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March 9, 1970
SNA-8-D-027 (II)PT2

PREFACE

This document is the fifth revision of the IM Data Book (Part 2).
The fifth revision incorporates MSC Amendment 3-1 through 3-19 and
GAC Amendment 4-1 and 4-46. All MSC and GAC amendments released sub-
sequent to publication of this IM Data Book will be numbered sequentially
starting with the number nine (9). This IM Data Book provides the launch
controller with ready visibility of the redline values with backup
values and supporting rationale to assist in real time decisions. All
sections of the document are continually undergoing review with the
intent to update information where required. A complete description

of the contents and amendment procedures is provided in Section 1.0,:
Introduction.

Contract No. NAS 9-1100 e
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Volume II LM Data Book

Part 2
Launch Redline Data

1.0 INTRODUCTION

1.1 PURPOSE

This document provides the subsystem requirements and redlines with support-
ing information for the LM portion of the launch mission rules. The redlines are to
be used as the limits specified in the launch mission rules, and the details are pre-
sented to support and justify the redlines. '

1.2 CONTENT

The complete Data Book for the manned missions will consist of five separate
volumes. These are defined as follows:

Volume I - CSM Data Book
Part 1 - Constraints and Performance
Part 2 - Launch Mission Rule Redlines
Volume II - LM Data Book
Part 1 - Constraints and Performance
Part 2 - Launch Mission Rule Redlines
Volume III - Mass Properties Data Book
' Volume IV - EMU Data Book

Volume V - AISEP Data Book

~ Volume II,' Part 2, is divided into three sections and. three appendicies.

1.2.1 Section 1.0 Introduction

The Introduction describes the purpose and scope of Launch Mission Rule Support
and summarizes the content of the remaining sections.

1.2.2 Section 2.0 Subsystem Requirements

Section 2.0 defines the subsystem requirements by listing the subsystems and/or
subsystem components which are not mandatory (highly desirable).

Contract No. NAS 9-1100 LED-540-~57
Primary No, 664 Grummen Aerospace Corporation
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March 9, 1970
SNA-8-D-027 (II)PT2 ‘

Volume II IM Data Book
Part 2
Launch Redline Data

1,2.3 Section 3,0 Redline Support Data

. Section 3.0 contains the redlines and details of how the redline
values were determined and rationale and justification for the assigned
redlines.

‘1.2.4‘ Appendix A

Appendix A presents the guidelines for mission dependent redlines.

1.2.5 Appendix B

Appendix B presents guidelines for discrete measurement redlinesg -
and the supporting ratiomale.

1.2.6 Appendix C

Appendix C presents CDDT applicable redlines.

1.3 Amendments

Amendments to this document will be made by page additions or replace-
ments. All, i.e., MSC and GAC, amendment submitted will be assigned amendment °
numbers sequentially. No attempt will be made to distinguish between MSC
and GAC changes. Data changed by an amendment will be denoted by an amendment
date and number in the upper right-hand corner of the page and a vertical bar
in the page margin to locate the change. Where the complete page constitutes
a new addition to the data book, no change bar will be placed in the margin.,
A revision page showing the accumulative changes that have been made will be
issued with each amendment. This revision page should be placed just behind
the title page and will provide an up~to~date listing of all amendments,

Contract No. NAS 9-1100 © LED-540-57

Primary No. 664 Grumman Aerospace Corporation
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The LM Data Book shall be updated to continually reflect the latest
redline data. Prior to T-2 months for a particular spacecraft, the con-
tractor shall react to a data change request within one week, and the NASA
approval cycle shall not require more than one week., From T-2 months to
launch, total reaction time for both NASA and the contractor shall be 24
hours. Changes may be initiated by elther GAEC or NASA. Contact D. R. Segna
PD7, extension 2457, MSC, or G. Benko, extenslon 1341, GAEC, on questions re-
garding changes or change procedures.

1.4 SELECTED ABBREVIATIONS AND ACRONYMS

ac Alternating Current
accum Accumulator

- ACE Automatic Checkout Equipment

act Actuator

AGS Abort Guidance Subsystem
amp Ampere

APS Ascent Propulsion Subsystem
A/S Ascent Stage

ASA Abort Sensor Assembly

att Attitude

CDDT Countdown Demonstration Test
CES Control Electronics Section
CMD Commander

CO2 Carbon Dioxide

CRT _Cathode Ray Tube

CsSM Command Service Module

ety Center

cryo Cryogenic

C&W Caution and Warning

de Direct Current

deg Degree

DPS Descent Propulsion Subsysten
D/S Descent Stage

EKG Electrocardiogram

eng Engine

EPS Electrical Power Subsystem

F Fahrenheit

FDAT  Flight Director Attitude Indicator

M Frequency Modulator

Contract No. NAS 9-1100 1ED-540-57
Primary No. 664 Grumman Aerospace Corporation
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GAC
GHe
GNo
GOx
GSE
G&N

HyQ
HD
He
Hz

1G
IRIG

KSC

LH
LM
LMP
LR

max
MG
min
MMHG
MNFLD
MSC

PCM

%42)
PGNS
PIPA

Volume IT IM Data Bock
_ Part 2
Launch Redline Data

Grumman Aerospace Corporation
Gaseous Helium

Gaseous Nitrogen .

Gaseous Oxygen

Ground Support Equipment
Guidance and Navigation

Hydrogen

Water

Highly Desirable
Helium

Cycles Per Second

Inner Gimbal
Inertial Reference Integrating Gyros

Kennedy Spacecraft Center

Left Hand
Lunar Module
LM Pilot
Landing Radar

Mandatory

Maximum

Middle Gimbal

Minimum

Millimeters of Mercury
Manifold

Manned Spacecraft Center

Nitrogen
North American Rockwell

Oxygen

Operational Checkout Procedure
Outer Gimbal

Oxidizer

Pulse Code Modulation

Percent

Page

Primary Guidance and Navigation Section
Pulse Integrating Pendulous Accelerometer

Contract No. NAS 9-1100

Primary No, 664
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pos Position

PQGS Propellant Quantity Gaging System
PQMD Propellant Quantity Monitoring Device
press Pressure

pri Primary

PSTA Pounds Per Square Inch Absolute

PSID Pounds Per Square Inch Differential
PSIG Pounds Per Square Inch Gage

quan Quantity

RCS Reaction Control Subsystem

ref Reference

RH Right Hand

SCs Stabilization and Control Section

sec Second or Secondary

SM Service Module

5yS System

temp Temperature

™ Telemetry

VAC Volts, Alternating Current

VDC Volts, Direct Current

VRMS Volts, Root Mean Square

WQMD Water Quantity Measuring Device
Contract No. NAS 9-1100 LED-540-57
Primary No. 664 ‘ Grumman Aerospace Corporation
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Volume II LM Data Book

Part II
Launch Redline Data

2,0 SUBSYSTEM REQUIREMENTS

All the subsystems on LM-7 as presently configured are considered
mandatory. Components of such subsystems as the following are consider-
ed to be highly desirable:

None

Contract No. NAS 9-1100
Primary No. 664 LED-540-57

Grumman Aerospace Corporation
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SNA-8-D-027 (II)PT2
Volume II LM Data Book
Part 2
Launch Redline Data

3.0 REDLINE SUPPORT DATA

The redline support data contain the logic and values used to generate the red-
lines assigned to the mandatory prelaunch measurements. The logic is the reason
that a measurement is mandatory, and the details how the redline presented was
selected. Redline designation is based on the detailed guidelines presented in ASPO Hand-
book Launch Mission Rules| and summarized below. The redlines are based on
critical limits. The critical limits, if exceeded, are the values which will degrade
subsystem performance to a point where the crew's safety is affected or the planned
mission may be shortened. The critical limits are corrected for the measurement
subsystem inaccuracy to obtain the listed redline values, Some measurements, which
have undefined or unobtainable critical limits or which are not considered to be strict
critical limits (soft), do not require correction for measurement subsystem inaccu-
racy and not applicable (NA) is entered in the measurement system error column.

Measurement subsystem accuracy considers the sensor, signal conditioning
equipment, and the PCM link for telemetered measurements, and the sensor and
signal conditioning equipment for the displays. ACE readout errors are considered
in the total errors presented above.

Measurement calibration curves were used to obtain the data range and the
value change of each PCM bit (bit value) in the nominal operating range of the meas-
urement,

Pages in this section are arranged by subsystem and numbered sequentially.
Figure numbers contain a functional subsystem letter code as follows:

A = Structures M = Mechanical Design

B = Thermodynamics N = Radars

C = Electric power P = Propulsion - Ascent Engine
F = Environmental Control Q = Propulsion - Descent Engine
G = Navigation & Guidance R = Reaction Control

H = Stability & Control (CES) T = Communication

I = Stability & Control (AGS) Y = Pyrotechnics

L = Instrumentation Thermal Control

* ASPO HANDBOOK FOR LAUNCH 4ISSION RULES, MSC-01270, January 28, 1970

Contract No. NAS 9-1100 LED-540-57
Primary No, 664 Grumman Aerospace Corperation
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Contract No. NAS g=1100

Primary No. 664 Rig%EgﬁgJ;QTA
SC Effectivity: IM-6 and Sub. Date: September 29, 1969
Measurement No. Description:
GC 0201 V Volt, Battery No. 1
GC 0202 Vv Volt, Battery No., 2
GC 0203 V Volt, Battery No. E
GC 0204 V Volt, Battery No.
Point of Contact - GAC: V. Hollander/S. Feinberg Ext. 6106
MSC: B. Bragg Ext. 5361
Data : Data Range Accuracy . C& w
gf‘t“‘ —a :C_:: M_ T Mefer T :_P_?:E:i:"ideité: Max _ NA
i I % of FS 1.2 :
Value -Lm_ i J to ’40 ! Units — lLQ : Mm _NA__
. : o ) Meas
Subsystem Configuration/Condition Nominal Critical Svet Redline
(Launch Rules: Time Period/ ystem S pand
Action Notes) Operation | Limits Error Limits
otes PCM | Meter PCM eter
No O.C. Decay. For total of Max -
£20 AH of capacity withdrawn, None NA_ | None
35,5v reached within 5 min, 37.1 rm==—-1 B bttt Y it i
and rising. 35.2 1 2(e) h{g)
No O0.C. Decay. For total of Max
>28 AH of capacity withdrawn, _Nome | MA 4 ____JNome | ____
§§élggreached immediately and 32.6 | 2¢e) hd%b)
Underload 35.0 None NA ﬁone
naer a . [T == T =T~~~ =4==—— -
31.5 | 2(e) M)
Max
______ WS PSR PRI AP
Min

Details:

1. Violation of Redline:

Viclation of the redlines is indicative of a battery malfunction and

may require the removal of the affected battery from the line. Mission
success 1s compromiged.

2. Rationale:

(a) Batteries must read 36.98 VDC prior to installation. Subsequent
to installation, all open circuit voltages must either be rising
or remain constant until a load is applied.

(b) The 35.5 VDC open circuit critical low voltage is based on the
assumption that less than 20 ampere-hour of the battery capacity
has been expended from the four descent batteries. Based on
LTA-8 data, the 35.5 VDC value should be reached within 2 minutes
after the load is removed and continue in a rising mode. However,
no redline is violated until it takes 5 minutes or longer to reach
35.5 VDC.

(c) The 32.6 VDC open circuit critical low voltage is based on the
assumption that more than 20 amper-hour of battery capacity has
been expended from the four descent batteries. The 32.6 VDC value
should be reached immediately and continue in a rising mode. For

the range of 100 amper-hours and greater, this rise may not be
discernible.

3-1 SNA-8-D-027( II)PT2



Contract No. NAS 9=1100 September 29, 1969
Primary No. 664 LED-540-57

Measurements GC 0201 V - GC 020k Vv (Cont.)

Details: {Cont.)

(d) The 31.5 VDC under-load critical low voltage represents the worst
case condition possible for the applied loads at all battery
capacities. The value is based on engineering judgement and on
LTA-8 test data. The determination of consistent battery behavior
is not possible as only limited test data is available for the
relatively low loads anticipated. It is expected, and confirmed
by IM-3, LM-4 & IM-5 data, that the nominal veltage will be 35.0
VDC quring the prelaunch period.

(e) The redline limits must be established at KSC subsequent to an

accurate determination of the end-to-end readout accuracies.
Refer to Launch Mission Rules for final redline numbers.

3. Backup Values:

No backup values exist.

3-2 SNA-8-D-027 (II) PT2



Contract No. NAS 9-1100
Primary No. 664
SC Effectivity: [M-7

REDLINE DATA
LED-540-57

pate: March 9,.1970 -

Measurement No.

cC 0205 V
cC 0206 V.

Description:
Volt, Battery No. 3
. Volt, Battery No. 6

Foint of Contact - GAC:

V. KHollander/S. Feinberg

Ext,6106

MS5C: B. Bragg/l. Llexander Ext.3361/5437
Data vDe : Data Range Accuracy Ct w
Usits PR T Neier T T WeMI T T M ]
- B - A g M e
i ) 7o of ¥ . } . I
value Q16§ 0 to 40 | Units T Min NA__
. . . Meas : :
s_“(l’;‘ ““: §°;‘f‘$“_r’.a“°“fc?“:"‘°“ Nominal | Critical System Redline
dunc A:tic:r; Nn;nc)Peno / Operation | Limits Error Limits
otes PCM [ Keter | PCM_ [ Meter
. : Max
No Open Circuit Decay 7.1 | None | _ NA J____ .g?,‘!.e ________
. 36.98 | = &)
Max
TTTTTYT T T T M T T T T
Max
TTTTT T T T I T T T
Max
R IR MR VLR

Details,

1'

‘Violation of Redline:

is compromised.

*

Guidelines delineated in Appendix A
as follows:

*KSC Calibraticn Less 1 PCM Bit

2. 'Rationale:
" a)
a load is applied.
ing the pre-launch operations. *
b)
3, Battery Capacity Redline

Violaticn of the redlines is indicative of a battery malfunction and
nay require the replacement of the affected battery. Mission success

-

The batteries must read 36,98VDC prior to installation. Subsequent

to installation, the open circuit voltage must remain constant until
Due to the high peroxide plateau, the absence

of low voltage taps, and the relatively low loads applied at the

DC buses, the ascent batteries cannot be loaded in the vehicle dur-

The redline limits must be established at KSC subsequent to an ac-
curate determination of the end-to-end readout accuracies.

k)

The value for minimum battery cépacity is based uvwpon the LM Consumable

and was derived

3-3
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Contract No. NAS 9-1100
Primary No. 664
SC Effectivity: L4-7 LED-540-57

March 9, 1970

Measur ements: GC 0205V, GC 0206V (Cont'd)

Total Capacity per Battery...eseeseeessassssssonssas seiresrsiaaeeass 296 AR

ceeae .70

Capacity required per battery..ceeeersevesnrsssssasnss 14,87
prior to staging.

Pre-installation checkout.,.vieeoersansvavearsenses

Rendezvous from staging through........c.ieiiiienns ..198.5
docking

Energy required for crew transfer...,....veveeeeennenas 5 AH

Degradation of one battery if...... st esteaesanas +ees. 28.00
the other battery fails

**Unusable battery capacity.seseeeeroessrnsrnsacscnnsss 22.6
Launch Redline...covvuvenns, ceenee..209.TAH
Margin. eeereenennieeniannn, e ._26.3 AH/Batt

**%The 22.2 amp-hrs unusable capacity of each battery was calculated as
follows: ‘

Telemetry uncertainty (1.91 amps x 6.95 hrs)........... ... 13.5

Uncertainty due to IM out of LOS with earth......eceenve... L7
(2 amps x 2.33 amp~hrs)

Dispersion (2% of 222.6 amp-hrs)...ceieeciancnceicnnaneene. b4

Total Unusable..... 22.6 AH

Battery Capacity Back-up Value

The minimum battery capacity back-up value is based upon item 1.1.2 of
Appendix A and was derived as follows:

Total Capacity for 2 batteries..ieveessseccecessoossssens 592 AH
Pre~installation checkout.....ciiecuerinerecreneaaocnsanns 1.4 AH
Capacity required prior to staging.....ceieciveccccnccaans 106.0

Capacity required to complete rendezvousS.....ievesseeseesa.271.4
(staging thru crew transfer)

2 extra hours orbital reserve,......ccoeevenae tereeaseseaes 90.0
Unusable battery capacity.cesieeiecsesssarsssssennssonsrae_32.5
495.3 AR
Total Avail for Prelaunch...........495.3 AH
_96.7 AH
SNA-8-D-027(II)PT2



Contract No. NAS 9-1100
Primary No., 66hL

SC Effectivity;: LM-6 and Sub.

REDLINE DATA
1ED-540-57

Date: September 29, 1969

Measurement No.

GC 0301 Vv
GC 0302 V

Description:
Volt, Commander's Bus
Volt, System Engr's Bus

Point of Contact - GAC

of the affected equipment.

2. Rationale:

powered.

CDDT periods, are as follows:

Exceeding the lower limit (see 2{a) below) results in degraded operation

The possible effect of exceeding the maximum
limit has not been determined due to the lack of test data.

(a) During the time interval when the LUT is supplying the power, a mini-
mum is required to insure proper operation of the individual equipment being
The equipment interface voltage limits, required to insure nominal
operation of the equipment connected to the buses during the prelaunch and

Equipment Max. (VDC) Min. (VDC)
Operational Instrumentation 32,0 (Spec.) 18 (Test)
IMU HTR (STBY) 33.5 (Spec.) 18 (Test)
ASA HTR (OFF) 34 20 (Anal.)
LR HTR 31.5 (Spec.) * 22 (Spec.)
RR HTR 31.5 (Spec.)¥* 22 (Spec.)

¢ V. Hollander/S. Feinberg Ext. 6106
MSC: A. Campos Ext. 2846
Da'-ca vDC : Data Range Accuracy CLt W
Units (__ECM_ — 7 “Mefer T” TTPCHM” TTC Miter | max _NA
Bit ] ] %of FS1.36/1.58
Value 0.16 E 0 to 40 Units -7;55763———— Min 26.5+0.43
. . cu: Meas
Subsystem Configuration/Condition : ces .
(Launch Rules: Time Period/ Normn.al Critical System Re.dlfne
Action Notes) Operation Limits Error Limits
PCM | Meter PCM eter
Max
LUT Power | _3_2.._5_ ___2_ g_c_)__ I _2_(_(:_2
22.0 |2 (o) Yine)
Internal Power. Evaluate NA Max
delta voltage >6.5 VDC be- | = |[o——o—_d —eomd e JNone f__ ___
tween battery and bus readings NA Bé”-'tb)
Max
p o= e R R T Tl L oy SN——
Min
Max
ittt sl Tl Sl s bt 4
Details.
1. Violation of Redline:

While permanent damage will not occur to the heater units or operational in-
strumentation as a result of violating the lower limits, it may be necessary
/1 to re-validate the performance of that equipment which has had temperature
redlines violated due to a loss of heater power. The decision to re-validate
such equipment will be made based on how far and how long the respective-
temperature redlines have been violated. To exceed the lower voltage limit

for operational instrumentation causes inaccurate monitoring of the vehicle
parameters but does not damage equipment.

3-5
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Contract No. NAS 9-1100 _
Primary No. 664 LED-540-57

Measurements = GC 0301 V and GC 0302 V (Cont'd)

September 29, 1969

2, Rationale: (Cont'd)

(b) When the IM is on internal power, the low voltage taps of the
batteries will provide power to the buses. Based on analysis,
it is predetermined that real time evaluation is required
should the difference between the battery reading (20 cells)
and the bus reading exceed 6,5 VDC. This value accounts for
line losses, the TM reading across the 20 cells and instru-
mentation errors. The violation of this redline is indica-
tive of a multiple feeder failure.

(¢) The redline 1imits must be established at KSC subsequent to
an accurate determination of the end-to-end readout accuracies.

Refer to IMR for final values.

3. Backup Values:

Backup Values are not required.

L, C &W:

The Caution and Warning level is based on the EPS requirement to provide
specification voltages to all equipment. This equipment is not connected
to the bus during the preluanch period,.

* Line losses between the bus and the heaters are sufficient to insure
specification voltages will not be violated. '

3-6 SNA-8-D-027 (II) PT2



Contract No. NAS 9-1100
Primary No, 664°

REDLINE DATA

$C Effectivity:  LM-=7 LED-540-57 Date: larch 9, 1970
A 1ent No. Descrintion:
Czaazafwc Currcﬁ%: %attery No. 1
Ge 1202 C Current, Battery No. 2
cc 1203 C Current, Battery No. 3
| e 1704 G Current, Battery No. &
Pa:nt of Contact - gAC: V. Hollander/S., Feinber Ext, 6106
_ £
. MSC: B. Bregg Ext. 5361
Daza . ' Data Range - Accuracy cLw
Units  AMES M= = Pere ~ T “Weter — e — o ,
L PCM_ | Meter . _PCM_ o Meter | Max NA
Rit 0.24 : 1 Foof FS_1.66_ .
Value . : ! 0 to 60 1 Unite 995 | Min
. . o Meae
S"';"V’f‘f‘:"l“f‘?“.;.am’gc»?"j‘,"c’“ Nominal | Gritical Systern Redline
Lauac? Au .Cs' Nlmc) erio Operation Limits Error Limite
ction Notes s BCM | Meter | PCM | ideter
Yor Intermal Power Only ' ' Max
Not more than 43.7 Al Rome L MA 1} ___{ 12 | ____|
Consumed Total Calculated to P.4 - 5.7 None ﬁgﬁp
Liftoff. PCM telemetry not Ve
esede 1 e e e ] RN DU
: Min
Max
""""""""""""""" Min |77
Max
D R I YT
Detazlsl |
1. Violation of Redline:

Violation of the total-current redline may indicate an instrumentation
problen, poscible short in any one of the equipment connected to the
bus, or a condition where a circuit breaker inadvertently closed at
cabin closeocut. Mission success is compromised.

