throughout the eeton. A caaputer 

proaraa. which eabodi• a aintaua variance eet1-tion eclmique. vill be 

utilized to differentiate between vehicle. propulaion eed ayat•• and 
engine data oscillatory correlationa and noise in the tate. 

If degraded APS or DPS perfo~ce vu indicated, vehicle rat•• and 

attitude• will be analyzed to deteraine if the degrada ion was cauaed by 

propulsion/vehicle interaction. 

Data Requirements 

1) Telemetry Measurements: 

Measureaent 
Nuaber 

CC 2112 V 
CC 2113 V 
CC 2121 V 
CC 2142 V 
CC 2143 V 
CC 2151 V 
CC 2172 V 
CC 2173 V 
CC 2181 V 
CH 1313 V 
CH 1314 V 
CH 1331 V 
CH 1462 V 
CH 146) V 
CC 0081 X 
CH 1418-33 V 
GP 0001 P 
GP 0002 P 
GP 0025 P 
GP 2001 P 
GP 2006 P 
GP 0201 T 
GP 0202 T 
GP 0501 P 
GP 0616 P 
GP 0718 T 
GP 0908 X 
GP 1001 P 
C.P 1116 P 
GP 1218 T 
GP 1408 X 

Description 
Volt, IC IX Res Output, Sin 
Volt, IC IX Res Output, Cos 
Volt, IC IX Res Sin (Expanded) 
Volt, HG IX Res Output Sin 
Volt, !ff IX Res Output Cos 
Volt, MC IX Res Sin (Expanded) 
Volt, OC IX Res Output, Sin 
Volt, 0G IX Res Output, Cos 
Volt, 0G IX Res Sin (Expanded) 
Volt, Pitch CDA Pos (Ret/Ext) 
Volt, Roll CDA Pos (Ext/Ret) 
Volt, Auto Thruat am 
Volt, Pitch RC Sig (.8 kc) 
Volt, Roll RC Sig (.8 kc) 
PCNCS Downlink D ta (To T/M) 
Volt, Jet Driver Output, 28V 
Pre••• He Supply Tank No. 1 
Pre••• He Supply Tank No. 2 
PreH. 1leg. Out Manifold 
Press. Fuel Injector Inlet 
Pre••• Ox Injector Inlet 
Tap. Be Supply Tank o. 1 
Teap. Be Supply Tank No. 2 
Pre••• Fuel Tank Ullage 
Del P. Fuel n Bot To Interface 
Teap. Fuel Tank Fuel Bulk 
Fuel Tank Level Low 
Pre••• Ox Tank Ullage 
Del P. Ox n Bot To Interface 
Teap. Ox Tank Ox Bulk 
Ox. Tank Level Low 
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Priority 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
M* 
HD 
HD 
MH 

HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
BD 
HD 
8D 
HD 
ID 
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Heaaureaent 
Nuaber Deacri2t1on !!! b:lalEI 

GP 1~01 P Pre••• Fuel laol Val•• Inlet PCN -GP 1503 P Pre••• Ox laol Valve Inlet PCN -G\t 2010 P P_re••• Thruat Chaaber PCN -GP 2010 P Pre••• Thruat Chaaber PM/PM II 
GP 2801 D Vib. Thrust Cbaaber XX Axia PM/PM II 
GP 2802 D Vib. Thrust Chaaber YY Axis PM/PM =]..., GP 2803 D Vib. Thrust Chaaber ZZ Axis PM/PM 
GQ 3603 Q Quantity. Fuel Tank No, 1 PCM N ff 
GQ 3604 Q Quantity. Fuel Tank No. 2 PCM N 
GQ 3611 P Presa, Eng Interface Fuel PCM ID 
GQ 3611 P Preas, Eng Interface Fuel FK/FK HI) 

GQ 3718 T (1) Teap, Fuel Tank No. 1 Fuel Bulk PCM HD 
GQ 3719 T (1) Teap, Fuel Tank No. 2 Fuel Bulk PCM HD 
GQ 3811 T Temp, Engine Interface Fuel FK/FM RD 
GQ 4103 Q Quantity, Ox Tank No. 1 PCM :] .. GQ 4104 Q Quantity, Ox Tank No. 2 PCM 
GQ 4111 P Press, Engine Interface Oxid PCM HD 
GQ 4111 P Preas, Engine Interface Oxid PM/FM RD 
GQ 4218 T (1) Tea.p, Ox Tank No. 1 Ox Bulk PCM HD 
GQ 4219 T (1) Temp, Ox Tank No. 2 Ox Bulk PCM HD 
GQ 4311 T Teap, Engine Interface Oxid FK/FM HD 
GQ 6501 P Press, Fuel Injector Inlet FK/PM HD 
GQ 6505 P Presa, Ox Injector Inlet FM/FK BD 
GQ 6510 P Preas, Thrust Chaaber FK/FK "" GQ 6510 P Press. Thrust Chaaber PCM BD 
GQ 6806 B Pos, Variable Injector Actuator PCM 

,.. 
CQ 7301 D Vib, Thrust Chutber XX Axis PM/PM N 
GQ 7302 D Vib, Thrust Cluulber YY Axis PM/PM :] .. 
GQ 7303 D Vib, Thruat Chaaber ZZ Axis PM/PM 

2) Trajectory Profile (HD) 

~• of tvo aandatory. 
•~ of two aandatory. 

( 
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Ml3.3 PRIMARY PllOPULSION/VEBICLE INTERACTIONS 

Background and Ju•tification 

The purpose of this objective is to determine that the API _. Dfl 

dynamic characteristics and performance are not ad ,er•ely effected bJ die 

vehicle and propulsion system induced operation. e eleaenta conceraed 
are vibration, propellant slosh and vehicle stabil ty. The LM-1111.aaioa 

is the first and only currently scheduled opportun ty to satisfy thia 

objective prior to manned LM operations. Adverse ynamic coupling betveea 

vehicle stability and propulsion system behavior c n result in a crev aad 
mission hazard. While current test and analytical 

standing reasons to suspect such adverse interacti 

of this objective prior to manned LM operations is 

esults give no ~t-

s, the accomplialaent 

equired. 

Ground testing cannot satisfy the constraints f this objective as 

such would require that a free body with flight ace lerations be siaulated. 

Ground testing tog~ther with analytical studies c 

dynamic environment under which engine combustion 

APS engine ground test history indicates cases of 

Steady-state instability, coined "footballs", 

curr~nt injector design. The LM-1 APS engine 

not dereonstrated this tendency toward instability. 

cular attention will be given to this 

As there is a high degree of uncertainty inherent 

mode frequency, no direct means are available 

mode during flight, save only during coast. 

In-flight engine performance can be deterai.a 

, however, depict the 

mains stable. The 

mbustion instability. 

linked with the 

28-36), however, has 

Nevertheless, parti

ing the LH-1 ai■aion. 

propellant slosh 

late and define this 

and correlated with 

the propellant supply conditions. It is doubtful, that pro-

pellant slosh vr vehicle stability will be reflect in the •upply coadi

tions unless such oscillations are structurally cat atrophic. IIODe of tile 
in-flight measurements associated with the preaauri atioa, propellaat , ... 

and engine 9ystems are adequate to differentiate be ween propellaat aloeb 

and vehicle instability incited by another mode out ide tbe p:illary pro

puls ion system. A computer program, which •bodie• a ■iniaua variaDce 
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eau .. uon technique. however. will be ut1l11ed to dif na&tau W1111• 

vehicle and propulaion eyetea induced oecillatiOM. 

Thie objective. when accoapliehed. will u•re t ,... 

pulaion aubayatea/vehicle interactiou will exiat OD - ... ._ 

u the pertinent configuration aodificatiou plawcl • l-e••••t t.o i.1 

are conaidered ainor. Exception i• taken. howeYer, t 1tbe afOl'-C~ 

"football" problea. The utility of the Ut-1 tut will! neceaeitat.e •CNy 

in the event a new APS injector design is effected ill e flipt c.e.t 

progr-. 

,. 
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M.13.4 

Purpose 

ASCIIT INCINE auaour CIIAUCTllllflCS 

Deterain• that no vehicle degradatioo ich ... u affect~ 
eafety occurs during APS burn to cleple too. 

The accoaplishllent of this objective is pert nent to the LUI ta dlat 

in the event of low level sensor uncovering durin LH ascent. it_,. N 

necessary to burn the APS to propellant deplet~on acbine orbit ratller 

than to effect a aanual shutdown prior to depleti . 

Test Conditions 

1) The second APS shutdown criteria will be propellant deplet:loa. 

2) APS/RCS interconnect is closed prior o APS propellant deple
tion. 

Success Criteria 

Sufficient data vere obtained to detenaine t t the burDOlllt charac

teristics of the APS engine would not ~~tec.t crew aa!ety. 

Evaluation 

Following the flight. the shutdovn iapulee o the NCoad APS .n wl11 

be ascertained using the time-integrated thruet c r pnaaure 41ecay. die 

propellant flow conditions implied by propellant 

covery and empirical data derived 

In order to verify the propellant flovrate deduc 

postflight analysis will be perfonaed to detenai 

engine perforaance. and propellant un&•• The c 

4-:l9 
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in thi• ulyeie i1WOlv• • atnlaua varuace Hhae .tiic~ c.aa.,._.• .,... .. 

velocity aatu • propellant •ad anal• data neat_, •ta •n. 1'lle ....,_ 

dOlffl tapul•• deteratned froa chaaber pr•••r• will IHt •ertfW., aew.
lW'l•tlft& froa the eteady•rate operattna lnel to th« end of die -.C-

dovn trandent. A coaparieoa vill be aade of the pr .. .ure clecaJ pr.tU• 

deterained froa fltaht vitb that deaonetrated in ground te•t• for lt.M 

depletion ca•••• 

1) Teleaetry Heuureaenta: 

~ureaent 
NUllber 

CG 0001 X 
GP 0001 P 
GP 0002 P 
GP 0019 P 
GP 0020 P 
GP 0025 P 
GP 0201 T 
CP 0202 T 
GP 0501 P 
GP 0616 P 
GP 0718 T 
GP 0908 X 
GP 1001 P 
GP 1004 P 
GP 1116 P 
GP 1218 T 
GP 1408 X 
GP 1.501 P 
GP 1.503 P 
GP 2001 P 
GP 2006 P 
GP 2010 P 
Cl' 2010 P 
GP 2701 T 
GP 2702 T 
GP 2703 T 
CP 2704 T 
GP 2706 T 
CP 2801 J\ 
GP 2802 0 
GP 2803 D 

PG.'CS Downlink Data (To T/~) 
Preas, He Supply Tank No. l 
Press, He Supply Tank No. 2 
Presa, He Pri Upstream Reg Inlet 
Press, He Sec Upstream Reg Inlet 
Press, Reg Out Manifold 
Temp, He Supply Tank No. 1 
Teap, He Supply Tank No. 2 
Press, Fuel Tank Ullage 
Del P, Fuel Tk Bot to Interface 
i:'emp, Fuel Tank Fuel Bulk 
Fuel Tank Level Low 
Press, Ox Tank Ullage 
Press, Ox Tk Vent Rfl Vlv In 
Del P, Ox Tk Bot to Interface 
Temp, Ox Tank Ox Bulk 
Ox Tank Level Low 
Preas, Fuel Isol Valve Inlet 
Press, Ox lsol Valve Inlet 
Pre••• Fuel Injector Inlet 
Presa, Ox Injector Inlet 
Pre••• Thrust Ch•ber 
Pre••• 11trust Ch•ber 
T•p, Thr Cha External Wall No. 1 
Teap, Thr Chm External Wall No. 2 
T•p, Thr Cha External Wall No. 3 
Temp, Thr Cha External Wall No. 4 
T•p, Injector Surface 
Vib, 11truat Chaaber XX Axia 
Vib, Thrust Ch•ber YY Axt• 
Vib, Thru t Chamber ZZ Axia 

2) Trajectory Profile (HD), 

•on of two mandatory, 
-30 

PCM 
PQf 
Pat 
FM/PM 
FM/FM 
PCM 
Pat 
Pal 
FM/FM 
nl/FM 
PCM 
Pat 
FM/PM 
nt/FN 
FM/PM 
Pat 
PO( 

Pat 
Pal 

'"''" '"''" Pat 

'"''" '"''" '"''" '"''" '"''" '"''" JN/1" 
PN/PN 

'"''" 

HD 
BD 
BD 
HD 
RD 
RD 
HD 
BD 
ID ., 
Bl) 

BD 
ID ., 
HD 
HD 
HD 

~ 
D 
N 
11D 
11D 

• 11D -• 
:]• 
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Mll.4 ASCENT ENGINE IUINOtrr CHAIACTBl18T1C8 

Background and Juetification 

lbe purpose of this objective ia to aaaure that 

does not accompany an APS propellant depletion ahutd 

ment. lbe accomplishment of this objective ia pertin 

in the event of a propellant low level sensor indicati 

it may be necessary to burn the APS to 

particular orbit, rather than to effect 

As an APS propellant depletion shutdown could induce a 

sients, or at worst, prompt explosion, a crew hazard m 

this operation. For this reason, this objective must 

unmanned. A propellant depletion shutdown may occur a 

or oxidizer depletion each inciting different 

Two separate flight tests are thus necessary: 

another for oxidizer depletion. As APS burnout 

determined after de-manning the ascent stage in 

propellant depletion mode which will not be 

mission can be conducted on any of the LK missions pri 

Ground tests have been conducted at WSTF to aaaea 

tion shutdown transients. The currently 

cate that this is a hazardous operation. 

'lbe succe3sful accomplishment of this objective o 

(and the succeaaful accomplishaent of a aiailar object 

the reaaining depletion aode) would certify the APS ea 

operation• on the LU{. 
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Ml3.5 

Purpose 

DPS PRESSURIZATION/PROPELLANT FUD 

Verify the operation of the DPS propel ant feed and pr~ 
tion sections. 

Certify the DPS propellant feed and preasur zation aectiona md die 

propellant gauging system for manned operations 

Test Conditions 

the LLM. 

The approximate LLM DPS duty cycle will be 4!quired. 

Success Criteria 

1) The supercritical helium presaurizati syatea abauld perfom 
within the lf~its defind in specifica ion LSP-470-30. 

a) He/He internal heat exchanger: pa a. 3.4.1.3.3.2.3 (b) 

b) Fuel/He Heat exchanger: para. 3.4 1.3.3.2.3. (e) 

c) Pressure Budget: para. 3.4.1.3.3 .. 3. (1) 

d) Pressurization section ncainal c ponent characteriatica: 
Table XIII 

2) The propellant feed system should per ora within the liaita 
defind in specification LSP-470-30, 

a) Mixture Ratio: para. 3.4.1.3.3.2, (It) 

b) Interface Pressure: para, 3.4.1.3 3.2.3 (1) 

c) Propellant Te•perature: para. 3.4 1.3.3.2.5 (a) 

d) Pressure Budaet: para. 3.4.1.3.3 2.2. (1) 

e) Quantity aaaina: para. 3.4.1.3.3 .• 2. (1) 
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3) Propollant Quantity Gauat.na Syet• (PQGS) 

Eyalyation 

The accuracy of the aauaing eyat• 1e wit in t 11 of f-11 
tank capacity except 1n the rana• of 8 to 25 perc•t wben die 
error vu leH than ± . 5%. 

1) Following the fli.ght an analyeis will be (londucted ueina per
tinent T/M data to evaluate the following areae: 

a) System pressure levels and oscillati •· 

b) He/He and He/fuel heat exchanger perf raance. 

c) The helium solenoid valve, pressure r ducer aaaeably, check 
valve, the relief valve and burst dis • status and actuation. 

d) The engine valve pack.age and injector perform•ce. 

e) Pressurant and propellant utilization 

2) Particular attention will be given to the heli\all coils in the 
He/fue~ heat exchanger to detenaine the d gree to which fuel 
temper."ture is influ,?nced. 

3) A poatflight analysis of the entire prop sion syst• will be 
conducted to ascertain pressurization/pro ellant feed/engine 
system compliance and to determine pressu~ant and propellant 
flow-rate profiles. This analysis will also assist in the 
authentication of analytical characteriza·ions. 

4) The computer program to be used in this alysia employs a 
minimum variance scheme wh•ch considers locity gains and 
propellant and engine data obtained via MSFN •• well as other 
pertinent design and performance data obt~ined froa engine sod 
system ground tests. In addition to dete~ining engine 
performance (thrust, specific impulse and aixture ratio) this 
analysis will yield reconstructed consuma le and stage veiaht 
histories. The reconstructed propellant ight history vill 
be compared to the PQGS readings to dete ine PQGS error• and 
biases. 
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1) T•l--try Measure.ants: 

GC 0001 X 
GQ 3009 p 
GQ 3010 P 
GQ 3018 P 
GQ 3018 P 
GQ 33CAJ X 
GQ 3310 X 
GQ 3435 P 
GQ 3451 T 
GQ 3455 T 
GQ 3459 T 
CQ 3463 T 
GQ 3501 P 
GQ 3603 Q 
GQ 3604 Q 
GQ 3611 P 
GQ 3611 P 
GQ 3718 T 
GQ 3719 T .._ 
GQ 3811 T 
GQ 4001 P 
GQ 4103 Q 
GQ U04 Q 
GQ 4111 P 
GQ 4111 P 
GQ 4218 T 
GQ 4219 T 
GQ 4311 T 
GQ 6510 P 

GQ 6510 r 
GQ 6806 H 
GQ 7301 D 
GQ 7302 D 
GQ 7303 D 

Description 
PGNCS Downlink Data (To T/M) 
Press, He Pri Upstream Reg Inlet 
Press, He Sec Upstream Reg Inlet 
Press, He Reg Out Manifold 
Press, He Reg Out Manifold 
He Pri Sol Vlv Closed 
He Sec Sol \llv Open 
Press, Super/Crit He Supply Tank 
Temp, Super/Crit He Supply Outlet 
Temp, Super/Crit He/He, Hx Inlet 
Temp , Super/Crit He/He, Hx Outlet 
Temp, Super/Crit Fuel /He Hx Outlet 
Press, Ullage Fuel Tk No. 1 
Quantity, Fuel Tank No. 1 
Quantity, Fuel Tank No. 2 
Press, Engine Interface Fuel 
Presa, Engine Interface Fuel 
Temp, Fuel Tank No. 1 Fud Bulk 
Temp, Fuel Tank No. 2 Fuel Bulk 
Temp, Engine Interface Fuel 
Press, Ox Tank No. 1 Ullage 
Quantity, Oxid Tank No. 1 
Quantity, Oxid Tank No. 2 
Press, Engine Interface Oxid 
Press. Engine Interface Qxjd 
Temp, Ox Tank No. 1 Ox Bulk 
Teap, Ox Tank No. 2 Ox Bulk 
Teap, Engine Interface Ox 
Preas, '11lrust Chamber 
Press, Thrust Chamber 
Poa, Variable Injector Actuator 
Vib, Thrust Chamber XX Axis 
Vib, Thrust Chamber YY Axis 
Vib, Thrust Chaber ?Z Ax .1 s 

~• of three undatory. 
tiODe of tvo aandatory. 
**"One of four aandatory - one hour prior to launch. 
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PCHD 
FM/FM 
FM/FM 
PCM 
FM/FM 
PCM 
PCM 
PCM 
nf/FM 
FM/FM 
nf/FH 
nf/FM 
nf/FM 
PCM 
PCM 
PCM 
FM/FM 
PCM 
PCM 
FM/FM 
r'H/FK 
PCM 
PCM 
PCM 
FM/FM 
PCM 
PCM 
FM/PM 
PCM 
PM/PM 
PCM 
FM/PM 
PM/PM 
FM/PM 

Priodtt 
RD 

:}-• 
RD 
M* 
RD 
HD 
KH 
HD 
HD 
HD 
HD 
M* 

:] .. 
HD 
HD 
M*** 
M*** 
M 
M* 

:]** 
HD 
HD 
M*** 
M*** 
HD 
II) 

RD 
RD 
HD 
RD 
HD 
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Ml3.5 DPS PRESSUlllZATION/PROPELLANT RID 

Background and Justificatio~ 

The purpose of this objective is to verify that t 

characteristics of the DPS super-critical preasurizati 

syste1118 in the apace flight environment certifies this 

operation Mld the LLM. It is also the inherent purpoa 

ouantitativelv determine the DPS pres~urizacion/feed s 
operational flight conditions for the purpose of ascer 

ficiencies and certification of overall design adequac. 

operational 

and propellant feed 

ection for ■mmed 

of thla objective to 

tem behavior under 
ining critical de-

While the flight article hardware will be dee~ed flight qualified by 

the extensive ground test programs being conducted by he contractor (GAEC 

qual test) and WSTF, a requirement to verify flight cptration prior to 

manned LM operations is necessary. This requirement i imposed o·t of 

necessity to verify helium consumption and the predict bility thereof. The 

nP.ed for this requirement, however, has been re-emphaa zed by the recent 

explosion which occurred on LTA-5 at WSTF as a result f water trapped in 

the supercritical helium heat exchanger which froze du ing a teat causing 

a structur41 weakness. The LM-1 fix was achieved by tfe installation of 

the LM-4 heat exchanger which was given extensive pres ure tests. Suba•

quent heat exchangers will be manufaclured with a more suitable braztna 

alloy. Since helium consumption is grossly regulated y th• effectiveness 

of the He/He and fuel/He heat exchanger combination, f igbt data reprclial 

heat exchanger performance is likewise necessary. In rder to assure tbat 

sufficient helium quantity will be available for the L aa well as other 

Ui missions, the impact of the space environment cycle upoa 

helium consumption must be cealized. Perhaps the aoat useful inforaatiOD 

anticipated from flight is data which depicts the effe t of near wetaht-

( lessness on intra-tank heat transfer in the super-crit cal supply tank u 

natural convection is the mode of transfer. Since gro d tests cannot 

simulate this phenomenon, flight data is necessary, 
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ICnovl•d~ of the beat transfer characteriatica durina flt,bt acceler

ations 1a not ooly of critical concern in detenatning ayat• effecti.-.u 

during engine bums, but is of extreae iaportance in defining the uaahle 

portion of the loaded quantity. A study of the problea of localised fuel 

freezing (in the fuel/He JU region) is also to be a part of thia objecttft. 