Rationale:

As the current monitor accuracy is undefined when the Individual battery
curreat is below 3 amperes and since the load sharing between batteries
can only be calculated, the redline for these parameters is established
based on the total current measured during PCM turn-on. Based on en-
ginecering judgment, the total current must not exceed 12 amperes. This
value includes allowances for instrumentation accuracies. It'is ex-
pected, however, that the total current will vary (a function of heater

duty cycles) between 3.4 to 5.7 amperes based on the following equipmant:

GIi7563T
S-Band hea
lew temperature turn-on.

Total expected current

Operational Instrumentation: 1.7 a2mp
ASA Fine Temperature Control: 0.4 amp
IMU Standby Heaters: 0.6 to 2.9 amp
Descent ECAs: 0.7 amp

3.4 to 5.7 amp

With the possible exception of the LDC RDR heater { refer to measurenent

), the RDZ RDR, and the

ters are not expected to cycle at this time due to their

3.7 SNA-E-D-027(II)PT2 _
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Contract No, NAS 9-1100 - . March 9, 1970
Primary No. 6064 ' - ; .o ..
SC Effectivity: ILM-7 LED-540-57 B

Measurements: GC 1201C to GC 1204C (Cont'd)
™

"ot
3. .Battery Capacity Redline

The battery capacity redline is based upﬁn'completing fhe nominal.
" mission with a, one battery failure (Ref. Appendix A) and
‘was established as follows: ; ; ‘

: Maximum power available with 3 batteries.i.veseraaaesa 1172 AH
. . Required for mission (MPAD Prediction).eee.e.... 1038 AH
Unusables L. . . o :
a) Telenmetry Uncertainty.eseeeecess., 75.5
{1.64 amps x 46 hrs) -
b) Uncertainty duc to LM out of LOS o R “
with earth (__E_amgg x 2.83hrs) 5.7 Co

¢) Dispersion{_2% of EQ___AH)......;Zg;l. z
Total Unusables.... 101.9 aAg
‘ : - 101.9%y
: * Launch Redline (Total Min. Capacity) 1140 J\: .
. . v = N
IR Maximum Battery Energy Available for + 32 AH%x
. +  Prelaunch .. ' ' e
4. Backup Value , R o Co.

The backup value for battery capacity is based upon conmpleting the
_nominal mission plus a 2 hour lunaxr stay reserve, (no battery failure
case), (Ref. Appendix A) "y and was established as follows:
Total Capacity Available (4-Batteries)..evsnvee.. 1600 AH
Requirement for Mission (MPAD Prediction).._1119AH
Lunar Stay Reserve (2 hours)eeesessesoeeese._ 90 AH
Unusables..ciuieineieneroornassnesvernnss o J10.2AH

%% Backu .Valuc Total Minimum Capacit .....1319-2AH
P © p Yy ey
‘1319 A"'

Tretcescrsanaenies pgy AH*%%

*A battery failurc detected inflight requires that AC loads be turned off
after lunar touchdown. Redline based upon no AC loads after touchdown
(PGNS in standby and associated DC power-off; exémple‘migsion timer and
integral lighting). - T .

Enérgy Avatlable for Prciaunch

#%The backup value is calculated based on having AC equipnent remaining con
after touchdown ard again turnine the PGIICS to sSandby. NI FUpF I D
*XiPresent Brclnunch opérations (inleluding recycle) regulre epproximately

12 aap. hrs. . | 3-8 _ . SNA-8-D-027(11)PT2



Contract No. NAS 9-1100
Primary No. 664
SC Effectivity: LM-6 and Subs.

REDLINE DATA

Amendmgnt 6

Date: November 12, 196
Measurement No, Description:
GC9961U Battery No. 1 Malfunction
GC9962U Battery No., 2 Malfunction
GC99630U Battery No. 3 Malfunction
GC9964U Battery No. 4 Malfunction
Pomnt of Contact -gac: v, Hollander/S. Feinberg Ext. 6106
MSC: B. Bragg Ext. 5361
Data \ Data Range Accura w
: Event - e e e - Y ck
;mts — I[ZTEmM_ " :_hie_t_er n _p__cM___: Meter | Max _(2)
it ! f % of FS__NA X
Value NA :' NA | Units ; Min 2
. . . e Meas
Subsystem Conhgur'anon/Co‘nduwn Nominal Critical System Redline
(Launch Rules: Time Period/ . . s
Action Notes) Operation | Limits Error Limits
PCM | Meter | PCM Meter
Max
On Internal Power to NA of £ (0)
T T-10 min. off (0) [~~~ ~"T~~=1"~~-—1 ﬁf‘['“ """
NA of£(0)
Max
"""""""" B R £V U e
Max
P e e e e - b Bl R R I Syl G ——— -
Min
Max
————— L I R R R N iy ip——
Min
Details.
1. Violation of Redline: The violation of the redline indicates that an

Rationale:

overcurrent, overtemperature and/or reverse current anomaly may have
developed in the EPS batteries. Such a failure would prevent the suc-
cessful completion of the planned missien.

The Battery Malfunction discretes indicate the possible oc-
currence of the following battery anomalies when the respective batte-
ries are supplying power:

1.
2.
3.

During those periods of the countdown when the batteries are not supply-
ing power the battery voltage measurements (GC0201V - GC0204V) serve

to indicate the condition of the batteries, From T-30 minutes to

T-10 minutes, it is possible that certain overtemperature and/or reverse-
current conditions would not be evident on the battery voltage and cur-
rent measurements while the batteries are underload. For this reason,
the appearance of any/or all of the four Descent Battery Malfunction
measurements is cause for holding and evaluating the condition of the
suspect batteries. By looking at the respective open circuit voltages

of each battery, the indication of a battery malfunction can be verified.

Overtemperature, > 145 + 5°F
Overcurrent, > 150 amps
Reverse-current, < -10 amps within 4-6 secs.

If a battery anomaly does exist, the planned mission cannot be completed
and mission success will be compromised.

As indicated, the open circuit voltage, GCO201V - GC0204V, can be used
to verify the indication of a battery malfunction and serve as backup

measurements. SNA—B—D—OZ?(II}BIZ
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Contract Lo, MAS 9-1100
Primary no. 60k

REDLINE DATA

. . . . -y - ' -" ’ ‘ e aa - ’
SC Effectivity: | M7 LuD-550- 51 ~Date: March 9, 1970
Measureraent No, Description:

GF 3582 P
G¥ 3563 P

Press Ascent 0o Tunk Ho, 1

Press Ascent Op Turk:lo. 2

-

Point of Contact -

GAC: H. Schncider

Ext. 1636

MSC: R. CGillen Ext. 1816
Data : Data Range ;
Units  BSIA Pt DTS e Loy Pt B
L__ PCM Meter PCM " Meter | RA
Bit ' f e e el Sl ltiag-i —_p N o Max 20
L b i % of F$_2.03 | _ gal
Value .1 0 to 1000 ! Unite  _20.3 vy Min o
Subsystcrﬁ Condiguration/Condition Norminal . Meas .
{Launch Rules; Time Period/ ormn.?. Cr‘xhcal System . Redline
Action Notes) Operation Limits Error Limits
- . ' PCM_ [ Meter TPCM T Meoter
Serviced for launch - full 810 psia | ETTe@ : Max857
tank, Figure GF-1 gives @ P F |lgoo.p 20 __ (€ TO%F| |
specification leak rate at fill- (2) NA Minco)
Minimun 1o compleile mission- Mex
less than full tank (Based on NA SN oNA oA
specification leak rate) " (2) NA - _Jygié?
Max
------ TTTTYITT T Min |~ T 77]
Max
R I b VTP
Details:
1. Violation of Redline ‘

Exceeding the maximum redline indicates that the design limit of the
tank has been exceeded and that crew safety is being compromised,

To violate the specification leak rate implies a pofential'insuffi- ~
clency of O2 quantity to satisfy mission requirements, To violate the
minimun redline precludes the satisfaction of & nominal mission.

2. Rationale: .

Figure GF-1 defines the raximum acceptable dscay rates based on a
noninal (Full tank) fill of 2.4 3 1bs. and a specification leak rate.
For off-nominal loadings, Figure G¥-1 may be uscd as a means of veri-
fing a specification leak rate, Leak rales in excess of the specifi-
cation leak rate must be evaluated real time relative to the caximum
allowable leak rate as indicated in Detail #3. In evalumting possible

. leak rates the effect of temperature stabilization after loading must
be taken into consideration. Approximately 3 hours cust be allowed
after loading 1o permit {emperatures to reach ambient values. In
addition, because of the lack of direct temperature measurecents only
approxirate leak rates will be determinable.

~ The raximun redling has been defined to prevent exceeding the design
lirits for pressure and temperature. Refer-
ence Figure GF-2 ., ’

3-10 SNA-8-D-027 (II)ir2




Contract No. NAS 9-1100 , ' | March 9, 1970
Primary No. 664

LED-540-57

Measurements GF 3582P and GF 3583P (Cont'd) .
Details (Cont'd)

Minimum Redline

The value for the minimum redline is based upon the worst case condition defined
in the LM Consumable Guidelines delineated in Appendix A,

To determine the minimum redline the following numbers were uscd:

Required for Mission 1.341bs
Dispersion (5%) _0.0T1bs’
Residual 0.101bs
Measurement Error -0.06 1bs

Minimum Required to Launch  1.57 1bs (_548 PSIA @ 70°F)
The "Required for Mission" number is based on:

Metabolic Consumption & Cabin Leakage:
(_+20 1bs/hr) x (L4.pphrs) =0.85 1bs

304 Valve Leakage:

(.001 1bs/hr) x (97.Ohrs) = 0.101bs
2 hr Orbitai Reserve Jzﬁﬁllbs
l-§£}bs

: 3-11
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Contract No. NAS 9-1100

March 9, 1970
Primary No. 660 ’

LED-540-57
Measurements GF 3582P and GF 3583P (Cont'd)

BACKUP VALUE

The’backup value is based upon the LM Consumable Guidelines delincated in Appen-
dix A. :

To determine the backup value the following numbers were used:

Requircd for Mission 2.26 1bs
Dispersion {(5%) 0.11 1bs
Residual 0.28 1bs
Measurenent Error 0@9 1bs

Backup Value(for 2 tanks) 2.Th_ 1bs (480 psia @ 70°F - per tank)
The "Required for Mission" number is based on:

Metaholic Cﬁnsumption & Cabin Leakage:

(0.20 1bs/hr) x (8.82hrs) =73,76.1bs

304 Valve Leakage:

(.001 1lbs/hr) x (97.0hrs) =0.10 1bs

2 hr Orbital Reserve 0.40 1bs

2.26 1bs

3. Backup Value

Should a leak rate occur which exceeds that defined in Figure CF-1 a real time

evaluation must be made concerning the integrity of the oxygen system. Figure

GF-3 has been drawn to show the relation of pressure to mass of oxygen system

at sclected temperatures. With Figure GF-3 a given decay rate in psia/hr can

be equated to a leak rate in lbs/hr and, in turn compared with the waximum allowed
- Jeak rate of (a) .0086 lbs/hr or (b) .0035 lbs/hr for an initially full tank.

This allowed leak rate is based on a lecak beginning at fill and continuing

throughout the mission (assuming 120 hrs. prelaunch and 48 hrs hold.)

’

3-12 SNA-8-D-027 (II)PT2



Contract No. NAS 9-1100 .
Primary No. 66k LED- 540-57 darch 9, 1970

Measurements GF 3582 P and GF 3583 P (Cont.)

3.

Backup Values Continued:

In evaluating the actual leak rate relative to the maximum allowable
leak rate, the difference in prelesunch time &nd any off-nominal fill
conditions must be taken into aceount,

It mist be emphasized that this data is based on the assumption that a
detected leak will not become greater during launch. For this reason,
plus possible other factors not evident at this time, the magnitude of
a leak rate may not be the only criteria for deciding to launeh or scrub.

Tank Proof Pressure
Tank Burst Pressure

1,330 PSIG @ 160°F
1,500 PSIG @ 160°F

C&W 2

The value of 684 psia 1s the Caution and Warning trigger level indicating

that the Ascent Oxygen Tank #1 and/or #2 have developed a leak. This
signal is inhibited after staging.

SNA-8-D-027 (II)PT2
3-13



?1-¢€
uopeiodio) 20edsolsy UBWIWNID

$99 ‘ON Arewiad

00TT-6 SVN 'ON 310BIjU0D

LG-0%S-Qd1

‘I-4D 2ansdry

spwy] oulpey Yyoune[ead NuBL XOD S/V

A/S GOX TANK PRESSURE-PSIA (GF 3582P & GF 3583P)

900

850 =

800

150

T00

S UED LD DT

: A/S GOX TANK PRE-LAUNCH REDLINE LIMITS

;. MINIMUM ALLOWABLE PRESSURE FULL TANK FILL

O S O O F O

EVALUATED

R e

e ASSUMES TANK INITIALLY FULL = 2. 43 #/TANK
"] @ ASSUMES LEAKAGE =, 001 #/HR- VALVE (SPEC)
* o LEAKAGE RATES IN EXCESS OF THE ABOVE VALUE SHOULD BE

. ® REFERENCE FIGURE GF 2 FOR PRESSURE-TEMPERATURE

LIMITS

50

100 150

200 250

TIME AFTER FILL-HRS

300

BIR( SUIIPaY youne ]

11 3aed
yood BIBQ W'T II @WN[OA

¢LdLg0-I-8-VNS

696-[ ‘62 ngmaq.das



March 9, 1970

Curve - TBD

Fig. GF-2 Ascent GOX Tank Redlines
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Volume I LM Data Book

_ Part I
Launch Redline Data
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Figure GF-3.

Contract No. NAS 9-1100

Primary No. 664

LED-540-57

Grumman Aerospace Corporation
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Contract No. LAS 9 ]lJJ
Fritary No. GG54

‘REDLINE DATA
LED-540-57

SC Effectivity: | M-7 Dd!c Mar'Ch 9 ']970
Mezeurcinent No, Description: -
CF 358L P " Press, Descent 0p Tunk
Point of Contact - GAC: H. Schneider Ext, 1635
" MSC: R. Gillen ’ k816
='f
oty BsIA b D R“,‘Z‘f — el Accuracy ctw
) b PCM_ L.i‘ﬁ."i___.__?._cl"_'*___{_—&f:jc:: Max _NA
Bit 12 ! 0 to 3000 - ) %of FS_2.1 .
VYalue —=— l . Units 3.0 1 ]\*!m
Subsystem Configuration/Condition . oy Meas i
{Launch Rules: Time Period/ Nom:n.:-.l Cr.xh.:.-al System Rc.dlfnc
Action Notes) Operation Limite Error Limits
PCM | Meter PCM [ Meter
Serviced for launch-full tank| 2690 2875 -65 Max( o)
Figure GF-2 gives specifica-' @ 70°% ... _L___Jd___-_ {1 ..2°94 ___.
tion leakage at £ill (2) Min(o)
Miniuum to complete mission- Max
[\ T
less ihan full (Based on o T I S c e
Specification leak rate) (2) NA 14¥52355
. Max
'''''' I RN Vv uiaty i
Max
——————————— T MIe T T T T

Details:
1. Violation of Redline:

* Exceeding the maximun redline indicates a defectlve relief valve which

compromisecs crew safety.

To violate the specification leak rate implies a potential insuf-
ficiency of 0o quantity to satisfy mission requirements. To
violate the minimun redline precludes the satlsfaction of & nominal

mission.

-

2. Rationale:

j Figure CF- L defines the maximum acceptable decay rates basad on a

nominal (full tenk) fill of LB.0Ll 1bs. and a

For off-nominal loading,
of verifying a spcciflca

specification leak rate,

Figure CF-bmay still be used e2s a weans

tion leak rzte.

Leek rates in excess of the

specification leak rate rust be evaluated real time relative to the

maxiotim allowable leak rate as indicated in Detail #3.
rates the effect of temparature stabilization after
Approximately 3.hours must

possible leak

loading vust be taken into consideration.

In evaluating

be allowed after loading to permit the temperature to reach ambient

values.

rents only appruxln*tn leak rates will bn dbtﬂlﬂiﬁnd

ﬂne gaximun redline has been deflnsd_to prevent exceeding the
Reference Figure GF-5.

valve actuation level.

In addition, because of the lack of direct temgerature ceasure-

relief

3-17
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Contract Xo. NAS 9-11G0 o
Primary Fo. GOA LED-540-57 March _9, 1970
Measuremonut G¥ 3584 P (Cont.)

Details: (Cont.)

" The value for the minimum redlinec is based upon the LM Consusable

Guidelines delineated in Appendix A.

" To determine the minimum redline the following metoas were used:

Required for Mission 37.96 1bs

Dispersion (5%) . Jﬂﬁgrlbs

Residual ’ 0.84

Mrasurement Error ~ 1.23 1lus.

Minimum Reguired To Launch . 41.92. lLs. =2355 FPsliA €

r(OO F
The "Required for Mission” nuwber is based on:

Metabolie Consumplion & Cubin Leak Bate

(Q.201bs./hr.) x (31.5hrs.) = 6.3C 1ne,

EVA Iécw.‘: Pole .
(%O1bs./hr.) x (8.1 hrs.) = ig_lbs.

Module and Valve leakare: ,
High Pressure - ,-005 1bs./nr. for
_ 132.7 brs. = 0.661bs.
Low Pressurc - _ .00llbs,/hr. for

97.35 hrs, . .1 1lbs.

Required Pressurizations (reserve 6 1lus. for
puncture protection OCF and 300 psia; rifulator
check, 2.51bs,; 3 pressurizations @ 6. 21bs)_28-h 1bs.

- e

2 hre, capability at lunar lifteff = lbs.

PLSS refills-2 @ L 1bs. = __2:0 1bs,
‘ : 31.96 lvs.
3. Eackup Vzlues:

Should e lezk rate occur which exceeds that defined in Figure GF-2 a

. real time evaluztion must be rzade concerning the integrity of the oxygen

. system, TFigure CF-{ has boen drawn to show the relation of pressure to
mass of .oxygen at selected lemperatures. With Figure GF.§ a given doesy
rate in psia/hr. ean be equzied to a leak rate in lbs./hr. and, in turn, caoni-
pared with the moaximun allowed leak rate of Q.031 lbs./hr. for an initially
full tanx. fThis 2llowed leak rate is bascd on a leak beginning et fill and
continuing througchout the nicsion (essuming 120 hrs, prelasunch end L2 hrs.

hola).

3-18 SKA-8-D-227 (II)Fi2



Contract No. NAS 9-1100
Primary No. 66k LED-540-5T March 9, 1970

Measurement GF 3584 P (Cont.)
Details: {Cont.)

In evaluating the actual rate relative to the maximum allowable leak
rate, the difference in prelaunch time and any off-nominal fill con-
ditions must be taken into account.

Tt must be exphasized that the use of this data is based on the assumption
that a detected leak will not become grester during launch. For this
reason plus possible other factors not evident at this time, the magnitude

of a leak rate may not be the only criteria for deciding to launch or
scrub.,

Tank Design Pressure = 3000 PSID@160°F
Tank Proof Pressure 4120 PSIG &160°F
Tank Burst Pressure 4700 PSIG® 160°F

[t}
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SNA-8-D-027PT12
_ Volume II LM Data Book Septemb
Part I °F 29,199
Launch Redline Data
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Primary No. 664 Grumman Aerospace Corporation

3-20



March 9, 1970

Curve - TBD

Fig. GF-5 D/S GOX Tank Redlines
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'SNA-8-D-027PT2 :
Volume I LM Data Book September 29, 1969
Part 11

Launch Redline Data
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Contract No. HAS 9-1100

Prinary Ko, CGY " REDLINE DATA"

SC Effectivity: LM-7 LED- 540~ 57 . Date: March 9, 1970
Measurement No, Deac.ri;l;tion:
GF 4581 Q B . Quantity, Mescenl Tank Water
Point of Contact . GAC: H. ,S:.::lmcidcr Ext.: 1635
MSC: R. Gillen Ext.” U816
T
Da%a PCT t ___ Data Range Accuracy cLw
Units O T e e e 2y a7y VARV
Bit 0.4 !0 to NA 1lbsy . %of FS_2.9, | NA - 15,95ﬁ'
Value : ' = 0 10 1009V " Unite  _=.Fp g B Min initial”
. . . Meas
Subsystern Configuration/Condition . . :
{Launch Rules: Tirme Period/ N°m“‘_"‘1 Cf.!h'c’-l System Rc.dlfnc
Action Notes) Operation Limits Error Limits
PCM_J Meter [TBCM_ T Metor
Serviced for launch-full tank e hMex :
See detail 2 for acceptable 100, -~ _I_\L_ﬂ.____"___:f_\_______.__ nfyé ———————
leak rate. e (2) ~(2) rd”\'é’)
Minimum requirced to complete Max
T T
mission based on conditions = RS L - LS
in Detail 2 - less than Tull | e) MH. 57
(out-of-spec. leak unaccept- R . : KMax
able) N R R ekttt
e Min
Max
""""""""""" B &Y' N
Details:
1. Violation of Redline;

.Violation of the maximum leak rate redline indicates a deficiency in

The violation of the minimum quantity redline indicates an insufficient

quantitiy of water to satisfy mission requirements.
) .

Nitrogen (any leakage is considered to be a Nitrogen gas leak) with the
resulting inability to obtain a sufficient quantity of water to satis-
fy wmission requirements, - ‘ ‘ .

Rationale: ‘ . . : ‘

Figure GF-7 gives the raximum expected decay rate following the No
solubility effect. The slope of this curve after 100 hrs. {vhen Ny
solubility is assumed to.be complete) is baced on o specification

leak rate of 0,06 psi/S hrs., for a nominzl fill. A leak rate in exces
of the specification value should be evaluated using Figure GF-8 and
extrapolating tha WQND level to launch. If the expected WQUD level at
launch is less than the WQID level indicated in Figure GF-9 for the ob-
served leakage, the redline has been violzied.. Tuis represents 2 firm
redline which is based ¢n having a minimua of 5% rcading on the WD
at the time of ECS activation thereby providing the erew the ability to
verify the capability of properly expelling all of the water., It is
noted that a leak rate in excess of the srzeification value must be
evaluated with respect to the risk involved in assuming that the ob-
served leakage rate will nit increase, ' ’
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Cont: act Ho; NAS 9-1100
Primary No. GGN

Measurement GF 4581 @ (Cont.)

Details:  (Cont.)

1ED-540-57

March 9, 1970

'

The value for minimum redline is based updn the LM<C0usumable:

Guidelines delineated in Appendix A.

To determine the minimum redline the following humbers werc used:

Required for mission

Dispersion (10%)
Residual
Measurenent error

Minimum Required to launch

e onH

1

The "Required for Mission" number is based on: .

1.
2.
3. Post Tanding Checkout
k. Lunar Stey
5. EVA 1 Prep
6. EVA'l
7. Post EVA 1’
8. ILunar Stay
9. EVA 2 Prep
10. EVA 2
1l. Post Eva 2
.12; Lunar Stay
13. Pre-Launch Prep

Activation - Separation (L:92 hr @ 5.66 1b/nhr)
Separation - Touchdown {L4.43hr ¢ _6.2Wab/hr)

(1.1 br @ 6.12%/hr)
(1:2 hr @ _5.14b/hr)
(L].-.Thr @ 3.43 1v/hy)
(_2.83hr @ 1.631b/nr)
(L1-5nr @ 3:66 1v/nr)
(2:6 hr @ 3:13 1b/hr)
(2.0 hr @ _3.28v/hr)
(4.0 hr @ _1.731/0r)
(1.5hr @ 4,021b/hr)

(3:45 hr @ _5-1%u/hr)

(_13 hr @ 5.97 1b/nr)

176.1
17T-6 1y,

< lbs.
_Eai;,lbs.

208.6 1bs.

L

=

=

1. Drink Reqm't During EVA *(_8 hrs) (2 x _.371bs/hr)-=
15. Drink Reqm't Manned Descent **(31.5 hrs) (2 x 0.081bs/hr)_5.0
16. PISS Refills 2 @-9.15 1bs

*Based on lifetime of the PLSS.

**Based on urine loss and H20 produced by the LiOH-CO

3-24

2

(78.5 %)

10.87. 1bs
27.6k
_£.73
6.7

8

:

76.1 1bs

reaction.
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Conlract No. NAS 9-1100
Primary No. G654

Measurement GF L5581 Q (Cont.)

Details: (Cont.)

3.

‘ L  March 9, 1970
IED-540-57 A L

‘e

Backup Values:

The maxirum allowable leak rate redline is to be utilized for any leukusc
occuring of an unknown origin, based on the assunplion that any lcak is &
N2 gas leak, This is based on the nature of the system (i;e., smald, ges
v6lume) as well as, past experience and is felt to be a realistic approuci,
Any known water leak would require evaluation duc to possiblcveffects on

-—

the thermal blankets,

e

_ The caution signal set at 167 of the initial water quantity, is indicative
of water depletion. . ' - : . D
L
3-25 B © SNA-8-D-027(II)Pi2
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March 9, 1970

Curve - TBD

Fig. GF-8 D/s H,0 Gas Leakage On Pad

2
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March 9, 1970

Curve - TBD

Fig, GF-9 D/S Water Tank GN, Leakage vs. WQMD Reading

2
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Conlract Fo. NAS 9-1100

Y-

Primary No. 664 ~ REDLINE DATA

‘ffectivity: LMo LED-9H0-57 P ;
5C Effectivity: LM-7 ps o1 Date: March 9, 1970
Measurement No, - Description: -
GF 1582 Q Quantity, Ascent Tunk No. 1 Water
cF k583 Q . Quantity, Ascent Tank Lo, 2 Water
Point of Contact GAC: H. Schneider Ext. 1636 o
| MSC: R. Gillen Ext. 4816
DJ?B FCT 1 Data Range Accuracy . ctw
onite - Lo CFCmMT TV Oler T T TRCN TTC MAT  Max M
Bit oy ! 0 to 52.5“.]""'" - -‘7;;’5—‘:5_2‘-9—:- i 959
Value ——— }1bs.=0 to 100} | unite 2T ~ | Min 220
Subsyst Confi ti ditior Meas
(L:uncc!}:‘Rzl!c;-su';‘-ian::r;ff:;r;d?mq Nominal [ Critical System | Redline
Actioz; Notes) Operation | Limits Error Limits
‘ PGM | Meter PCM | Meter |
Serviced for launch - full tank NA NA h““hq
See Tetail 2 for accepleble | qane [T 07 T70 07 s v viviate Indeihahalel
leak rate b . 1009 . (2) -2.9 Mm(e)
Mininum to cowplete mission- Max ,
less than full {out-of-spec. R e L O P 'ifn'Né ——————
leak unaccentable) - i (2) A 96. 5%
. Max
——————————— R § VT I
Max
JEREEE R I TTTT T T M T T T

Details;

1.

Violation of Redline:

P

The violation of the minimum quantity‘redline'indicates an insufficient
quantity of water to salisfy mission requirements, ' .

Violation of the maximum leak rate redline indicates a deficlency in
Nitrogen (any leakage is considered to be a Nitrogen gas leak) with
the resulting inability to obtain a sufficient quantity of water to
satisfy mission requirements, - , - . :
Rationale:

Figure CF-10gives the maximum expected decay rate following the N
solubility effect. The slope of this curve after 100 hrs. (when Iip
solubility is essumed to be complete) is based on a specification leak
rate of 0.06 psi/s hrs, If a slight off nominal loading has oceurred,
or if the effect of Mo solubility is of a lesser ragnitude or if the
tank has been sampled then Figure GF-10Qwith the appropriate shift may-
still be used fo evaluate the actual leak rate relative to the specifie
leak rate. A leak rate in excess of the specification value should be
evaluated using Figure GF-11 and extrapolated to launch. If the expect
ed WQMD level at launch is less than the WQMD level indicated in Figure
CF-12 for the evaluated leakage, the redline has been violatad, It is
noted that a leak rate in excess of the specification value must be
evaluzted with respect to the risk involved in assuming that the ob-

served leakage rate will not inerease. .
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Contract Neo. NAS 9-1100
Primary No. 664

LED-540-57

Measurements GF 4582Q and GF 4583Q (Cont'd)

.Details: ‘(Continued)

Minimim Redline

March 9, 1970

The value for'thg minimum redline is based upon the worst case condition
defined in the IM Consumable Guidelines delineated ‘in Appendix A.

To determine the minimum redline the following numbers were used:

Required for Mission
Dispersion (5%)
Residual

Measurement Error

Minimim Required to Launch

i

i

[]

37.04 1bs
1.85 1vs
- 0.85 1bs
1.23 1bs

40.97 1bs
(for one t

ank)

The "Required for Nominal Mission" number is based on "Nominal" Thermal

Analysis as follows:

1. PDI to Touchdown ( -

2. 1 Revolution Stay ( -

1bs/hr) {

1bs/hr) (

- hrs)

- hrs)

3. Liftoff to orbit insertion ( 6.06 1bs/hr)

( 042

4. Orbit insertion to docking (_6.0 1bs/hr)

(_3.5 hr)

[
I

hr) 2.54

21.00

5. Drink Reqm't manned ascent™ (2 x 0.08 1bs/hr)

(4.22 nr)

6. Orbital reserve ( 6.4 1bs/hr) ( 2 hrs)

n

0.7
12.8

37.0k

*Based on urine loss and H20 Produced by the LiOH-CO2 reaction.

3-30
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Contract No. NAS 9-1100 March 9. 19
Primary No. 664 » 1970

LED-540-57

Measurenents GF 4582Q and GF4583Q (Cont'd)

BACKUP VALUE

The backup value for the minlmun redline is based upor the 1M Consumable Cuidu—
lines dcllneated in Appendix A. '

To determine the backup value the following numbers were used:

Required for Mission = . 50,72 1lts
‘Dispersion (10%) = 5.07 1bs
Residual = 0.85 1bs
Measurement Error = 1.74 1bs
Backup Value = 58.38 1bs

(for two tanks)

The "Required for Nominal Mission" number is bascd on "Nominal™ Thermal Analy-
sis as follows: ‘
1. PDI to Touchdown ( 6;§§1bs/hr) (17 hrs)
2. 1 Revolution Stay (é;;gﬂlbs/hr) (_ 2 hrs).
3. Liftoff to orbit insertion (_6.06lbs/hr)

_1.CE1bs
1. (-‘_lb.‘;

"

it

(.k2 hr) = 2.54bs
4., Orbit insertion to docking (6,00 lbs /hr)
(3.5 hr) = 21,00 1lbs
5. Drink Reqm't manned ascent* (2 x 6. 08 1bq/hr
: (r-2g >hr) = .7 1bs
6. Orbital reserve (6.4 1lbs/hr) {(_2 _hrs) = _12.81bs
“C.fe 1bs

. *Based on urine loss and H20 produced by the I.iOlI—CO2 react ion,

.
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Contract No. NAS 9-1100 . .- "
Primary No. 664 : . HMarch 9, 1970

. - LED-540-57

Measurements CF 4582Q and GF 4583Q (Cont'd) R -

Backup Values:

The maximum allowable leak rate redline is to be utilized for any leakage occurr-

“ing of an unknown origin, based on the assumption that any leak is a N, ‘gas leak.

This is based on the nature of the system (i.e., small gas volume) as @ell as
past experience, and is felt to be a realistic approach. Any known water leak
would require evaluation due to possible effects on the thermal blankets.

There are two caution conditions associated with the ascent water tanks.
***NASA DATA SOURCE

. .

g Piior to staging, the caution light will illuminate if either quaintity drops

to below 95% indicating a possible leakage, Once staged, 2 differeace in quantity
of greater than 15% will illuminate thé caution light. ' '

3-32 . SNA-8-D-027(11)PT2
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March 9, 1970

Curve - TEBD

Fig. GF-11 A/S H.0 Tank Gas‘Leakage On Pad

2
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March 9, 1970

Curve - TBD

~ Fig. GF-12 Ascent Water Tank Gas Leakage vs. WQMD Read ing
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Contract No. NAS 9-1100
Primary No. 664
SC Effectivity: IM-6 & Sub.

REDLINE DATA - > ‘
LED~540-57 Date; September 29, 1969

Measurement No,

GF 9997 U

Description;

Press, Selected Pump Discharge
(when primery pump is selected)

Point of Contact - GAC: H, Schneider Ext. 1636
MSC: R. Gillen Ext. L4816
Data PSTA : Data Range Accuracy . . CL& W
Urits Lo EEC TEEREIL T OH T BES e _
¥ | % of F§ 2,12
Valge 2l i 0 - 60 ! Units _1.27 : Min® _ NA
Subsystem Confi.guration_lCondition Nominal Critical : SMe-t“ ﬁedline
(Launch Rules: Time Period/ - ystem .
" Action Notes) Operation Limits Error Limits
' PCM | Meter PCM Meter
. Max ’
Frimary Loop, No Circulation/( 2h.5 | _(2) _l-1.ev] ___|"¢2) | ]
0 lea 3 ° M
no leakage allowed & 70 (2) +1.27 ?b)
Max
______ bt B Rl il EE T
Max
P o e e Ll I R W ﬁl—n ---------
Max
------ s R s R PES——
Min
Details;
l. Violation of Redline:

The violation of the no leakage redline indicates that the integrity of
the Primary Coolant Loop has degraded and that crew safety and mission
requirements will be compromised.,

Rationale:

(a) The occurrence of any glycol leak is not tolerable for the follow-
ing reasons:

1. The eventual loss of the Primary Coolant Loop capabilities,

2. The probable degradation in the thermal insuletion of the
vehicle due to glycol contaimination of the thermal blankets.

3. The probable contamination of electronic equipment in the
vicinity of the leak.

b,

The depositing of a glycol residue which is flammeble and,
therefore, compromises crew safety.

In determining whether or not a lesk exists it must be noted that
variations in pressure within SLA will be evident on GP 9997 U.

. Any continuous decay in pressure must be considered a leak and
is intolerable,.

SNA-8~D=0: 7(II)PT2



Contract No. NAS 9-1100 : . 8
Primary No, 664 ‘ , LED-540a5T EPtember 29? 1969

Measurement GF 9997 U (Cont.)
Details: (Conmt.)

. 2. BRationale: (cont.)

(b) The allowable pressure band shown in Figure GF=13does not include
instrumentation error which is 1.27 PSIA. Fig. GF=l3 presents the
expected range for nominal 70 + 8% £i11 with the accumulstor
spring tolerance added. The pressure reading is to be noted when
the accumulator is set to the nominal value (70%). Any reading

- at 111 which falls outside of the band indicates an improper fill
and must be evaluated. Any significant change from the pressure
at fill, other then due to temperature effects as shown in Fig.
GF-13 must be investigated by a direct reading of the accumulator
level.

3. Backup Values:

GF 2041 X can be used as a backup In the event of a severe legkage.

3-37 SNA=8=D=027(II)E™2
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Contract No., NAS 9-1100

Primary No.664 REDLINE DATA .
SC Effectivity: LM-6 & Sub. LED=540-57 Date: September 29, 1969
Measurement No. . Description:
GF 2921 P ' Press, Redundant Pump Discharge
Point of Contact - GAC: j, Schneider ‘ Ext, 1636
MSC: R. Gillen Ext. 4816
Da?a PSTA . ~ Data Range Accuracy cCuw
Units (—_BCMT T Meter T T :P_?JIIC o Meter | max __mA
Bit ol ' 0 - 60 T % of FS 12 | )
Value —_— ! Units —1_27' ' Min
L S P —
Subsystem Configuration/Gondition Nominal | Critical Meas Redli
{Launch Rules: Time Period/ o o r‘t oy System e e
Action Notes) peration | Limits Error Limits
s PCM _| Meter | PCM Meter
. M
Secondary Loop, No Circula- 25.0 (2) -1.27 ?;) ]
tion/no leakage allowed S 70°F [T '('2-)- '"'_;1'277- T iﬁ}(—e') """"
Max
—— — e e oo —--“-------Min ————————
Max
=== 3 R R - it
Max
ot e e A - p - e an o e == app o =l -M-in- --------
Details:

1, Violation of Redline:

The violation of the no leakage redline indicates that the integrity of
the secondary Coolant Loop has degraded and that crew safety and mission
requirements will be compromised.

2. Rationale:

(a)

In determining whether
or not a leak exists it must be noted the veriations in pressure '
within SLA will be evident on GF 2921 P. Any continuous decay in
pressure must be considered & leak and is intolerable for the
following reasons:

1. The eventual loss of the Secondary Coolant Loop capabilities.

2. The probable degradation in the thermal insulation of the
vehicle due to glycol contamination of the thermal blankets.

3. The probable contamination of electronic equipment in the
vicinity of the leak.

. The depositing of a glycol residue which is flammable and,
. therefore, compromises crew safety.

3-39 SNA-8-D-027(II)P:2



Contract No. NAS 9=1100
Primary No. 664 September 29, 1969

LED~540=57

Measurements GF 2921 P ( Cont.)
Details: (Cont.)

2. Rationale: (cont.)

(b} The allowable pressure band shown in Figure GF-14 does not in-
clude instrumentation error which is 1.27 PSIA. Fig. GP-1L4
presents the expected range for a nominal 80 % 5% fill with
the accumulator spriag tolerance added. The pressure reading
is to be noted when the accumulator is set to the nominal
value (80%). Any reading at f£ill which falls outside of the
band indicates an improper fill and must be evaluated. Any
significant change from the pressure at fill, other than due
to temperature effects as shown in Fig. GF-1L4, must be in-
vestigated by a direct reading of the accumulator level.

(e} GF 2921 P is part of a combination measurement and can not
be monitored past closeout because the secondary glycol loop
must be selected in order to obtain a reading from this measure-
mentl N

3. Backup Values:

GF 20L2 can be used as a back up in the event of severe leakage.

3-40 SNA-8-D-027(II)PT2
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Contract No. NAS 9-1100
Primary No., 664 September 29,1969

LED=540=57

EXPTANATION OF USE OF GF 8 & 11

Tn order to determine th WGMD reading required at launch for a glven WQMD
(%/nr) leakage the following steps are taken:

1.

2.

Enter curves for descent or ascent gas leakage GF 8 or 11.
Determine WGMD (%/hr) leskage from telemetry.

Select appropriate scale on horizontal axis, Take exponent of
WAMD leakage and determine value of M, for example: 1072 = 10'M +2
then M = 7.

Read up to line for initial WQMD reading used in leakage calculation.

Then read across to determine N2 leakage using M determined in (3)

Go to appropriate graph of N Vs WQMD required at launch GF 9 or
GF 12.

If WOMD reading at launch is equasl to or greater than WQMD reading
using above method Vehicle is go for launch.
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GUIDANCE NAVIGATION AND CONTROL SUBSYSTEM



Contract No. NAS 9-1100

Primary wNo, 664 REDLINE DATA

SC Effectivity: IM-6 & Sub. LED-540-57 Date; September 29, 1969
Measurement No. Description:
GG 2300 T Temp. PIPA
Point of Contact - GAC: R. Kerr Ext. 1713
MSC: R, Parker Ext, L4701
Da!:a . \ Data Range Accuracy cLw
Crits LI TEMC CI GBI T eH ST maa e m
it ! I % of FS B
Value —08_ }120 to 140 Unite 12T Min N8
. ips Meas
Subsystem Configuration/Condition . :
(Launch Rules; Time Period/ Nominal | Critical System Redline
Action Notes) QOperation Limits Error Limita
i PCM | Meter PCM Meter
Max
132.1 NA 132.1
STDBY: To T-10 min. 130.5 | 1321 LW -—"--"“3 ---------
128.4 | ma M
Max
______ bt EED DD I SR
Max
b= - - m el e e e - - ——— 4
Min
Max
------ P e e o o e - - -M-ln-----ﬂ-—d
Details;
1. Violation of Redline:

Viclation of the redlines could be indicative of a malfunction in the
PGNS thermal control circuitry which would result in degraded PGNS
guidance performance,

Rationale:

The critical and the redline limits were established based on speci-
fication values of the PGNS thermal control circuitry; i.e., 130.5

+ 1.F - 2,0°F. To account for instrumentation errors, another
uncertainty of *0.1°F was added to arrive at the above redlines of
130.5 + 1.6°F - 2,1°F. These values apply during stabilized conditions
only; i.e., when the temperatures have stabilized.

Backup Values:

If the above critical limits (130.5 + 1.6 - 2.1°F) are exceeded, the
cause must be understood prior t¢ launch.

If the limits of 120 or 1LO°F are exceeded, the inertial parameters
must be measured prior to launch and recalibrated.

3-43
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STABILIZATION AND CONTROL SECTION
CONTROL ELECTRONICS SECTION



Contract No. NAS 9-1100

Primary No, 664 ;.. REDLIPﬂE DATA Amendment 1
SC Effectivity;: LM~ 6 ind Sub. LED-540-57 Date: November 5, 1969
Measurement No. Description:
GH 1230 X Ascent Engine Arm (from PNL.)
Point of Contact - cAC: D. Anderson Ext. 1874
MSC: D. Shelton : Ext. 4701
Data . ¢ \ Data Range Accuracy . cLw
Units  BYSBE - oy T FOGRE T T WER- o BEG ] max M
Bit NA ! 1 %of FS_NA | . NA
Value ] NA | Units _NA Min
- ‘ | Meas
Su(bsygter}:: Co:xfx;ur.atxonICQndxtion Nominal Critical System Redline
Launch Rules: Time Period/ Operation | Limits Error Limits
Action Notes) FCM | Meier | PCM [ Mel
. Max
To T-10 min. OFF(0) f==w=-] - - - A OREQO)
NA | OFF(0)
Max
______ et EEELE [ R LR
Max
----- s e e e e o e we e oy nl—rl-—-—————i
Max
P o e e e - o ?“In- --------

Details.
1. Violation of Redlines:

Violation of the redline could be indicative of a malfunction of the
Engine Arm Switch 181 which could result in premature arming and possibly
premature firing of the ascent engine. Crew safety and accomplishment

of mission objectives could be comprimised by such a malfunction.