Furthet'IIOre, LK aiHions subsequent to LMJ will be void of the DP1 Matnan

ments. The only surviving aeasureaent in the entire pressurisation ••ctioa 

will be the super-critical He suppl~ tank pressure (GQ 3435 P). LM aiaaioaa 

flown subaeqaent to LK 3, consequently afford little opportunity to aupeaat 

knowledge in this area. 

LM-1 differs from subsequent LM's in that it does not have an aabient 

heli,:m bottle for initial propellant system pressurization. 'l11e abaence 

of this bottle makes LK-1 a worst case de1110nstratioo of the preaauriaation 

and fe-ed system. 

Successful accomplishment of this objective on the LM-1 ■iaaion will 

certify the DPS propellant feed and pressurization ayate■a for ■-med 

operations as well as t~~ LLK. 
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Ml.3.6 

Purpoatti 

APS PUSSUllliTIOlf/PIOPILLAIIT PEED 

Verify the operation of the APS propellan feed and pr•aui~ 
tion aections. 

Validate the APS preaaurization and propellant feed aectiona for 

aanued LK operation■ aod the LLM. 

!!!_t Conditio;'!_ 

The approxillate LLM APS duty cycle 1• required 

Succeaa Criteria 

Th.e Allbieot Beliua pressurisation •Y•t• and t • propellent bed 

ayatea ahould perfor111 within the liaita defined in 1pecification LSP-470-30. 

1) Presau~e Budget: Paragraph 3.4.1 .. 3.1.1.l 

2) l-dxture Ratio: Par•graph 3.4.1 .. 3.1.2 (b 

3) Interface Pressure: Paragr~ph 3.4.1. l .3.1.2 (1) 

4) Propellant Temperature: Paragraph 3.4 1.3.3.1.2 (j) 

5) Low Level Sensors: Paragraph 3.4.1. 1 .3.1.1.2 (g) 

Evaluation 

1) Following the flight an analysia will b ~ conducted uaiq 
pertinent T/M data to evaluate the follfiwin1 ar ... : 

a) System pressure level• and oacillat on■• 

b) Preasurant and propellant utiliaati • 

2) A poatfligbt perforaance analyaia of th entire propuleioa 
ayatea will be conducted to ucertain p ••uriaatioa/propellallt 
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reed/engine coapliance and to det•rain• preeeur•t aNI ,...,.11-e -
flov-rate profilee. leeulte of thi• analyei• will be_. to 
authenticate the analytical characteriaatioo• llbich wn fo_. 
lated ueing ground teat data. 

Data Reguireaenta 

1) Teleaetry Heaaureaenta 

Heaaureaent 
ifuaber 

CC 0001 X 
GP 0001 P 
GP 0002 P 
GP 0019 P 
GP 0020 P 
GP 0025 P 
GP 0201 T 
GP 0202 T 
GP 0318 X 
GP 0320 X 
GP 0501 P 
GP 0616 P 
GP 0718 T 
GP 0908 X 
GP 1001 P 
GP 1004 P 
GP 1116 P 
GP 1218 T 
GP 1408 X 
GP 1501 P 
GP 1503 P 
GP 1801 X 
GP 1802 X 
GP 1805 X 
GP 1806 X 
GP 1811 X 
GP 1812 X 
GP 1813 X 
GP 1814 X 
GP 2001 P 
GP 2006 P 
GP 2010 P 
GP 2997 U 
GP 2998 U 

Description 
PGNCS Downlink Data (To T/H) 
Press. BE Supply Tank No. 1 
Press. HE Supply Tank No. 2 
Press. HE Pri Upatrea■ Ref Inlet 
Press. HE Sec Upstre- Ref Inlet 
Press. Reg Out Manifold 
Teap. HE Supply Tank No. 1 
Teap. HE Supply Tank No. 2 
HE Pri Line Sol VLV Closed 
BE Sec Line Sol VLV Closed 
Preas. Fuel Tank Ullage 
DELP. Yuel Tk Bot to Interface 
Teap, Fuel Tank Fuel Bulk 
Fuel Tank Level Low 
PreH • Ox Tank Ullage 
Presa. Ox Tk Vent RLF VLV In 
DELP, Ox Tk BOT to Interface 
Teap. Ox Tank Ox Bulk 
Ox Tank Level Low 
Pre••• Fuel ISOL Valve Inlet 
Presa. Ox ISOL Valve Inlet 
ISOL Valve A Not Open (Part of GP 2997 U) 
ISOL Valve B Not Open (Part of GP 2998 U) 
BIPROP Vlv A Not Open (Part of GP 2997 U) 
Bn>ROP Vlv B Not Open (Part of GP 2998 U) 
ISOL Vlv A Not Closed (Part of GP 2997 U) 
ISOL Vlv B Not Closed (Patt of GP 2998 U) 

'1M 
PCHD 
Pac 
Pac 
PM/ftf 
PM/ftf 
FM/FM 
Pac 
Pac 
Pac 
PQf 
ftf/PM 
PM/PM 
Pac 
Pac 
PM/FM 
PM/PM 
FM/PM 
Pac 
Pal 
Pac 
PQC 

BIPROP Vlv A Not Closed (Part of GP 2997 U) 
BIPROP Vlv B Not Closed (Part of GP 2998 U) 
Pre••• Fuel Injector Inlet 1M/PN 
PreH, Ox Injector Inlet 1M/1M 
Pre••• 'l'hruat Chaaber POI 
Iaol/liprop Vlva A Delta Poa Pat 
laol/liprop Vlff I Delta Poe Pat 

~• of t ,iree are ■andatory, the other tvo are hiply dHirable. 

2) Trajectory Profile (HD). 
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PrtortCY 
ID 
HD 
HD 
ID 
RD ... 
HD 
RD 
RD 
RD ... 
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M13.6 APS PRESSUR.IZATION/PIOPELLANT PIED 

Backaround and Juatification 

The purpose of this objective 1a to provide at1auraac• that die 

operational characteristics of the APS preaauriaaUon and propellat , ... 

sections for aanned operatiorus and the LLM are wit 1in apecificatioD. la

berent in this objective is the purpose to quantit•itively deterai• the 

pressurant/propellant supply system behavior under flight conditiom for 

the purpose of determining critical deficienciea ud overall certlficatioll 

of design adequacy. Ground tests are inadeouate tc a:laulate flipt accele

rations. Since the pressurization/feed system is al vital function of tM 

APS propulsion system operation, accoapliahaent of this objer t i.e 1• 

necessary prior to manned operatiorus. 

Successful accomplishment of this objective, :ogether with succusful 

ground testing, will validate the APS pressurizati n and propellant feed 

systems for manned LM operations. 
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M.13.7 

Purpose 

APS/DPS 111111 DUIATION IFnCTS 

Deteraine the effects of burn duration on S .... Art npN 
perforaance. 

To aaaure that long duration APS and DPS burns in the apace ea-,1~ 

aent do not precipitate unsatisfactory engine perfo nee includiaa ttar.t 

chamber burn through. Since a thrust chamber burn rough could coaproal.M 

crew aafety, the accomplishment of this objective p ior to aanned operat!Gas 

ia required. 

Teat Conditions 

1) This objective will be implemented by thi nonaal execution of 
the simulated Lunar Mission Duty Cycle. The DPS duty cycle 
will include a burn time in excess of 20~ seconds at the Fixed 
Throttle Point (F.T.P,) and a burn time Jn excess of 200 
seconds in the throttled mode (50 percen full thrust or lus). 
Total burn time will be in excess of 640 seconds. 

2) The second APS burn should be in excess f 392 second• ill 
duration. 

3) Prior to ignition DPS and APS propellant tank prusuru and 
propellant temperatures will be within t e norul desip 
operating range. 

Succesa Criteria 

1) APS performance should be within the 11 ts specified ill LSP-
470-30 specification. 

a) Engine Perfonaance: para. 3.4.1.3.3 .. 2 (a) 

b) Mixture Ratio: para. 3.4.1.3.3.1.2 

c) Steady State: para. 3.4.1.3.3.1.1.1. 

d) Coabustion Stability: para. 3.4.1.3 .. 1.1.1.3.l 
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2) DPS perforaence ahould be vithin tlM liait •pectf W ia 
LSP-470-30 Specification. 

a) !naine perfonaence: para. 3.4.1.3.J.2. (a) 

b) Mixture Ratio: para. 3.4.1.3.3.2.5 

c) Steady State: para. 3.4.1.3.3.2.1.2 

d) Combustion Stability: para. 3.4.1.3.3. 

e) Engine Temperature: para. 3.4.1.3.3.2. (p) 

Evaluation 

A postflight analysis will be performed to determ e the APS and DPS 

steady-state performance which will be correlated to duration. The 

coaputer p~ogram to be used in this analysis employs a 

scheae which , oasiders velocity gains and propellant engine data 

obtained via MSffi as well as other pertinent design an 

obtained from engine and system ground tests. 

engine performance (thrust, specific impulse and 

analysis will yield reconstructed consumable and 

These results will thus provide vital information conce 

av capabilities and performance and propellant margins 

The APS and DPS outer skin temperature profiles 

compared to those obtained from ground tes~s. These 

on to deterainiag 

ratio) this 

eight histories. 

ing APS and DPS 

flight vill be 

be used in determining whether or not engine thermals cificatlons were 

violated. 

Data Requirements 

1) Telemetry Measurem~nts: 

Heaaureaent 
Humber 

GG 0001 X 
GP 0001 P 
GP 0002 P 
GP 0025 P 
GP 020J. T 
GP 0202 T 
GP 0501 P 

Description 

PGNCS Downlink Data (To T/M) 
Pre••• He Supply Tank Ho. 1 
Pr•••• Be Supply Tank No. 2 
Pr•••• Reg Out Manifold 
T•p, He Supply Tank No. l 
Te■p, He S1Jpply Tank No. 2 
Pre••• Fuel Tank Ullage 
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PCN 
PCM 
FM/ 
PCN 
PCN 
FM/ 

N 
11D 
II) 

ID 
11D 
11D 
M** 
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CP 0616 P 
GP 0718 T 
GP 0908 X 
CP 1001 P 
GP 1116 P 
GP 1218 T 
GP 1408 X 
GP 1501 P 
Gt 1503 P 
GP 2001 P 
GP 2006 P 
GP 2010 P 
GP 2010 P 

1GP 2701 T 
GP 2702 T 
GP 2703 T 
GP 2704 T 
GP 2706 T 
GP 2801 D 
GP 2802 D 
GP 2803 D 
GQ 3009 P 
GQ 3010 P 
GQ 3018 P 
GQ ~501 P 
GQ 3603 Q 
GQ 3604 Q 
GQ 3611 P 
GQ 3611 P 
GQ 3666 P 
GQ 3718 T 
GQ 3719 T 
GQ 3811 T 
GQ 4001 P 
C',Q 4103 Q 
GQ 4104 Q 
GQ 4111 P 
GQ 4111 P 
GQ 4116 P 
GQ 4218 'f 
GQ 4219 T 
GQ 4311 T 
GQ 4455 X 
GQ 6501 P 
GQ 6506 P 
GQ 6510 P 
GQ 6510 P 
GQ 6806 H 
c;u 1331 v 

DHcdption 

Del P, Fuel Tk lot To Interface 
T•p, Fu 1 Tank Fuel Bulk 
Fuel Tank Level Low 
Preas, Ox Tank Ullage 
Del P, Ox Tank Bot To Interface 
T•p• Ox Tank Ox Bulk 
Ox Tank Level Low 
Press, Fuel Isol Vlve Inlet 
Press, Ox lsol Vlve Inlet 
Press, Fuel Injector Inlet 
Press, Ox Injector Inlet 
Press, Thrust Chamber 
Press, Thrust Chamber 
Temp, Thr Chm External Wall No. 1 
Temp, Thr Chm External Wall No. 2 
Temp, Thr Chm External Wall No. 3 
Temp, Thr Chm External Wall No. 4 
Temp, Injector Surface 
Vib4 Thrust Chamber XX Axis 
Vib, Thrust Chamber YY Axis 
Vib, Thrust Chamber ZZ Axis 
Press, He Pri Upstream Reg Inlet 
Press, He Sec Upstream Reg Inlet 
Press, He Reg Out Manifold 
Press, Ullage Fuel Tit No. 2 
Quantity, Fuel Tank No. 1 
Quantity, Fuel Tank No. 2 
Press Engine Interface Fuel 
Press Engine Interface Fuel 
Del P, Fl Tk No. l Bot-Eng lnterfa ,e 
Temp, Fuel Tank No. l Fuel Bulk 
Temp, Fuel Tank No. 2 Fuel Bulk 
Temp, Engine Interface Fuel 
Press, Ox Tank No. 1 Ullage 
Quantity, Oxid Tank No. 1 
Quantity, Oxid Tank No. 2 
Press, Engine Interface Oxid 
Press, Engine Interface Oxid 
Del P, Ox Tit No. 1 Bot-Ena lnterfa e 
Temp, Ox Tank No. 1 Ox Bulk 
Temp, Ox Tank No. 2 Ox Bulk 
Temp, Engin Interface Oxid 
Propellant Tanks Lqd Level Low 
Press, Fuel Injector Inlet 
Press, Ox Injector Inlet 
Press, Thruat Chamber 
Press, Thrust Chamber 
Pos, Variable Injector Actuator 
Volt, Auto Thrust CMD 
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'"''" PCII 
Pal 

'"''" .... 
PCM 
POI 
PCM 
PO( 

FM/FM 
FM/FK 
POI 
FM/Ill 
FM/1M 
FM/FM 
FM/Ill 
FM/PM 
FM/FM 
FM/PM 
FM/Ill 
FM/FM 
FM/FM 
FM/FM 
PCM 
FM/FM 
PCM 
PCM 
PCM 
FM/FM 
1M/J'N 
PCM 
PCM 
FM/nt 
1M/FM 
PCN 
PCN 
PCN 
1M/1K 
FM/PM 
PCN 
Pal 
PM/PM 
PCN 
!M/ft( 
fM/PM 
PCN 
JM/fM 
PCN 
Pat 

twrMr , -... ---..... ... --8D 
II 

• ., 
• • HD 
HD 

:] .. 
BD 
11D 
BD 
Ml :~ .. 
1fl ; 
BD 
114 

:h .. 
II ~j .. 
; 
ID 

• BD 
ID -N 

:]•· 
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Heaau~nt 
Nullber Deacription 

GQ 7301 D Vib, Thruat Ch-ber XX Axia 
GQ 7302 D Vib, Thruat Chaaber YY Axia 
GQ 7303 D Vib, Thruat Chaaber ZZ Axia 
GQ 7206 T Teap Injector Surface 
GQ 7211 T Temp Eng Ht Sh Outer Surf No. 1 
GQ 7212 T Temp Eng Ht Sh Outer Surf No. 2 FM 
GQ 7213 T Teap Eng Ht Sh Outer Su~f No. 3 PM 
GQ 7214 T Temp Eng Ht Sh Outer Surf No. 4 FM 

1'0ne of three mandatory; remaining two highly desirable 
**One of two 111Andatory; the other highly desirable. 
***One of two mandatory; the other highly desirable. 

¾l.ndatory to r-1 hour. 
~One of four mandatory to T-1 hour. 

40ne of two mandatory. 
One of two mandatory . 

4-46 

.. •nonu 
PM BD 
PM :] .. PM 
FM BD 
PM :]•· PM 
PM :] .. PM 

Revision 5 

---------•!-------·--------
a 

L 



( 

• 

Mll.7 APS/DPS BURN DURATION Erncrs 

Background and Justification 

The purpose of this objective is to assure that 

DPS burns in the space environment do not precipitat 

engine performance. In addition, the purpose include 

determination of subsystem behavior under flight ope 

for the purpose of determining critical deficiencies 

ona duratiola Ill_. 

unsatisfactory 

the qualitati•• 
tional conditiou 

nd certificatioa 

of design adequacy. Accurate determination of subsys em performance for 

the purpose of ascertaining LM capability to satisfy esign requireaenta 

and extent-margin for which it may be called upon is also considered in

herent in this objective. Tvo major items related to crew safety are 

normally of concern in long duration burns: (1) thr st cbaaber burn 

through, (2) degraded performance which results fr thruat cbaaber throat 
erosion. Since a thrust chamber burn through could 

the accomplishment of this objective prior to perations ia necuaa-ry. 

The LM-1 DPS engine (S/N 1026) is considered a 'low" eroding engine 

relative to other engines to be flown on ensuing mis 'lbe corre-

lations to be drawn between engine performance and n ti.lie are conaid-

ered applicable to higher eroding chambers. While 

consequently erosion) cannot be directly instrumen it can be t 

surmised through flight test data correlation. rrelation will be 

performed by a computer program which employs a variance teclmiqN 

to yield the best estimate of engine performance baa upon velocity 

gains and propellant/engine data obtained via MSFN. 

The accomplishment of this objective on the 

bute to the qualification of APS and DPS engines for uDDed LK operati ... 

In the event, however, of an APS injector de•ian cha e subHqu•t to Ul-1, 

the utility of the data obtained from this objective auat be apprai .... 
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Ml3.8 PCS/APS INTERCONNECT 

Verify APS/RCS operation ueing the APS RCS propellant in~•r • 

Purpose 

Certify the RCS capability to utilize APS p1 opellante prior to a LM 
manned aiasion. The RCS chamber pressure meosur ments are available O!'ly 

onLM-1. 

Teat Conditions 

The APS/RCS interconnect should not be open d before 10 seconds of 

the second APS burn in order to provide a +X tra slation to the vehicle. 

This +X translation ensures that the propellants are settled (aiaulating 

start of lunar ascent) prior to the use of the i terconnect propellant 

supply. The interconnect will b~ used for a min mum of 50 seconds. 

Success Criteria 

1) Propellant was supplied to the RCS e gine for ateady-atate 
operation at a dynamic pressure betw en 172 and 192 paia. 

2) RCS thruster vacuum thrust was betwe 
during continuous operation. 

95 and 108 pound• 

3) No adverse interactions between the Sand RCS were 
observed during APS/RCS interconnect uae. 

4) The propellant latch valves operated correctly and then 
were no detectable leaks when in the cloaed poaitioa. 
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Evaluation 

1) Following the flight the TCA inlet and thrua er chaaber 
pruaure data will be analyzed to ••certain h• degrN 
to which propellant 1upply condition• were• tiafied. 

2) Th• thruater chaaber preaaure data will be c rrelated 
with ground/atatic teat data as well aa infl ght data 
obtained prior to and aubaequent to uae oft e inter
connect to detenine thruster thrust. 

3) APS fuel and oxidizer valve inlet preaaurea 
chamber pressure data will be analyzed to de 
pressure• were degrac!ed duri~ the interconn 

these 

4) Propellant latch valve operation will be eva 
basis of valve position and system pressure. 

the 

Data Reguirementa 

1) Telemetry Measurements: 

Measurement 
Number 

GP 0501 P 
GP 0504 P 
GP 0616 P 
GP 0718 T 
GP 0908 X 
GP 1001 P 
GP 1116 P 
GP 1218 T 
GP 1501 P 
GP 1503 P 
GR 1085 Q 
GR 1101 P 
GR 1095 Q 
GR 1102 P 

Description 

Press, Fuel Tank Ullage 
Presa, Fuel Tk Vent Rlf Vlv In 
Del P, Fuel Tk Bot to I nterface 
Temp, Fuel Tank Fuel Bulk 
Fuel Tank Level Lov 
Presa, Ox Tank Ullage 
Del P, Ox Tank Bot to Interface 
Tei:,p, Ox Tank Ox Bulk 
Presa, Fuel laol Valve Inlet 
Pre••• Ox laol Valve Inlet 
Qty, Propellant Sya A 
Presa, Helium Tank A 
Qty, Propellant Sya B 
Preas, Helium Tank B 

*, ** One of two mandatory, the other highly deairable. 
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HD 
RD 
RD 
HD 
RD 
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HD 
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HD 
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M* 
M** 
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Meaaureaent 
Number Deacription ll! """'' GR 2201 P Pre•• A Fuel Mnfld POI • GR 2202 P Presa. B Fuel Mnfld POI -GR 2461 X Fuel Main Feed S/0 A Cloaed (Part of GR 9609 V) 

GR 2462 X Fuel Hain Feed S/0 B Cloaed (Part of GR 9610 V) 
GR 3201 P Press. A Oxid Mnfld POI -GR 3202 P Press. B Oxid Mnfld POI ID 
GR 3461 X Oxid Main Feed S/0 A Closed PCM ID 
GR 3462 X Oxid l1ain Feed S/0 B Closed POI ID 
GR 4322 T Temp. TCA Fuel Inlet. PR 4B S rf FM/FM ID 
GR 4323 T Temp. TCA Fuel Inlet, PR 3A S rf PM/FM 8D 
GR 4326 T Temp. TCA Fuel Inlet. PR 2B S rf FM/FM II) 

GR 4327 T Temp. TCA Fuel Inlet, PR 1A S rf FM/FM ID 
GR 4424 T Temp, TCA Oxid Inlet, PR 3B S rf FM/FM ID 
GR 4570 T Temp, TCA Injector Head No. 4 FM/FM ID 
GR 4571 T Temp, TCA Injector Head No. 4 ~ FM/FM ID 
GR 4573 T Temp, TCA Injector Head No. 3 FM/FM ID 
GR 4574 T Temp, TCA Injector Head No. 3 PH/FM ID 
GR 4577 T Temp, TCA Injector Head No. 2 FM/FM ID 
GR 4578 T Temp, TCA Injector Head No. 2 FM/FM ID 
GR 4582 T Temp, TCA Injector Head No. PH/FM ID 
GR 4583 T Temp, TCA Injector Head No. l W./PH ID 
GR 5011 P Press, TCA Fuel Inlet, PR 4A FM/PH Bl) 

Gll 5012 P Press, TCA Fuel Inlet, PR 4B FM/PH Bl) 

GR 5013 P Press, TCA Fuel Inlet, PR 3A PH/PM Bl) 
GR 5014 P Press, TCA Fuel Inlet, PR 3B PH/FM llD 
GR 5015 P Press, TCA Fuel Inlet, PR 2A FM/PH HD 
GR 5016 P Presa, TCA Fuel Inlet, PR 2B PH/PH HD 
GR 5017 P Presa, TCA Fuel Inlet, PR 1A PM/PH llD 
GR 5018 P Presa, TCA Fuel Inlet, PR lB PH/PH II) 