2. R:'ationale:

A single point failure, short of one contact of the arm switch, will
give the instrumentation indication. When 4CB37, Engine Arm, is ener-
gized the ascent engine will arm which will make it possible to pre-
maturely fire the engine should the next associated failure, a shorted
contact in K12 or K207 occur. (Reference Figure GH-1.)

When the instrumentation indication occurs it cannot be distinguished
whether it 1s an instrumentation failure or a hardware failure.

The GG 0001 X PNGS Downlink Data 1s a backup measurement but it cannot
be utilized during the countdown since the computer is not operating.
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Contract No., NAS 9-1100 L
Primary No, 664 LED~540-57 September 29, 1969

SCEA PCM ——> GH 1230 X

¥  ENG. ARM

SWITCH 151
== CA2

|| ENG.
l !me LGC o PcM |5
GG 0001 X

PNGS DOWN-
LINK DATA

FIGURE GH-1. SCHEMATIC - GH 1230 X ASCENT ENGINE ARM
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Contract No. NAS 9-1100

Primary No. 664
SC Effectivity: IM-6 & Sub.

REDLINE DATA
IED-540-57

Date; September 29, ;9?9

Measurement No, Description:

GH 1418 V Through GH 1433 V Jet Driver Outputs

Point of Contact - GAC: D. Anderson Ext. 187h
MSc: D. Shelton Ext. L4701
¥ .
Dt Event h.. DB [T Acwsy | cuw
ni be—BOM_ T _Meter T T HCHM_TTC MAGF ] Max _ I
Bit " ] %of FS_NA |
Value n_oo» Units —TE | Min . HA
Subsystem Configuration/Condition Meas ;
(Launch Rules: Time Period/ Nominal | Critical System Redline
. rie Operation Limits Error Limits
Action Notes) BCM | Meter | BCM [ e
Max \
NA OFF (0
To T-10 min. OFF (O) [~ ~—~ "1 S . -BQ_SP-(_O """"
Max
______ i B [ Pl it
Max
P> om o e o - S e SRl em e S e ﬁrn- - g am e - - -
Max
p S - - adkedl o KL L N et ettt -
Min
Details:
1, Violation of Redlines:

Violation of the redline would be cause f6r a hold or scrub in the
launch since 'a change of state could be indicative of either an in-
strumentation or subsystem failure. Mission success would be com-
promised by early termination of the planned mission. (Ref. FMR 28-21).

Rationale:

These measurements indicate the status of the ATCA Jet Driver cutputs
to the RCS engines. Absence of an "on" (1) indication precludes a
particular RCS jet from being on when the system is activated, A
single point failure could cause the redline violation which cannot
be distinguished between an instrumentation or subsystem failure.
(Reference Figure GH-2).

If a subsystem failure did exist, the planned mission could not be
performed (ref. FMR 28-21) and mission suctess would be compromised.

GH 1418 X thru GH 1433 X Driver Outputs - RCS Jets have experienced false
instrumentation indications. Bias resistors have been added to these
measurements from the CWEA and Sig. Cond. #1 ckt breakers thus biasing
the SCEA buffer ckt off. However during pre-launch the CWEA ckt breaker
line does not have power applied while the Sig. Cond. #1 ckt breaker doeg
have power applied. Thus GH 1418, 20, 23, 2k, 26, 29, 31, 33 X IMP

RCS Jets can have false instrumentation indications on the pad.
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Contract No. NAS 9-1100 | ' Septembe ,
Primary No. 66k ‘ - eptember 29’.1969'

IED-540.57
Measurements GH 1418 V Through GH 1433 V (Cont.)

Deteils: (Cont.)

2. Rationale: (cont.)

Alternate measurements are not availeble during the prelsunch count-
down to provide backup data for the above discrete measurements,
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Contract No. NAS 9-1100
Primary No. 664 -
LED=540~57 September 29, 1969 -

o JEWw
I |
| | GH 1418 V
+D28 . | i
ﬁsl — |  PRIMARY | SOLENOID '
| o ! FUEL VALVE DRIVER
1 4cB42 ; l JET COMMAND
I | (INPUT)
{
| PRIMARY L/ | |
2  OXID VALVE |
4 i |
P - = = = =
i ) . |
N
-D i
SCEA |
e
SCEA PCM i _
PCM

THRUST CHAMBER PRESS

(TYPICAL OF ALL JET DRIVER OUTPUTS)

FIGURE GH-2. SCHEMATIC - GH 1412 V THROUGH GH 1433 V

JET DRIVER OUTPUTS
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Contract No. NAS 9-1100
Primary No. 664

REDLINE DATA

SC Effectivity: IM-7 LED-540-57 Date: March 9, 1970
Measurement No. Description:
GI 3301 T ASA Temp
Point of Contact - GAC: W. Nufer Ext187h4
Msc: P. Kurten Ext. 4701
Da?a DEG.F. ' _ Data Range Accuracy cCuWw
Units Lo PCM_ " T “Meter “[” T HEM_ 7T Méter J max MA
Bit .78 120 to 200 | b of FS , T
Value ‘e [ Units | Min
. : ‘os Meas -
Subsystem Con.ﬁgur.anon_/Co.ndl.t:.on Nominal | Critical System Redline
{Launch Rules: Time Period/ o R Li Limit
Action Notes) peration imits Error imits
PCM | Meter PCM Meter
TED Max
OFF (Post-Cabin Closeout) TED dalintuiaint 7 e ity 5 bt il 1
TED TED
TBD M
Standby/Operate (Pre-Cabin TBD e e L ﬁ%@) _______
Closeout) TED I NA TED
Max
____________ bt P ILE EET LR
Max
------ R KV N

Details:

1., Violation of Redline:

Violation of the redlines is indicative of heater temperature control
degradation which mey compromise completion of mission objectives.

Rationale:

AGS in Standby/Operate Mode:

Errors in the ASA temperature reading may be divided into two
"Set Point" and "Stebility" errors.
the individual ASA mounting block temperature which is determined by
the initial temperature measurement of the individual ASA during

Set Point errors are function of the individusl

ASA and tend to remain constant.
the range of 114,0° to 126,0°F,
TED

groups:
vehicle testing.
been determined to be

limits of +3°F,

+3,2°F,

AGS in OFF Mode:

For the "OFF" condition a Tap
for ILM-7 with the same redline PHfits of #3.2°F,

Al]l ABA T,

In effect, once the set point errors for a given ASA-

SCEA-PCMTEA combination is established in vehicle testing, the variations
from the new readout nominally should remain within +3°F.
PCM/ACE readout resolution of #0,8°F the redline has been defined as

value of

For IM-7 the actual TSET
For the stability errors about T
the NASA/GAC Joint Panel Meeting #18 on May 18, 1967 established

The Set Point, Tgprs is

values will fall within
value has

e

Based on the

TBD has been determined’
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Contract No, NAS 9-1100
Primary No., 664

IED_Sho_s? ‘ Harch 9,, 1970

Measurement GI 3301 T (Cont.)

Details: (cont.)

3.

Backup Values:

There will be a degradation of ASA performance with devistion of
temperature, This performance degradation cannot be accurately
predicted, however should the redlines be violated during the pre-
launch period and subsequently returned to normal, there is no
reason to suspect that the ASA would not operate properly. ASA
temperatures of 30°F end 160°F are presently considered the "destruct
temperatures” beyond which permanent demage results.
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Contract No. NAS §-1100

Primary No 664 REDLINE DATA ;
SC Effectivity: IM-g and Sub. . LED'5’1-0'57 Date: September 29, 1969
Measurement No. Description:
GL 0400 X Internal Osc. Failure Detect Sig No. 1
Point of Contact - . GAC: L, Wolfschmidt . Ext. 3672
MSC: D. O'Brien ‘ Ext. 2848
Data Event : Data Range Accuracy cL W
unite === TTTECMT T DMeter TD T ECM_ TTC Meter | Max A
Bit A ! NA 1 % of FS NA NA
Value —_— | Units ] M.i.n -
Configuration/Conditi - Meas
Su{;syater;t 01 1'gur_at1on ctn ition | ominal Critical System . Redline
Launc iu .es.ﬁgxme Period/ Operation | Limits Error Limits
ction Notes) PCM | Meter | PCM Meter
Max
During System Operation OFF(0) | - ___l | MA_{____Jorr(o) ____ .
A (o
Max
“““““ TTTTYT T T M T T T T
Max
_______ Eiatteh Sk Evrebl EEtebt
Max
----------- - - -L{—lrl_--------
Details:
1. Violation of Redline:

Violation of the redline is indicative of either a degradation/failure
of the PUMIEA internal oscillator, or a detector failure. The failure
of the PCMTEA internal oscillator precludes the transmission of PCM data
when the LGC is "OFF" (or failed). A detector failure is of minimum
consequence in the mission and/or in the countdown.

Rationale:

When the LGC is OFF and PCM data is being received, then the PCMTEA
internal oscillator is operational. The redline value was established

in order to detect a possible degradation in the PCMIEA internal
oscillator by monitoring the output of the Detector Buffer (downstream
of the PCMTEA oscillator)}. The Detector Buffer output (nominally 6 VDC)
is fed to the Schmitt Triggers (Threshold = 2.25 VDC) which feed the
Timing Counter Chains required for PCM data. GL 0400 X receives its
input upstream of the Schmitt Triggers and has a threshold of 2,0 VDC
(i.e., 22,0 VDC = PCM (0), < 2.0 VDC = PCM (1)). Since the thresheold for
GL 0400’ X is only slightly below the threshold required for good PCM data,
there is a possibility that GL O40O X will register & degradation which
may otherwise be unnoticed (theoretically, PCM data degradation occurs
first).

Backup Values:

Refer to GL 0422 V and GL 0423 V,

l

4
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Contract No, NAS 9-1100
Primary No., 66L
SC Effectivity: IM-§ gnd Sub.

REDLINE DATA
LED=540-57

Date:September 29, 1969

Measurement No.

Dencription:

¢

GL 001 V Volt, Calib 85 Pct, HI,
Point of Contact = GAC:; R, Krimsier Ext 3672
MSC; D. O'Brien Ext. 28L48
Data ' Data Range Accuracy C&w
iy vpe o _ D T e ——
LaBCM__ _ = Meter - _PCM__ '- Meter | Max NA
Bit ] T %hof FS__ 53 1 .
value 02 | Oto5 Units —aa7—| Min 1A
Meas
Subsystem Configuration/Condition Norminal Critical System Redline
{Launch Rules: Time Period/ ) o .
Action Notes) Operation | Limits Error Limits
PCM | Meter PCM eter
b2 NA b
To T-10 minutes yoost [ 29 | WA _______.;._9 ________
4. .21 NA 21
Max
___________ et FEILE SEETE
Max
b - am e o e L bttt et ﬁi—n—-- ------
Max
—————— kel ek kY Pty W———
Min

Details:

1. Viclation of Redlire :

Vieclation of the redlines is indicative of a malfunction which affects
the accuracy of all high-level anolog measurements and may result in

data reduction problems.

Rationale:

These levels are the high-level signal, obtained from a precision re-
sistor divider, used to calibrate the high speed gate and the coder.
Operation outsme of these limits indicates a malfunction of the system,
which in turn affects the accuracy of all high-level analog measurements

and would result in a data reduction problem.

a malfunction should be seen with measurement GI 0LoO2 v,

15 Pet HL".

GL 04Ol V has occurred.

Instrumentation accuracies have been included in the critical limit

values.

Backup Values:

No backup values exist.

If no such indication is seen and all high-level analog
measurements behave nominally, then an instrumentation malfunction in

The same indication of
"Volt, Calib
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Contract No. NAS 9-1100
Primary No. 664 -
SC Effectivity: IM-6 and Sub.

REDLINE DATA
LED-540-57

Date: September 29, 1969

Measurement No.

Description:

GL oko2 V Volt, Calib, 15 Pct HL
Point of Contact = GAC : R. Krimsier Ext. 3672
MSC: D. O'Brien Ext, 2848
Data : Data Range Accuracy CL W
Units - P 7FCMT T F TMefer T T THCM_ T T MET | Max M4
Bit H 1 % of FS_.53 | :
value —02_ | Ot05 ' Units 027 | Min
s . ses Meas
Subsystem Configuration/Condition | Nominal | Critical | System Redline
aunc Aut_es. Nu;ne) erio Operation Limits Error Limits
ction Notes PCM | Meter PCM eter
Max
To T-10 minutes .75 | _ .79 | ] M e ]
Min
.71 NA sl
Max
et B B e et
Max
______ SReb ek EEE S Fvraieh ERtebly
Max
T A N

Details:

1, Violation of Redline:

Viclation of the redlines 1s indicative of a malfunction which affects
the accuracy of all high-level analog measurements and may result in

data reduction problems.

These levels are the low high-level signal, obtained from a precision

resistor divider, used to calibrate the high speed gate and the coder,
Operation outside of these 1limits indicate a malfunction of the system
which in turn affects the accuracy of all high-level analog measure-

ments and would result in a data reduction problem.

of a malfunction should be seen with measurement GL OMOLl V, "Volt, Calib
If no such indication is seen and all high-level analog
measurements behave nominally, then an instrumentation malfunction in

Instrumentatiocn accuracies have been included in the critical limit

2. Rationale:
85 Pet HL".
GL 0L02 V has occurred.
values.

3. Backup Values:

No backup values exist.

The same indication
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Contract No. NAS 9-1100
Primary No. 66L
SC Effectivity: IM- 6 and Sub.

REDLINE DATA

IED-5'+O-57 Date:

Measurement No.

Description:

September 29, 1969

GL Ohk22 V Internal Osc. Failure Detect Sig No. 2
GL 0423 V Internal Osc. Failure Detect Sig No. 3
Point of Contact = GAC : L, Wolfschmidt Ext, 3672
MSC: D. 0'Brien Ext. 2048
Data VDO \ Data Range Accuracy cCi&w
Units P = feM” ~ T Meter ~[” — wemi— — - Meter
‘ Lo ECM_ _ | Meter [ _ _PCM” 7T Meter | Max A
Bit ! %of FS__NA .
Value Q2 _ | 0 %0 5.0 Units ‘ Min
. . e Meas
Subsystem Con.ﬁgur'atmn/Co.ndxtmn Nominal Critical System Redline |
(Launch Rules: Time Period/ . g S v
Action Notes) Operation Limits Error Lirmits
PCM | Meter | PCM Meter
Max
LGC OFF T L R -T2 2 B
1.2 A Migo
Max
pimiatntely EEEE EEEES Ftb s CEEE
Max
________________ vl DD
Max
—————— e Lk, TSy L, S——
Min
Details;

1. Violation of Redline:

Violation of the redlines is indicative of either a degradation of the

PCMIEA internal oscillator, or a detector failure.

The failure of the

PCMTEA internal oscillator precludes the transmission of PCM data when

the LGC 1s’ "OFF" (or failed).

sequence in the mission and/or in the countdown.

2. Rationale:

A detector failure is of minimum con-

When the LGC 1s OFF and PCM data is being received, then the PCMIEA

internal oscillator is operational.

The redlime values were established

in order to detect a possible degradation in the PCMTEA internal

oscillator.

The "gray" area outside the redlines may indicate such a

degradation and may expedite the preparation for the possible replace-

ment of the PCMTEA.

3. Backup Values:

No backup values, or other analog measurements, exist which confirm a
partial degradation of the PCMIFA internal oscillator.
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Contract No. NAS 9-1100
Primary No. 66k

REDLINE DATA

SC Effectivity: IM-T LED- 5)4'0- o7 Date; March' 9’ ) 1970
Measurement No. Description:
GN 7563 T Temp., LR Antenna
Point of Contact - GAC: S, Boles/R. Kreis Ext. 1875/3356
MSC: P. Rozas Ext. 3669
Data \ Dat
Units  DEG.F. pem o oo 3‘;8:_ —of o Ageurey  __ | cww
b — _p_c_}_w_ - Meter PCM Mete Max NA
Bit 1.6 [ %of FS_L1.72 1. ] T
Value - 1 *200 1 Units 0.88 ) Min - —
. . i e Meas
b -
s“(z’ stem Configuration/Condition | oo | Critical System Redline
aunch Rules: Time Period/ o ti L Limi
Action Notes) peration imits Error lmits
PCM | Meter PCM Meter
Max
*Evaluate any increase from Ambient | NA _ _lNA _Jd____Jd__«_|_____|
ambient STA Temperature o - Nﬂgs
Max
______ el Ll b EE (TRl Dt
Max
------ — e e o e e —Mi—n——ﬂ ek e
Max
————— s o e e el e o - = - -M-{;—--d--——d

Details.

l. Violation of Redlines:

Exceeding the redline values is indicative of the LR heater degradation

These conditions may compromise the satisfac-
tion of the mission requirements.

or heater on/off failure.

The LR antenna temperature measurement reading is nominally ambient.
Should the sensor (GN7563T) temperature drop to 62°F or below, the
heater low trip-level would be activated driving the temperature up

values as the instrumentation errors are not included.

2. Rationale:
to 66°F.
3. Backup Values:

The CRT readings, however, may not correspond to these

Should the LR heater "stick on", the IR antenna electronics package be-
comes permanently damaged if the temperature at GN 7563 T exceeds 1T70°F.
Operation is questionable between 145°F and 170°F.
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Contract No. NAS 9-1100
Primary No, 66k

REDLINE DATA

s LED-540- ‘
SC Effectivity: IM-6 & Sub. SH0-57 Date: September 29, 1969
Measurement No. Description:
GN 7723 T Temp., BR Antenna
Point of Contact - GAC: S. Boles/R. Kreis Ext. 187k/3356
MSC: R. Penner Ext. 3669
Da..ta. DEG.T : Data Range Accuracy C& W
a T [ITEMC CIAREIIL D RE T {060
i I % of FS .79 . -
Value 1.6 ; +200 ! Units 7. 15 : Min _MZ.
Subsystemn Configuration/Condition Nominal Critical SL::;:n Redline
{Launch ﬁ::?:: l'f‘“:‘e)P"md/ Operation | Limite Error Limits
ion Notes ‘ PCM_I| Meter | PCM Meter
Max
Evaluate any increase from Ambient NA NA (2) i
ambient i A - &A 1™~ "7 ™Min N:\ -
Max
bty Bkt DS CEEEE CEE T
Max
"""" IR AR Y "N A
Max
______ utuieh kalabet Ev-Ebls SEL DR

Details:

1, Violation of Redline:

Violation of the redline is indicative of the RR heater degradation or
This condition will compromise the satisfaction of

heater ON failure.
the mission success.

2. Rationale:
As the RR heater is not expected to cycle, any indicated temperature
above ambient is of .concern and should be evaluated.

3. Backup Values:
Should the RR heater "stick on", the RR antenna electronics package
becomes permanently damaged if the temperature exceeds 175°F. The
RR survival heater is activated when the temperature drops to -35°
15°F.

L, C & W:
The Caution & Warning values reflect the critical limits of the RR
electronics in Operate Mode.

3-56 SNA-8-D-027(II)PT2



Sdv - d



ASCENT PROPULSION SUBSYSTEM



Contract No, NAS 9- 1100

Primary No, 66k REI?EI]SI_I% 012%% A
SC Effectivity: LI 6 & Sub. NASA DATA SOURCE Date: [arch 9, 1970
Measurement No. Deacription:
GP Q001 P ' Press, He Supply Tank No., 1
GP 0002 P Press, He Supply Tank No. 2
Point of Contact - GAC: J. Salek Ext. 1661
MSC: C. Humphries Ext. 2786
Data : Data Range . Accuracy CLW
Ui I ET BT DI OEEEIL RN U REE M
Bit H T % of FS_2.14 ,
valie 16,0 4 0 to k000 , Units 0.0 1 Min RTT—
. : i e Meas
s“(b:"’“’:;";‘f‘_g“,;,““'gc?“:‘;m“ Nominal | Critical System Redline
aunc Aztie:x; N::;:) erio Operation |- Limits Error Limits
PCM _| Meter M Meter
To T-10 minutes - a detectabls *3586 Mﬁx)
Leak not bl 3120 @ 120°F|-86.0 \2
eask not acceptable ° Jhaiiadaliaiiads Sonioatiiy Aadiadiatatn kv ouniniay A
P @ 70°F +86.0 Py 4
Max
------ - ey e om ey -——--—M’Tn--———---
Max
______ SRabtt CEDEE WSS DRttt
Max
----------- i YU A

Details:

1. Violation of Redline:

Violation of the maximum redline increases the possibility of a cat-
ostrophic tank failure and compromises crew safety.

Violation of the minimum quantity redline prevents the completion of
required mission objectives.

2. Rationale:

Figure GP-1 presents the maximum redline limit as & function of tempera-
ture for the APS Helium Tanks. In addition, the fracture mechanics '
limit has been presented which establishes the maximum operating pressure
as a function of temperature. To establish a maximum redline limit

1ike that given in Figure GP-1 it becomes necessary to assume a maxi-

mum inflight temperature under nominal conditions. The maximim

allowed inflight temperature for the APS Helium Tank is *120°F.

The minimum redline shown in Figure GP-1 is based on ascent helium
guidelines in Appendix C, Vol. II, Part 2 of the SODB. This quantity
has been determined on the assumption of no detectable leakage.

3. Backup Values:

As the redline defined in Figure GP-1 is exceeded the margin of safety
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Contract No. NAS 9-1100
Primary No. 664 NASA DATA SQURCE Date: March 9, 1970

Measurements GP 0001 P and GP 0002 P (Cont.)

Details: (cont.)

against a catastrophic tank failure becomes less. This is particularly
true of the APS Helium Tanks because there is no automatic relief N
meéchanism for excessive pressures. Therefore, although the predicted
value (~90°F under nominal configurations) for the tank temperatures
lieswell below the 1limit of’120°F, it is strongly recommended that the
maximum redline 1imit not be exceeded. This will insure a margin of
safety both to the crew and the vehicle against abnormal temperature
variations in flight.

Proof Pressure= 4650 psia @ 160°F
Burst Pressure= 5250 psia @ 160°F

4. C & W:

The caution and warning limit alerts the crew to a decay in pressure in
the APS Helium Tanks. This function is used primarily prior to lunar
agscent, It is not required during countdown activities because of the
close monitoring of GP 0001 P and GP 0002 P,

* NASA DATA SOURCE
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Contract No., NAS 9-1100
Primary No. 664

LED-540-57 March 9, 1970
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Contract No. NAS 9-1100
Primary No. 664

SC Effectivity: LM 7

REDLINE DATA
LED-540-57

Date:

March 9, 1970

Measurement No,

GP 0201 T
GP 0202 T

Description:

Temp, He Supply Tank No. 1
Temp, He Supply Tank No. 2

Point of Contact “GAC: M. Durcan

Ext, 1641

MSC: C. Humphries/J. Craig Ext, 2786/3441
Data | Data R
Units DEG. F :--_-C?/I- "a;g:ﬁ'_---——-ﬁ?ficrz“-—" cuy
. Lo M o _e}_er__ l_ - _P_CM Mete Max NA
Bit ) 7R T T
1.6 1Y 4200 | % of FS . ] . NA
Value == . = [ Units _6.86 1| Min
Subsystem Configuration/Condition . fy Meas ;
(Launch Rules; Time Period, Nomm.al Critical System Re.dlfne
Action Notes) Operation Limits Error Limits
PCM | Meter PCM Meter
To T-10 min: *Limits include Max
Instrumentation error. 70°F } -2 _ -4 _(Z)..J - — -] _(__22 _______ .
(2) (2) u)
Max
----------- _-_—-‘—M'E!,‘-—-_-—--
Max
b o e o R S Tvrainh Sl
Max
il R il Y RN M -
Min

Details.

1. Violation of Redlines:

Refer to details for measurements GP 0001 P and CP 0002 p,

Rationale

The maximum allowable inflight temperature is determined from Figure
GP-1 based on the fracture mechanics limit as a function of temperature

and the amount of helium loaded.
to inflight pressurization is 30°F.

The minimum temperature allowed prior
This lower limit is the temperature

value that would cause the temperature to go below -120°F during engine

firing,

This condition, according to regulator test data, is the point

at which the regulator operation becomes unpredictable,
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Contract No, NAS 9;1100
Primary No. 664

SC Effectivity:

LM-7 & Subs.

REDLINE DATA
LED-540-57

Date: March 9, 1970

Measurement No.

Description:

GP 0718 T Temp, Fuel Tank Fuel Bulk
GP 1218 T Temp, Ox Tank Ox Bulk
Point of Contact - GAC: J. Salek /M. Durcan Ext. 1661 /1641
MSC: C. Humphries /J. Craig Ext. 2786 /3441
Data DEG. F. : g DMaRange | ___Accuracy cuw
unite === DO ZECMT T TMeter T TWCM_ TTC Mdter  Max _NA
Bit Jd T % of FS_2.8 .
Value .p.i_ i 20 to 120 1 Units 5.8 : M:Ln —lA
| Meas
Subsystem Configuration/Condition . .
(Launch Rules: Time Period/ Nominal Critical System delfne
Action Notes) Operation Limits Error Limits
_ PCM_| Meter | PCM Meter
To T=10 min: * Limits include {2) 2) }4;: *
Instrunentation error. T°F [~ i e et § Vi T et
' @ | f5%
Max
et EE Rl B L et S E
- Max
S 4= ==1====1zg=-1"-——
Max
___________ - =35 ----
Details:
1. Violation of Redline:

Violation of the Thermal Control redlines will prevent the necessary
inflight response of the passive Thermal Control system to insure
proper system/subsystem performance and adherence to the flight plan
timeline.

Rationale:

These two measurements are two of four Ascent Stage temperature measure-

ments to be used for the Thermal Control redline.
Control Section for supporting rationale.

Refer to the Thermal

Backup Values:

Violating the Thermal Control redlines preclude the guarantee of a safe
inflight temperature profile. This fact becomes significant in light
of the absence of any pressure/temperature monitoring capability during
translunar coast and the inability to detect problems.

The meximum inflight temperature limit for this measurement is 90°F
which insures reliable operation of the Ascent Engine.

The minimum inflight critical limit of 50°F is that temperature for '
which reliable engine operation has been verified. If the temperature
decreases below 50°F, engine operation is possible but less reliable.
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Contract No., NAS 9-1100 o
Primary No. 664 IED~540-57
Measurements GP 0718 T and GP 1218 T (Cont.) March 9, 1970

Details: (cont.)

The qualification limit is 40°F. Engine tests have been accomplshed
as low as 35°F but suffieient data is not available to Justify its
use as a lower limit.

The temperature differential between the fuel and oxidizer must not
exceed 10°F during flight operations,
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Contract No, NAS 9-1100

Primary No. 664 L e
SC Effectivity: J:M‘7

REDLINE DATA ‘
LED-540-57 b March 9, 1970

ate:

Measurement No.

Description:

GP 1501 P Press, Fuel Isol VLV Inlet
GP 1503 P Press, Ox Isol VLV Inlet
Point of Contact - GAC: J. Salek Ext 1661
MSC: R. Taylor Ext. 2786
Data : Data Range Accuracy CL W
units BB P ey T T ORET T T EEN T MEG T Max
Bit ! YT T T T T weiFs 5T T T oo o
Value _l..&_. ' 0 to 250 ! Units 5.5, Mm 12045, 04
; Meas
Su;::z::lecr: g:;z::.glg;:’ion;CQn:i/tmn Nominal Critical System Redline
Actior'l N tees) erio Operation Limits Error Limits
° PCM_| Meter CM_ T Mster
. Max :
To T-10 min. - no leakage Fuel: 162 203 -6 (2) ‘
' allowed Ox: 155 |- ==--1 "= 7T T T T M 4----- T
@ 70°F 77 +6 83
Max
Lt EERT Bl s et
Max
....... el EEEEE bt CEEEE
Max
—————— S s e e -—M—i;——--———d
Details:

1. Violation of Redline:

Violation of the maximum redline will effect the burst disc operation
which would compromise crew safety and may prevent completion of

mission objectives.

Violation of the minimum redline threatens the structural stability of
the propellant tanks and compromises crew safety.

2. Rationale:

Figures GP -2 and GP-3 define the two types of redline limits. The
maximum and minimum redlines protect the APS propellant feed system
from damage. The typical loading curve has been included to define the
pressure/temperature relation so as to alle the determination of leaks.

In addition, Figure GP-2 and GP-3 #ndicate the maximum dedayed solubility

based on the £f1l11l envelope.
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Contract No. NAS 9-1100
Primary No. 664 LED=-5L40-57

Measurements GP 1501 P and GP 1503 P (Cont.)

Harch 9, 1970

Details: (cont.)

The maximum redlire has been developed to protect the integrity of the
propellant tank burst disc, Because the regulator has been designed to
accomplish the same function, the regulator lockup value of 203 psia

is used in determining the redline limit. Should the pressure exceed
the maximum redline limit the burst disc operation will be effected.
Prolonged periods at pressures above 203 psia will cause a variation

in the performance of the burst disc that could lead to premature
rupture at pressures below 226 psia or at nominal operating pressures.

The minimum redline value has been established to insure the structural
stability of the propellant tanks during launch, boost phases and touchdown. .
Should the pressure drop below the redline value, then it is possible for the
launch environment to cause a structurel failure of propellant tank

wall,

Backup Values:

Max. Regulator Lockup 203 psia
Burst Disc Rupture . 226 - 250 psia
Proof Pressure 333 psia

C & W:

The caution and warning level is related to inflight operation of the
APS engine and has no significance during the countdown pericd.
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Contrect No. NAS 9-1100
Primary No. 664
SC Effectivity: IM-6 and Sub.

NASA DATA SOURCE

REDLINE DATA

LED-540=57

Date: ”arCh g, 1970

Measurement No.

GQ 3015 P

Description:

Press, Amb. He Pre-Press Bottle

Point of Contact - GAEC: J. Salek Ext. 1661
MSC: W. Hammock, Jr. /t'/LQ[‘ Ext. 2786
L |
Data | Data Range Accuracy cuxw
Grite A £7 BN DT OEEETL C M-I MEE e
Bit A f %of FS_ 1. t .
Vawe 6:9_ 001750 | Ontte - 37 Min 10
s ‘e Meas
Subsystem Configuration/Condition Nominal | Critical System Redline
{Launch Rul.es: Time Period/ Operation | Limits Error Limits
Action Notes) PCM [ Meter [ PCM [ Mt
Max
To T-10 minutes. Evaluate 1630. . (2) A (2)
any leakage. @ 70°F T T T T T R R LY T
(2) NA (2)
Max
e e R o it il
Max
——————— -— e ey oy -y ﬁl-rl--.i -_ e e e
Max
R R e K )

Details:

1. Violation of Redline:

Violation of the maximum redline increases the possibility of a catas-
trophic tank failure and compromises crew safety.

Figure GQ-1 presents the maximum redline limit as a function of tempera-

of safety against a catastrophic tank failure is reduced.

The maximum redline represents

As the redline is exceeded the margin
This is par-

ticularly true for the Ambient Helium Bottle because there is no auto-

Instrumentation errors

Minimum redline is based on providing sufficient start Bottle He to

2. Rationale:
ture for the Ambient Helium Bottle,
the upper limit of the transducer for this measurement.
matic relief mechanism for excessive pressure.
are included in the figure.
allow engine starte.
3. Backup Values

Maximum Operating Pressure = 1750 PSIA & 100°F

Proof Pressure = 2328 PSIA
Burst Pressure = 2625 PSIA

* NASA DATA SOURCE
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Figure GQ-i1. DPS Ambient Helium Tank
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Contract No. NAS 9-1100
Primary NO. 664

REDLINE DATA

-540- March 9, 1970
SC Effectivity: [M-7 & Subs. LED-540-57 Date: 7s. 22
Measurement No. Description:
GQ 3018 P Press, He Regulator Qut Manifold
GQ 3025 P Press, He Regulator Cut Manifold
Point of Contact - gGAEC: J. Salek Ext, 1661
MSC: W. Hammock, Jr. Ext. 2786
Data ) ' Data Range Accuracy cew
Uit BE 0T mNT DT OBBII[ D FEH_ T MEE ] me 260
i I »of FS_2.03 , >
vale k2. | 0to 300 Units : Min =0
Subsystem Configuration/Condition Nominal Critical SM:t"m Redline
(Launch Rules: Time Period/ e
Action Notes) Operation Limits Error Limits
PCM | Meter | PCM | Meter
After-SHe tank top-off. (No o8p | -6.0 Max
decay allowed after top-off) (2) dalalebabd Rl RS D Lt Tl EEttts
NA NA )
Max
Max
"""" N R DR £ .
Max
R R AR Y T 1

Details:
1., Violation of Redline:
ments.
requirements,
2. Rationale:

pressure increase.

top-off.

When the SHe tank 1s loaded gasecus helium in the SHe tank internal
heat exchanger "chills-down" to supercritical temperatures.
top-off, heat leak effects are expected to cause a nominal 1.0 psia/hr
The rate of pressure increase is related to the
quantity of gaseous helium mass in the manifold at the time of SHe tank
The maximum value at liftoff, based on 2L2 psia regulator
lock-up pressure, is TBD psia including measurement system errors.

maximum pressure value will ensure against regulator lock-up prior to
the 1st DPS burn at1l03.5hrafter launch.
the 1st DPS burn is not allowable due to the possibility of "back-

Exceeding the maximum redline will adversely affect the inflight reg-
ulator performance and compromise the completion of mission require-

Any decay after top-off is indicative of improper manifold configura-
tion (blockage or leak) which may preclude the satisfaction of mission

The nominal pressure in manifold will be approximately 30 psia based
on precluding environmental contamination of the system,
intentional bleed-off, no downward trend is allowable after top-off.

Aside from

After SHe

This

Regulator lock-up prior to

3-69

SNA-8-D-027(II)PI2




Contract No. NAS 9«1100
Primary No. &64 LED-SLI-O-S'T March 9, 1970

Measurements GQ 3018 P and GQ 3025 P (Cont.)

Details: (cont.)

pressuring” the regulator after lock-up. Excessive back-pressure can
cause a permanent shift in the regulator lock-up pressure leading to
off nominal system cperation.

~

3. Backup Values:

No backup values exist.

L, Caution and Warning levels are indicative of a actual failure: 260
indicates regulater failed open, 220 indicates regulator failed closed,

3270 SNA-8=D=027(II)PT2



Contract No, NAS 9-1100

Primary No. 66k

REDLINE DATA

o IM- -540- ' .
SC Effectivity: 7 LED-540-57 Date: March 9, 1970
Measurement No. Description:
GQ 3435 P Press, Supercritical Helium Supply Tank
Point of Contact - GAC J. Salek Ext, 1661
MSC: W. Hemmock, Jr./Z. Kirkland Ext. 2786/4671
1
Data PSIA ) Data Range l_ Accuracy cCuw
Units oY S VT S Y e
' Le BCM_ " T “feter " T FoM T Meter | Max _MA
Bit 8.0 i ., T %of FS 1.8 1 T
Value _— 1 Y- 000 ! Units <£2.Y ] Min
Subsystem Configuration/Condition . . Meas :
(Launch Rules: Time Period/ Nomm.ll Cr.1t1cal System Re.dlfne
Action Notes) Operation | Limits Error Limits
PCM | Meter PCM Meter
To T-0 min: ' acceptable rise L - Max. |-
rate is 6.5 to 10 psi/hr after] .-9_61.._.._8_-d-___.._929.'_..d _____ i
stabilization (6hrs after Min
topoft) Max
pintinels EEELS EEEES [ IREE EE T
Max
p o e e e o e w ) o wm = e o K{-iu-nm-- ——————
Max
_____ U P S (N M
Min
Details.

Violation of Redline

Violation of the redline will exceed the storage tank burst dige
rupture pressure during the mission which could result in a compromise
of crew safety.

See Note 1 for additional backup data.

Rationale

The maximum launch redline value is based upon the SHe tank pressure
not exceeding burst disc rupture pressure 1781 psia, (1881 psia less
engineering uncertainties of 100 psi).
This value utilizes adjusted pressure rise rates determined from test
and analytical results from previous flight data. These values are:
a. For Pad Calculations........c.oveee.. ve...8.55%%psi /hr
b. For Inflight Coast Periods.......es......6.93%%¥psi/hr

The meximum redline is based upon Appendix A, guideline 1.8.1:

Maximum al1owable PresSsSUre. . veeeeeecacenceneennns 1781 psia
Maximum allowable pressure at burn..............1698 psia
(Fig. GQen)

Anticipated coast pressure rise rate.......... 731 psia
(105.5 hrs x 6.93 psi) *x#x
Maximum Liftoff Pressure ,.... 967 p51a_
Less Measurement Error *¥¥¥% - = _g
Launch Redline (max liftoff pressuré)959 psia
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Contract No. NAS 9-1100 March 9, 1970
Primary No. 66k
SC Effectivity IM-7

3. Backup Value

The backup value is based upon the worst case alternate mission duty
cycle defined in Appendix A, guideline 1.8.1

The maximum wackup value based upon the TBD case was established as

follows:
Maximum allowable pressur€......... teterieetersesas 1781 psia
Maximum slloweble at 1st DPS Burn (Fig. GQ-2A).. TED
Anticipated coast pressure rise rate........... .. TED
TOTAL TBD psia_
Less Measurement Error....... Ceretiaanaeas -8 'psia

Backup valuve maximum liftoff pressure.... TBD psia

Anticipated Liftoff Pressure

Topoff at approximately 31.5 before liftoff 8.55 psi/hr...269 psi

TopOff PreSSUrE.sereeneeeseersrasnnnsnnn eraens i 120 psi
SHe tank pressure at opening of launch window = .......... 389 psi
3.3 hour launch window x 8.55 psi/hr.......cc0vu.... Ceeeann 28.2 psi
SHe tank pressure at close of launch window - ............. 417  psi

Therefore, redline mergin (959;h17) =5ﬁ2' psia or 63.5 Firs
8.55 psi/hr of standby time. |

Recycle requirements = Anticipated pressure at close of launch
window (417 psia)+ (48 hrs x 8.55 psi/hr) = 827 psia
Therefore, the maximum redline (959 psia) allows for a

full 48 hour recyecle.

4, Additional Data

Figure GQ-2B shows predicted liftoff pressure vs coast pressure rise
rates for the nominal and alternate missions.

The critical pressures for the SHe tank are as follows:

Maximum storage tank design pressur€............. sees 1710 psia
Burst Disc Rupture PressuresS.....cieisoesceeeecssseenss 1881 - 1967 psis
Tank Proof Pressure......ceeeeees crecastereanssnaeass 227k psia

Tank Burst Pressure.....eeeesessceccees Ceeeeaan cesees.3420 psia
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Contract No. NAS 9-1100  March 9, 1970
Primary No. 66L
8¢ Effectivity: IM-T7

Note 1: A Pressure rise greater than 50 psi within cne hour
after topoff would be indicative of a problem in the
SHe system and must be evaluated. A possible cause
of a pressure rise of this megnitude could be a heat

exchanger which has been blocked due to frozen con-
taminant.

*¥¥CDDT Value

#%¥%CDDT Velue adjusted for flight based upon analytical prediction.
***¥Nominal Mission : plus one additional orbit.
®¥%%%Cglibration of measurement at KSC indicates an error of 5 psi as
compared to GSE instrumentation. Since this is less than the

minimum bit value and cannot be determined by PCM the minimum bit
value of 8 psia was used.
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Primary No, 664

REDLINE DATA

SC Effectivity: LM-7 LED-540-57 Date:  March 9, 1970
Measurement No, Description:

GQ 3611 P Press Engine Interface Fuel

Gq k111 P Press Engine Interface Ox

Point of Contact - GAC: J. Salek Ext, 1661
MSC: W. Hammock, Jr. Ext, 2786
Data : Data Range Accurac
& E§|e -— s e ey . _— en aem e ey by s s - y C&w
Units E.... —BCM_ _ :__e_er___ _— _P...Cg:.;.:_'- Meter ] Max NA
Bit b i %of FS_1.0h | — ~ 7
1.2 ! 0 to 300 ; ) .
Value ! 1 Units __6 201 Min —dia
Subsystem Configuration/Condition . Meas ;
(Launch Rules:; Time Period/ Nominal  Critical System Redline
Action Notes) Operation | Limits Error Limits
PCM | Meter | PCM Meter
. M
To T-10 minutes - Fuel: 130 @375°r | -6 (2)
no leakage allowed a 7635. TTTTTT Ity Aty ﬁfn'(z) """ I
Max
_____ 1---1----dsq-1-----
Max
p == o - e ey o ER A e e ﬁi—;.l ---------
Max
P = - e o e r————-d———--—hl-in- ——————— -

Details;

1. Violation of Redline:

Violation of the maximum redline will effect the burst disc operation
which would compromise crew safety and may prevent completion of mission

objectives.

Rationale:

Figures GQ-3 and GQ-4 present the

and oxidizer pressures.
tion curve in each graph.

redline limits for the fuel
These limits are defined by the pre-pressuriza-

In addition to the maximum redline curves, Figures GQ-3 and GQ-4 show
the target loading curves with the maximum predicted decay due to

helium solubility.

ated with respect to potential leakage.