GR 5019 P Preas. TCA Oxid Inlet, PR 4A PH/PH • GR 5020 P Freas, TCA Oxid Inlet, PR 4B FM/PH ., 
GR 5021 P Preas, TCA Oxid Inlet, PR 3A PH/PH ID 
GR 5022 P Preas, TCA Oxid Inlet, PR 3B PH/PH II> 
<,'R. 5023 P Presa, TCA Oxid Inlet, PR 2A PH/PH • GI. 5024 P Preas, TCA Oxid Inlet, PR 2B PH/111 • GR 5025 P Preas, TCA Oxid Inlet, PR 1A PH/ftl • GR 5026 P Presa, TCA Odd Inlet, PR 18 PH/PM ID 
GR 5031 P Presa, Tbruat Chamber No. 40 PH/JIC 
GR 5032 P Pre••• Thrust Challlber No. 4D PH/ftl 
GI. 5033 P Preas, Thrust Chamber No. 41 PH/nc • 
GR 5034 P Presa, Tbruat Chaaber No. 4S PH/ftl 
GI. 5035 P Presa, Thrust Cbaaber No. 3U JIii/Jiii 
CR 5036 P Presa, Thrust Chaaber No. 3D ftl/ftC 
GR 5037 P Pr•••• Thruat Chmaber lo. 3r PH/nc 
GR 5038 P Presa, Thruat Chaaber No. 3S PH/JIii 
GR 5039 P Pree•, Tbruat Challber lo. 20 ftl/PM 
GR 5040 P Preas, Thruat Cbaaber No. lD ,..,.,.. 
GR 5041 P Presa, Thrua t Chalber No. 2P '"''" GR 5042 P Pnsa, Thruat Chaaber No. 2S PM/ftC N 

4-51 Revision 5 



Heaaureaent 
NUllber 

GR 5043 P 
GR 5044 P 
GR 5045 P 
~R 5046 P 
CR 6001 T 
GR 6002 T 
GR 6003 T 
GR 6004 T 
GR 9609 U 
GR 9610 U 
GR 9611 U 
GR 9612 U 
GR 9613 U 
GR 9661 U 
GR 9662 U 
GR 9663 U 
GR 9664 U 
CR 9665 U 
GR 9666 U 
GR 9667 U 
GR 9668 U 
GG 0001 X 
CH 1461 V 
CH 1462 V 
GH 1463 V 
GG 2112 V 
GG 2113 V 
GG 2142 V 
GG 2143 V 
GG 2172 V 
GG 2173 V 
GG 2121 V 
GG 2151 V 
GG 2181 V 
CH 1418 V 

thru 
CH 1433 V 

Description 

Pre••• Thrust Chpber No. lU 
Pre••• Thrust Chaaber No. 1D 
Preas, Thrust Chaaber No. lP 
Preas, Thrust Chaaber No. lS 
Temp, Quad Cluster No. 4 
Temp, Quad Cluster No. 3 
Temp, Quad Cluster No. 2 
Teap, Quad Cluster No. 1 
Hain Prop Valves A Closed 
Hain Prop Valves B Cloaed 
Hnfld Control Vlv A Not Cloaed 
Mnfld Control Vh B Not Closed 
Hnfld X Feed Vlvs Not Closed 
TCA Isol Valvea 4A Closed 
TCA laol Valves 4B Closed 
TCA lsol Valves 3A Closed 
TCA Isol Valves 3B Cloaed 
TCA Isol Valves 2A Closed 
TCA Iaol Valves 2B Closed 
TCA Isol Valves lA Closed 
TCA Isol Valves lB Closed 
PGNCS Downlink !lat.a (To T/H) 
Volt, Yaw RC Sig (0.8KC) 
Volt, Pitch RG Sig (0.8KC) 
Volt, Roll RC Sig (0.8KC) 
Volt, IC lX Rea Out, Sine 
Volt, IG lX Ra Out, Cos 
Volt, HG lX Res Out, Sine 
Volt, MG lX Rea Out, Coa 
Volt, OC lX Rea Out, Sine 
Volt, 0G lX Rea Out, Coa 
Volt, IC lX Rea Sin (Expanded) 
Volt, 0G lX Rea Sin (Ex1,anded) 
Volt, HG lX Rea Sin (Expanded) 
Volt, Jet Driver Output 

Volt, J t Driver Output 

l!! 
FM/PM 
PM/FM 
PM/PM 
PM/PM 
POI 
POI 
POI 
POf 
POI 
PCM 
Pat 
Pat 
POf 
PCM 
Pat 
PCM 
POf 
Pat 
Pat 
Pat 
Pat 
Pat 
Pat 
POI 
POf 
POI 
POf 
PQt 

Pat 
PQt 

POf 
POf 
POf 
POf 
POf 

Pat 

"One of two ia aaodatoryi the other ia hi&hly deairatle. 

HOne of t ,"° 1a undatory; t.he other 1a hiahly dHirable. 
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RD 
RD 
RD 
RD 
RD 
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RD 
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RD 
11D 
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K13.8 ICS/APS INTER:ONNEX:T 

Backaround and Justification 

The purpose of this objective is to assure that unacceptable lCS 

performance degradations do not accompany the APS prcpellanta aupplied 

via the APS/RCS interconnect. In addition, this obj ctive is interpreted 

to include the accurate determination of RCS subsyst perforaance for 

the purpose of assessing its capability to satisfy d sign requireants. 

In the event propellants are not properly suppled to the RCS enainea 

during interconnect operations, a crew hazard could eault. This objective 

mast therefore be accomplished on an unmanned missio prior to inter-

connect propellant usage on a manned mission. The 

the only opportunity to demonstrate this objectives 

pressure measurements will be ollitted on other aissi 

l llission pruents 

the RCS chaaber 

Use of APS propellants by the RCS is currently planned pri•ry 

mode during the LLK main ascent in order to conserve the RCS propellant. 

This capability must, therefore, be qualified prior o the LLM. 

Since the nonul RCS pr~pellant feed and pressu i&ation syst...-vill 

not be utilized during the interconnect operation,• ight perforMnce 

differences will r sult from interconnect propellant uaage. It ta illpera

tive ttu:t these in-flight differences be correlated 1th ground teat and 

analytical results. 

The successful accomplisbaent of this objective on the Uf-1 ■iaaiOD 

will certify RCS capability to utilize APS propellan a on the LLM, pro•t•

ing the APS propellants reaain settl d. 
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Pl3.9 Uf/RCS OPERAnON AND PERFORMANCE 

Verify perforaance and operational charact riatics of the ICS. 

Purpose 

To qualify the RCS for manned operation and est bliah baaelille syat• 

perforaance ill a space environaent . 

Teat Conditions 

1) Continuous RCS firing in translation and rotation near the 
beginning of the mission and near the en. 

2) RCS attitude control during DPS and APS 
coast period is required. 

Success Criteria 

1) The RCS pressurization and feed ayatea s 
supplied propellants to the engine at de 
and pressures and no leab were detected 

2) Engine perforaance (at propellant supply 
between 40 and 100 degrees Fahrenheit) w 
below: 

a) The RCS enginea developed a continuo 
vacuua thrust of 100 pounds plus or 

b) The RCS engine start and ahu~own tr 
overly aceaaive. 

3) Th• RCS perfol"Nd 1D accordaoce with PCI 

during one orbit 

operation 
u 5 percat 

i•ta were not 

nd•. 

-



• 

• 

• 

4) The following pre-progr-ed events were executed u ••~• 

a) DPS and APS ullage durations. 

b) DPS and APS tailoff coapensations. 

5) TVC operation during DPS and APS burns was satisfactorily 
carried out within the allowable margin in accordance vtth 
paragraph 3.4.1.3.1.2.2.2 of Specification LSP-470-21. 

6) RCS quad temperatures were between 120• and 19o•r. 

Evaluation 

1) Following the flight the Heliua tank,regulators,propellant 
tank manifold,and TCA inlet preesures will be correlated to 
ascertain the degree to which pressurant and propellant supply 
conditions were ati fied. 

2) TCA inlet and chamber pressure measurements will be used to 
estimate steady-state thrust and transient performanre. 

3) Data obtained from attitude stabilization and control during 
coast periods will contribute to evaluation of vehicle 
response to PCNCS supplied attitude co-ands. Froa attitude 
maneuvers prior to snd following staging, attitude stabilisation 
with different inertia configurations will be evaluated to 
detenu.ne effective thrust. 

4) RCS propellan~ consumption will be estiut d froa tvo aourcea: 

a) 

b) 

Uaing engine on times, flow ratea implied by in-flight 
pressure •uureaents and ground teat data. 

Using P-V-T relation.ships of the RCS propellant 811d 
heliua tank.a. 

4-56 leviaiOII 5 



• 

• 

• 

1) TeleMtry Neaaureaant1: 

Neaaureaent 
Naber 

GR 1101 P 
GR 1102 P 
GR 1089 T 
CR 1099 T 

-CR 1201 P 
GR 1202 P 
CR 2121 T 
CR 2122 T 
GR 1085 Q 
CR 1095 Q 
CR 2201 P 
CR 2202 P 
GR 2461 X 
GR 2462 X 
CR 3201 P 
GR 3202 P 
CR 3461 X 
CR 3462 X 
CR 4322 T 
CR 4323 T 
GR 4326 T 
CR 4327 T 
GR 4424 T 
GR 4570 T 
CR 4571 T 
GR 4573 T 
GR 4574 T 
GR 4577 T 
GR 4578 T 
GR 4582 T 
GR 4583 T 
Cl 5011 P 
CR 5012 P 
CR 5013 P 
CR 5014 P 
CR 5015 P 
CR 5016 P 
Gil 5017 P 
CR 5018 P 
CR 5019 P 
GR 5020 P 
GR 5021 P 
CR 5022 P 
CR 5023 P 

Description 

Presa, Heli1a Tank A 
Preas, Helim Tank 8 
Teap, Helium Tank A 
Teap , Helium Tank B 
Press , He Regulator A Output 
Press, He Regulator B Output 
Temp, Fuel Tank A 
Temp, Fuel Tank B 
Qt y. , Propellant Sys A 
Qt y., Prope!lant Sys B 
Press , A Fuel Mnfld 
Press, B Fuel )tlfld 
Fuel Kain Feed S/0 A Closfd 
Fuel Main Feed S/0 B Clos~d 
Press, A Odd Mnfld 
Preas, B Oxid Mnfld 
Oxi d Kain Feed S/0 A Closed 
Oxid Main Feed S/0 B Closed 
Temp, TCA Fuel Inlet, PR 4B Surf 
Temp, TCA Fuel I11let, PR 3A Surf 
Temp, TCA Fuel Inlet PR 28 Surf 
Temp, TCA Fuel Inlet, PR lA Surf 
Temp, TCA Oxid Inlet, PR 3B Surf 
Temp, TCA Injector Head No. 4D 
Temp, TCA Injector Head No. 4F 
Temp, TCA Injector He d No. 3U 
Temp, TCA Injector Head No. 3D 
Temp, TCA Injector Had No. 2U 
Temp, TCA Injector Head No. 2D 
Teap, TCA Injector Head No. 1D 
Teap, TCA Injector Head No. lF 
Presa, TCA Fuel Inlet, PR 4A 
Presa, TCA Fuel Inlet, PR 4B 
Presa, TCA Fuel Inlet, PR 3A 
Preas, TCA Fu 1 Inlet, PR 3B 
Presa, TCA Fuel Inlet, PR 2A 
Presa, TC.A Fuel Inlet, PR 28 
Preaa, TCA 1 Inlet, PR 1A 
Presa, TCA l Inlet, PR 11 
Preas, TCA Ozid Inlet, PR 4A 
Preas, TC.A Oxid Inlet, Pl 48 
Preaa, TCA Oxid Inlet, PR 3A 
Preas, Tr.A Oxid Inlet, R 3B 
Preaa, TCA Odd Inl t, P 2A 

.-rhia aeuureaent inoperative. 

l1! 

Pal 
PCH 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCM 
PCN 
PCM 
PCM 
PCM 
PCM 
PCH 
PCM 
POI 
PCM 
fff/l'M 
FM/FM 
FK/ FM 
FM/FM 
FM/FM 
FM/FM 
FK/FM 
FM/PM 
FM/PM 
FM/FM 
FM/FM 
FM/PM 
FM/FM 
PM/PM 
FM/FM 
FM/ FM 

™''" FM/FM 
PM/FM 
PM/ FM 
JM/FM 
FM/fM . 
ft(/IM 
PM/PM 
PM/fN 
PM/PM 

rueran 
II 
N 

• N 
BD -N 
N 
N 
K 
M 
M 
ID 
BD 
K 
It 
ii 
M 

": K 
K* 
K* 
K* 
ID 
BD 
BD 
BD 
ID 
ID 
ID 
BD 

• BD 
BD 
ID 
BD ----ID 
BD 
ID 
BD 
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aaureaent 
NW1t P!tstiRUPA JI .,,,,,,, 

Gil 5024 P Pre••• TCA Oxid Inlet• n 21 Ill/IN -ca ,ois P Pre••• TCA Oxid Inlet, Pl 1A IN/IN u 
ca 5026, Pre••• TCA Oaid Inlet, Pl 11 ...,,. -ca son, Pre••• '1'hrudt Chaber No. 4U Ill/IN -ca SOl2 P Preaa, '1'hruat Ch_,.r No. 4D ...,,. • CR ,03) P Pre••• '1'hruat Chaber No. 4P PN/PN • Ga ,034 P Preaa, 'l'hruat Chaber No. 4S PN/PN • Gt .503' p Pre••• Thrust Cheaber No. 30 IN/IN • GI .5036 P Preaa, 'l'hruat Chaaber No. 3D 1N/ftl • GI .5037 P Preas, 'l'hruat Chaaber No. 3F PN/PII • GI 5038 P Preas, Thrust Chaaber No. 3S PN/PII • GI 5039 P Preas, Thrust Chaber No. 2U PN/PN • Gil 5040 P Preas, Thrust Chuber No. 2D PN/PII • GI. .5041 P Press, Thrust Chaber No. 2F PN/PM II 
GR 5042 P Press, Thrust Ch•ber No. 2S PN/PII II 
GR 5043 P Press, Thrust Chaber No. lU PN/PN II 
GI. 5044 P Press, Thrust Ch•ber No. 1D FN/PN II 
GR 5045 P Presa, Thrust Chuber No. lP PN/ftl II 
GI 5046 P Presa, Thrust Chaber No. 1S PII/PN II 
GI 6001 T Teap, Quad Cluater No. 4 PQI • GR 6002 T Teap, Quad Cluster Ro. 3 PQI • GI. 6003 T Teap, Quad Cluster No. 2 PQI • • Gil 6004 T Teap, Quad Cluater Ro. 1 POI • Gil 9609 U Main Prop Valve• A CloHd Pal • Ga 9610 U Main Prop Valve■ I Cloaed PQI • GI 9611 U lllfld Control Vlv A Not Closed PQI • Gil 9612 U Mnfld Control Vlv I Not Cloaed Pal • GI 9613 U Mllfld X Feed Vlva Not Cloaed Pal -GI 9661 U TCA lsol Valves 4A Cloaed Pal • GI 9662 U TCA laol Valves 48 Cloeed Pal • Gil 9663 U TCA lsol Valves 3A Cloaed Pal • GI 9664 U TCA lsol Valves 31 CloHd Pal • Ga 9665 U TCA lsol Valvea 2A Cloaed Pal 
GI 9666 U TCA laol Valve■ 2B Cloeed l'CII 
Ga 9667 U TCA laol Valves 1A Cloaed Pal 
GI 9661 U TCA lsol Valve• 11 Cloaed IQI 

CC 0001 X PG CS Downlink Data (To T/M) Pal 
GIi 1461 V Volt, Yaw 1G Sia (0.lltC) IQI 
CB 1462 V Volt, Pitch RC Sia (O.IXC) Pell 
CR 1463 V Volt, Roll RC Sia (0.IXC) fQI 
GC 2112 V Volt, IC lX Raa Out, Sin IQI 
CC 2113 V Volt, IC lX Ras Out, Coe JQI 
GC 2142 V Volt, MC lX be Out, Sin Pal 
GC 2143 V Volt, MC U Ilea Out, Coe JQI 
CC 2172 V Volt, 0G U lea Out, Sin Pal 
CC 2173 V Volt, 0G ll Ilea Out, Coa Pal 
CC 2121 V Volt, IC 1X ba Sin (lxpanded) Pal 
CC 2151 V Volt, MC lX ba SiD (Expanded) PQI 
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MluuNMDt 
lwtlt 

CC: 2111 V 
QQ 2219 V 
QQ 2249 V 
QQ 2279 V 
GB 1418 V 
throuab 

GB 1433 V 

Pl■st&RU:91 

Volt, 0G Uta• Stn (lxpacled) 
Volt, Pitch CDU DAC Out 
Volt, Yaw CDU DAC Out 
Volt, loll CDU DAC Out 
Volt, Jet Drher Output 

tODe of 5 undatory, the reuinin& 4 highly dealr le. 

2) Trajectory Profile (HD) 
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~13.9 LM/RCS OPERATION AND PERFORMANCE 

Backaround and Juatiflcatioo 

The purpose of this o~jective is to assure that the RCS perfonaance 1a 

adequate to perfom the required TVC, attitude control in the earth orbital 

• environaent. It is also the inherent purpose of this objective to quati

tatively determine the RCS subeystea behavior under earth orbital coad1tiOD8 

for the purpose of determining critical deficiencies and certification 

of offrall design adequacy. Chamber pressure will not be inatnaentad on 

future aissione so RCS performance will be detenined froa body rotatiOD 

and tranalation data. For tbia reaaon it i• iaportant that a coapariaoD 

of the two techniqueR for deteraining RCS perfonumce be coaparad in tbia 
■iasion. 

An additional capability of the RCS not encompuaed by thia objective 

1a the croH-feed operation. This capability may be called upon in the · 

LLM in the event one of t he
0

fdllowing contingenci• occur: 

1) LH/RCS Syatem A or B failure upatream of Hain Shutoff Val••· 
2) Propellant exhaustion of either syate■ ~ or I propell•ta. 

3) Failure in either syate• A or B which would require ahutdWD 
of the affected ayate■ (croea-feed pendta the oparatiff 
ayatem to utilize the propellant• fro■ both systea). 

The current flight teat planning dou not call for the nrificattoa of 
cross- feed operation. Thia teat would not, in any ■-mer, caproaiaa era 

safety and thua could be accoapliahed on a aanned LM ■iHion. 

Ullage a.aneuver• are not verified in the LM-1 aiaaton. '111a Ul-1 Dfl 
~llage tt.ae• are for only tvo i'5 eqin•• oparattna while four ICI ....... 

will actually be uaed. The Uf-1 APS ullaa• tiaa of 13 nconcla ia ill aa•• 
of tne ullaae ti• calculated neceaaary for the expected propallaat loail. 

The accoaplishaeat of thia objective on the LM-1 aiaaia11 will qallfy 
the IJC/RCS for manned LM operationa. Bowver, the LM-1 ■iaaia11 4oea IIOt 

flight certify the RCS 1cndezvoua/docktn1 phaae of the LLN • 
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S14.1 

Purpose 

LM ECS - IOOST AIIJ> PLIGHT 

Verify •ati•factory operation of portiou of the LM ICI -.,1,
aent. 

The purpG3e 1• to verify eatiefactory perforaance of tbe pycol ,..., 

820 reaulator and •ubliMtor, coolin1 circuit flow arranse-nt, cabila 411111P 

valve• and de•cent •tage quick diecOllllecte. 

Teet Conditiou 

During flight the cabin leak rate and cabin duap •alfta will •t•ndM 

the cabin preeeure decay. The cabin pr••ure will reaain abne oae ,-la 

until after the second APS burn. 

Succeaa Criteria 

The ECS data 

1) Flight rat•• the 82') •ubh•tor (conceptually), the alycol 
pump, and the H20 replator•• 

2) Provide• confidence in the coolin& circuit flow arr.....
aent 

3) Flifp1t rate• the •elf-•ealing characterietica of tbe 
coolant circuit quick dieconnecte after ducat •taailll 

4) Confirms proper operation of the cabin duap valve 

The ECS data verifiea the anticipated flight nna• u luted below 

throughout the •i••ion • 
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Deacription 
·Aaticipat .. ·r11a 

Del P, Pria Coolant Puap 
Coolant Acea Pluid Low Level 
r-,, Kain S/B Coolant Inlet 
Teap, Cabin BX Coolant Inlet 
Tap, Regen BX Coolant Out (Bot) 
Teap, llegeo RX Coolant In (Hot) 
Teap, Cabin BX Coolant Out 
Pre••• Cabin 
Pre••• Aacent o2 Tank No. 1 
Pre••• Aacent o2 Tank No. 2 
Del P, Kain H20 Reg/ARS 
Del P, Reclund71 0 Reg/ARS 
Teap Hain W/B 1i1et Water 
T•p, Ascent Tank No. 1 Outlet P.20 
Teap, Ascent Tank No. 2 Outlet H20 
Quantity Ascent Tank No. 1 Water 
Quantity Ascent Tank No. 2 Water 

32.8 pat 
Non Activation 

no 
no 
TBD 
no 
TBD 
1.0 paia 

*4.25 paia 
*4.25 

.5 psi 

.5 pai 
5rF 
TBD 
no 
TBD 
TBD 

Pre••• Selected Pump Discharge(2 pumps 
T•p• Selected Coolant Loop 

operating)38.8 paia 
TBD 

•@1o•v or the equivalent pres• and temp 

Evaluation 

34.0 

TID 
TID 
TID 
TID 
TID 
6.1 peia 
4.45 paia 
4.45 
l.Opai 
1.0 pai 
93•, 
no 
no 

43.0 paia 
TID 

1) Water pressure control at the nblimator is the reault of an 
initial ga• presaure provided in ll~ ascent water tanb, the 
water pressure regulator differential presaure (Gl 4101 P and 
GF 4102 P) and th~ regulator reference preasure (LM-1 .mly) in 
the ascent oxygen tanka ?:o. 1 and No. 2 (GP 3582 P and GI' 3583 f). 
Perfonaance will be confiraed by the above .... ureaenta. 

2) Water glycol flow rate will be calculated froa puap delta P 
(GF 2021 P), puap diacharge preaaure (Gl 9997 U) and puap 
perforunce curve• auppo:::teo by coolant fluid low level 
(GF 2041 X). Normal coafiauration for tbi• lliaaioo la with 
two glycol puapa operating. 