Any decay in excess of that indicated must be evalu-
It must be noted, however, that

the decay rate due to solubility has been found to be unpredictable be-
cause of a sensitivity to environmental variations (thermal and mechan-
ical). In addition, helium solubility effects must be re-evaluated for
any loaded pressure significantly different,»5 - 10 psia, from the
terget load. An detected leak 1s unacceptable.
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Contract No. NAS 9-1100
Primary No. 66k

REDLINE DATA

LED-5L0-
SC Effectivity: LM-7 & Subs, PHO-5T Date: March 9, 1970
Measurement No, Descriptien:
GQ 3718 T Temp, Fuel Taenk #1 Fuel Bulk
GQ 3719 T Temp, Fuel Tank #2 Fuel Bulk
GQ 4218 T Temp, Ox Tank #1 Ox Bulk
[ GQ 219 T Temp, Ox Tank #2 Ox Bulk
Point of Contact - GAEC: J. Salek /M. Durcan Ext. 1661 /1641
MSC: W. Hammock, Jr/J. Craig Ext. 2786 /3441
Data : Data Range Accuracy CkWwW
Units PRGE. P ST T T OMenr T TR o M3S ] max . mA
Bit ! 1 %of FS .
Value Ol 1 20 to 120 Units ~T57T | Min _NA__
. ros Meas
S“E’EZ:;ZT :3{‘:‘?";_“‘°"§fc‘f"g‘/“°“ Nominal | Critical System Redline
Acti 5 Nutne) erie Operation | Limits Error Limits
ciion Notes PCM [ Meter | PCM T Meter
To T-10 min. #Limits include (2) 2) h;;i
Instrumentation error. 70°F . L S U ST A DU JU AR I
2 @ N
Max
_—— ] e e
_ Min
Max
o e o ————-————-ﬁi—n——- ————— 4
Max
b—--——---—q-----.ﬁ'?n- ——————— -
Details:
1. Violation of Redline:

Violation of the Thermal Control redlines will prevent the necessary
in-flight response of the passive Thermal Control required to insure
proper system/subsystem performance. Exceeding the upper redline also
violates the fracture mechanics limits imposed on the oxidizer tanks.

Y

Rationale:

The DPS prepellent bulk temperature measurements are used for the
Thermal Control Redline. Refer to the Thermal Control Section for the
supporting rationale. :

Backup Values:

Violating the Thermal Control redline precludes the guarantee of a safe
inflight temperature profile. This fact becomes significant in light
of the absence of any pressure/temperature menitoring capability during
translunar coast and the inability to detect problems.

The maximum temperatures are determined from Figures GQ-3 and GQ-h

based on fracture mechanics analysis corresponding to the maximum opera-
ting pressure of 275 psia (max. burst disc 1imit). The minimum eritical
value of S0°F is that temperature for which reliable engine operation
has been verified. As temperatures drop below 50°F the operation of the
engine becomes less reliable.
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Contract No. NAS 9-1100

Primary No. 66k _ R%’é“fg’fo?%'r* Amendment 1.
SC Effectivity;: IM-6 and Sub. Date; November 5, 1969
Measurement No. Deacription:
GR1101 P Press He Tank A
GR1102 P Press He Tank B
Point of Contact - GAC : J. Dunn Ext. 1681
MSC: W. Karakulko Ext, 4971
Data . Data Range Accuracy cLw
i i Y - P Meter T TFCH” T MAG ] Max _ NA
Bit H l %of FS__ 2.0 . +
value —li_ {0 to 3500 Daite :ﬁ ol Minl7Q0 * 65
Subsystem Configuration/Conditi Meas
u(l!:y! er:Rol 1‘gu;.a onp o'nd:;’ 1°% | Nominal | Critical System Redline
aunc Au £8: Lime Perio Operation | Limits Error Limits
ction Notes) PCM | Meter | PCM T Meter
Max :
To T-10 minutes - 3050 (2) =71 _ (2)
Oo b - g Y M- APl ISR PRI Soad N PR ——
no allowable leakage TO°F (2) NA bnn(e)
Max
______ et EEE L C el S
J Max
P — St EULt Ot EE EEE T
Max
----------- — e e ey -M-ir‘-”----——ﬂ
Details:

l. Violation of Redline:

Violation of the maximum redline increases the possibility of a catas-
trophic tank failure and compromises crew safety.

Violation of the minimum guantity redline prevents the completion of
required mission objectives,

2, Rationale:

Figure GR-1 presents the maximum pressure redline limit as a function
of temperature for the RCS Helium Tanks..  The maximum allowed tempera=
ture after loading is determined by the intersection of the PVT relation-
ship for the particular load and the critical structural limit for the
tenks. The temperature design specifications for the RCS Fuel andoOxi-
dizgr Compartment structure wh%ch houses the RCS Helium Tank is 30 to
130°F. However, since the 130°F temperature is not expected to be
reached during flight, the maximum (Hot case) predicted temperature
of 100°F is used to define the critical BVT relationships. It is highlyt
desirable to stey within the £il1l envelope to reduce the inaccuracy in
the POMD (every l%ooverfill results in a 2% PQMD error with respect
to 3050 psia at 70°F). '

The minimum guantity redline is based on the criteris to deplete RCS
propellants at specification regulator inlet pressures with specificati
leak rates. In addition, it is required that a pressure of 500 psia

be remaining in the helium tank at the time of propellant depletion.
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Contract No, NAS 9-1100

Amendment 1

Primary No. 664 LED-540-57 November 5, 1969

Measurements GR 1101 P and GR 1102 P (Cont.)

Details: (cont.)

3.

Backup Values:

As the redline defined in Figure GR-1 is exceeded the margin of safety
against a catastrophic tank failure becomes less. This is particularly
true of the RCS Helium Tanks because there is no automatic relief
mechanism for excessive pressures.

Figure GR-2 defines the allowable leak rates as a function of time in
the countdown the lesk begins. It must be emphasized that this type
of analysis assumes that the leak will not become greater during
launch. Because of this fact and other factors that are not evident
now, it may be necessary to apply other criteria for launching or
scrubing during the real time evaluation of a detected leak.

The leak rates defined in GR-2 will continue throughout the mission
{145 hrs. 40 min., 1lift-off through docking). The maximum leak rates
acceptable are a function of the time-in-the countdown the leak origi-
nated. The point at which a curve intersects the time-coordinate is
the time the leak started. The graph was developed based on the
following ground rules:

1) Constant area leak (leak rate will not increase as a result
of the launch environment),

2) Complete expulsion of propellants and 500 psia final press-
"ure remaining at the end of the mission,

} Helium temperature remains constant, £ 70°F.

) Temperature of ullage is constant at = LO°F.

) Rate of propellant consumption is linear and occurs over a
total of 8 hrs. (RCS active period)

W

Proof Pressure - 4650 psia
Burst Pressure - 5250 psia

C & W:

The low level Caution alerts the crew to a decay in pressure in the
RCS Helium tanks. This condition may arise as a result of exessive
propellant consumption or leakage. This function is not required
during the countdown activities because of the close monitoring of
GR 1101 P and GR 1102 P,
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Contract No. NAS 9-1100

Primary No., 66L

LED~540-57

September 29, 1969

(Deteils for GR 1101 P and GR 1102 P continued)

I1II

DEVELOPMENT OF MINTMUM HE TANK PRESSURE REDLINE ASSUMING NO
BELTUM LEAKAGE,

1- Meximum Effective Propellant Tank Volume (Oxid and Fuel,
nggim AorB) = M2k in.3  (Ref. IMO-310-315, 7 October
1 . .

2. Assume entire system at LO°F (worst nominal case) with the
regulator output pressure at the maximum nominal value of
184 psia.

3- When all the effective propellant is expelled the amount
of helium in the ullage is:

PV (184) (7u2L
m= R - (12) (386.3% (500) - 0-58936 1tm

k- TInitial ullage volume (minimum) = 336.5 in 3, Prior to
' pressurization, the amount of helium in the ullege is:
_ BV _ (50-6.L 6.5 _
m o= gy = 1373563 = 0.00633 lbm

Hence, the actual mass required to expell the propellant is
(0.58936) - (0.00633) = 0.5830 lbm

- «8-D- 11) PT2
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Contract No. NAS 9-1100
Primary No. 664

LED~540-57

(Details GR 1101 P and GR 1102 P Continued) September 29, 1969

5=~

[

At propellant depletion, 500 psia helium tank pressure
is required or a mass of:

_ BV _ (500) (920) = 0.1985 1bm

"= RT T (12) (356.3) (500

Therefore, the total helium required in the helium tank
prior to pressurization is:

(0.1985) + (0.5830) = 0.7815 1bm at Lo°F

The conversion from the required helium tank mass to the
corresponding helium tank pressure is as follows:

Y _ RT ,
n=F "% B, ~# 0.0:6
P=82 - (0.7815) (386.3) (500)

0 (0.553) = {0.04&Y (0.7808)
P = 2.9199 x 10° 1b/ft°
P = 2027.7 psia @ 4o°F

The minimum helium tank pressure redline is determined by
adding the instrumentation accuracy of 71 psia to insure
the availability of the minimum helium regirement:

P (redline) = 2027.7 + 71 = 2098.7 psia @ 70°F

3-83 SNA-8-D=027(II)PT2
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Contract No., NAS 9-1100

Primary No, 664

REDLINE DATA

LED-540-
SC Etfectivity: LM-7 & Subs. 740-5T Date: March 9, 1970
Measurement No, Ducriptioﬁ:
GR 2121 T Temp, RCS Puel Tank A
GR 2122 T Temp, RCS Fuel Tank B
Point of Contact - GAC: M, Durcan Ext. 1641
MSC: W. Karakulko/J. Craig Ext. 4971/3441
Data \ Data Range Accuracy cLw
onite WAL ©o - monT T oRGD ol CIRECTONMEE e 1
Bit ! 1 of FS 2,
Value 0.l i 20 to120 | Units —o Min _DA__
Subsystem Configuration/Condition Nominal | Critical S:;t:t‘e'm Redline
(Launch i::::r; g;::e.)Period/ Operation | Limits Error Limits
PCM [ Meter T BCM T feter
Max
To T-10 Min: * Limits i.clude (2) (2) BO*
Instrumentation error, 70°  fe===-1 Vil Indiaidats YOt hatule =
GR 2121 T (2) (2) M2k
To T-10 Min: *Limits include Max
Instrumentation error. 70° --LZ-)‘-—-SZ)‘“ R s EE
GR 2122 T : {23 (2) ir1a
Max
_____ - --1---=1pg--1-----
Max
"""" N D Y v i

Details:
1.

Violation of Redline:

Violation of the Thermal Control

inflight

insure proper system/subsystem performance,

redlines will prevent the necessary
response of the passive Thermal Control system required to

These two measurements are two of four Ascent Stage temperature

measurements to be used for the Thermal Control redline.

Refer to

the Themmal Control section for the supporting rationale.

2. Rationale:
3. Backup Values:

Violating the Thermal Control redline precludes the guarantee of a

safe inflight temperature profile.
of the absence of any pressure/tempe
translunar coast and the inability t

The minimum and maximum inf1li

ments are 40°

This facl{ is significant in light
rature monitoring capability during
¢ detect problems,

ght temperature limits for these measure-
- 100°F based on reliable RCS engine performance,

3-86
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Contract No. NAS 9-1100
Primary No. 664

REDLINE DATA

Amendment 1

LED-540~
SC Effectivity: IM-6 and Sub. D=540-57 Date: November 5, 1969
M t No. A Description:
GR°BEETeRt No Press ATRSY Manifold
GR 2202 P Press B Fuel Manifold
GR 3201 P Press A 0xid Manifold
GR 3202 P Press B Oxid Manifold
Point of Contact - GAC M. Durcan Ext. 1641
MSC: W. Karakulko Ext. %971
Data PSTA : Data Range Accuracy cCa w
Units C27BeM” T T "Meter [~ FeM T T Teter Max NA
) - e e e D e e YEEET _—
Bit L ! 1 % of FS 1.04 I : NA
value —dit ;0 to 3500 Units ©.8 | Min - ———
Subsystem Configuration/Condition | .| sh;i::e:n Redline
(Launch ﬁul.es: Time Period/ Operation | Limits Error Limits
ction Notes) PCM | Meter PCM Meter
‘ M
To T - 10 min. - no pressure 50 @ __(_2_) _____ IF_A________CS_)__ ______
decay allowed¥* 70°F (2) NA N%g)
Fuel- allowed increase =* Max
in 28 hrs(no press. in - | = |m=mmmemaeoodooo] gﬁ;g-- ---
crease>.?5 nasi/br) .
Oxidizer- allowed increasef Lﬁ”&
in 28 hrs (no press. in- [T TTT 7 - Min
" crease 7 .15 psi/nr). Max
T T i i 5" 1

Details:.

1., Violation of Redline:

isfaction of mission requirements.’
Rationale:

ation,
translunar coast period.
rate of pressure increase.

* Allow for the following:
(1) 0.9 psi/°F in all manifolds

The viclation of this redline may compromise crew safety and/or the sat-

The occurrence of a pressure increase in any of the RCS manifolds must
be evaluated with respect to the ability of the Interconnect valves to
effectively isolate the APS and RCS systems.
is important with respect to possible helium ingestion by the RCS mani-
fold during translunar coast, which could lead to improper thruster oper-
The redline rate of pressure increase prior to opening the Iscla-
tion valves has been determined to indicate when a leak is capable of
allowing a detrimental amount of helium ingestion during the "zero - g,"
The redline rate of pressure increase is valid
from the time of RCS manifold loading to T -~ 10 minutes,
liquid leak rate, opening the Isolation valves has a small effect on the
Based on this fact it is not necessary to
change the redline rate after the Isolation valves have been opened,

(2) 24 hrs, for solubility stabilization after filling manifold.

Such a lack of isolation

For the same

3-87
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Contract No. NAS 9-1100 Amendment 1
Primary No. 664 November 5, 1969

LED-540-57
Measurements GR 2201 P, GR 2202 P, GR 3201 P, and GR 3202 P {(cont.)
Rationale: (cont.)

Should the redline rate of increase be violated it is recommended that
the Interconnect valve configuration be altered such that the open set
of Interconnect valves be closed and the closed set opened. It must be
emphasized that temperature effects must be accounted for in evaluating
either pressure increase or decrease. It is also necessary to allow
sufficient time, approximately 24 hours, for solubility stabilization
after the manifolds have been loaded.

The occurrence of a decay in pressure due to leakage is objec-
tionable from the standpoint it could be due to a propellant leak,
and, therefore, may compromise launch crew safety. However, a
helium leak from the RCS tank ullage volume would have the same
effect on pressure as a propellant leak., The probability of a
helium leak is greater than that of propellant. The existence
of a helium or propellant leak is objectionable from the stand-
point that it is occurring at a pressure less than operating
pressure. Any such leak will be increased upon system press-
urization and at that time may exceed what is allowable to
coemplete the mission or may endanger crew safety.

The pressure/temperature relationship for the manifolds is shown

in figures GR-3 and GR-4 and is based on the quantity of propellant
loaded. These curves allow evaluation of variations in parameters
which may occur., Any pressure variations observed during the count-
down should be in consonance with the trend shown in figures GR-3 and
GR-4. Pressure increases higher than those shown could be indicative
of leakage from the He Supply into the propellant tanks or through the

interconnect valves. Pressure decay greater than shown could be
indicative of He leakage or propellant leakage.

3-88 SNA-8-D-027(II)PT2



Contract No. NAS 9-1100 LED-540~57

Primary No. 664 March 9, 1970
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Contract No. NAS 9-1100 LED-540-57
Primary No. 664

.90 .

60 b

0
0

7
-1@0
5
4
2

= ) ..
PN .;imm.“, .
S NI A i

AT AT D e
d TOTZ ¥9 % d T0ZZ ¥9-(VISd) @a

1

iy
?0
I8
90

I

8

i

y

1

i o {
. |
:.““,:..“.._.::
_. :
' i ' |
T i INESSEIRT! :
j AN : :
: L ;
Rl ' :
' . i -
[ERRTSY PP SN o o o
i . | I -
: ’ i
w - ’ 1t o ..Lmi
, i . Q
[ : : ; Q-
: i . i T ~
i N g “ ¥ _ et
I g ! : N _ )
ESE | M i ] R o
L W L m o
| . - ! Rl
» SR i R 3
——— — e Ml.lll lwll o Sy o . i ! i
1 i : i ;
m i t u [EEET TR il .mx N
i | : ! v ; i
— o e 1 : | i ¥
1 R | g j Sy o r
T : , ) — _
: i - H [
L O JRE < 1) ! ot
; ' ! ! el @ i ﬁ.
{ U : oo L -
' 1 e 1 T -.01
. i i_r. nnw @ -} . Lok
: i ; | ;
N ] ! 1 — . i .
] . [ fio ;
. i ST bl IS INAOY SO
. i ! oo, : [
! 1 I o~ i i
: £ o —-—
i R Ha N
A [OUTR DS P P T * e U
_ ] Do | | j
; ! S ; | 1 : :
L A LR ON TOREE I 4 . : O
, . t : * #. !
| i ; '
. i 1 |
T u _ I
i ; “_ & . i a_ T Yy
| : ! [ [ ! .
N : : 1 ) R . Ao _ By i
! : HENEE SEOY A DS ht I L L i
O TS O 0L s At _ R A 11‘* _, ;ﬂ.;

Ly
nsss

e [=20h
: .,.6.:.%-5.%
RS PP

CAia0fi50

BN
= 40

- 30
i

X d-

Figure GR-4, Variation of Ullage Pressure vs.
Propellant Temperature with Quantity of Fuel
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Contract No. NAS 9-11.00
Primary No. 664

REDLINE DATA

SC Effectivity: IM-6 & Sub. LED-5L0-57 Date; September 29, 1969
Measurement No, Description:
GT ohksh T Temp, S-Band Steerable Ant.
Point of Contact - GAC: P, Bender Ext. 3356
MSC: R. H. Dietz/D. Rhoades Ext. 4063
L §
3:::‘ DEG.F. :....._2“' Ra#g:_____ ___!_\c:'furacy_ e Ck w
: b = ECM_ _  _Meter | _ PCM__ T - Meter 1 Max 154
Bit 1.6 | 000 T %of FS_2.0L |, , 60
Value e ' - | Unita 11.75 ' M.“' ————
Sub Meas
ubsystem Configuration/Condition Nominal Critical System Redline
(Launch Rules: Time Period/ i
Action Notes) Operation | Limits Error Limits
PCM | Meter PCM Meter
Evaluate any increase from Ambient NA h??é |
ambient ~ {TTTTTRY peSme =y i iy § v'r'uinde intadedeint
NA NA NA
Max
piniaiebds EEEEE EEREE [ TR ST
Max
R —— P R — ik L 1
Max
R R Y R l
Details:
1. Violation of Redline:

Exceeding the redline
heater degradation or

value is indicative of the S-Band gteerable
heater on/off failure.

These conditions may

steerable antenna is not expected to cycle.

the satisfacticn of the mission requirements.

Any indicateq

temp above ambient is of concern and should be investigated.

compromise

2. Rationale:
The S-Band

3. Backup Values:

Should the S-Band heater stick on the antenna electronics package
will be permanently damaged i1f temp exceeds 195°F.
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Contract No, NAS 9-1100
Primary No. 664 REDLINE DATA

SC Effectivity: IM-6 and Syp,  LED-540-57 Date: September 20,. 1969

Measurement No. Description:
GY 0201 X ED System A Relay Transfer
GY 0202 X ED System B Relay Transfer
Point of Contact - gAC: - W. Sloan Ext. 1381
MSC: - A. €ampos Ext. 2846
Data : Data Range Accuracy Ck w
gf‘t‘“ Event. F::ECEC —pMeter T TTPCM_ T Méter I Max _NA
i 1 % of FS__NA .
Value DA i NA ! Units : Min
. . e Meas
Su&s;ystem Conngur.anon/C?ndJ.tmn Nominal Critical System Redline
aunch Rules: Time Period/ o . i ;
) peration Limits Error Limits
Action Notes) BCM | Meier | PCM [ e
!uax(o)
) NA QFF
To T-10 minutes OFF (0) [~~~ 777 ek el FY " wvin it y
NA ¥ (0)
Max
—————— -_— e = o g _-—---Min-----—-_
Max
______ el Rt Evirutas Rttt
J Max
- — o ———— aiaiuiut atates b v iwt pitlt .

Details; An OFF(0) indication 1s required throughout the countdown to verify
system status. PCM '0" indicates that none of the relays of EED System

A/B (K1 to K6) have inadvertently transferred. PCM "1" indicates that one
or more of the relays (K1 to K6) may have Inadvertently transferred.

Prior to cabin closeout an anomalous GY 0201 X or GY 0202 X must
be investigated. Subsequent to cabin closeout, an "ON" indication cannot
be considered as an instrumentation failure and must be investigated. The
appearance of an "ON" means that the "Pyro Bus A and/or B" may have been
inadvertently powered up and that any subsequent inadvertent relay closure
would cause unwanted pyrotechnic ignition leading to total or partial staging
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Contract No. NAS 9-1100 5
+ REDLINE DATA
Primary No, 664 LED-IB\LO-S"(

SC Effectivity: LM-7 & Subs, Date., March 7, 1970

Measurement No. " Description:

A/S * Bulk Fluid Temperatures

Point of Contact - GAC : M.Durcan

Ext, 1641
MSC: J.Craig/A,Joslyn Ext. 3441
Data . Data Range Accuracy cCuv Ww
nits DEGE P SCMT I Mens [ — ECMZTTU M Max NA
Bit ) 1 % of FS i Min A
Value ¢ ! (2) ! NA Units ¥ 1 i
. . . Meas
Subsystem Conﬁgur-at:onlCc!nditmn Nominal Critical System Redline -
(Launch Rules: Time Period/ Operation | Limits Error Limits
Action Notes) PCM_T Meter | BCM eter
Max
To T-10 min:* Limits include 2) | % (2)* ]
Instrumentation error. 70°F [TTRT=t s - == 'ﬁ& 1T
(2) * ) *
Max
___________ bl Evotl EEE
Max
______ pinbiet L LD CEEETS
Max
e = - et I RS SN S — -
Min
Details:

1. Violation of Redline:

Violation of the upper redline limit can result in overpressurization

of pressure vessels during the mission.Violation of the

lower redline 1limit can result in exceeding minimum allowable equipment
temperatures.

2, Rationale:
The maximum redline limit is established based on LTA~

and mission thermal analysis which indicate that
(i.e., limit of attitude envelope)} can result in

could result in overpressurization of pressure vessels during the
wission.Similar analysis indicate exceeding the lower redline limit

could result in freezing water lines and exceeding other subsystem
temperature limits. Actual tank temperatures must not exceed redlinel
limits at _launch.

To insure that the above requirements are satisfied at launch, the follow-

ing measurements are to be used to determine the ascent Stage tempera-
tures.

8 test results
"hot case" conditions

Pressure spikes which

Data Range Redline
Min Max
GP 0718 T Temp, Fuel Tank (Bulk) 20 to 120 65:}? 75:F
GP 1218 T Temp, Ox Tank (Bulk) , : 65°F 75°F
GR 2121 T Temp, RCS Fuel Tank A 20 to 120 65°F BO°F

GR 2122 T Temp, RCS Fuel Tank B 65°F go'F
Accuracy determination to be made by KSC. Refer to IMR for corrected values.
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Contract No. NAS 9-1100
Primary No, AGL
SC Effectivity: | M-7 & Subs.

REDLINE DATA

LED-540-57 Date: [arch 9, 1970

Measurement No, Description:

D/S * Bulk Fluid Temperatures

Point of Contact -GAC: M, Durcan Ext. 1641
MSC: J.Craig/A.Joslyn Ext. 344
Data : Data Range Accurac
X - _ oata Range =~ y cCLw
Units LREG.F E__Ii M_ _ :_hiet_er _ _P?:I\-ﬂ- __: T,(:Ee_ n Max NA
Bit ! 1 Hmof FS____ _+ |
Value ﬁ_ : 20-120 1 NA Units *% I' Mi.n NA
. . L. B Meas
Subsyst Conf
u(E;Lsmer:Ro 1Igur‘anonlCo.nd1non Nominal | Critical System Redline
c ules: Time Period, o ti Lirni
Action Notes) peration Limits Error imits
PCM | Meter PCM ete
lo T-10 min: **Limits include 75 Max
[nstrumentation error. 70°F }t---=- d A Q5ax
65 ey Min
65%%
Max
______ P U PRI P,
Min
Max
----- 1 ---1----1sqa--1-----
Max
uiuintutet chatabets Rt [V Sl SE bty
Details.

1. Violation of Redline:

Violation of the upper redline limit can result in overpressurization
of pressure vessels during the mission.

Violation of the lower redline limit can result in exceeding minimum
allowable equipment temperatures.

Rationale:

The maximum redline is established based on LTA-8 test results and
mission thermal analysis which indicate that "hot case"™ conditioms
(i.e.,limit of attitude envelope) can result inpressure spikes which
could result in overpressurization of pressure vessels.,

Similar analysis indicate that exceeding the lower redline limit

could result in exceeding minimum subsystem temperature limits.

tank temperatures must not exceed the critical limits.
To insure that the above requirements are satisfied,the following
measurements are used during prelaunch;

GQ 3718 T Temp Fuel Tank #1 (Bulk).

GQ 3719 T Temp Fuel Tank #2 (Bulk)
' GQ 4218 T Temp Ox Tank #1 (Bulk)

GQ 4219 T Temp Ox Tank #2 (Bulk)

*% Accuracy determination to be made by KSC during propellant loading.
Refer to LMR for corrected values.
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Contract No. NAS 9-1100 ' March 9, 1970

Primary No. 664 LED-540-5T7

Backup Value:

The maximum redline value may be exceeded during countdown provided the tank
conditions are returned to within acceptable limits at liftoff. A tempera-
ture (and corresponding pressure) excursion of this type constitutes an addi-

tional pressure cycle, therefore the allowable contingency cycles must be
reduced accordingly.

In no event, however, is the maximum redline value to be in violation at
liftoff.

No backup value exists for the minimum redline value imposed by thermal con-
trol.
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GUIDELINES FOR MISSION DEPENDENT REDLINES



March 9, 1970

APPENDIX A

GUIDELINES FOR MISSION DEPENDENT REDLINES
H-2 TYPE MISSION

The guidelines described herein are to be used to establish H-2
Mission redline values for Mission Dependent Consumables. The guide-
lines are based on a nominal mission as described in the Apollo 13 Flight_
Plan and Flight Mission Rules or an alternate mission, whichever is worse,
with a single point failure. Requirements for PLSS refills shall be based
upon the latest revisions to the CSM/LM SODB, Volume II, Part 1 LM Data

Book and Volume IV, EMU Data Book.

Mandatory objectives which are to be considered in developing the
redlines, as well as Section 2.0, Subsystem Requirements, are those
beginning with objective F, "Photographs of Candidate Exploration Sites"
(Censorinus only) and higher priorities. The ériority listing of these
objectives are contained in the H-2 Mission Requirements document, SPD9-R-053,

latest date of issue.

1.0 LM~7 Consumable Guidelines

1.1 Ascent Batteries - Redline to be based on the worst cf elther
case outlines in 1.1.1 and 1.1.2 below.

1.1.1 A minimum battery energy capacity shall be established
to allow completion of powered descent to the lunar sur-
face; ascent from the lunar surface at T2 . (PDI + 23 min);
rendezvous, docking and crew transfer. Rendezvous thru
docking requires 5.6 hours. This determination shall be
based on the failure of one ascent battery immediately
after coomitting to land and the assumption that lift-off
from the lunar surface will occur in the powered-up mode
at T2 (approximately 55 amp average), with switchover to
a LM active powered-down mode (approximately 40 amp average),
as soon as possible without compromise to crew safety. See
SODB Vol. II Part 1, Section 4.4, for the rated amp-hrs for
a one-battery two-bus configurationm.

A-1 SNA-8-D-027(II)PT2



1.2

1.3

1.1.2

March 9, 1970

A minimum battery energy capacity redline shall be es-
tablished to accomplish a 2-hour lunar stay (in-phase
lift-off) rendezvous; docking, crew transfer, plus an
orbital reserve of 2 hours based on loss of all descent
battery capacity during the latter part of the lunar
landing or anytime during lunar stay. Lift-off and ren-
dezvous will occur in the powered-up mode,

Descent Batteries

1.2.1

1.2,2

1.2.3

Ascent

1.3.1

1.3.2

1.3.3

1.3.4

1.3.5

The minimum battery capacity shall be established
based upon conducting a nominal mission with a failure
of one battery at launch.

A backup value for battery capacity shall be established
based upon conducting a nominal mission with lunar stay
reserve of 2 hours in powered-up mode.

Assumptions

For the redline case, assume that the AC loads are turned-
off and asscciated DC power—-off at lunar touchdown.

For the backup value, assume that the AC loads remain
on after touchdown:

Water

A minimum redline shall be established based on one of
the following conditions, whichever is worse.

The minimum redline shall be established based on allowing
completion of the nominal mission profile through landing;
with 1lift-off at the first revolution opportunity; plus an
orbital reserve of 2 hours; with the loss of the descent
tank immediately after PDI.

Failure of one ascent tank at switchover prior to nominal
ascent.

A minimum GN; redline shall be established based upon dis-

placing the ascent water requirement established in 1.3.2
or 1.3.3.

A backup value for GNy shall be established based upon dis-
placing the nominal load ascent water.

SNA-8-D-027(II)PT2
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1.5

ll6

1.7

March 9, 1970

Descent Water

l.4.1

1.4.2

1.4.3

l.4.4

Ascent

1.5.1

1.5.2

1.5.3

A minimum redline shall be established based on complet-
ing a nominal mission profile (2 hour capability of water
capacity remaining at lunar lift-off available in A/S
tanks).

A maximum redline shall be established based upon fill
requirements for the mission. The value established will
have provisions for satisfying water sampling requirements.

A minimum GN2 redline shall be established based upon dis-
placing the descent water established in 1.4.1

A backup value for GN; shall be established based upon dis-
placing the nominal load descent water less samples.

Oxygen

A minimum redline shall be established based on one
of the following two conditions whichever is worse:

Sufficient ascent oxygen to allow completion of powered
descent to the lunar surface, accomplish a 2-hour

lunar stay (in-phase lift-off), rendezvous, docking,

crew transfer, plus an orbital reserve of 2 hours operating
in an open suit loop mode., This determination shall be

based on the failure of the descent oxygen tank immediately
after circularization; or

Sufficient ascent oxygep to allow rendezvous, docking and
crew transfer and a 2-hour reserve in the event of a
failure of an ascent oxygen tank at switchover from the
descent oxygen tank just prior to launch. Assume the open
suit loop mode for rendezvous, docking, crew transfer, plus
a 2-hour reserve,

Descent Oxygen

1.6.1

Ascent

1,7.1

A minimum redline shall be established based on complet-
ing a nominal mission (2 hours capability of oxygen re-
maining at lunar 1lift-off in A/$ tanks).

Helium (APS)

A minimum redline shall be established based on conduct-
ing a nominal mission with failure of one helium tank
after landing.

SNA-8-D-027(II)PT2



1.8

1.9

1.7.2

March 9, 1979

A backup value shall be established based on depletion
of APS propellant tanks in a blowdown mode maintaining
the chamber pressure at 114 psla or higher to preclude
engine combustion instability.

Descent Helium (SHe Tank)

1.8.1 A maximum redline shall be established such that the

1.8.2

1.8.3

1.8.4

SHe tank pressure does not exceed 1781 psia for the
nominal mission duty cycle as delineated in the latest
issue of the Flight Plan, plus one extra orbit capability.

A backup value shall be established based upon the
worst case duty cycle for an alternate photography
mission which utilizes the DPS engine providing this
mission is more restrictive than the nominal mission.
The 1781 psia maximum pressure is applicable as in
para. 1.8.1.

The maximum caast pressure rise during DPS nonburn periods
shall be based upon the results of previous flight data.

The maximum pressure rise prior to lift-off shall be
based upon the data in Volume II, Part 1 of the SODB
and updated after CDDT.

RCS Helium

1.9.1

A minimum redline shall be established based on deple-
tion of all RCS propellants at specification regulator
inlet pressures with specification leakage.

1.10 LM Propellants

1.10.1 Propellant loading for DPS, APS and RCS shall be in ac-

cordance with propellant requirements shown in Vol. III
of the Spacecraft Operational Data Book. The redlines
shall be based on nominal/alternate mission requirements
and the requirement that any difference in loaded pro-
pellant quantity must be explainable,
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Primary No. 664 November 12, 1969

APPENDIX B

PART 1 - GUIDELINES FOR DISCRETE MEASUREMENT REDLINES
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Contract No. NAS 9-1100 LED-540-57
Primary No. 664

Amendment 6
November 12, 19469

Appendix D

The attached pages are the results of an investigation into the classifica-
tion of all IM-5 mandatory discretes performed by GAC systems Reliability
(They include Table II and Figures 1 through 28 of GAC LED 550-174 revision

A,

11 June 1969). Although this study was done for IM-5 discretes it is

fully applicable to IM-6 through IM-9., The pwrpese of this study was to
determine by circuit and mission review if these measurements could be
downgraded to the Highly Desirable or Desirable Category. This would fur-
ther minimize real time rationalization required when non-nominal situa—
tions occur during launch countdown since in no case will a launch be
scrubbed for the loss of any single highly desirable item.

The following guidelines were utilized in this study:

1.

%3,

The period of time considered is after IM closeout (approx. T-24 hours).
It is assumed that all switches, circuit breakers, valves, etc. are in
their prelaunch closeout configuration.

The following items were considered as double or more failures:

(a) The simultaneous closure or opening of all contacts of a
switch.

(b) A non-latching relay changing state and remaining in changed
state is considered a double failure.

(¢) A wire breakage and simultanecus short to bus is considered
a double failure.

If the failure of an element results in an instrumentation discrete
and this same element is used in the subsystem functidn then the failure
is considered as a subsystem failure.

Discrete measurements will be included in the launch mission rules if
they meet all of the following requirements:

(a) No more than one failure need be proposed for a PCM indication
to be the real indication of a problem within the subsystem
being monitored.

(b) The subsystem failure constitutes a hazard to crew safety or
a determent to mission success.

(c) An acceptable in-flight work-arcund to the failure(s) does not
exist.

Any PCM indication at the ACE station is attributable to the IM vehicle
since the ACE station can be interrogated for errors within itself.

Wherever two or more subsystem failures are required to get a light it
is considered to have been caused by an instrumentation failure.
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Contract No. NAS 9-1100 LED-540-57 Amendment 6
Primary No. 664 November 12, 1969

Appendix D
(Cont'd)

7. In the case where it is decided that the light is due to an instrumenta-
tion failure, the measurement is to be deleted from the mandatory cate-

gory only upon explanaticn of why the crew can fly without the avail-
ability of this measurement.

8. Rationale for all discretes which affect crew safety and mission
success will be provided either in Section 3.0 or Appendix D,
Part 2, of this data book. Rationale for discretes which satisfy
the guidelines shall appear in the appropriate subsystem areas
of Section 3.0. All other rationale for discretes which do not
satisfy the guidelines, but which are crew safety and mission
success items, shall be incorporated in Appendix D, Part 2.

#If in flight work around can be described which does not impact crew loading -
then this measurement may be deleted from mandatory.
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APPENDIX D

PART 2 - DISCRETE RATIONALE
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Contract No, MAS 9-1100

Primary No.

LED-540-57

NON-MANDATORY DISCRETE MEASUREMENTS (LM-6 & SUES)

EPS

MEAS.

DESCRIPTION

HARIWARE FAILURES REQUIRED FOR
FUNCTION ACTIVATION

INSTRUMENTATION FAILURES REQ'D
FOR FALSE INDICATICN

ADDIT.
PRELAUNCH
MEASUREMENTS

IN-FLIGHT EFFECT OF LCSS OF INSTRUMENTATION

GCy961Y

GCygsay
GC9963Y
GCHELY

Battery 1 Malfunction

Battery 2 Malfunction
Battery 3 Malfumction
Battery 4 Malfunction

(a) If descent batteries are off:

1. LV or KV contact feeding
power to descent ECA Power
Supply falls closed.

2. Current monitor in ECA fails
in such a way that it sets
the reverse current (RC)
relay or the over current
(oC) relay.

or

4CB8 or 4CBY {DES FCA CONT)
ckt breaker fails closed.
2. HV or LV switch falls closed

in the ON position.
3. The associated feeder line
shorts or the battery develops
an over temperature (OT) con—
dition,

(b) If descent batteries are on (7-30
minutes to T-0):
1, A feeder line shorts or the
battery develops an OT or RC
(e.g. an internal short in bat-|
tery or under voltage.)

-
.

Same as above
Same as sbove

Same as gbove

(a) If descent batteries are
of f:

- 1. RC eontact or OC ontact
in descent ECA fails
¢losed or buffer ampli-
fier output {closure)} in
SCEA 2 fails closed.

(b) If descent batteries are
on (T-30 minutes to T-0):
1. RC contact or OC con-
tact in battery fails
closed, or buffer am-
plifier output (clo—
sure) in SCEA 2 fails
closed.

Same as sbove
Same as sbove

Same as above

(a) Batteries can be
turned on and checked
out using GCORO1V-
GCO20LY, GC1201C-
GC1204C, GCLIHLX-
GCL368X, GCO301V &
GCO3M2V. If the OC
relay is set, bat-
tery cennot be tum-
ed on. If battery is
on, hardware failure
has occurred.

(b) GCOR01V-GCOR04LY,
GC1201C - GC1204C,
GCA361X - GOL36AX,
CCO301V & GCO3(RYV.

Same as above
Same as above

Same &3 above

No effect on mission. Battery Caution lLight would
remain on until vehicle is staged. DC Bus warning
light, BUS FAULT coimponent light, battery voltages
(CCRO1V-GCOR0LY), battery currents {GC1201C-
GC1204C), battery status (GCL361X-GCL3I6RX), and
bus volteges {GCO301V and GCO30RV) are backup
measurements.

Note: Over temperature (OT) malfunction will be
detected in the following manner. An OT condition
can be caused only by losa of glycol cooling to the
battery or by an internal short in the battery.

In the former case, water glycol temperature, pres—
sure, or quantity measurements will indicate loss
of water glycol cooling. In the latter case, if
the battery is on the line alone, both the voltage
and current will drop from previous valwes; if the
battery is in parallel with others, current will
drop to low level or reverse current will occur.

Same as ebove
Sama as above

Seme as above

NOTE: These measurements GC9961U thru GC996LU are updated to a Mandatory Status November 10, 1969
and are included in Section 3 under EPFS,
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Contract No. NAS 9-1100 LED-540-57
Primary No. 664
NON -MANDATORY DISCRETE MEASUREMENTS (IM-6 & SUBS)
EPs
MEAS. DESCRIPTION HARIWARE FAILURES EEQUIRED FOR INSTRUMENTATION FAILURES REQ'D ADDIT. IN-FLIGHT EFFECT OF LOSS OF INSTRUMENTATICN
NO. FUNCTION ACTIVATICN FOR FALSE INDICATICHN PRELAUNCH
MEASUREMENTS
GCH9650 Battery 5 Malfunction 1, NORM feed contact or ALT feed 1, RC contact or OC contact in None for the first No effect on mission. Battery Caution light

GC9966U

Battery 6 Malfunction

contact feeding power to the
ascent ECA power supply fails
closed,

2. Current monitor fails in such
a way that it sete the RC re~
lay or the OC relay.

or

1. NORM feed main feed comtactor
ON signal line sherts to
ground (battery will turmn on).

2. The asociated feeder line
shorts or the battery develops
an over temperature condition.

Same as above

ascent ECA fails closed or
buffer amplifier output
{closure) fails closed.

Same as above

case of 2 hardware
failures,

For the second case,
if the ascent battery
stays on, GCOROSV or
GCOR06V, GCL205C or
GC1206C, GC4369X -
GCA3T2X can be used;
if a shorted feeder
line occurs, GSE
power or descent
batteries could be
affected,

Seme as above

would remain on and, thus, would be useless.
DC Bus Warning Light, Bus Fault compoment
light, battery voltages (GCOR05V and GCO206V),
battery currents (GC1205C and GC1206C),
battery status (GCL369X - GCL372X), and bus
voltages (GCOJ0LV and GCO302V) are backup
measurement.s.

Note: Over temperature (OT) malfunction will
be detected in the following manper, An OT
condition can be caused only by loss of glycol
cooling to the battery or by an internal short
in the battery. In the former case, water
glycel temperature, pressure, or quantity
measurements will indicate loss of water glycol
cooling. In the latter case, if the battery is
on the line alone, both the voltage and current
will drop fram previous values; if the battery
is in parallel with others, current will drop
to low level or reverse current will occur.

Same as above
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Contract No. NAS 9-1100 LED-540-57
Primary No.
NCN-MANTATORY DISCRETE MEASUREMENTS (IM-& & SURS)
ECS
MEAS DESCRIPTICN HARDWARE FAILURES REQUIRED FOR * INSTRUMENTATION FAILURES REQ'D ADDIT. IN-FLIGHT EFFECT OF LOSS OF INSTRUMENTATICN
NO. FUNCTION ACTIVATION FOR FALSE INDICATION PRELAUNCH
: MEASUREMENTS
T
GF9988U Selected Coclant Ac- 1. leakage of glycol from Primary Shorted low level switch contact GF9997U se~ None - Sufficient backup instrumentation 1s availsble
cumilator Low Level or Secondary Coolant Loop Plumbing i or SCEA fallure lected pump in flight.
' discharge (1) GF9997U selected pump discharge pressure

pressure in-
dicates head
pressure pro—
vided by ac-
cumulator on

dicates head
pressure pro=-
vided by ac-
cumulator on
the secondary
loop.

feeds T/M and glycol pressure meter 7M5.