3) Water Hanaa•ent will be uaeaaed froa the data pthered fna 
water tank quantity Maauraenta (Gl 4582 Q and GP 4513 Q) 
and water teaperature MHureaenta (GI' 4562 T, GP 4563 T ... 
GF 4511 T) . 
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4) Teaperatun control vill be naluated froa the al,col flow 
rattt above and the teaperature aeaeureaant data (OP 2781 T, 
CF 2841 T • c;r 2621 T • CF 2871 T • GP 2521 T aad Cf 9998 U) • 
Perforaaoce. including the tberaal load ■plit into/fraa the 
glycvl circuit. vill be deteraioed fr<111 the aount of wen 
required to control the thel'Ml load baaed on the atatua 
(i.e .• on. off. ■tandby) of coldplated coaponenta (Pia. 1) 
and the vater depLe~ion rate. 

5) Cabin prea■ure data vill be ev.tluated to deteraille if flipt 
cabin leak rate i■ in exceH of the prelaunch value. If flipt 
leak rate i• greater. cabin atructure failure or cabin d1111p 
valve failure would be iodicat1 ' . 

Data Reguireaent■ 

Telemetry Measureaent■: 

Hea•ureaent 
N\Dber De•cription .n1 Priority 

GP 2021 P Del P. Pri.a Coolant Pwap PCM N 
GP 2041 X Coolant Accua Flui d Low Level Pat HD 
GP 2521 T Teap. Hain W/B Coolant Inlet OFI HD 
GP 2621 T Teap, Cabin BX Coolant Inlet on HD 
GP 2781 T Temp, Regen BX Coolant Out (Bot) OFI HD 
GF 2841 T Tarp, Regen RX Coolant In (Hot) Dn HD 
GF 2871 T Temp, Cabin BX Coolant Out on HD 
GF 3571 P Pre••• Ca!>in PQI M 
GP 3582 P Pre••• Ascent o2 Tank No. l PO( N 
GF 3583 P Pre••• Ascent rto Tank No. 2 PQI N 
GP 3591 P Pre••• Safety No. 1 Servo PCM II) 

CF 3592 P Pre••• Safety Vlv No. 2 Servo PO( HD 
CF 4101 P Del P. Main BO Reg/ARS PO( N 
GF 4102 P Del P. Redund2e2o Jlea/AJlS Dn M 
CF 4511 T Teap Main W/8 Inlet Water PCM HD 
CF 4562 T Teap. Ascent Tank No. 1 Outlet B20 Dn 11D 
GP 4563 T Teap • Ascent Tank No. 2 Outlet H;IO Dn II) 

GP 4582 Q Quantity. Ascent Tank llo. 1 Vat POI N 
CF 4583 Q Quantity. Aacent Tank llo. 2 Water POI II 
CF 9997 U Pru■• Selected Plap Diachar1• POI " CF 9998 U Teap. Selected Coolant Loop POI II 
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S14.l LM ICS • IOOST MD ft.lGll'T 

lackaround and Juatification 

The function of the IJf-1 !CS ia to prOYide acti•• tbenlal COIICnl 
for the electrical/electronic coapon nta. To provide thi•• the Ul-1 
operating ECS conaista of the following: the priury Jlycol circuit 

with heat rejection fr0111 one au~limator, water aupplied froa the aacat 

water tanks for cooling in the sublimator, and oxygen fraet the a.cat 

tanks to provide a reference presaure for the water pre■8Ure regulator. 

During prelaunch two freon boiJers will main tain theraal control 

in the glycol circuit. In-flight cooling will be provided by• water 

sublimator. Three minutes after launch the LMP activate■ a solenoid 

valve which initiates water flow to the sublimator. 

LH-1 has a peculiar pllallbing arrangement with respect to the water 

pressure regulators and ascent oxygen tanks. Figure l acheaatically 

indicates how these components are plumbed. 'Juring subliutor operation 

water will flow from both ascent water tanks through the priaary water 

pressure regulators. The redundant water pressure regulator can be 

selected through the UfP. However, this option is not scheduled and vill 

only be used if a primary regulator fails closed. Visual obaervation 

will be used to ensure that the glycol accumulator ia filled to its 

nominal value (65% and 68•F or press/temp equivalent) at the tiae of 

trim control unit disconnect. 

During flight one glycol pump is aufficient to provide the r..-tr. 

theraal control. However, it 1a 1114ndatory that both aJ.ycol pu11p9 be 

operating prior to launch. The reason for the prelaunch requir-t ta 
that the pump switching capability has been deleted froa the UIP. 1'lt 

preclude lo•• of cooling in the event of a siqle 1lycol puap failure. 
both are required during prelaunch. 

The pump perforaance curve• required for OTO evaluation caa N 
obtained from the LM-1 annotated OCP 33007 and the related Baaieeerial 

Report. The LM cabin will be at ataoapheric preaaure or 1ltahtl7 ..._ 

prior to leunch. During the aacent phaae the cabin pre1eure relief 

valve will allow cabin preaaure to bleed to 5.6 p1ia (noaiaal). OQce 

lniliOII' 



the relief valves close the cabin pressure will tinue to~ M • 

function of cabin leak rate. As a result of th• -1 ly•t• M•••rrc 
Review (SAR) board meeting of 15 December e 1• a reqair....C 

to uintain pressure in the LM-1 cabin above one ia until after tlle 

2nd APS burn. The inten,ion is to monitor cabin P. easure during 1,uru 

and make an assessment of cabin structural integri y during theM riW.

ration periods. One psia as a lower limit can be xplained as follow: 

• below one psia pressure the instrumenta ion accuracy is 
relatively poor. 

• If the pressure drops below 1.0 psia a 
approxia.ately 0.7 psia, the corona effe 
This is the phenomenon of gas ionizatio 
stress at the surface of a conductor ex 
value. At higher values the stress re 
nous discharge. This may be followed 
arcing and failure. 

To e~sure that the cabin pressure does 

level, the Wlllimum allowable cabin gas leak 

1.85 pounds per hour. (Conditions are 

reaains at 
t aay exist. 
when the electric 

eeds a certain 
lts in a luai
coaponent 

one psia 

ing prelauncb 1• 

5 psi abo¥e UC 

atmospheric (b) the cabin pressurized with nitrog GAEC..., Dl>-

561-158 dated 18 July 1967 with enclosure 1 (Test oject Engineering 

Report LPR 941-06068, 29 June 1967) defines the 1 cabin leak rate 

performance as 1.85 I /hr leakage at ground conditi na and 0.69 I/hr at 

flight conditions. The LM-1 specification, LSP-47 30, deft .... the leak 

rate requirements. 

Ta~le 1 lists ECS measurements required forte flight teat objectiw 

and for prelaunch readiness assessment. Operating lillits durina pn!Ajl•r..:11 

and flight have been divided into two categories: ooraal and reclliM/ 
critical. All values presented are based on teat ata, aaalJ._, _. 

specification values. The normal values are those expected for tlla Ul-1 

configuration. Critical limits are the extr••• a which a c-.n•t 

will operate; operation outside of these bound■ either aot .._ 

experienced or will result in perfot'1114nce de1radat 

failure. 

The final two cohas in Table l contain the 

rating. The basis for these r atings is as follove 
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I 
• prelaunch - • Mnclatory retina 1• ... 1 .... co ._. arr tN 

Milt• vhoH •tatu• IIU8t be known to .... ,, ■di IIAF1Sne s 
and to iaply Ntbfactory perforaance dltl-tlla flt,111. (la 
prelaunch ratina•> 

• flight - a undatory rating ia aaaiped to thoee ••••• ... 
~t• vhoae infonution ia required to Ntiafy the ... 

Should the critical 11.aita be exceeded, the launch aboat.l N lleW 

pending conaultation with qualified ECS personnel. 

With regards to flight, operation of the ECS ia a undatory falct:jaa. 

Satisfactory accoapliahaent of the flight obj•ctive will: 

• flight rate the glycol pmap, e2o regulator• and the ~O 
subliaator 

• provide confidence in the cooling circuit flaw an-. rr ~ 

• flight rate the self-sealing characteriat!ca of the coolaa~ 
circuit quick disconnects after descent ataging 

•avtatoe S 
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P15.1 IPS PEUOIMANCE !VALUATION 

Verify LM !PS perforaance. 

Purpoee 

Flight verification of the LM !PS A laun and apace earirOIII-IC 

i• d .. irable prior to manned LM operations. 

Teat Conditions 

No Rpecial test conditions are required. It duirable to ..ta~ 

the LM-1 EPS configuration aa close as feasible t the operational LIi 

configuration. 

Succeaa Criteria 

1) There were no performance inadequacie 
preclude manned operation of the LH. 

the EPS that -.LI 

2) Sufficient data were obtained to dete ne that the 1PS 
a~pplied all electrical requireaents thin prefllpt 
predicted limits. (Ref. LSP 470-30, P rt II) 

Evaluation 

1) 

2) 

Values of the following meaaureaents 
preflight predictions to deteraine th 
the predicted range•, (CC 0071 V, CC 
GC 0206 V, GC 0301 V, CC 0302 V, GC 3 

The following aeasureaenta were e.
battery aalfunction• had occurred, ( 

re CCJlll)Ued vitla 
they wen vitlwl 

ss ,. CC 0201 • -
1 T - CC lS06 T). 

to "dfy tlaat • 
9961 U - CC tM6 9). 

3) The folJ , -.ng Maaur••nta wen anal7 to clet•niM tlilet 
load diriaion between paralleled bett 1•• vaa vtthS. p..
flight predicted liait1, (CC 1201 C - C 1206 C). 
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4) lattny No. 6 volt•• Muur ..... t (CC 020f Y) aa4 ••nae 
Maaur-.nt (CC 1206 C) were UHd to ftdf Chee ••- .... 
battery No. 6 va• turned on autoaatically fas -.WC••-
lattery No. S wltq• .... ur ... at (CC 0205 V) aa4 cwra~ r .,...,. 
Milt (CC 1205 C) were UHd to .arify that ••tt•r, •. J ... 
turned on by r•al ti• around coaaand prio1~ to the NC ... .,. 
burn. Meaaur•enta CC 4369 I - GC 437i X • re uee4 to alCefleM 
the coafipration of the ucent batted••• 

5) A load profile wH conatructed uaing batte volu,.. (GC OJll Y 
throu1h CC 0206 V) and current• (CC 1201 C throup GC 1206 C). 
Period• of high power were identified aod the -pibMlae of 
power de.and• were noted. Actual ener11 r uir ..... u wen 
coapared with prefli&ht predictiona apecif ed 1D the••~ J 
MiHion Conauaable Analysis" which is bue~l on the operatioMl 
trajectory 

Data leguireaent• 

Telemetry Meuurementa: 

Meaaureaent 
Nuaber Description m Prtoritt 

CC 0071 V Volt, Inverter Bua PCM II 
CC 0155 F Freq, Inverter Bua PCM II 
CC 0201 V Volt, Battery No. 1 PQf II 
CC 0202 V Volt, Battery No. 2 Pal ... 
CC 0203 V Volt, Battery No. 3 PQ( ... 
GC 0204 V Volt, Battery No. 4 PQf ... 
GC 0205 V Volt, Battery No. 5 Pal N 
CC 0206 V Volt, Battery No. 6 Pat II 
GC 0301 V Volt, Commander'• Bua PQ( II 
CC 0302 V Volt, System Engineer'• Bus Pal N 
GC 1201 C Curr, Battery No. 1 PQ( N 
CC 1202 C Curr, Battery No. 2 Pat N 
GC 1203 C Curr, Battery No. 3 Pat II 
CC 1204 C Curr, Battery No. 4 Pal II 
GC 1205 C Curr, Battery No. 5 Pat II 
CC 1206 C Curr, Battery No. 6 Pal N 

*One of three 1• mandatory, the o her two are htghl de1,trable. 
GC 3501 T Te:-ir, Battery N,>. 1 nc/PM • CC 3502 T Temp, Battery No, 2 PM/PM -GC 3503 T Temp, Battery No, 3 nc/PM -GC 3504 T Temp, Battery No. 4 '"''" • CC 3505 T T,,mp, Battery No. 5 '"''" ID 
GC 3506 T Temp, Battery No. 6 '"''" • 
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NauureNl\t 
Muaber :>eacdptloo • rcwr 

CC 4)69 X Battery No. 5 OD Ollldr'• Jue fCII • CC 4370 I Battery No. 6 OD Clldr'• lua fClf • CC 071 I Battery No. 5 on Sy• !Dar'• Bua ,ar -CC 4372 X Battery No. 6 on Sy■ Engr'• Bua Pal -CC 9961 U Battery No. 1 Malfunction Pal • CC 9962 U Battery No. 2 Malfunction Pal • CC 9963 U Battery No. 3 Malfunction Pal • GC 9964 U Battery No. 4 Malfunction Pal • GC 9965 U Battery No. S Malfunction PO( • Gr. 9966 U Battery No. 6 Halfmction PO( • 
"";oe of three >'.andatory. the other two are Bisbly Deairable • 

• 



PU . J. EPS PIU'OIMANCI EVALUATION 

ltsktt' 11nd agd Ju1UOcation 

Thia is the first time the LM will be eubjecte I to a ll•d: _. .,... 

environaent, This miseion will demonstrate the per o~e of the 111 ... 

under these environments for the fint time and wil ► be perfonied prior C. 

the first manning of the LM. 

The configuration of the LM-1 EPS for this mis ion differ• froa dla& of 
subsequent vehicles and missions in the following r .epect•: 

1) 

2) 

DesceDt stage batteries will be predisc 
in the high voltage configuration. The 
between low and high voltage battery ta 
taps are not wired in LH-1. 

Descent stage Battery No. 1 supplies th 
bus. Descent stage Batteries Nos. 2, 3 
to supply the C011111ander's bu~. 

rged and operaucl oaly 
will be ao Mfitcbias 
e ince the l.ov w,lC..-

Systea F.agioeer'• 
and 4 are 1D parallel 

3) The four battery feed tie circuit break rs are sluaaed, 

4) 

5) 

Therefore, they provide no circuit prot ._. .. ~. 
circuit protection is provided in the E '•• 

All operatin~ electronic equipment, exc 
mitter, will be turned on prior to laun 
throughout the mission. The S-band tr 
on immediately prior to LM/S-IVB eepara 
throughout the remainder of the mission 

t the S-bad tr-
and vtll re.ala aa 

•itter vill be t..._. 
ion and reaatD aa 

The power load of LH-1 will erably fna Ml■ 

quent manned LM missions due to operati equi,-nt dlff•1w 
between unmanned and manned LH require nta. The end lt• 
data specifications control the equi t aboard and tlle 
operating and load contribc~ion for eac it•• 

6) Aacent atage battery No. 6 will be tum Oil autaatlcallr 
durina abort etaging. Aacent atqe bat ry Mo. 5 vtll N 
turned on by real time ground co■aand p tor to the Ncoail .,. 
burn. 

11\eee configuration difference• aria• largely frcai the reqa1•111ta 

of launching an unmanned LM in a powered-up IIOde. Ile the at.ow MtM 

configuration difference, will have to be con1idere vheft the flta~t •t• 

ar analyzed, they will not nullify the veriftcatio of the IPI perfo~ 

nor prevent validation of the !PS for manned operat on of the U(. 
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Sl5.2 

Purpoee 

NOSE CAP, LM/SLA SEPARATION 

Evaluate the performance of the Spacecraft Jettieoa Controller (I.JC 
(SJC) and pyrotechnic devices in the execution of no•• cap 
eeparation, SI.A panel deployaent and IJI/SLA separatioD facet.a.. 

The purpose is to verify SI.A panel deployment and L>.,'SLA •epaTaCioD 

functional performance to establish confidence for subsequent ■iasione. 

Evaluation of nose cap jettison functional perforaance to detendne adequacy 

for thi• ■ission and any subsequent backup (dual l~u,ch) ■issiona vbere 

no•e cap• may be utilized. 

Te•t Conditions 

There are no special teat conditions for this objective. 

Success Criteria 

1) Verification of the SJC capability to receive the rc-er=d• 
generated by the S-Iv» digital computer LH ■ission pro
gr8Dlller, and to initiate the sequence for no•e cap separation, 
SLA panels deployment and LM/SLA separation. 

2) Verification that tte separation functions are not initiatecl 
by noise or other spurious signals. 

3) Verification that the SJC pyro batteries supply appropriate 
voltages to fire the py~otechnic devices which effect noae 
cap separation, SLA pane l s deployment and LH/SLA •eparatioa. 

4) Verification that the pyrotechnic charges are adequate to 
perform the functions described in 1 and 3. 

Evaluation 

Telemetry will be analyzed ford tennination of the separation 

functions occurring in response to the S-IVB digital co■puter or LM 
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aieelon pl'Oar-r inpute. 'lb• follovina eipal• will 
deteraination of norMl SJC operation 

1) Noe• cap Hparation 

a~ Cap aeparation relay• 

b) Cap/St.A phyaical aonitors 

2) St.A panels deploy 

a) 51.i\ deploy relays 

b) SLA panel deploy 

3) LM/SLA separation 

a) LM/SLA separation relays 

The pyro bus voltages will be analyzed for deteraina ion of proper 

input voltages to the pyrotechnic devices. 

Each of the separation functiona will be evaluated t deteraioe the 

pyrotechnic charges ability to perform the intended funct on. 

Data Requirements 

Teleaetry Measurements: 

Keasureaent 
Nullber Description !! Priorit7 

GG 0001 X PCNCS Downlink Data (To T/K) ID 
AA 8198 X Cap/St.A Phys Hon l llJ1f'M N 
AA 8199 X Cap/SLA Phya Mon 2 l~f'M N 
AD 0600 X Noae Cone Jet Relay Close A l f'M N 
AD 0601 X Nose Cone Jet Relay Close B IU,~ M 
AD 0610 l SLA Panels Dply Relay A IU, " AD 0611 X St.A Panels Dply Relay B 11J'1f'M M 
AD 0602 l LK/SLA Sep lly Close A ~.,,a M 
AD 0603 X LK/SLA Sep lly Close B M 
CL 4222 X DFI MeaaureMDt Switchover LK/SLA Sep D 
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SU.2 NOSI CAP, LM/SLA S!PAL\nON 

!f:kal"OUDd and Juet1f1cat1on 

Die neceadty of iapleaenting thif1 objective on the Al-204/Ul--1 _..,.. 

c• be useased froa the following. 

'nle functional perforaance of the pyrotechnic devica MMC~ wida 

St.A panel deployaent and LM/SLA separation IIWlt be verified to •tablull 

confidence for subsequent aissions. 

Mission AS-204/LK-l affords the first opportunity to teat the Space

craft Jettison Controller (SJC) under flight conditiona. Qualifi~ioa of 

the operation of the SJC !a a requirement for any subsequent lliastoa ia,,olw

ing th? LM only, or any aiesion on which the LM and CSM are 1-cbed OIi 

separate launch vehicles. The noae cap, St.A panels deployaent aDd I.II/SU 

separation sequences need to be de.:,natrated. 

Ground testing of the separation functions involving the pyroteclai_c 

devicea have been successfully perfo~d. Flight verification of theae 

functions would be desirable. 
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S16.l 

Purpo•• 

LM/MSPN COtltUNICATIO S 

Verify perforaance of portiooa of the LM S-laDd ~a 
aubayatea and ita coapatibility with MSn. 

1catia 

To verify that the S-Band coaaunication subsystea beiq fla.D for 

the firat tiae is compatible with the HSPN with reapect to PD. reef• 
PCM TM and RF uplink (simulated up-voice ana up-data). 'Dlia teat 18 

deairable prior to aanned flight. 

Test Conditions 

1) It is highly desirable that this test objective 1K deaGIP 
strated during all mission phases froa the ti- the 5-a..d 
transmitter 1a turned on at four aeconda prior to UI/S-Ifl 
aepar,tion, whenever line-of-aight exiata between die 
acth LM S-Band antenna (-Z axi• antenna) and NSff _,.,or 
A/II.A. 

2) All uplink S-Band aignal cOlllbinatiooa froa KSn. c:oaaiaUaa 
of collbinationa of PRN ranging, aiaulated up--.oice (1000 Ba 
tone on 30 lllz subcarrier), and the unaodulated 70 Da ..,_ 
carrier, which will be utilized for up-data OD lUer alutaaa. 
will be uaed. 

3) 'lbe downlink aignal collbination will cooaiat of the !-a..l 
carrier, PRN ranging, turned-around up-link eubc:arrten. _. 
51.2 kbpa teleaetry. 

4) KSPN will track the LM via S-land PU r-.1na code_. 
C-land radar. 

5) MSPK will ai1111ltaneouely receive and record UI htala •tt-n&e 
PCM tel ... try data via the S-land and the 2,1.8 IIC _, ....,_ 
linb. 

6) A/IIA will record hi&h bit rate PCM tel-try .ta Mell WP 
and S-land and will d1111p th•• data to ,en .ta 111 -,_ 
I-land when the A/RIA ia within line-of••tabt of die llllM 
•tation • 
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7) Up-voice daulation will be ••rifi .. "1 laelal die • 
aa up-,,oice eubcarrier with a 1000 Rat •t .. i.e., 
NSn ■tationa. The aubcarrler, aodulat .. "1 c .. 1000 .. 
tone, will be turned around in the ran i~J c....._l, ,i.e. 
on the S-land dOVDlink carrier, and recoriled "1 JSn f« 
po■tflight analy■ia. • 

Succ .. • CTiteria 

1) Tvo-way RF lock via S-Band 1s e■ tabli■hed and -iatai.llM t.J ... 
with ■iniaum lo•• of data. 

2) Receipt by HSFN of valid S-Band tracking c ta for at 1 ... t 
one HSFN ■tation pa•• for each uplink/d link ■ipaal 
coabination. 

3) Receipt by HSFN and A/RIA of the S-Band '"I containing 
reliable info~tion. (Favorable c011pariao!n with DFl Pal data) 

4) Receipt by HSFN of the ■adulated 30 KHz u link aubcarrier 
and the umaodulated 70 IHz subcarrier. 

Evaluation 

Poatfligbt analyses will be performed by a: 

1) Comparison of plots of actual received ca1:rier ,a.er 
(signal strength) aa a function of tiae Ylth plot■ of 
predicted received carrier power (signal ~•trength) u 
a function of time for both the LM and MS 111. Data 
Requireaents - 4, 5; Telemetry Meaaureaen •a - GT 0992 i, 
GT 0993 E, GT 0994 V, CL 0501 ~. CG 2112 • CC 2113 V, 

2) 

GG 2142 v. GG 2143 V, GG 2172 v, GC 2173 (LM attitude 
data). 