(2) GF9998U selected coolant loop temperature

feeds T/M and glycol temperature meter
™5,
(3} GF2936X selected coolant loop fail feeds

T/M and campenent caution light 7DS3
(Indicates low delta P across

glycol pump,

pamp) .
(4) GF20R1P delta pressure primary coolant loop
(Indicates low delta pressure

feeds T/M.

scross pump).
(2), (3), {4) =pply to the primary coolant

leop only.
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Contract No. NAS 9-1100
Primary No, 664

LED-540-57

NON-MANFATCRY DISCRETE MEASUREMENTS (LM-6 & SUBS)

MEAS. DESCRIPTION HARDWARE FAILURES REQUIRED FOR INSTRUMENTATION FAILURES REQ'D ADDIT, IN-FLIGHT EFFECT OF L0OS8 OF INSTRUMENTATION
NO. ’ FUNCTION ACTIVATION FOR FALSE INDICATION PRELAUNCH
MEASUREMENTS
GH1260X AE ON/OFF to Prop. 1. Ckt Breaker closed (cne of two, Shorted contact on cne of two GY0201X Nene - Crew can sense when engine is fired. Also
LCRLO, LOBAY). relays or SCEA failure. GY(R02x GIC001X serves as a backup measurement.
2. Shorted contact on one of two
relays K11, K13.
3. Shorted contact on one of two
relays K12, K207,
CH1263X Abort Stage Cmded 1. Ckt Breaker closed, 4CB3 Shorted contact on cne relay or GCA370K Nene - GGOOO1X and GIOOOLX serve as backup
2. 5W. contact shorted SCEA failure. o437k measurements to this measurement.
(Abort Stage SW.)
GH1286X Eng. Fire Override 1, Ckt Bresgker closed, 4CB1O6 Shorted contact on cne relay None None - Still requires two hardware failures to
2, Shorted SW. (momentary, Eng. or SCEA failure. effect the safety of the crew.
Start SW.)
GH1323X Trim Fail (Pitcher 1. Ckt Bresker closed, LCB69 Shorted relay contact or SCEA None None - GIOOQ1X serves as backup to this measurement.
GH1330X Roll} 2. Shorted Relay Contact K1 or failure
kK23
3. Shorted Relay Driver (DECA)
*GH1348X Dese, BEng. Armed 1. Shorted contact on one of two SCEA fallure None None - GH1313V, GHL31AV and GQ4806H serve as backup
relays (K1, K23 in DECA) measurements, If it is determined that K23 or Kl are
shorted, leave ACBSY open until DE arming is to be
performed; then close 4LCB69 and arm DE. This would
preclude continuous +28Y to the TVA.
GI3306X AGS Condition Standby 1. Two contacts on AGS Status SW. Shorted SW. contact or SCEA GI3305 None - Backup measurements, GI3305 & GIOOO01X are

*Note:

12517 shorted (Instr. & Func-
tion Contacts

failure

Megsurements GHI348X DE Armed and GH1LI8X thru GHIA33X Driver Cutputs - RCS Jets have experienced false instrumentation indications.
measurements from the C & WEA and Sig. Cond. #1 ckt breakers thus biasing the SCEA buffer ckt off.

available. Crew can verify mode of operaticn by
checking AGS operation. Based on Guideline #2,
the functional portion of this switch 12517 is im-
paired.

Bias resistors have been added to these

However, at pre-launch the C & WEA ¢kt breaker line does not have power

epplied while the Sig. Cond. F1 ckt. breaker does have power applied; therefore, GHl418, 20, 23, 24, 26, 29, 31 33X IMP RCS Jets (B) can have false instrumentation indlcations

on the pad.

Additional investigstion required to assure that the indicaticn at ACE is net the result of ncise problems on the vehicle,

SNA-8-D-027(II)PT2
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Contract No. NAS 9-1100
Primary

No.

LED-540-57

NON-MANTATORY DISCRETE MEASURENTS (ILM-6 & SUBS)

CES

MEAS.
NO.

DESCRIPTICN

HARDWARE FATLURES REQUIRED FOR
FUNCTION ACTIVATION

INSTRUMENTATION FATLURES REQ'D
FOR FALSE INDICATION

ADDIT.

FRELAUNCH
MEASUREMENTS

IN-FLIGHT EFFECT OF 10SS OF INSTRUMENTATION

GH1621X

CH1628X

GHI&29X

GH1630X

GH1893X

GH1896X

GH1642X

GH1643X

CGuldance Select (AGS)

Roll Att. Control
Select (Pulse/Direct)

Pitch Att. Control
Select (Pulse/Direct)

Yaw Att. Control
Select (Pulse/Direct)

I Trans Override

Unbalanced couples

AGS Mode Cont (Auto)

AGS Mode Cont.
(Att. Cont,)

FQUS Mode Cont. (Auto)

1. CKT Breaker Closed (4 CE20)
2. Shorted Switch Contact
(Guid. Cont. Sw.)

1. CKT Bresker Closed {ACE59}
2. Shorted Switch Contact
(Att. Cont. SW ~ Roll)

Same as sbove, (LCB59)
(Att. Cont, SW - Pitch

Same aa above. (LCBS9)
(Att. Cont. SW - Yaw

1. Cpen SW. Contact
(+X Trans SW.)

1. Two contacts on balance
coupls SW. shorted (Instr.
& Function Contact)

1. Two contacts on AGS Mode
Control SW. shorted (Instr.
& Punction Contact)

Same as sbove

1. Two contacts on PGNS Mode
Cont., SW, shorted {Instr.
& Function Contacts)

Shorted contact on one relay
or SCEA failure

Same as above

Same as ghove

Seme as above

Same as above

One contact shorted on 159,
or SCEA failure

Shorted SW. Contact or
SCEA fallure

Same as above

Same as above

None

None

None

None

None

None

None - Back-up measurement GIOO0LX AGS Downlink Data
available

None - This measurement depicts a status. The

crew can detect a switch contact failure which would
result in drift in this axis. The procedure would be
the same with or without the measurement. Pull LCB5%
and continue migsion,

Same as above
Same as above

None -~ One contact on the X translation switch 1512
feiling in the make position will give the instrumenta-
tion indication. This will also fire an RCS jet if
4LOB59 is energlzed. If this switch is failed, continue
the mission with LOB59 open, however direct and pulse
modes will be dissbled. PQN3 and AGS modes are still
availsble for vehicle attitude eontrol. If SCEA fallure,
disregard instrumentation.

None — In the event GH1B94X 1s present in flight it can
be dlsregarded. Measurement used for information only
during AGS Ascent Engine Burn, Not mandatory based on
Ground Rule #2.

Nane - Based on Growmd Rule #2, the finctional portion

of this switch 11525 ia not irpaired in the event GH1&41X
or GH1642X are present in flight, the AGS Downlink Data,
GIOO01X, is available. The crew can verify mode of op-
eration by interrogating the AEA via DEDA.

None — Same as above

None - Based on Guideline #2, the functional portiem of
this switch 11524 is not impaired. In the event GH1643
or GH1ALL are present in flight, the PGNS Downlink Data,
GGOOO1X, 1is available, the crew can verify mods of op-
eration by interrogating IGC via DSKY.
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Contract No. NAS 9-11C0
Primary No. 664

LED-540-57

NON-MANDATORY DISCRETE MEASUREMENTS (LM-6 & SUES)

CES

MEAS.
NO.

DESCRIPTION

HARDWARE FAILURES REQUIRED FOR

FUNCTION ACTIVATION

INSTRUMENTATION FATLURES REQ'D

FOR FALSE INDICATION

ADDIT.
PRELAUNCH
MEASUREMENTS

IN-FLIGHT EFFECT OF 10SS OF INSTRUMENTATION

CH164LX

GY0O50X

GH1204X

GH12LAX

GH1217X

PGS Mode Cont,
(Att, Cont,)

Abort Cmded.

ACA Out of Detent

Auto Eng on OMD

Auto Eng Off CMD

1.

Two contacts on PGNS Mode
Cont. SW. shorted (Instr.
& Function Contacts)

SW, contact shorted
(Abort Switch)

CKT Bresaker Closed {one of
two, 4CB230, 4CBSL)

One of six out of Detent
SW3. closed or wire short to
GND (51-S6).

Two contacts on relay K18
or one contact each on
K18 and K24 (S & C #1)
falled shorted.

Two contacts on relay K17
or one contact each on X17
and K25 (S & C #1) failed
shorted.

Shorted SW. Contact or
SCEA failure

SCEA failure

Short en ne of two relay
contacts or SCEA failure.

Short on cne relay contact
or SCEA failure

Same as above

Nene

None

None

Nene

None

Nene - Based on Guideline #2, the functional portion of
this switch 11524 is not impaired. In the event GH1643
or GH164l are present in flight, the PGNS Downlink Data
GGOO01X, is available, the crew can verify mode of op-
eration by interrogating LGC via DSKY.

None - Based on Guideline #2, the remaining contacts
on the abort switch have not failed, In flight leave
the Descent Engine Control Breaker (4CB80) open until
Just before De-Arming. This will prevent the prema-
ture arming of the DE should the ewitech contact be
chorted. In addition, in flight the measurements
GHI34L8X, GH1313V and CH1314V can be used as backup and
to indicate if a short or a SCEA failure has occurred.

Nome - This measurement depicts a status. The crew can
detect a switch contact fallure which would result in
drift in all sxes. Measurementa GGO00X and GICOOIX
serve a3 backups. Two subsystem fallures are required
for a legitimate instrument indication.

None - This measurement is a status measurement which
MCC uses to determine if the copputer failed to issue
an auto engine on. On the other hand, the inadvertent
presence of an aute engine on, which requires at least
two computer failures, would result in an early firing
of the engire when it is armed.

None - This measurement is a status signal used by MCC

to determine if the computer failed to issue an auto
engine off. All burns can be completed manually.

SNA-8-D-027(11)PT2
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Contract No. NAS 9-1100 LED-540-57
Primary No, 664
NON-MANDATCRY DISCRETE MEASURRMENTS {LM-6 & SUBS)
INSTR.
MEAS. DESCRIPTION HARDWARE FAILURES EEQUIRED FOR INSTRUMENTATION FAILURES REQ'D ADDIT. IN-FLIGHT EFFECT OF 1DSS OF INSTRUMENTATICN
NO. FUNCTION ACTIVATION ' FOR FALSE INDICATION PRELAUNCH
MEASUREMENTS
GLOLOOX Internal Oacillator 1. Temperature Compensated Oscillator [ 1. Inadvertent output from All ACE Moni- None - Since 1GC timing and oscillator
Fallure Detection in PCMTEA or PCM channel. tored Downlink timing is still availeble. Requires the
Signal No. 1 2. Amplifier Data loss of the above timing sourcea for a
mission abort. '
GLLOREX CES AC Power Supply C & WEA Ckt. Breaker 4LCB9% 1. SCEA Buffer emits 5V 1f Ckt. Breaker Can verify the proper operation of BOCHz
Failure falled closed. output or shorted re- 4CB99 fails ATCA power supply by exerclzing ACA in AGS
lay contact. ¢losed, other Mode and performing RGA self test. Therefore,
master alarms can determine that an instrumentation failure
will be initiated and not a hardware failure has occurred.
at ACE; Gl 027X Rate meters can be used as failure detection
GLLOCAX for 800Hz power supply GHI2ATV, 1248V, 12497V,
Yaw, Pitch and Roll logic input error.
CLLORTX CES DC Power Supply C & WEA Ckt. Breaker 4CB99 failed 1. SCEA Buffer emits 5V Same as above ex- Can verify proper operation of DC voltagea
Fallure closed ocutput or shorted re~ cept. GLLORAX will when D, B. is armed. Therefore, can determine
lay contact. be initiated. that the ATCA DC Power Supply is operating
properly.
GL4028X AGS Power Supply Fail 1. C & WEA Ckt. Breaker ACBS9 1. SCEA Buffer emits 5V Can verify proper operation of ths AGS by can-

failed closed,
2. AGS Status SW. 12517 failed
out of off positiom.

output or shorted re-
lay contact.

initiated.

paring PQIS and AGS cutputs and checking the
AG3 Downlink Data GIOO0OL.
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Contract No. NAS 9-1100
b6l

LED-5L0-57

Frimary No. NON-MANCATCRY DISCRETE MEASUREMENTS (LM-6 & SUSS)
RC3
MEAS. DESCRIPTICN HARDWARE FAILURES REQUIRED FOR INSTRUMENTATION FAILURES REQ'D ADDIT, IN-FLIGHT EFFECT OF LOSS OF INSTRUMENTATION
NO. FUNCTION ACTIVATION FOR FALSE INDICATION PRELAUNCH
H MEASUREMENTS
GRR4E1X ' Main Shutoff Valves 4CB72 closed Inadvertent output of the None Valves are naminally open. Rise in manifold
GR34L61X "A" Closed. 857 short buffer pressures (GR3201F, GR2201P, GR3202P, (R_202P)
{GR3609U } or when RCS system is initially pressurized will
Switches fail short (2 switches verify that valves are in the open position.
GR2461X and GR3IL61X). Should any of the valves inadvertently close
during the mission these same measurements
would indicate a pressure decay following RCS
firings.
GR2462X Main Shutoff Valves 4LCB73 closed Ingdvertent output of the None The valves are nominally closed during powered
GR34L62X "B" closed. 859 short buffer ascent. If a valve i3 actually cpen the worst
{GR3610Y) or effect would be to consume RCS propellant.
Switches fail shert (2 switches This propellant consumption would indicate that
GR2462X and GR3L62X). the valve may be inadvertently open. Consump-
tion of this propellant would not affect crew
safety or the success of the mission,
GRA261X TCA Isol Valves LA LCBET closed Inadvertent output of the None These measurements normally indicate the closure
GRA269X closed. 8516 short buffer of a palr of TCA isolation valves (fuel and oxdi-
(GR9661U) or dizer). Should a pair of TCA isolation valves
Switches fail short {2 switches inadvertently close during the mission, this
GRA4261X end GR4L269X). ancmaly would be indicated by the lack of thrust
chamber pressure when the jets are commanded to
fire. This beckup indication feeds caution and
warning and is also telemetered.
GRL262X TCA Isol Valves 4B 4LCBLY closed Same as above None Same as above
GR42T0X closed, 8518 short (GRA262X and GRL270X)
(GR96S2Y)
GRL263X TCA Isol Valves 3A 4CBAT closed Same as above None Same as above
GRA271X cloaed. 8515 short {GRL263X and CRL2T1K)
(GR9663U)
GRL26LX TCA Isol Valves 3B LCBLY c¢losed Same as above None Same as above
CR42T2X closed. 8317 short (CRL264X and GRL272X)
(GR996LU)
GRA265X TCA Isol Valves 24 LCBS7 closed Same as above None Same as above
GRL273X closed. 8512 short (GR4265X and GRL273X)
{GR9465U) ! e

SNA-8-D-027(1I)PT2
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Contract No. NAS 9-1100
Primary No. 664

LED-540-57

NON-MANDATORY DISCRETE MEASUREMENTS (LM-6 & SUES)

RCS
MEAS. DESCRIPTION HARIWARE FAILURES REQUIRED FOR INSTRUMENTATION FAILURES REQ'D ADDIT. IN-FLIGHT EFFECT OF LOSS OF INSTRUMENTATION
NO. FUNCTICN ACTIVATION FCR FALSE INDICATION PRELAUNCH
MEASUREMENTS
GRL266X TCA Isol Valves 2B LCBLY closed Inadvertent output of the None These measurements normally indicate the
CGRI27LX closed. 8514 short buffer closure of a pair of TCA isolation valves
{GR9LEEU) or (fuel and oxidizer). Should a pair of TCA
Switches fail short (2 switches isolation valves inadvertently close during
(GR4265X and GRA2TLX) the mission, this anomaly would be indicated
by the lack of thrust chamber pressure when
the jets are commsnded to fire. This backup
indication feeds caution and warning and is
also telemetered.
GRL26TX TCA 1so0l Valves 1A LCBET closed Same as above Nene Same as above
GRI275X - | closed. 8511 short (GRA267X and GRAL275X)
{GRYS6TU)
GR4268X TCA Isol Valves 1B LCBLY closed Same as above Nene Same as above
GRL276X closed. 8313 short {GR4268X and GRA276X)
(GRy668U)
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Contract No. NAS 9-1100 LED-540-57
Primary No. 664
NON-MANDATORY DISCRETE MEASUREMENTS (IM-6 & SUBS)
ED
MEAS. DESCRIPTION HARIWARE FAILURES REQUIRED FOR INSTRUMENTATION FAILURES REQ'D ADDIT. IN-FLIGHT EFFECT OF LOSS OF INSTRUMENTATION
NO. FUNCTION ACTIVATION FOR FALSE INDICATION PRELAUNCH
MEASUREMENTS

GYO231X Sys A Relays K7-K15 1. Arming Relay K1 latches close. Inadvertent output of the None None - Although this indication does not dis-
K7 - RCS He 2. Logic power bresker LCB76 buffer. tinguish which of the relays has transferred,
K8 - Land Gear (4CB75) fails close. or the successful completion of the functions
ke - " " 3. Switch fails close 252 for X7 1. The normally closed instru- connected with these relays can be verified
K9 - DPS Supercrit. He 2310 for K8 and K&r mentation contacts of a non- by instrumentation on the related subsystem,
K10 - ASC #1 He 254 for K10, K11, K12 and K12A latching relsy must open up. (e.g. succesaful RCS presaurization in flight
K11l - ASC #2 He 256 for K13 2. The contacts must remain can be verified from pressure messurements on
K12 - " " 251 for K1 open. the RCS subsystem).
K124 - APS Campatibility 259 for K15
K13 - DPS Vent or
Kl4 =~ DPS Ambient He 1. Arming Relay K latches close.
K15 - DPS Compat.ibility 2. Non-latching relay (K7 - K15)

must transfer.
3. Relay (K7 - K15) must remain
transferred.
GY(R32X Sys. B Ed Relays K7 - K15 (Same as above for System B) (Same as above for System B) Nene {Same as above for System B)
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Contract No, NAS 9-1100 September 29, 1969
Primary No. 664
LED-540=57

APPENDIX C

PRELAUNCH REDLINE APPLICABILITY FOR
COUNTDOWN DEMONSTRATION TEST

This appendix delineates the prelaunch redline applicability

IS to the Countdown Demonstration Test (CDDT). Rather than include a
separate and, in most cases, identical documentation of redlines
for CDDI, this appendix will define those prelaunch redlines of

. Section 3 which are not applicable, the rationale and the new red-

line values, if any. Therefore, those redlines not presented in

Table C-1 are considered to be valid for CDDT as defined in Sec-

tion 3,

SNA-8-D-027(II)PT2
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TABLE C-1
REDLINE EXCEPTIONS FOR CDDT

MEAS/TM NO. DESCRIPTION CDDT COMMENTS
EFFECTIVITY

GC 0201 V Volt, Battery No. 1 Min. 31.6 VDC Open Circuit immediately after load

GC 0202 Vv Volt, Battery No. 2 removed. No open circuit decay.

GC 0203 V Volt, Battery No. 3

GC 0204 V Volt, Battery NWo. 4

GC 0205 v Volt, Battery No. 5 Minimum - none No open circuit decay

GC 0206 V Volt, Battery No. 6

GF 3582 P Press Ascent 07 Tank No. 1 NA ]

GF 3583 P Press Ascent 03 Tank No. 2 NA

— Due to residuals, some pressure may be

GF 3584 P Press, Descent 09 Tank NA experienced
o GF 4581 Q Qty., Descent Tank Water NA -
o — Residuals may be present.

GF 4582 @ Qty., Ascent Tank No. 1 Water NA

GF 4583 q Qty., Ascent Tank No. 2 Water NA

GP Q001 P Press, He Supply Tank No. 1 NA

GP 0002 P Press, He Supply Tank No. 2 NA -

GP 0718 T Temp, Fuel Tank Fuel Bulk NA Temp not critical since only pad press

GP 1218 T Temp, Ox Tank Fuel Bulk NA during CDDT

GP 1510 P Press, Fuel Isol. Vlv. Inlet NA Pad press during CDDT

GP 1503 p Press, Ox. Isol, Vlv. Inlet NA

w
g GQ 3018 P Press, He Reg Out Manifold NA Pad Pressure 2
> GQ 3025 p Press, He Reg Out Manifold NA Py
o 5
i o
¥ GQ 3435 P Press, Supercritical He Supply Max. press NA Req'd only for launch o
O
r oY)
~ GQ 3611 P Press Engine Interface Fuel NA Pad pressure only for CDDT e
= GQ 4111 P Press Engine Interface Ox NA F
= 2
o)

o
(N




21d (II) L20-Q-8=VNS

L ] _; » ¥ »

Contract No. KAS 9-1100 TABLE C-1 {Cont'd)

Primary No. 66L

LED-540-57
MZAS/TM NO. DESCRIPTION CDDT COMMENTS

EFFECTIVITY

GQ 3718 T Temp, Fuel Tank No. 1 Fuel Bulk NA

GQ 3719 T Temp, Fuel Tank No. 2 Fuel Bulk NA T {tical si 1 d

GQ 4218 T Temp, Fuel Tank No. 1 Ox Bulk NA emp mot critical since only pac pressure
cQ 4219 T Temp, Fuel Tank No. 2 Ox Bulk NA during CDDT

GR 1101 P Press He Tank A NA Residual He may result in some pressure.
GR 1102 P Press He Tank B

GR 2201 P Press A Fuel Manifold NA 7

GR 2202 P Press B Fuel Manifold NA .

GR 3201 P Press A Oxid NA Pad press only during CDDT

GR 3202 P Press B Oxid Manifold NA
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