Co::iparison of 
tracking data 
110■ t accurate 
trajectory). 
Hea■urement -

. 
the established trajectoriet froa S-laac! 
~lone, C-Band tracking data aloae, aad the 
data available (co■po■ite ~ t .. ttaat• 
Data Requirement■ - 2,3,4; r-1-try 
CL 0501 W. 

3) Bit error rate analy■ia of th S-land POI tel-try \it 
atrea■. Data RequireMnt■ - 2,7; Tel ... ti'J Meaaur--t -
GL 0300. 

4) Co■pari■on of corr apondina PCM S-land a YBr t•l-tr, 
■ea■ureaenta. Data Requirements - 6, 7; T 1 .. tr, ...._:,._ 
ment■ - GL 0300, GL 0302, GL 0401 V, CL f02 V, CL 0,01 V. 
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S) Study of the effect of th• turud-aroa, -,Ua •Id.MW 
o tbe dolalink PCM telwtry. Data .... tr11111~ • t,7J 
Telwtry Ne .. ur.._ta - CL 0300, GL 0302, GI. 0601 Y, 
CL 0402 V. 

6) Mueur-nt and coapari.aa of the sigoal-to-aoiM r•C.,_ 
of the 100 lb: uplink tone vith signal-to-aoue racu 
predictions. Data Requireaents - 8. 

7) Study the effect on S-land PCM telemetry vhea tbe LIi t. 
without uplink S-Band carrier lock. Data lequir--h -
s. 7; Teleaetry Measureaeots - CL 0300, CL 0302,CL OW)1. Y. 
CL 0402 V. 

Data R!9uireaents 

1) Teleaetry Keaaureaents: 

Meaaureaent 
lluaber Description m Prtorlt:J 

CT 0992 B Phase, St Pb Er, Slctd S-Band Xponder P0I -CT 0993 E Power. Selected S-Band Satr FR Pvr POI -CT 0994 V Volt, SelecteJ S-Baod Rcvr AGC P0I II 
CL 0300 Fraae Sync+ ID P0I -CL 0302 Foraat ID PCM -CL 0401 V Volt. Calib 85% BL PCN -CL 0402 V Volt. Calib 15% BL PCN -CL 0501 W Time• MiHion Elapsed PCN -CG 2112 V Volt, IC lX Res Out, Sine POI II 
CG 2113 V Volt, IG 11 Rea Out , Coa PCM II 
CG 2142 V Volt. MG lX Rea Out, Sine PCM II 
CG 2143 V Volt. MG lX Res Out. Cos POI II 
CG 2172 V Volt, 0G lX Rea Out. Sine PCM II 
CG 2173 V Volt, 0G lX Res Out. Cos PCM II 

2) Unified S-land Tracking data proceaaor • output data - high speed (BS)foraat 

3) C-Band radar data -
4) MSFN ground station par ... ters -
5) Written MSPll operator'• 101 with c0a1e11te -such u acquisition tiaea, discrepanctea, 

and pertinent additional inforatton 

6) VHF PCM teleaetry bit str ... on the 237.1 MC - · 
carrier 
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1) uatUM ...... t•l-try H t etnea 

I) PM COllfOelt• dpal coeutaf. .. die -· 1 .... 
,0 Da eukarrier aad 70 Da n ,Ju.Lite, ..._ 
carrier 
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S16.l Ut rN C tCA'h 

"5Mt9114 elf blt1(lyt191 

Alt..._ll tM prlMrJ o,Jectb• of tlau fU. 4o ..c te::11 tr ...,. 

...icattoa ftlidatioo, it vill offer firet opportaity c. 0...-

..-ltfJ the operational ut S-land coaunicatioo e,n• widl die m111U• 

of the S-.... et .. rable antesma and oae of the hlD 1-.... -Utrecc._. 

ut H wllicb vill aot be uaed. 

OIi u .... .....t aiHion, it le illpoeeibl• to ...,_trate all UI: !i&W 

~c--■1.&tcaU.011 poHibl• on a •JIIM'd aiedoo. the followills f I C d C 

cattoa ~c .. vill be exercieed durlna thia t•t: 

1) PD lallglna - Trajectoriee ••tabli .. bJ tTackt• of 
the ut by MSPII •tatiou uataa pNUdor..._ aof• r s!• 
teclmiquee rill be cc.par .. vitb tboee •taltltallell 1'y 
trackiq the C-laod trajectory to Terify t.lda ~ 
function prior to aanned LM flipte. C-.... tndr1• 1e 
priaary for aatbertog data. 

2) P0t Teleaetry - S!oce S-laod POI tel-try rill N tM 
prille eource of aubayatea data oo the lunar w1w1 •., 
it b vital that tbie function be d..,....trat... IOI 
high bit-rate teleaetry vill be co.pared vitla 911P IOI 
teleaetry oo this aiHioo. VHF tel-try le prlaar, t. 
&,atherina data O tbi• aiHiOD. 

3) RF Uplink Capability: 

a) Voice Coaamication - The S-laDd ~c tcatioa U. 
vill be the priae vote contact betveft tM UI _. 
MSF1I at lunar dietLncea. On tbia aiuion, tM .. 
voice function vill be aiaulated by aoddatiea tM 
30 Dz eubcauier vlth a 1000 Ra tone vlddl will 
be turned around in raogi cha 1. _,.lat• t._ 
S-Baftd carrier and be recorded by n fol' poetfltalit 
aoalyeia. 

b) eo-and Capability - It 1• anticipated tbat-.
dating tnforaation will b• provided to eucll ~,
aent .. t:he LCC on operational aieeioM. OIi tllU 
ai••ion, an unaodulated 70 IRa aubcarriar vtll M 
trauaitted by MSPM tot• ut, t t'1'M aro\lllld le tM 
ran1tn1 channel and aoclulat the •lalld cant•~ 
traU11itted fr011 th UC to the MS • 'Ill• czvnll 
1y•t• will be ua do thi• a1••1on. 
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4) kqul1ltlon and landnera 

•> 

b) 

c) 

Initial Acqul1ltlon - vlll occur when ctlf cOMe 
within the tracklna 1ector of the Nin 1tatioll. 

a .. cquiaition - will occur if 1011 of loc~ occ:11r1 
while CSM ia within the tracking 1ector of the Nin 
atation. 

Handover - occura when one atation baa two-way lock 
and the next atation auat acquire without aloe• of 
down-data, and with a ■in:llna lo•• of up-data . 
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S16.2 Pdt/Dn lNSTJtUMINTATlON PIUOIMAIC! 

Evaluate the perfomnce of the inatruaen atioa ••.,.ca 
durina boo■ t and LM propul■ion ■ub■yat• ratioe.. 

Purpo■e 

The purpose is to evaluate the response and a au■ any desr ... tia 

of the LM instrwaentation subsystem resulting fro■ either the booat -s ..... 

aent or the environaenta created by the ignition, ratica-" ~ 

of the LM DPS and APS, and Fiffl. Thia is the only flight for which LIi 

paraaeters are telemetered during the boost phase. Thi■ teat u desirale 

prior to manned fliaht. 

Test Conditions 

1) During those portions of the flight v ground staticm 
coverage is available vith emphasis dur ng the followills 

2) 

periods. 

a) Earth Ascent phase. 

b) Immediately following S-IVB shutd 

c) Prior to, during and 1~, diately f 
burns nd Flffl. 

All MCCH or MCCK displays driven by o 
tation and all MCCK displays driven by 
instrumentation (DFI) will be procedur 
the boost and post-insertion phase■ fo 
which will be reported for more coapre 
the flight. 

Success Criteria 

Unfiltered (ground station/decoaautated) full 

operational and DFI, proce1sed for evaluation ver• 
(noise, frequency re1ponae, bias, bit error rate, 

zation) during the subject environaent. 
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l) Th• full ••pl• eubcarrier diecriaiaate4 II'--, •u&iell ,_,. 
tap•• acquired for evaluation will b 1road •C.tia 
deca.autated •• required and rresented oa oecil1-lr~ 
plots or tabulation• in a full auple rate •filter .. t....c
Th1H data will be c0111pared egainet 11.atlar b ... 11- e.c,_. 
acquir d during prelaunch OCP and during eteady-etate U1 C...C 
mods. This includes both VHF and S-Band data. Joell cr.a
sient and permanent effect will be analyzed aDd nai.ac.. 

2) Essentially all telemetry outputs from the UI operatioaal ... 
DFI for the teat periods noted will be evaluated for oper
ation and response to environment. 

Data Requirements 

1) Prelauncb Baseline (Mandatory) 

Prelaunch instrumentation status and configuration data rill 
be forwarded to MSC for use in evaluation. Thia will illcl ... 
data from OCP K-8000, K-0005 and K-0007. Prelauncb inatna
mentation malfunction data will be included. 

2) Tape Requirements for Postflight Evaluation (Mandatory) 

Complete full sample ground s tation data tapes i.Dclullli-a the 
four PAM/~/FM links (230. 9 MC, 241.5 MC, 247.J !IC aad 257.l 
~C), the PCM link (237.8 MC) and operational S-BaDd P0l vill 
be acquired for postflight evaluation froa the statimaa 
covering boost, APS burns, DPS burn and the FITB. 

3) Ground Station Parameter - R ceived RF Si&D,al Str-atb* 

• Mandatory during FITH, othervise HD. 
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S16.2 PCM/DPI lNSTIUHINTATION PIIPOIMANC! 

hcyrowad and Juatification 

The LM Instrumentation Subsystem is the nucleus of 

faction of all mission objectives. It is therefore nece 

the flight p rformance of this subsystem at the earliest 

204/LM-l also affords the only opportunity to evaluate t 

during the boost environment. It is imperative that syst 

of the quality and validity of telemetry data be made so 

on other subsystem analysis and evaluation can be made. 

teleaetry 

tic evaluatioo 

hat proper iapact 

It is possible that the L~-1 to MSFN circuit margins will deteriorate 

due to plume impingement of the antennas during the FITH. lo order to 

&scertain the validity of the data during this period of ime, the type of 

evaluation specified in this objective is required. 

The vibration environment induced by the APS-DPS pro ulsion burna baa 

not ~een explicitly evaluated, with respect to its effect on the Instru

mentation Subsystem. It is ther~fore desirable to evalua e the effect• 

of this vibration environment upon the capability of the &I subayatea to 

transmit reliable information to the MSFN stations. 

The approach of evaluating the instrumentation subsy tem indepeadent 

of the other subsystems has the advantage of looking at t e entire sub

system, under specific environmental conditions, early in the test proar-. 

If any abnormalities or unexpected malfunctions appear thy can be 

analyzed and proper action taken at the earliest possible tille . 
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Ml7.l 

Purpose 

LM STRUCTUlW. INTEGRITY 

Demonstrate the structural integrity of th 
staaes during Saturn IB launch, RCS, DPS a 
earth orbital environment. 

LMuceat_,~ 
M'S firiltp ia • 

To demonstrate, prior to manned LM operations, e LM atruccural 

integrity for Saturn IB launch and earth orbital mis ion eavircnaent•• 
and obtain data to verify the loads analysis methods. 

Test Conditions 

1) The LM structure will be subjected to th follovi.na eDTiroa
ments: 

a) Saturn IB launch environaent. 

b) As a minimum, the RCS must operate 
the second APS burn. 

to and i.ncludi.na 

c) DPS duty cycle equivalent to the LLM DPS duty cycle. 

d) APS duty cycle equivalent to the LLM APS duty cycle. 

2) Cabin pressure will remain above one psi until after tM 
second APS burn. 

Success Criteria 

1) The LM structure (ascent and deacent) 
phues of the aission. 

t aunh• all 

2) Sufficient valid data auat be obtained t verlfJ tut die 
structural aubsyatem perforaed aatiafact rlly. 
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EvaluatioT\ 

l) Acceleration, atrain, and thenul data will N ..... ta 
conjunction with other fli ht inforut Oil (1 ••• , c.11, ..... 
in data requireuienta aection, paraarap 2) to detfflli_ae 
the spacecr4ft loads. 

2) Acceleration and vibration data will b uHd to detentoe 
the structural response of the LM stag a and fnd'.vidual 
stage cumponents during launch, SLA/LM separation, IC!' 
operations, and DPS and APS firings. 

3) Temperature data will be used in evalu tin11: the de•i-'1 
environment of the descent engine comp rtment and the 
effects of descent engine firing on th descent stag base 
heat shield. Additional thermal data ill be used to 
evaluate the effects of the launch and earth orbital 
environments on the L.~ windows, cabin kin and antennas. 

4) Cabin pressure data will be evaluated o detercdne that cabin 
structural integrity has been maintain d through all aiaaion 
phases. 

Data Reguirerr,ents 

1) Telemetry Measurements: 

a) Strain: 

Measureir,ent 
Number Descri2tion .!!! PrtoritI 

GA 0601 s Load, +z Beam Booster Strut No. 1 FM/PM :l GA 0602 s Load, +z Beam Booster Strut No. 2 FM/FM 
GA 0603 s Load, +z Beam Booster Strut No. 3 PM/PM 
GA 0t,04 s Lo .. i, +z Beam Boo~ter Strut No. 4 FM/PM M: 
GA 0605 s Load, -z Beam Booster Strut No. 1 FM/FM "I; 
GA 0606 s Load, -z Beam Booster Strut No. 2 FM/FM N ' 
GA 0607 s Load, -z Beam Booster Strut No. 3 FM/FM N " 
GA 0608 s Lo!td, -z Beam Booster Strut No. 4 FM/PM ■>• 
GA 0609 s Load, +Y Beam Booster Strut No. 1 PM/PM II 
GA 0610 s Load, +Y Beam Boo er Strut No. 2 FM/PM 11 : 
GA 0611 s Load, +Y Beam Boe C,t rut No. 3 PM/PM •• GA 0612 s Load, +Y Beam Boo rut N" • 4 PM/PM •! 
GA 0613 s Load, -Y Beam Boos t rut No. 1 PM/PM 

~ GA 0614 s Load, -Y Beam Booatc ru t No. 2 PM/JIM 
GA 0615 s Lo.3d, -YB am Boost r Strut No. 3 PM/PM 
GA 0616 s Load, -Y Beam Booster Strut No. 4 PM/fN ) 
GA 2524 s Load, +Y Deac Eng Supp Strut No. PM/fN D 

*Any 14 out of 16 are mandatory with the 2 loat •• r-nta not ta tlMI 
same outrigger assembly. 
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Measurement 
Nulllber 

C.A 2S28 S 
GA 1501 D 
GA 1502 D 
GA 1503 D 
GA 1571 D 
GA 1572 D 
GA 1S73 D 
GA 2681 D 
GA 2682 D 
GA 2683 D 
GA 3001 A 
GA 3002 A 
GA 3003 A 
GA 3004 A 
GA 3005 A 
GA 3006 A 
GA 3601 D 
GA 3602 D 
GA 3603 D 
GA 3661 D 
GA 3662 D 
GA 3663 D 
GG 6001 D 
GG 6002 D 
GG 6003 D 
GN 7691 D 
GP 2801 D 
GP 2802 D 
GP 2803 D 
GQ 7301 D 
GQ 7302 D 
GQ 7303 D 

GA 0201 T 
GA 0202 T 
GA 0203 T 
CA 0204 T 

b) Acceleration and Vibration: 

Description 
I.oad. -Y Deae Eng Supp Strut No. 4 
Vib• Ase Eng Supp. Struct Side No. 1 
Vib. Ase Eng Supp. Struct Side No. 2 
Vib• Ase Eng Supp. Struet Side No. 3 
Vib. Ase St 0xid Tank. X Axis 
Vib, Ase St Oxid Tank. Y Axis 
Vib. Ase St Oxid Tank, Z Axis 
Vib, Desc St 0xid Tank No. 1, y Axis 
Vib, Dese St Oxid Tank No. 1, Y Axis 
Vib, Desc St Oxid Tank No. 1, Z Axis 
Aceel, X Axis No. 1 
Accel, X A-·'f.s No. 2 
Accel, Y Axis No. 1 
Aeeel, Y Axis No. 2 
Accel, Z Axis No. 1 
Aeeel, l Axis No. 2 
Vib, Ase St Equip Rack. X Axis 
Vib. Ase St Equip Rack. Y Axis 
Vib. Ase St Equip Rack, Z Axis 
Vib No. 1, Tunnel Equip Area 
Vib No. 2. Tur.nel Equip Area 
Vib No. 3, Tu~nel Equip Area 
Vib. Nav Base (Roll) 
Vib, Nav Base (Pitch) 
Vib, Nav Base (Yaw) 
Vib, RR Ant Dish 
Vib, Thrust Chamber XX Axi& 
Vib, Thrust Chamber YY Axis 
Vib, Thrust Chamber ZZ Axis 
Vib, Thrust Chamber XX Axis 
Vib, Thrust Chamber YY Axis 
Vib, Thrust Chamber ZZ Axis 

e) Temperature: 

Tenip No. 1, Descent Engine cavity 
Temp No. 2. Descent Eniine cavity 
Temp No. 3, Descent Engine Cavity 
Temp No. 4, Descent Engine Cavity 

.!!! 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/FM 
FM/PM 
FM/PM 

FM/PM 
PM/PM 
FM/PM 
PM/PM 

*One out of 4 is mandatoryi the oth r 3 are highly desirable. 
**One of two aandatory. 
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Pdodtt 
HD • --If 
:] .. 
If 

:] .. 
M 
M 
M 
M 
M 
M 
M 

:] .. 
HD 
M 
HD 
M 
M 
M 
RD 
M 
RD 
RD 
M 
RD 
11D 
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M uur aent 

Nuaber 

GA Ull T 
GA 2001 T 
GA 2002 T 
GA 2003 T 
GA 2004 T 
GA 2005 T 
GA 2006 T 
GA 2007 T 
GA 2008 T 
GA 2009 T 
GA 2010 T 

DHcription 

Teap Top Surf MC Stage But Sh 
Teap No. l, Heat Shield Deac Stage 
Teap No. 2, Heat Shield Deac Stage 
Temp No. 3, Heat Shield Desc Stage 
Teap No. 4, Heat Shield Desc Stage 
Temp No. 5, Heat Shield Desc Stage 
Temp No. 6, Heat Shield Desc Stage 
Temp No. 7, Heat Shield Desc Stage 
Temp No. 8, Heat Shield Desc Stage 
Temp No. 9, Heat Shield Desc Stage 
Temp No.10, Heat Shield Desc Stage 

'" ''" /FM 
/FM 

''" PM 
/FH 

r,t/PM 
r,t/FM 
fM/PM 
PK/PM 

,,,,,,u 
• 
" II 

" . II 
II 
II 
II 
II 

*Any 7 out of 10 are mandatory; the other 3 are highly d 1irable. 

GA 2201 T 
GA 2202 T 
GA 2203 T 
CB 0204 T 
CB 0205 T 
GB 3727 T 
CB 3728 T 
CB 3729 T 
GB 3730 T 
GB 3733 T 
GA 0083 T 
GA 0084 T 

Temp No. 1, Window 
Temp No. 2, Window 
Temp No. 3, Window 
Temp No. 1, Cabin Skin 
Temp No. 2, Cabin Skin 
Temp No. 1, Steerable SB Antenna 
Temp No. 2, Steerable SB Antenna 
Temp No. 3, Steerable SB Antenna 
Temp No. 1, SB Omni Antenna 
Temp, VHF In-Flight Antenna 
Temp, No. 1, +Z Land Leg 0utrig No. 1 
Temp, No. 1, +Z Land Leg Outrig No. 2 

tcone measurement is mandatorv; the other is hi,hlv deaira 

CA 0085 T 
CH 1313 V 
CH 1314 V 
GR 5031 P 
GR 5032 P 
ca 5033 P 
GR 5034 P 
GR 5035 P 
GR 5036 P 
GI. 5037 P 
GR 5038 P 
GR 5039 P 
CR 5040 P 
GR 5041 P 
GR 5042 P 
GR 5043 P 
GI 5044 P 
GR 5045 P 
GR 5046 P 

Temp, No. 1, +Z Land Leg Apex Fit 
Volt, Pitch GDA Pos (Ret/Ext) 
Volt, Roll GDA Pos (Ret/Ext) 
Press, Thrust Chamber No. 4U 
Preas, Thrust Chamber No. 4D 
Press, Thrust Chamber No. 4F 
Press, Thrust Challber No. 4S 
Press, Thrust Chamber No. JU 
Preas, Thrust Chamber No. 3D 
Press, Thrust Chamber No. 3F 
Press, Thrust Challber No. JS 
PreH, Thrust Chamber No. 2U 
Preas, Thrust Chuiber Ho. 2D 
Pr•••• Thrust Chamber Ho. 2F 
Presa, Thrust Chamber No . 2S 
PreH, Thrust Chamber No. lU 
PreH, Thrust Chamber Ho. 1D 
PreH, Thrust Chamber Ho. lF 
Press, Thrust Chamber No. lS 
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/FH 

E
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/FM 
/FM 
/FM 

~E 
~~ft( 
PK/nt 

/PM 

HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 
HD 

:1. 

M 
M 
N 
HD 
BD 
HD 
HD 
HD 
HD 
HD 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
ID 
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Meaaureaent 
N\lllber 

GP 2010 P 
GP 2010 P 
0Q 6510 P 
CQ 6510 P 

GA 1133 P 
CF 3571 P 

Deacription 
Preaa, Thruat Challber 
Prue, Thruat Chmlb•r 
Pre••• Thruat Chaaber 
Pr•••• Thruat Chaaber 

d) Preasure: 

Preas, Top Surf Ase Stage Heat Sh 
Cabin Pressure 

.m 
"""' POI 
ftt/l'lf 
POf 

FM/FM 
FM/FM 

rrwun 
If -.. -
" " 

2) Additional Data (time histories) 

a) Trajectory profile from liftoff thro gh LM/SLA 
separation. (M) 

b) Dynaaic pressure (q) and single angl of attack (o) 
(M) (Calculated) 

c) Wind date (t•O wind sounding) from g1ound level 
to approximately 60,000 feet. (M) 

d) Booster thrust. ('t) 

e) Booster engine gimbal angles. (M) 

f) Booster accelerations and rate gyros 

g) Ascent, descent and RCS thrust. (M) 
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Ml1.l LN STIUCTUIAL llff!CllTT 

lacy.round and Juetification 

tbia aiaaion preaent• the first opportunity to• 

Saturn II launch environment, LM/SLA separation. RCS 

and APS firing• in an earth orbital environment. To 

erationa, _. .. 

n the LN for dlNe 

operations and environments, it is first necessary to demonstrate the UI•• 

structural integrity under these conditions. These fight enviroaaea~ 

present critical structural design conditions for a c nsiderable portiaa 

of the LM structure and equipmer.t. The results from his flight will be 

coapared to the analytical predictions for this fligh• condition, grouad 

and flight test data, and design value. Demonstrati •n of the LM 

structural integrity is mandatory prior to manned LM •light operations . 
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Ml7.2 

Purpoae 

SLA/LM LAUIICR ltrr!IACrIOI LOADS 

Deteraine the interaction loada betveeo the Ill aad die ILi fer a 
Saturn 11-LM launch enviroaaent. 

To obtain data for the deterainatioo of the SIA/LIi iateractt.oa io... 

during launch ao that the loada analyda aetboda can be verified _. die 

adequacy of the LM structure for an updated Saturn I l.auDcb ~ caa 

be aaaeaaed. 

Test Conditions 

The apacecraft vill be expoaed to a Saturn 11 lauach ~

Succaa Criteria 

Sufficient valid data imat be obtained to enable cleterai-tS- of die 

interaction loads between the LH and the SI.A. 

Evaluation 

The interaction load• vill be calculated fraa tlae ~ fl!a)lit 

atraio -.uaureaeots. The•• ioteractioo loads v1ll thm be ~ C. 

the dedp loada (NAA-GAEC ICD HHOl-OSllB-424. parqnpll l.2) ... I» 

the analytical loads predictiona (loada analyaia) .... for tM fltellt 

conditiou. 
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try te: 

1) tral 

l 
rtpt OD Priff1M 

CA 0601 Load 0 +Z ter tn,t . 1 
CA ~2 S Load. +Z :er trut • 2 

06C1 S d• +Z Strut • 3 
CA s Lo d, +Z Strut 
CA ~ •J.S S Load, -z ter Strut . 1 
CA 0606 S Load, -z Strut . 2 
CA 0607 S Load. -z Stn t . 3 
CA 0608 S Load. -z Strut ftl • CA 0609 S Lo.le!, +T Strut . i nt/ftl 
CA 0610 S Load. +T •ter Strut . 2 FK/PII 
CA 0611 S Load, Ya... loo•ter Struc lo. 3 rrt/ 
CA 0612 S Load. +T loo teT Strut 111/N 
CA 0613 S Lo d 0 -T Booater Strut . l """' CA 0614 S Load. -T Boo rer Strut .,_ 2 111/111 
CA 0615 S Load. -T looatel' Strut • 3 Flt/ 
CA 0616 S Load. -T looateT ~trut . 4 nt/111 

• .1ay 14 of 16 ar aasuutory vith the 2 loat ae ureaeota not la tN ._ 
outri r aaaeabl•. 

2) Acceleration: 

CA 3001 A Accel, I Axia . 1 Pll/nl -CA 3002 A Accel, :I Ad• • 2 -CA 3003 A Accel, T Azia . 1 fll/nl -CA 3004 A Accel. T Azia lo. 2 """' -CA JOOS A Accel, Z Ade llo. 1 ..,,. -GA 3006 A Acc•l• Z Axi• • 2 fW/1'1 -
3) Taperatul'e: 

CA 0083 T T-, lk>. 1, • l '""" -CA 0084 T T-, lo. 1. • J .., ... 
CA OOIS T T-, lo . 1, ..., ... -

., .. s 
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4) ..Wltioul Data (TiM lletortu)a 

a) D,ualc prueure (q) alMI •1111• of ate.ck<•. 
(M) (Celculated) 

•> Trajectory profile froa liftoff to SLA/LN 
Nparatlon. (K) 

c) looeter tbruat. (K) 

d) looeter eaaln• 11.abal aD&lH. (K) 

•> looeter accaleratlona and rate ayroe. 00 
f) 'lind data (t-0 wind eouadiq) fl'OII aroU:Dd lai9el to 

approx1-tely 60.000 feet. (K) 

lntatea s 

II 
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MU.a 11.A/LN LAIIICII IJITIIACTlOlf LOADI 

kskm94 fnd Jyttlflcftlon 

Thie alaaion pruenta the firat opportunity to red• r••••• 
of a LN to a Saturn 11 launch. At the preaent tiae, l will N die .-ly 
LN epacecraft to have active telemetry h and booat ..... 

of flight. The load• that occur during the launch p e of the at..•ioa _. 

critical for a considerable portion of the LM atructu . 1'be8e loeM "111 
be uaed to verify the loads analyaia ■ethoda uaed to 

the LN design loads. The •aaured loads will be co■ 

loada contained in NAA-GAEC ICD HHOl-05118-424, para 

analytical loads predictions baaed on measured flisht 

All aixteen LM strain aeasure■enta are necessary 

■iDe uae force inputs to the LM fro■ the SI.A support 

underatanding (i.e., contributions of LM and SI.A tot 

tlaeae force inputs will not be poasible, however, wit 

tion data. It is possible to calculate the LK-SLA int 

a -■all degree of error, if all the LM acceleration d 

witla fourteen of the sixteen strain measurements, 

aenta not being in the saae outrigger asaeably. 
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Nl7.l APS/DPS onottu. T YIIIATIOI 

Deteflline the dyuaic rupo of th uc t -' ~.a& •~ 
oxidiser tanb durtua fli&ht induced emrtr ta. 

PurpoH 

To obtain data on the vibratory rupooae of the at ... ••·a& 

stage oxidizer tanks froa liftoff throu h LK deac t aacent -net• 
firing•• for usea•ent of enviroaaental vibration d ip criteria_. 

ground certification tests prior to aanned flight. 

Teat Conditions 

Tbe LK vill be exposed to a launch enviroaent 

ascent stage engine firioga. 

Success Criteria 

Sufficient data are obtained to detenaine the dy c r•fll•• of 

the ascent and descent stage osidiz r taob for •rrti le w1eet• •••••• 

Evaluation 

Tbe vibration data vill be diaplayecl against fl 

tiae slices vill be subjected to power spectral deui 

data vill be coapared to desirn qualification lnela 

specification (LSP-470-X: Table III for launch aDd 

Sec. 3. 2 for lunar ducent aod' ucent) and vitb ata 

fiution and structural certification t .. ta • 
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r Descdptlon l!! PrlfUCJ 

GA 1571 D Vib, Aac Stage, Oxid Tank, X Axis II 
CA 1572 D Vib, Aac Stage, Oxid Tank, Y Axid II 
GA 1S73 D Vib, Aac Stage, Oxid Tank, Z Axt• II 
GA 2681 D Vib, Desc Stage, Oltid Tank No. l, X Axis II 
CA 2682 D Vtb, Deac Stage, Oxid Tank No. 1, y Axis " GA 2613 D Vib, Deac Stage, Oxid Tank o. 1, z Axis FM FM II 

Acceleration: 

GA 3001 A Accel, X Axis No. l -CA 3003 A Accel, y Axis No. l -CA 3005 A Accel, z Axis o. l -CA 3002 A Accel, X Axis o. 2 ., 
GA 3004 A Accel, y Axis No. 2 -GA 3006 A Accel, Z Axis o. 2 - • • 

J 
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KU.) APS/Dfl OUDllD TAIIIU VlllATION 

lackaround and Juatification 

The APS/fJPS oxidiser tanka are the laraeat aingle • ite.9 u ca. 
LK vehicle and therefore are of apecial intereat in the atructural ........ 

developaant, and teating phaaea of the aiaaion. atatic ... ., tc 

teatillg baa deaonatrated that the tanka aeet the apecif 

without failure vhen teated for the individual enviro 

flight 1a the first opportunity 

cOllbined ateady-state dynaraic flight environments for 

APS and ~s bunuJ. 

ta, kt thia 

iteaa ta tbe 

Portions of the ascent and descent stag tank sup1>41rt atructure are 

deaigned by vibration loads. The flight teat data will provide a basi• 

for asseasaent of structural design adequacy prior to ed fliglat by 

coaparison to ground test results from both component q 

vehicle level tests. 

ificaUc. _. 
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Nl.7.4 QITICAL IQVIPMIMT AltEA VIIIATIOR 

Deteraine vibration level• in ~ritical equi 
launch and to ucent and dHcent enaine firi 

Purpoee 

Tbe purpose ia to deteraine, prior to aanned Uf fl ht. the vikaU.oa 

rea?OD9e of aelected LK equipaent when expoaed h and LM 

engine environaenta. 

r .. t Conditions 

Data vill be obtained froa liftoff through coaplet on of all LK 

engine firings. 'ffle LK will be exposed to flight envir aaent froa liftoff 

through all LK engine firinga . 

Succaa Criteria 

Sufficient data are acquired during the launch ph and APS aad mis 

engine fit·ing phases of the aiaaion to determine the vi ation reaponee 

of the critical equipment areas. 

Evaluation 

The vibration response data are proceaaed to obta plot• of I (me) 

veraua th.:! and selected time slices are aubjected to r apec:tral ._tty 

analyaia. Thia infotlal.\tioo 1• then compared with deal criteria l...i. 

in the technical apecifications (LSP-470-lC Table III fr laac:b _. t.ooet. 
and LSP-520-00lB for lunar descent and uceot) and vitb uta froa tM 

around vibr•tion teat of LTA-3 and coaponent qualificat Oil tnu. 
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Data hcnatr-.nt, 

T•l--try Me£aur ... nta: Vibration: 

,.._aureaent 
N\aber Description m PrHQCJ 

GA 1501 D Vib• Ase Eng Supp Strct Side No. l PM/PM ID 
GA J502 D Vib. Ase Eng Supp Strct Side No. 2 PM/PM -GA 1503 D Vib. Ase Eng Supp Strct Side No. 3 PM/PM -GA 3601 D Vib. Ase Stage Equip Rack. X Axis PM/PM If 
GA 3602 D Vib• Ase Stage Equip Rack. Y Axis FM/PM II 
GA 3603 D Vib. Ase Stage Equip Rack. Z Axis PM/PM II 
GA 3661 r Vib• No. 1. Tunnel Equip Area PM/PM BD 
CA 3662 D Vib. No. 2. Tunnel Equip Area PM/PM II 
CA 3663 D Vib. ~ >. 3. Tunnel Equip Area FM/PM HD 
CG 6001 D Vit. ~v Base (Roll) FM/PM II 
CC 6002 D Vib. Nav Base (Pitch) PM/PM If 
CC 6003 D Vib• Nav Base (Yaw) PM/PM M 
GN 7691 D Vib, RR Ant. Dish PM/PM BD 
GP 2801 D Vib, Thrust Chamber, XX Axis PM/PM M 
GP 2802 D Vib, Thrust Chamber. YY Axis FM/PH BD 
GP 2803 D Vib, Thrust Chamber. ZZ Axis PM/PM II) 

• GQ 7301 D Vib, Thrust Ch.tamber. XX Axis FM/PM M 
GQ 7302 D Vib, Thrust Chamber, YY Axis FM/PM JI) 

GQ 7303 D Vib• Thrust Chamber, ZZ Axis PM/PM II) 

J 
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Ml7.4 CUTlCAL IQUlPMDT AIU VIIIATlOI 

lacyround and Juatification 

The inatnaentation locationa choaen for tbia oti ecti•• •• Mi.cc., 

on the baais of providing on overall coverage icle •i~ratioa 

reaponae levels. in addition to representing critica la 

particular. the GG 6001 through 6003 on the Nav Bue 111 be nead•• to 

verify the component qual test levels of the critical 

and for use in LM DAP siaulations requiring vibrati 

the IMD during APS. DPS and RCS firings. The engine engine •upport 

structure measureaents will be correlated with engine qual teat rlbrati• 

lP.vels and data from engine firing teats and ground t st vibration etlYiroa

aents. These data will also be available for aalfunc ion detectiOD if 

needed. 

Vibration transducers GA 3601 through 3603 and Q 3661 through 3663 

are located in multi ?quipment areas and are the only vibratiOD we..ar-ta 

available in thesf' areas. These measurements are nee ury to ,re.rify 

equipment qualification environments and for evalUAti purpoaea ill die 

event of failure or off nominal perfonunce of these a-It.a of 

LTA-3 vibration tests and measurements made during t LTA-S eaaiae flrlaa 

tests at WSTF have been factored into the component llflcatloa t•t 

criteria. Keasureaents made during the LM-1 fliaht 11 verify tM •••1 ■ c, 

of these coaponent vibration test lev ls . 
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Ml.7.5 

Purpose 

IIPS/APS/JlCS 'IUIMAL EFFEcr5 

Evaluate the theraal and preaaure reaponae ~ heat ahieUfas. 
atructure, and outriggers when expoaed to d rect pluae illp~ 
aent and radiant heating froa operation of he DPS, APS _. 
RCS engine•. 

The purpose of this objective is to obtain the enaal and in:esaure 

response of various structural and thermal elements to obtaill data 

ne~essary to upgrade the thermal analytical aodela us for pr0Yi41.Da 

preflight predictions to verify aafe manned aiaaiona. 

Teat Conditions 

1) DPS burn for approximately 200 seconds at full thruat 

2) APS burn of short duration (FITH) 

3) RCS -" continuous burn (+X) for 8 seconds th deacent at ... auacMII. 

Success Criteria 

Sufficient data will be obtained to evaluate the tberaal _. preeaae 

r•pooae of the LK to DPS, APS and RCS engine firinp ill order to aeai.at 

in uparading the lunar miHion theraal analytical aod la. 

Evaluation 

The acquired data will be uaed to evaluate the curacy ... to •11111 

the analytical aodela uaed to predict the in-fliaht • ructural t...-.C--. 

Specifically: 

1) DPS - Bu• heat ehield, enaine COllfart-, l..alq 
radar antenna 

2) APS - Baae heat eh1elfl.bl .. t deflector, 

3) lCS - Outriuer, theraal eh1eld, s-laad 
radar antennae 
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'nl &illbaled podtion of the DPS e11ae vill ..... fn ClllfUIUS 

the nw factor froa the hot noule extendon to t f)/1 111 ... lle.c ...W 
•urface for use in radiative heat tranafer calcuut 1'INt ,..,,.,_ u 
also needed in order to be able to predict the therwl~nuiatc ,r-,.nwe ta 
the flow field where the flow field impinge• on the 

the engin-. is gimbaled. 

Temperature data obtained on the steerable s- nd. VHF ia-flipc. 

LR, and rJt antennas will be used to asseae their ca ability to vitMC.-. 

the theraal environment. 

Data Reguireaents 

1) Telemetry Measurements: 

Measureaent 
Nuaber 

GA 0083 T 

GA 0084 T 

GA 0085 T 

Temp No. 
No. 1 
Temp No. 
No. 2 
Temp No. 

Description 

1, +Z Land Leg Outrig 

1, +Z Land Leg Outrig 

1, +Z Land Leg Apex Fit 

l[M 

f'M/ .t 

FM 

PM 

* Any 2 out of these 3 are mandatory; the other ii highly desirable. 

**GA 0201 T 
**GA 0202 T 
**GA 0203 T 
*-GA 0204 T 

Temp No. 1, Descent Engine Cavity 
Temp No. 2, Descent Engine Cavity 
Temp No. 3, Descent Engine Cavity 
Temp No. 4, Descent Engine Cavity fil 

* Any 3 out of these 4 are aandatory; the other U hiahly duiralale. 

II 

• 
" • • 

* 

• 

GA 1113 T 
GA 1133 P 

**CA 2001 T 
**GA 2002 T 
**GA 2003 T 
HCA 2004 T 
**GA 2005 T 
*"GA 2006 T 
**CA 2007 T 
**CA 2008 T 
**GA 2009 T 
**CA 2010 T 

T•p Top Surf Ase Stg Heat Sh 
Presa, Top Surf Ase Stg Beat Sh 
Te11p No. 1, Beat Shield Deac Stg 
Te11p No. 2, Heat Shield Deec Sta 
T•p No. 3, Beat Shield I>eac Sta 
Temp No. 4, Hut Shield Deac: Sta 
T-p No. s, Hut Shield Deac Sta 
Tap No. 6, Heat Shield DMc Sta 
T•p No. 7, Beat Shield Deec Sta 
Tap No. 8, Hut Shield Deac Sta 
T•p No. 9. Hut Shield DMc Sta 
Taap No. 10. Heat Shield Deac Sta 

• 

• Aay 6 out of theH 10 are undatory, the otMI' are Mp!J ••tn'1e, 
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Meaaur•ent 
Mlt!t Ja•cription JI ,, ... 

CA 2201 T T•p No. 1, Window fN/fN :1 • CA 2202 T T•p No. 2, Window IN/IN 
CA 2203 T Teap No, 3, Window FK/JII -

*Any 1 out of these t"-to are ~•ndatory, the her le biply ... irale .. 

·- GB 0201 T Temp No. 1, Ase Eng Cover-Cabin PM/PII -GB 0203 T Temp, Cabin Tunnel PM/PII • GB 0204 T Temp No. 1, Cab i n Skin PM/PII :1 • 
GB 0205 T Temp No, 2, Cabi n Skin PM/PM 

* Any 1 out of these 2 is mandatory; the ot r i• highly deeirole. 

GB 0301 T Temp No. 1, Bot Surf Ase Stg PM/PM 
GB 0302 T Temp No. 2, Bot Surf Ase Stg FM/PM 
GB 0303 T Temp No. 3, Bot Surf Ase Stg PM/PM 
GB 0304 T Temp No. 4, Bot Surf Ase Stg FM/PM • 
GB 0305 T Temp No. 5, Bot Surf Ase Stg PM/PM 
GB 0306 T Temp No. 6, Bot Surf Ase Stg PM/FM 
GB 0307 T Temp No. 1. Bot Surf Ase Stg FM/PM 

* Any 5 out of these 7 are mandatory; the ot ber 2 are highly d-iraltla. 

**GB 0401 T Temp No. 1, Top Surf Dese Stg PM/PM :I HGB 0402 T Temp No. 2, Top Surf Dese Stg FM/PM • 
**~B 0403 T Temp No. 3, Top Surf Dese Stg FM/PM 

* Any 2 out of these 3 are mandatory; the ot ber is hiahly d•lralale. 

**GB 0521 T Temp No. 1, Dese Eng Blast Defl ect '"'"' :1 • **GB 0522 T Temp No. 2, Dese Eng Blast Defl ect FM/PII 

* Any 1 out of these 2 is mandatory; the oth r ia hiahly deair-1.e. 

GB 0601 T Temp No. l, Ase Eng Coapartaent FK/RI a GB 0602 T Temp No. 2, Ase Eng Coepartaeat PN/PN • 
GB 0603 T Temp No. 3, Aae Eng Coaparta•t 111/PN 

* Any 2 out of these 3 are mandatory; the ot er ia bqhly NdC'Mle. 

GB 0621 P Press No. l, Ase Eng ec:.parta• ""'" • GB 0622 P Press No, 2, Aae Eng C011part11a '"''" -GB 0623 P Pr••• No. 3, Aac Eng Coaparta• '"''" -GB 0801 P Presa No. 1, Bot Surf Aae Sta PN/111 

~ GB 0802 P Presa Mo. 2, Bot Surf Aae Sta PN/111 
GB 0803 P Presa No. 3, Bot Surf Aae Sta '"''" .. 
GB 0804 P Press No. 4, Bot Surf Ase Sta 1M/IIC 
GB 0805 P Press No. 5, Bot Surf Ase Sta PN/111 " 
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Mwtt P,15r1pt1og lll rraera,, 

c• 0806 P Pru• No. 6, lot Surf Ase Stg rtt/ 
Cl 0807 P Preaa No. 7, lot Surf Ase Stg FH/ • c1 0808 P Pre•• No. 8, lot Surf Ase St& '"' • Cl 0809 P Pre•• No. 9, lot Surf Ase Stg FM/ • GI 0810 P Pre•• No. 10. lot Surf Ase Stg FM/ II 
CB 0811 P Prus No. 11. lot Surf Ase Stg FM/ II 
Cl 0812 P Preas No. 12, lot Surf Ase Stg FM/ II .. 
CB 0813 P Press No. 13, Bot Surf Ase Stg FM/ II 
CL 0114 P Pre•• No. 14, lot Surf Ase Stg FM/ II 
C!i 0815 P Press No. 15, lot Surf Ase Stg FM/ II 
GB 0116 P Press No. 16, Bot Surf Ase Stg FM/ II 
GB 0817 P Press No. 17, Bot Surf Ase Stg FM/ JI 
GB 0818 P Press No. 18, Bot Surf Ase Stg FM/ 

.-.CB 0901 P Press No. 1, Top Surf Dese Stg FM/ II 
HCB 0902 P Press No. 2, Top Surf De•e Stg FH./ II 
*-CB 0903 P Press No. 3, Top Surf Dese Stg FH./ II 
HCI 0904 P Press No. 4, Top Surf Dese Stg FM/ II • **GB 0905 P Press No. 5, Top Surf Desc Stg FM/ II 
**GI 0906 P Press No. 6, Top Surf Dese Stg FM/ II 
**GB 0907 P Press No. 7, Top Surf Dese Stg FM/ II • "GB 3021 T Temp No. 1, Int Dese Ins Blanket FM/ 
"GB 3023 T Temp Ho. 1, Surf Dese Ins Blanket FM/ 
"GB 3025 T Tmp No. 2, Int Desc Ins Blanket FH./ 
"GB 3027 T Temp No. 2, Surf Dese Ins Blanket FM/ • 
"GB 3029 T Temp No. 3, Int Dese Ins Blanket FH./ 
"GB 3031 T T•p No. 3, Surf Dese Ins Blanket FM/ 
"GB 3033 T T•p No. 4, Surf Dese Ins llanket FM/ 
*Any 5 out of these 7 are mandatory; the other 2 are hi y desirable. 
**Any 16 out of these 18 are mandatory; the other 2 are ahly d•lrable. 

GB 3035 T Teap, LK Ase Outer Skin, Aft E.B. II 
*-CB 3036 T Teap, LK Deae Outer Skin, -Z Panel II 

GB 3727 T T•p No. 1, Steerable S-Band J 
Antenna looa . 

GI 3728 T Tap No. 2. Steerable S-Band j Antenna • 
GI 3729 T Tap llo. 3, Steerable S-land 

Antenna ; 
GI 3730 T T•p llo. 1, s-land 0.1 Anteona 

~ GB 3733 T Tap, var In-Pliaht Antenna 

* Any 3 out of th••• 5 are undatory; the other iably ••tnW.e . 
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MIIMnaat .,.., P!tstMs&P 

Mfll 7514 T half Ul Ant ... ~r lo. 2 
._ UM f 1-. U Ant._. Seuor lo. 3 

ca 1121 T Tnp u Ant ... Seuor lo. 3 
ca 1122 T , ... lo. 2, a Antemaa 
ca llll y Pitch GDl PoeitiOD 
QI 1314 V loll GOA PoaltiOD 

-0.. of tbeae two le aandator,, the other la biply 

fflllJ'r APPLICDIZ Ann nU-111-t'U ROLi AIO&T 

2) Additional Data: 

&acect, descent aDd lCS enaine tbruet (N) . 
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MU.S '111/APl/w;t 1'UIIML lfflc:'l'I 

ltsv!P'IMI •◄ J11t1t1cat 199 

tbe prod.atty of the Uf atructure to the DPS, 

vtll nault in pluaa taptng-,nt upon the atructun 
2 produce heating rates u large u 10 BTU/S-.c-Pt. 

the atructure vartea vith location• and i• govenied 

•1q>aoaioo in a apace vacuua, the concentration of 

the point of iapi.Dgeaent, the structure theraal ab 

_. ICS I SIM 

el-.t• .. 

beattaa au c. 
the • m•c .t p.Jw 

e-:ula (pnase) • 

t•ce pnpertt.. 

and the teaperature difference between the plwae gu ad tbe •~-

aurface. '!be plwae heating elevates the teaperature of tbe 1apfaaia4 anie 

and increuea the •an teaperature of the vehicle s 

cation COllpODent teaperaturea NY posaibly be real durina ..a.111 • 

aiHion pbuea. Cotlbination of ablative and inaulat ft -tertals ....,. .._ 

uaed in the theraal desian to ainaize th••• effect• 
A nUllber of theraodynaaic tea ta have been or :ir to be : c f I c. lllli.cll 

will be used to assess the plwae heating effects pr urily for I tp 

purpoaea, and are noted in the following list: 

1) Testa conducted at GAEC reaearch on 

a) Tr.-saient teat 

b) 4' x 8' panel teat (Mylar and B-fi 

2) LTQ No. 811-086-18, "Fire-in-the-Bole 1/ 
(Ut-1, 2 configuration)" 

3) LTQ No. 8ll-086-20, "Pluae Heating la• 

4) LTQ No. 811-086-28, "CO Pire-in-thc-llol 
Beat Shield and Blaat niflector Load• f 
(Uf-3 and Subs.)" 

S) LTQ No. 811-086-33, "Shock t'uDHl Pl_. 
and rt re-in-the-Hole." 

'!bi• IJt flight represent• the only teat when 

APS burns, and ICS firina• an accoapU.ahed 1D the 

prior to aannina. 

....,.r1•-•-1-> 
OScale IIDllal 1-t 

of DIS as.• 
&I~ .. .,. 

aotate4 4/1 ..... 

The iapact of acquiriaa iaaufftct .. t pnH,are c-..ntwre .... 
froa thi teat will bes 

1) lt would be difficult to obtain • uHf\11 ••l•tt• ., IM 
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•ff • of Dfl. API. _. ICI at- .._. • • •ailljeN,....._ 
atn.c •hl ei ... ta _.., a,,t fl ... t , ......... 

l) hat ta will Mt " ......... for --.l•tlal .. II I FE , 
_. n41 .. the --1Jtlca1 ao4ale. 
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Pll.l txPLOStVI D VICES P UOIICMC! 

Deaon•trate the operation of the Exploah• De-Y1c:e1t. 

Putp0ae 

Flight deaonstratioo. prior to manned flight, th t the UI ID ca 

l) pre surhe the RCS, the DPS and APS, and 2) struc urally eeparate die 

tvo stages during abort stagi~ by deadfacing and cu tin& of electric.al 

cables and release of the four nuts and bolts holdift the st-.et! t~tMr. 

Test Conditions 

No special test conditions are required. 

Success Criteria 

1) The RCS helium pressurization valves fun tioa (opeo) OD 

com and . 

2) The DPS heliu . pressuriution valves fun tioe (0peta) oe 
c and. 

3) The ED system nTH abort functiona occur on cc ""· 

Evaluation 

1) At time of initial RCS pres•uri&ation a harp tacnae la 
pressure from approximately 20 p•i to a lue areater Ga 

2) 

3) 

100 p•i will result. 

At the time of initial Descent ~naine p 
ri•e in pr s•ur will be indicated. 
the pressure started in the heliua ta 
pressure in the de•cent propellant tma 

A ten (10) second tiae alice vill bet 
seconds prior to FITH and will be exaal 
slice it is expected that: 

,wrtutioa. a --. 
vUl iadieat• aa& 

• pro'ri .. a ,., t t 

CH ■ IIICt• flW 
, Dlll'laa Uia UM 

a) ED aeuuraent• will indicate that t • ID IMM w Mea 
anaed. 

b) ED aea•uremnt, will indicate 
coaaand vu atv•n. 
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• 
c) A 1hat"p rlH ln hellua pnHun vUl l•U • di die 

•p\.ollw device■ ln the Aacent helt• 11 • 11 .... , .. ,,. 

d) Dyft•ic. nparation of the tvo ,.t .. • will•• da•t die 
cable cutter■ mcl nut• md bolt• haw fu tioaed. 

Dat • .... 1 rwnt•. 

1) Teleaetry Meuureaent•: 

lltUUNINllt 
._.r De•cription TM PTiodty 

Cl 3102 B Sep Dht Mon Interstage No. 1 

~!~ 
BD 

Cl 3103 B Sep Dist Mon Interstage No. 2 BD 
GI 3104 B Sep Dist Hon Intentage No. 3 FM/ RD 
GI 3105 B Sep Dist Hon Interstage No. 4 FM/~ RD 
GP 0019 P Press He Pri Upatre- Reg Inlet FM/~ M 
GP 0020 P Preas He Sec Upstrea Reg Inlet FM/~ M 
GQ l009 p Preas He Pri Upatreaa Re Inlet FM/ M 
GQ lOlO P Press He Sec Upatreaa Reg Inlet FM/ M 
GQ 3501 P Press Ullage Fuel Tank No. 1 FM/ M 
GQ 4001 P Pr.as Ox Tank No . 1 Ullage FM/ M 
CR 1202 T Press He Regul.1tor B Output POC M 
Cll 2202 P Presa B Fuel !mfld PCM D 
CR 3201 P Presa A Oxid Hnfld PCM ., 
CR 3202 P Pre•• B Oxid Hnfld PCM D 
CY 0111 X Sys A Battery Relay Open POC " CY 0112 X Sys B Battery Relay Open POC N 
CY 0121 X Sy• A Staging Relay Open PCM N 
CY 0122 X Sys B Staging Relay Open PCM M 
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Pl8.l EXPLOSlYI DIVlCU PIUOIMANC! 

lecyround and Juatificatioo 

Thia will be the firat ■iasion in which the will be a,__ to 

the operational environ11ent so it provides the first portunity to 

deaonatrate the perfor■ance of the LM explosive devic s in that elWil'CI r•. 

It is desirable that the ED system operation e verified prior to 

■anned LM flights because of the critical functions i perfora. TbeN 

critical functions are: 

1) None of the propulsion systems can fu ction until 
pressurization is ~complished by ■e of exploshe 
devices. 

2) The ascent and descent stages cannot 
operation of explosive devices . 

separated without 
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M20.l nTB AIOff STaUC'n1IAL EFnCTS 

Verify that the ducent and .. cat •tea• • 
ahield can aatiafactortly vttutaDd loads •-• _. 
teaperature buildup duriq fire-iD-the-bol 

Purpoae 
To obtain preaaure and teaperature data durin& ire-in-the-bole ..re 

for uaesa•nt of the LM etructural inte1rtty prior o first~-~ UI 

flight. The data will aleo be ueed to verify the ytic:al predictt.oa 

•thods. 

Teat Conditions 

The LM atructun will be expoaed to a fire-in-t bole abort ~ 

(the abort stage function will be initiated while t 

is at max thrust). 

The ascent stage data will be obtained froa 

five aeconda after coapletion of the nTB abort. deecat •taae data 

will be obtained froa two aeconde before FITB wtil be DPT flyaey _.1U

cal 1a deaated. 

The prelaunch cabin leak rate auat be auch that 1.0 paia r dN 

throuah aecond APS shutdown. 

Succeas Criteria 

1) The LM atructure auat 

2) Sufficient valid data auat be obtained 
loading induced by the preaaure and t 

Evaluation 

t. 

Th• t•l-tered preaaur••• t•peraturea. aepar tioa diatace ... 
acceleration data will b• used to det•1111ne the PI altort tllll9oN i... 
The calculated load• vill be coapared vith the du lONa _. wttll ...... 
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teete (ecaled aodel te■t• vith analytical pre4icttoaa 
FTOII the coapadeona an ..... _.nt of the LM ■tructurall 1ate,r1C, f« n'III 

load• can be aade. 

Exaaination of the aacent atage ba■e heat ahield t p aurfau u ... ., 
ture and pre■■ure data (GA 1113 T and GA 1133 P, rup ively) ...,1111 
thi• phue will indicate if etructural A riM 1a 

teaperature andpressure above expected level• aay indi te cracb ••/or 

holes in the heat shield. Asses9111ent of the cabin stru ture can be .... 

by using the cabin pressure data (CF 3571 P). hange :n the 

cabin pressure may indicate that structural damage occ TheN clat:a 

will only give an indication if structural damage occur 

the FITH abort. It will not allow the determination of the cause (acesaive 

teaperatures and/or pressures). 

The loads predictioa method will be verified by c !IP•ring the actual 

time histories of pressure and temp~rature with those a lytically pre

dicted . 

Data Requirements 

Telemetry Measurements: 

1) Temperature: 

Measurement 
Number Descri2tion 

GA 1113 T Temp, Top Surf Ase Stage Heat Sh 
GB 0201 T Tell!p No. 1, Ascent Eng Cover - Cabin 
GB 0301 T Temp No. 1, Bot Surf Ascent Stage 
GB 0302 T Temp No. 2, Bot Surf Ascent ~tage 
GB 0303 T Teap No. 3, Bot Surf Ascent Stage 
GB 0304 T Temp No. 4 Bot Surf Ascent Stage 
GB 0305 T Teap No. 5, Bot Surf Ascent Stage 
GB 0306 T Temp No. 6, Bot Surf Ascent Staa• 
GB 0307 T Teap No. 7, Bot Surf Ascent Stage 

*Any 5 out of 7 are aandatory; the other 2 are highly d 

GB 0401 T Tap No. 1, Top Surf De~cent Staa• 
GB 0402 T Teap No. 2, Top Surf Deacent Staa• 
GB 0403 T 'T.eap No. 3, Top Surf Deacent St•a• 

*Any 2 out of 3 are .. ndatory; th• other one 1• hiahly 
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Cl OS2l T 
CA OS22 T 
Cl 0601 T 
Cl 0602 T 
Cl 0603 T 

*Any 2 out vf 3 

CP 2701 T 
GP 2702 T 
GP 2703 T 
GP 2704 T 

P!fcriptlon lll 
Tap No. 1, Deac Ina llaat Deflect fll/ftl 
Tap No. 2, Deac Ena llHt Deflect ftl/,. 
Tap No. 1, Aacent Eng CoepartMDt ftl/ftl 
Teap No. 2, Aacent Eng Coapartaent FM/nf 
Teap No. 3, Aacent Ena Coapartaent PM/PM 

are undatory; the other one 1• highly dairable. 

Teap, 1br Cha Extr.rnal Wall No. 1 FM/FM 
Temp, 1br Cha External Wall No. 2 FM/FM 
Tesp, 1br Cha External Wall No. 3 PM/FM 
':'sp, 1br Cha External Wall No. 4 FM/FM 

*Any 2 out of 4 are mandatory; the other 2 are highly deairable. 

2) Pressure: 

GA 1133 P 
CB 0621 P 
CB 0622 P 
GB 0623 P 

*Ally 2 out of 3 

GB 0801 P 
GB 0802 P 
GB 0803 P 
GI 0804 P 
GI 0805 P 
GI 0806 P 
GI 0807 P 
GB 0808 P 
GB 0809 'P 
GB 0811 P 
GI 0812 P 
GB 0813 P 
GI 0814 P 
GB 0815 P 
GB 0816 P 
GB 0817 P 
GB 0818 P 

*Any 16 out of 

Preas, Top Surf Ase Stage Heat Sh FM/FM 
Pre11s No. 1, Ascent Eng Compartaent FM/FM 
Press No. 2, Ascent Eng Compart■ent FM/FM 
Press No. 3, Ascent Eng Coapartment FM/FM 

are mandatory; the other one is highly desirable. 

Preas No. 1, Bot Surf Ascent Stage FM/FM 
Press No. 2, Bot Surf Ascent Stage FM/FM 
Preas No. 3, Bot Surf Ascent Stage FM/FM 
Press No. 4, Bot Surf Ascent Stage FM/FM 
Press No. 5, Bot Surf Ascent Stage FM/PM 
Press No. 6, Bot Surf Ascent Stage FM/FM 
Press No. 7, Bot Surf Ascent Stage FM/PM 
Press No. 8, Bot Surf Ascent Stage FM/PN 
Press No. 9. Bot Surf Ascent Staae FM/PM 
Press No.11, Bot Surf Ascent Stage FM/FM 
Press No.12, Bot Surf Ascent Stage FM/FM 
Preas No.13, Bot Surf Aacent Stage FM/PM 
Presa No.14, Bot Surf Ascent Stage PM/PM 
Presa No.15, Bot Surf Ascent Stage 111/PII 
Prees No.16, Bot Surf Ascent Staie 111/PII 
Presa No.17, Bot Surf Aacent Stage PM/Pit 
Presa No.18, Bot Surf Aacent Stage 111/PN 

17 are undatory, the othei l ia il4hly c1 .. 1rule. 

frWMr 

fil • 

• 
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ca otOl P 
c.a 0902 p 
ca 0903, 
ca 0904 , 
GI 0905 P 
GI 0906 P 
GI 0907 P 

*ADJ 5 out of 
er 3571, 

P9tcr1puop 

Pr .. • lo. 1. Top Surf Deacnt St•1• 
PreH lo. 2. Top Surf Deacnt Stas• 
PnH lo. 3, Top Surf Deacnt Stas• 
Pr••• lo. 4, Top Surf Deacent Stas• 
Pr•H No. S, Top Surf Deacent Stage 
Pru• No. 6, Top Surf Deacent Stage 
Pr••• No. 7, Top Surf Deacent Stage 

7 are uodatory; the other one ia hi&hly 

Cabin Pree• 

3) Diatance: 

GI 3102 B 
GI 3103 B 
GI 3104 B 
Cl 3105 B 

Sep Dtat Mon lnteratage No. 1 
Sep Dist Mo~ lnteratage No. 2 
Sep Diat Mon lnteratage No. 3 
Sep Diat Mon lnteratage No. 4 

4) Acceleration: 

GA 3001 A 
GA 3002 A 
GA 3003 A 
GA 3004 A 
GA 3005 A 
GA 3006 A 
GB 1313 V 
GB 1314 V 
GP 2010 P 
GP 2010 P 
GQ 6510 P 
GQ 6510 P 

Accel, X Axis No. 1 
Accel, X Axis No. 2 
Accel, Y Axia No. l 
Accel, Y Axia No. 2 
Accel, Z Axis ~o. 1 
Accel, Z Axia No. 2 
Volt, Pitch GDA Poa (Ret/Ext) 
Volt, Roll GDA Poa (Ret/Ext) 
Pr•••• Tbruat Chaaber 
Pre••• Tbruat Chamber 
Pr•••• Tbruat Chaaber 
Preas, Tbruat Chaaber 

.II 
ftf/111 
111/111 
111/111 
111/111 
111/111 
PM/111 
PM/PM 

uirable. 

PQf 

PM/PM 
PM/PM 
PM/PM 
PM/PM 

PM/PII 
PM/nl 
PM/111 
PM/PII 
PM/111 
PM/PM 
PQf 
PQf 
PQf 
111/111 
POI 
111/111 

*Any 3 out of 4 are aandatory; the other one ia highly uiraltle. 
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M20.l rtft AIOIT ITIUCTUIAL lmctl 

lacyrowd apd Juatifiutlog 

Thi• aieeion ie the firet opportunity to eubje t • UI to a Fl'III .-..C 
ln an orbital environment prior to aanning the LM. The to.la r...i&uis 
froa the preesure and teaperature enviro..et1t dur 

aajor factors in the d~•ign of a considerable port 

and deecent stage structures and thermal ehield• 

of the UI aac..c 

Therefore, to insure crew safety during this man er, the •er~fi.caCJGa 

of the ascent and descent stage structure and then 1 abield to vitllec.al 

the FITB pressure and thermal loading enviromaent t be accoapliallell 

prior to the first manned LM flight. The design iroaaent vaa oltc-1 I 

from scale iaode: tests with analytical methods ua to obtain the f1ll1 

scale loads. Recent ground test results and addit 1 analysie bawe 

resulted in modifications to the LM-1 structure 

the interstage area. The major items of concern re tbe asceat •taee 
base heat shield, used to protect the ascent stage etructure • ...a the 

descent stage structure, used to protect the deacest •ta&• propeJJ,..~ 

tanks. The data obtained from this flight will ve ify tbe attucture _. 

the loads and thermal analysis methods. 

The verified analysis methods will be used to tredict the Ptnl abort 

pressures and temperatures using data froa the PA- ground t•ta. 
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N20.l PITH AIOIT STAGING D'llWltCS 

Det•rain• atqina Nparation dynaaica. 

Purpof! 

The purpoae 1• to verify that atage separation, 

be satisfactorily coapleted prior to -nned flight. 

Teat Conditions 

The staging is initiated by FITR abort J.e. 
thrust (100% throttle)]. 

Success Critiera 

rrra .a.ort. ca 

e:qiDe 1a u enf 

Satisfactory staging will be accoaplished if t relati,,. ~ca of 

the two stages does not jeopardize crew safety nor 

sequent aaoned aissions. 

Evaluatioo 

1cm ••c•u for..._ 

1) Deteraine angular and linear accelerati of tbe --=-at•~ 
and that recontact did not occur (GA 300' A throu&h CA l006 •• 

2) 

GG 0001 x, Gil 1461 V through GIi 1463 V). 

Deteraine the relative displac-nt oft 
lar rates (CB 3102 B throuah CB 3105 B, Q 
GA 3006 A, GIi 1461 V, 1462 V, 1463 V, Cl I 
and CB 0901 P throuah CB 0907 P). 

3) Data froa related objectives vill be us 
evaluation of tbi• objectift. 

at .... _. tM ....
]002 A, CA J001 &. 

l P dlro.ail a 1111 • 

4) Above evaluatioo ... t c-■idar the effect of caaf..-ta 
difference in the Uf-1 ucent enain• w • (Ul-1 aNlat -.• 
noaal• ia not c•t•d or rotated). 
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hl-try NNnr ... tat 

......... t - ..,, 
CA 3001 A 
CA 3002 A 
CA 3003 A 
CA 3006 A 
CA 3005 A 
CA l006 A 
GI 3102 B 
GI 3103 B 
Cl 3104 B 
GI 3105 B 
GC 0001 X 
C'f 0121 X 
C'f 0122 X 
ca 0801 P 
GI 0802 P 
GI 0803 P 
GI 0804 P 
ca oeos P 
Cl 0806 P 
CB 0807 P 
CB 0808 P 
CB 0809 P 
CB 0810 P 
CB Gill P 
Cl 0812 P 
Cl 0813 P 
a 0814 P 
GI OllS P 
Cl 0816 P 
Cl 0817 P 
Cl 0818 P 

p..crtpUoa 

Accel 9 X hie No. l 
Accel, X Ada llo. 2 
Accel. Y Axt• o. l 
Accel, Y Axi• No. 2 
Aeeel, Z Axt• No. 1 
Accel, Z Axia No. 2 
Sep Diet Mon lnteratage ~. l 
Sep Dist Mon lnteratage llo. 2 
Sep Diat Mon lnteratage No. 3 
Sep Dist Mon Interstage No. 4 
PCSCS Downlink Data (To T/M) 
Sya A Sta1tn1 Relay Open 
Sy• I Staaing a.lay Open 
PTeH No. l, lot Surf Aac Sta&• 
PTeaa No. 2, lot Surf Ase Stage 
Pr••• No. 3, lot Surf Aac Sta e 
Press o. 4, lot Surf Aac Stage 
Preas No. 5, lot Surf Aae Stage 
Preas No. 61 lot Surf Ase Sta e 
PTeH No. 7, lot Surf Aac Stage 
PreH No. 81 Bot Surf Aac Stage 
Prus No. 9, lot Surf Ase Sta• 
Pru• No.10, lot Surf Aac Stage 
Pre•• No.11. lot Surf Ase Stas• 
PreH No.12. Bot Surf Ase Sta• 
PTea• No.13, Bot Surf Aac Staa• 
Pru• No.14, Bot Surf Ase Staa• 
PreH No.15. Bot Surf Aac Sta&• 
Prue No.16, lot Surf Ase Staa• 
PreH No.17. lot Surf Aac Stas• 
PreH No.18, lot Surf Aac Stq• 

b1alfT 
II -----• " " JI -• II 
II 
II 

• II 

• 

•Any 12 out of 

CB 0901 P 

theu 11 are aandatory; the other 6 are ~ta'l, 4het"'1.,. 

Cl 0902 P 
Cl 0903 P 
Cl 0904 P 
Cl 0905 P 
Cl 0906 P 
Cl 0907 P 

*Any 5 out of 

PreH No. 1, Top Surf Deec St ... 
PHH No. 2, Top lurf Deac St ... 
PreH lo. J. Top Surf Deec: St ... 
Pr .. a No. 4, Top lurf Deec St ... 
Pr••• No. s. Top Surf Deac It ... 
PHH llo. 6, Top lurf Deec: Sta .. 
Pr••• No. 7, Top turf Deac lta1• 

th••• 7 er• undatorya the other 2 are h 

• 

• 

.. 
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uuna..t ... ,. 
Gil 1'61 • 
GI 1.U Y 
CII l .. > Y 

•esc&e11e 

Yolt. Y• 1G 111 (.I M) 
olt. Pitell IC Ila (.I kc) 

Yolc. loll IC It.a (.a kc) 

IIWW 

• • • 

.. .. ,. s 



• ,1111 AIOlff 

LIi NpereU• ~ rtft MOl't (D O ) will t N ,, 1mst - ... 

Apoll MIIMi.i d lo,MDt ., .. 1ou. Adequate .. u CNN .-.e. .... ,_ 

u -.-.. daonatratlOD of flTI abort. The UN c.o.W r-.,tr• • fflll 
• rt froa the pG11ered dHcat nur the 1 .. r .. rtace. tlMrefor•• prilil' 

to t1M LUI a FlTI abort aeparatioo auet be eucc .. afully •-,,..... 

It le CUtNGtly plaaaed to execute FlTI eeparaUOII (DI'S - Off) -

LIi _....,. clflelopant ateeiona. Thie t .. t vill be..,._ t.o d:e:lt dlia .,,_,,. 

of ~ 1n the APS confil\lcation <••I•• enaine cant or rocad.oa) 

nsultlna 1n different interetaae pr .. •ur• pattern. 
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MIO.) nn AIOat ltAIILlff 00IIIOL 

Verify attlt...Se coetnl duriq ftre-111-tbe- i. .a.en. 

n.. punc,ea of thia objactt" 1e to verify that UI Meat fta911 ..,. 
Miu atable durinR and after a fire-in-the-hola abort prior to---• 

1'!1t ~,dtt iooa 

1) lxec:ute abort atase fire-in-the-hole aeq 

2) 'DI aacl trackin& coveraa• required durina f 
period. 

Succaaa Criteria 

O.ta auat iaclicate the ability of the DAP/ICS to iatata pro,«r uct

blde COGtrol durtna Ure-in-the-hole abort. 'l'hia will• ...rifi .. ~ ~ 

ataiD& tbat th• followina aajor DAP aac•t cootrol lawi facti- ..

correctly applied to the coaputation of acs cootrol coij11-• la n■, 11 

to vehicle attitude error. body ratu. and anplar ace leratioaa: 

l) Ursency loaic (Aa apecified in the latut ~,iu:1&1ac• s,.c-

Operatiooa Plan LK-1) 

2) Axia aelectioo loaic uaiq uraency fuacti 

3) TJet (oo tiM) coaputatioo losic 

4) Pitch and roll Jet-policy aelectloo loalc 

• 



• 

• 

• 

•lYftlog 

f•l-try data vlll be utilia d to verify •ati•fact~ atttC.,. ..-nl 

lav c~tation and ICS on-off cownda. (Meaaur...nt ._,.,.., OC: 0001 S 

aad Gil 1481 V through CR 1433 V, CH 1461 V, GB 1462, and CII 1463 Y) 

Separation tranaienta (body rates ) will be evaluated with re-,.ct 

to preflight siaulation data. 

Tracking data will be evaluated to det ermine velocity vector er.or• 

during the APS burns. 

l\ata R!9.uireaents 
Telemetry Measurements: 

Keasureaent 
lluaber Descri2tion 'DI Priority 

GG 0001 X PCNCS Downlink Data (To T/ M) ,am M 
CR 1418 V Volt, Jet No. 4U Driver Output, 28V PCME II 
CR 1419 V Volt, Jet No. 4D Driver Output, 28V PCME II 
CR 1420 V Volt, Jet No. 4F Driver Output, 28V PatE II 
GB 1421 V Volt, Jet No. 4S Driver Output, 28V PCME " GB 1422 V Volt, Jet No . 3U Driver Output, 28V PCME !I 
CR 1423 V Volt, Jet No. JD Driver Output, 28V PQtE II 
CH 1424 V Volt, Jet No. 3F Driver Output, 28V PQIE II • 
GB 1425 V Volt, Jet No. 3S Driver Output, 28V PQtE II 
~H 1426 V Volt, Jet No. 2U Driver Output, 28V PatE ll 
CB 1427 V Volt, Jet No. 20 Driver Output, 28V PCME " CH 1428 V Volt, Jet No. 2F Driver Output , 28V PCME II 
CH 1429 V Volt, Jet No. 2S Driver Output, 28V Pam P. 
CH 1430 V Volt, Jet No. lU Driver Output, 28V ,am II 
CH 1431 V Volt, Jet No. lD Driver Output, 28V PCME II 
CH 1432 V Volt, Jet No. lF Driver Output, 28V PCME " GB 1433 V Volt, Jet No. 1S Driver Output, 28V POii " CH 1461 V Volt, Yaw RC Sig ( .8 kc) PQC II 
CH 1462 V Volt, Pitch RG Sig. (. 8 kc) PQC II 
CH 1463 V Volt, Roll RC Sig. (,8kc) PQC !t 

*l of 2 mandatory with correapondina RCS chamber preaaun. 

4-140 ..viaiOft 5 
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M20.l Ptft AIOa'l' HAIILlft OOIITIOL 

lacmw94 •94 Ju1tiflcation 

Vehicle dynaaica during the fire-in-the-hole abo ataatas ....r _. 

DOt vell ltnolm. 'lbe ability to aaintain proper attit • coauol ~ • 

fire-in-the-hole abort ahoula be aatiafactorily deao 

aumed LM operation. 

Due to the abort APS burn (=:5 sec.) and that the 

canted, accoapliahllent of thia objective auat provide 

atabilicy would exist for a canted LM engine and a 1 

APS burn . 

4-141 
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5. IPACICIAPT COlfl'lGUIATIOI 

'ftl• 1pacecraft confipratioo for chi• ai111oll wiet•., • .,.,,,..,. 
LM adapter (SLA), GOH cap, and lunar aodul• (UC). tlleM ........ .,« .... 

pooente an of etandard confiauration except u noted below. 

5.1 SPACICRAPT LM ADAPTER (SI.A) 

1) Spacecraft jettieon controller baa been added. 

2) UHF/VHF antennas (2) have been added. 

S.2 NOSE CAP 

1) A nose cap ia uaed in lieu of a CSM for thia ai11ioo. 

2) The nose cap is detached from the SI.A by pyrotedmic dnicea. 
Separation of the noae cap froa the SI.A ia accoapliabed atillsillla 
24 springs which •••urea a ainiaua separatioa wloctty of 7 ft./ 
sec. 

3) A launch eacape ayatea (LES) is not provided. 

S. 3 LUNAR K>DULE (LM) 

1) Equipment Added: 

a) LM Mission Programaer 

b) Dn Telemetry 

c) C-Band Transponders 

2) Eguipaent Inoperative: 

a) o2 Supply and Cabin Pressure Control Section 

Note: Descent o2 tank deleted, aacent o2 take ueed to 

supply reference pre11ure to vat•r ..... -t eactS-. 

b) Ataoaphere Revitalisation Section 

c) Secondary Coolant Loop of Heat Trmeport Sectica 

NOTE: Priaary Coolant Loop vill be o,erau .... 

d) VHF Infliaht Antennae (Operational) 

5-1 lftt.i•S 
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•> S-land Steerable Antanna 

f) llendeavou1 l.adar Antenna 

a> Landlna l.ader at•na 

h) S-land 0.1 Antenna +z Axis 

Mote: S-land -z axis oani antenna will be oper tift 

1) All Displays with Minor Exceptions 

3) Eguipaent Deleted: 

a) Landing Point Designator 

b) VHF Transceivers (Operational) 

c) Landing Gear 

d) Crew Provisions 

e) Tracking Lights 

f) AligDlllent Optical Telescope 

g) Abort Guidance System 

h) Rendezvous Radar Electronics 

i) Landing Radar Electronics 

j) Attitude Controller Assembly (2) (Removed prior to flight) 

k) Thrust Translation Controller Assembly (2) (Re ,,.d prior 
to flight) 

1) Descent o2 Tank 

4) ~uip•nt Major Differences: 

a) LH-1 cabin leak rate is greater than aaxuaa • cificatioe 
value. 

b) Descent battery fl ta coaaected to the ayat .. ~illffr'• 
buaa and deacent batteries 12, 3 and 4 an conn cted to the 
c01aaDder'• buaa. The noraal LM coafiauration uiat of two 
descent batteries on each buaa. 

c) Descent batteries will be prediachara•d and pla ed oo htah 
voltage tap prior to launch • 



41) Oaly a •inal• AJ:. b1111 ta provt-4. 

•> two prSaary water boilen (1ultl1Mton) • H• ., CINI .. 
Oil other tM ftbiclu. OH of tbeM boU.en will N __, M 
• PnOD boiler to 1upplwnt th• pnlatach oooljaj ••••f c~ 

f) 'lh• de1cent propulaioa •y•t- ii not equippe4 vtc• die .. 1._ 
1tart bottle or lunar 1urface propell•t tall ,,_t•. 

a) The ucent enatne 1• not canted or rotated. 

h) Four jet ullqe aaneuvers are progr_.d uat.ag tlllO jet .ii._. 
tiae duration■• DPS• 7.5 + .S • 8.0 Hc. 

APS • 12.5 + .S • lJ.0 .. c. 

i) Reg thrust chaaber pres1ure transducer• are malas- ill 11-1 
of pressure awitcbes. 

j) Both ED batteries are aounted in the descent stage. 

k) LGC software prograa are not used. 

1) PIA software is provided for conting-.nt operat!oaa. 

■) UI ther■al coating on top of descent staae bu been illcreaNII. 

S-3 
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6. MIIIIOII PUIIUIIG llqVl--1• 

'l.'he Apollo 5 aiaaion will be deaiped to dnoMt te tN I.II c-

aafety it- nquirecl on unned fliahta. tifle will IHI c.... 
fined to full duration burne of each etaae. rutart o 

the-hole abort aode • am depletion burn of the ucent ta ... 

which coutribute to abaion coaplexity and thue jeopa ize the pn1t•111ey fll 

objective achie,,_.nt will not be a part of the fo 

The Apollo 5 aieeion will be foraally concluded th the asc-.t r 1tw 

burn to propellant depletion (APS-2 bum). If the LM eyetw haw o,-es:■t

properly. all aiHion objectives will have been achie at tbia ttae. 1'ae 

spacecraft (LM-1 ucent stage) will have tufficient c •--bl .. (electrical 

paver. cooling water and RCS propellants) to reaain a the for apprmdaat.el7 

four additional revolutions. During this "poet aiaei flipt actirity 

pbaae". eaae additional aubsyeteae/systeae teats will be conducted to 

obtain perforaance data for engineering evaluation . 

Tbeae post aiasion flight activities will includ "off ncw1oal/ 

critical Hait" type perfonaance teete eucb ae forced beli1a f.Daeat1-

by the RCS froa a depleted APS. RCS operations with 1 ,-, feed prNaure _. 

JtCS propellant depletion burns (include• quantity ga ina ...iuatioa). 

Aaditional critical liaits data will be obtained u 

froa lack of cooling and/or low voltage if spacecraft 

life and around etation coverage perait. 

Syetea perforunce in conting•t aodee will aleo be e,,aJ.uat .. wrSaa 
thia poet aieeion flight activity period. t .,._ 111cl ... : 

1) DAP perforaance with varioua RCS thrueter pan iaolat ... 

2) LGC acceptance of taqet. clock. and tfaer 

3) LGC and DAP reeponee to ,canrcd'ld deeired at 

4) In.,.rter nitchover circuitry perfonaaac• affecte • '-
voltqe and load•. 

5) Battery alternate feed path Hlectioe circui ry perf~mrce _. 
ite affecte on buaa voltqu and loade. 

6) Secondary S-Band Hlactioa circuitry perfo ce _. o ... ute. 
of Hcondary S-land perfonianc• with Pd•ry ... ._. ,-fomroe. 

6-l 
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7) Secondary water fNcl NlecU.on drnltr, perf'Onliac:e _. ~ 
affect• on ICS perfona1ee. 

I) UIP perfonanc• while proc•Htna ... 1 Tiae cc.•• ... _. •--
PIA "quencea. 

9) I.CS tbruater pair perforunce after beiDg iaola _. coU ... ,, 
for apprmillately 90 ainutea. 

10) Light ucent atage (no APS propellanta) atabili cbarac:ten.ttea 
ill aaziaua and ain1- deadbanda. 

IUaaion objectivea will not be provided 

activitiea . 

6-2 
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7. ALTlltNATI MISSION AID AIOI! GVIIIIL 

Apollo 5 Miaaion Plannina ahall include defll 

plan to aaaure achieve•nt of the aaxi- n.aber of 

if an abort occura during the orbit insertion phaae 

The Abort Plan should include a suborbital abort 

provide two buma of each of the LM engines (DPS • 

should also consider contingency 

engine for aborts late in the S-IVB phaae. 

tof•~ 

aioe objectl1'N 

IVI operatt•>. 

ce cleat .... to 

The Abort n.. 
LM duceat 

Alternate ai~sion plans shall include aasiaa e of the DPS_. 

APS including "FITH" abort. Bum durations shall be be aaxiaat durd.._ 

coapatible with trajectory liatt lines and ground stat on co,,erage. 

7-l lntatoa S 
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1lo M4tcal. ad◄tDttfla or Dapan.at of Def ... eaper•1 ■H WSU .. 
cao••ct ... 
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APPDDU A 

COllfquratton control will be ••rctNd by tlN HD. Da•••tas • 

the type of chanp, the authority to approve or reject a chaaae 1• 1t11a 

to the CCI, the Apollo Spacecraft Progr• Manager or the NII. The -

will deteraine the type of change and aubllit the change o the approrias 

aucborlty u outlined below. 

1. CCI will approve or reject change• llhich: 

a. Result in a aiasion. profile change 

b. Md a nev priaary objective 

c. Delete• exiatiq priaary objective 

d. Require a spacecraft hardware or aoftvare c • 
e. Reault in a ■laaion rule or liaitline chang 

f. Result in an objective priority change 

g. Cauae a schedule slip 

2. 1he Apollo Spacecraft Progr- Manager. in lieu e f the cx:a. will 
approve or reject c:1-angea which are of the ~ type bat widl 
alao require 1-ediate action. 

3. tbe MSE will approve or ~ject all other chanp. 

PD7 /Olief will uau.e the MSE' • change control reJIDCl: .. ibilltia ta 

the MSE's abaence. In addition, PD7 will 

tent of the proposed cbang••· 

tbe origin~tor ia reeponaible to prepare the protlK>t~ld 

include the below luted inforaation and obtain bia di 

epn,percaa-

re-rial• to 

currence prior to aubaittal to PD7 alona vftb an UCP if nqdrN. ltatl•·ly• 

the contractor will officially aubait propoaed renaioo.a -4, 1f .,.11~. 

an ECP. Tbeae ahould be aent to ASPO, attentioo.: PD7. •• tlloN ➔ .... 
requirina CCI or Apollo Spacecraft Proar• ...._er app • PD7 .Ul Mt 

up a O revtatoa ••ttns ad Act u Ncretai:,. tar, •111 ••--
the atteadace and notify the Diviaf.oa Point of Coetact1 !be Dt-.tat.• ' 

Point o.' Contact• are u follOWII s 

• 
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PT A. D, Hardel 

PE o. C, Norrie 
IID ,. M, Dea 

FM c. Buae/M. Jenltina 

PC I. ,. ltrana 

CF N • •• Andereon 

CA Priury Crew 

Contractor• -Nil/A, It, Saith 

CilC/R. Pratt 

MIT/MSC - J, F. llanavay will interface 

nie MSC will be the MR Revision Meeting Chainw,. chairam will 

have the reaponaibility to uaign action• u necessary to etet'llill• the 

effect of the proposed revision on the folloving: 
1. LV, S/C trajectorie• plana 

2. Systems and consuaable analyse• 

3. Mission rules and liait linH 

4. Flight plans 

5, Schedules 

The MSE will present the MR reviaioa ad the reaulta f the abo'N 

meeting to the CCB or Apollo Spacecrat ~ Progr• Manaaer 

The originator of the revision will be preaent to anaver 

to aubait, if required, an IECP according to CCB procedur . 

procedure• are defined in the ASPO Configuration Control 

The MR and aubaequent aiHion planning will iapl-

after CCI, Apollo Spacecraft Progr• Manaaer or MS! app 

upon the type of change. Approval will be docuaeoted by 

1.deotlfication pqe and, if required, a..., airina rat 

chanae paaea. lejection• by the CCI will be .-c:_...ted 

and PD7 will prepare a..., for rejected c!lana .. by tbe 

Progr• Naager •d the NS! ad dietributa u a ataS- t 

•d bb DiYiaion Olief. 
The oripnator 1• reapoaaibl• to aua.it tbe -,.elf 

u listed below: 

1. To add • uv objecttw, eullllits 

•• Stat ..... t of Objectiw 

.. ,.11 .. 

7••~ ... 

..a eacl•illa 

I 

() 



• 
b. hrpoee, lacqrouad .. JIMCf.fiaalSA 

c. TNt Calllitioaa 

d. hccee• Criteria 

•• Cc,utralata to aiHiOM if DOt acc-,lullN 

f. Croe• atateant to COHr, M applic:ola: 

1) Coaauaabl• requireceota 

2) Trajectory requireaeot• 

2. To aodify • existing objective, aubait: 

a. Mandatory cbangu to each itea above except lac:qroa, _, 
JuatificatioD. In addition to the abaft, lacluda amirtflY 
change• to e,,aluatioa and data requir ..... te. 

b. Juatification for change. 

3. To delete existing objective, eubait: 

a. Juatificatioo 

b. Purpose for existing objective and why the purpoee 1a DO 
longer valid 

NO'I'E: The priority of objective• are bued oo the illport.aace 
each one has coapared to the vther• on that a!••iala. 
Iaportance ia uaually based on the relative cOllfidence 
of the ground and previoue fltaht te•t• •d aalyaia, 
conatraint on subeequent ■iHion plmtna ad N■PNt 
to the leadti• to incorporate in a aubeequent aiaat•. 
Therefore, the objectiw priority vill not be chm ... 
becauee the non-accospliabaent of thta objectiw v1lJ 
prevent the non-accoapli•baent of a hi&ber priority 
objective; e.g., ~ltCS Hcoadary objectiw 1a DOt &.Oillc 
to be sade amdatory because aaa-accca,11..._t CG9l • pie 12 
accoapliabaent of the naber 1 beat ehield objectiw • 
Apollo 4. 

4. To change aiHion planning policy, nllait: 

a. Juatificatioa 

b. Effect on pnMDt ac:ainal, altenate or MOit aiaet• 

The confiauration contrcl flow chart 1• ahcMl OD tbe foUOlfilll ..... 
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Confiparation Control Of Thia Doc .. , '1• C11art 

HSE 
APPIOVAL 
110 YES 

pp 
MDI) 

CIWICI 
OUCilfATOI 

DIRECTORATE 
CONCUUENC! 

COITRACTOI 
---- ECP IP IP.Q' D 

Kil CHAHCE 
MEETING 

MSE-0-. IIMA!f 
PK3-SECRETARY 

CHANGE 
TYPE 

MSE PA ca 

PIOGRAM 
KARAGEMERT 

APPIOVAL 
110 ns 

UYISE .. 

PUSEIITAnOII 
TO CCI 

J CCI I 

I 11D I 

MSE 

CCI 
APPIOVAL 
IIO US 

rz 
A-4 

PIESEIIT 
IECP 

on 
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AC 

AE 

AGC 

ACS 

APS 

A/I.IA 

AS 

ASA 
ASPO 

ITU 

CCB 

CG 

cu 
CM 

C/W 

DAP 

DFl 

DOI 

DPS 

DIM 

DS 

DTO 

!CA 

ECP 

ECS 

ED 

us 
nTH 

'" 

ACIOlffM LIST 

Alternating Current 

A8cent Engine 

Apollo Guidance Coaputer 

Abort Guidance Sy•tea 

Aacent .!'ropulaion Sy•t• 

Apollo/lange Inatruaeatatioa Aircraft 

Ascent Stage 

Abort Senaor Aaaeably 

Apollo Spacecraft Progr- Office 

lritiah Theraal Unit 

Configuration Control Board 

Center of Gravity 

eo-micationa and Instruaeatation 

eo-and Module 

Caution and Warning 

Digital Autopilot 

DevelopMDt Pli&ht Iutruaeatation 

Deauot Orbit Injection 

Deacent Propulaion Sy•t-

Daign Reference Kiaaion 

Deacent Staie 

Detailed T .. t Objective 

!lectrOllic Control Aaaeably 

ED1ioeerin1 a.ans• Propoeal 

Eariroaantal Control Subsyat• 

!xploaive O..ice 

Electrical Power ubsyat• 

Pire-In-The-lole 

Prequeocy Modulation 



• 
Fl'P PU.pt T•t fl• 
CAIC SP Alftraft lllpWd .. Coq. 
~ Ciabel Drift Actuator 
C6ll Culdace ... Jlari .. tloa 

GSOP Culclaac• Syata Operation Pl.a 
RD Blahly Deeirable 
Be Be!iua 

BS Rish Speed 

RX Beat Exchanger 

Ba Berta 

ICD Interface Control J>ravillg 

IG Inner Gi llbal 

IMIJ Inertial Meaaureaeat Unit 

IU Iutrument Unit 

DPS ~ilobita Per Secoad 

lBz ~ilohertz • • KSC ~ennedy Space Center 

LES Launch-E•cape Sub•yateo 

I.CC LM Guidance Coaputer 

LLM Lunar Landing MiHion 

LM Lunar Module 

LMP LM Miaaion Progr .... r 

um Launch Miaaion Rule• 

Lil Landing Radar 

LTA LM Teat Article 

LV Launch Vehicle 

K Mandatory 

MC Meg.acyclH 

MCCH KiHiOD Control Cellter, JlouatOQ 

HCC% Miaaion Control Cellter, Jteaaedy 

HG Middle Gial,al 

HSE Mechanical Support lqui,-at 

MSFC Marahall Space Flight Cellter 

MSFN Maimed Space Flight •cvorlt 

• 1-2 lfftal• S • 



• ... lortll Aaerlua loclllMll 

OCP Operatloul Qecllollc Pr 

oc Outer Cl ... 1 

OIISP Office of Maaoed Space r11 ... , 

PA-1 Prototype ucat Prop11t..i011 It 
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