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PREFACE

This document is the first revision issue of
the EMU Data Book. This revision incorporates
Amendments 1 through 22. Amendments released sub-
sequent to the publication of this revision will
be numbered sequentially with the next amendment
number (i.e., 23 and on).
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1.1

Volume IV EMU Data Book
Introduction

INTRODUCTION

Purpose

This document presents performance information regarding the mission
capabilities and limitations of the Extravehicular Mobility Unit (EMU).
This information is intended for use in nominal mission planning and
to provide the performance characteristics of the EMU during normal
mission operations.

1-1 SNA-8-D-027 (IV) REV 1
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1.2.1

1.2.2

1.2.3

1.2.h

Volume IV EMU Data Book
Introduction

Content

The complete Data Book for manned missions will consist of five sepa-
rate volumes, defines as follows: '

Volume I - CSM Data Book - Part 1 Perfomrnace, Part 2 Launch -
Rules

Volume IT - IM Data Book - Part 1 Performance, Part 2 Launch .
Rules .

Volume ITI - Mass Properties Data Book

Volume IV - EMU Data Book

Volume V -~ ALSEP Data Book

This volume, Volume IV, is divided into four sections, plus an appendix

for each individual mission which contains consumable data and perfor-

mance information for each flight EMU. The volume presents the EMU sys-

tem and subsystem performance data for Zero-G and lunar excursion mis- ,
sions. A brief discussion of the scope of the sections of Volume IV follows.

S

Section 1.0, Introduction

The introduction describes the purpose and scope of the overall data
book, and summarizes the content of the remaining sections. It includes
a list of abbreviations used in this volume.

Section 2.0, EMU Configuration

This section contains pictorial representations of the EMU and its sub-
assemblies. These data are intended as reference material for use through-
out the data book.

Section 3.0, EMU Constraints and Operational Limitations

The restrictions, limitations, and special recommendations on the use -
of the EMU and its subsystems are contained in this section.

Section 4.0, Subsystem Performance Data

This section presents data concerning subsystem performance so that the
mission planner and monitor can be familiar with system capabilities and
normal operating characteristics.

1-2 SNA-8-D-027 (IV) REV 1
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1.3

Volume TV EMU Data Book (\\\@

Introduction

Appendices

An appendix is presented for each mission. Fach appendix presents
data applicable to specific flight EMU's. PIA data are entered in
these appendices as it becomes available. The data presented also
contains consumable information applicable to that mission.

Amendments

Amendments to this document will be made by page additions or replace-
ments. 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 ver-
tical bar in the page margin to locate the change. The vertical bar
will only be used, however, when the change is made to verbal descrip-
tive material. A revision page identifying the accumulative changes
that have been made will be issued with each amendment. This page
should be placed just behind the title page, and will provide an up-
to-date listing of all amendments.

1-3 SNA-8-D-027 (IV) REV 1
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Introduction

1.4 Selected Abbreviations and Acronyms

C
CDR Commander o , -
CM Command Module
CMP Command Module Pilot
CSM Command and Service Module
CWG Constant Wear Garment
E
EKG Electrocardiogram
EMU Extravehicular Mobility Unit
EV Extravehicular
EVA Extravehicular Activity
EVCS Extravehicular Communications System
EVT Extravehicular Transfer
F
F/W Feedwater *%
I .
ITMG Integrated Thermal Micrometeoroid Garment
v Intravehicular
L
LCG Liguid Cooling Garment
LEVA Lunar Extravehicular Visor Assembly
LiOH Lithium Hydroxide
M : Lunar Module
IMP TLunar Module Pilot
M .
MSC Manned Spacecraft Center
MSFN Manned Space Flight Network
N
NASA National Aeronautics and Space Administration

c1-4 SNA-8-D-027 (IV) REV 1
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OPS

PGA
PTA
PISS

RCU
RF

TBD

T/W

UCTA

Volume IV EMU Data Book
Introduction
0
Oxygen Purge System
P

Pressure Garment Assenbly

Pre-Installation Acceptance
Portable ILife Support System

R

Remote Control Unit
Radio Frequency

]
Spacecraft

T
To Be Determined
Telemetry

Transport Water

U

Urine Collection and Transfer Assembly

Ultraviolet

1-5
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Volume IV EMU Data Book Amendment 85
EMU Configuration - EMU 12/16/70

EXTRAVEHICULAR MOBILITY UNIT CONFIGURATION

Extravehicular Mobility Unit Configﬁration

Figures 2.1-1 and 2.1-2 show the EMU configuration. The function of
the EMU is to provide the Apolleo extravehicular crewman with a habit-
able environment with sufficient mobility to perform EVA tasks for s
design EVA period of four hours. The system is capable of performing
in free space or on the lunar surface. It can be replenished from
IM supplies for performing three additional EVA missions.

2.1-1 SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book Amendment 37
EMU Configuration - EMU 12/16/70

OXYGEN PURGE SYSTEM

== VIEWPORT [(: b

/OPS ACTULTOR

g PSS RO s i
e

PSS SUPPORT STRAPS

s TORSO AL p. “Mes TERLE
PLSS A FENLIGHT & v "
SUNGLASSES POCKET ‘ PLSS H20 UMBILICAL

*
OXYGEN PURGE

SYSTEM UMBILICAL []
PURGE VALVE

*
- INLET oMy 7,

- EXHALT oMb T

COMM: #3 T0T 0N MBI DA,

BsSL.SS
{J—— PRESSURE RELIEF VALVE

PRESSURE GAUGE — —-—
COVER ASSY -

TETHER ATTACHMENT POINT —

PENCIL POCKETS

LITMG ——— ~— PENLIGHT POCKET
/ ~ - UTILITY POCKET {DONNING

UTC CONNECTOR / BIO-MEDICAL —-— LANYARD POCKET 8 LANYARDS)

INJECTION / DOSIMETER ACCESS FLAP
* — Sl
7
BELT 1.00PS (5 PER LEG) —-—~—
LUNAR BOOT

* IDENTIFICATION STRIPES ON CDR EMU ONLY

Figure 2.1-1.~- Extravehicular Mobility Unit (lunar
surface configuration).
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Volume IV EMU Data Book
EMU Configuration - EMU

Communicaticns carrier

R ——s

Lunar boot

*NE Figure 2.1-2 Extravehicular Mobility Unit Major Subsystems
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2.2

2.2.1

2.2.2

2.2.3

Volume IV EMU Data Book
EMU Configuration -~ PGA

Pressure Garment Assembly Configuiation

The PGA consists of a pressure helmet, torso limb suit, gloves, boots,
and various PGA controls. The function of the PGA is to enclose the
crewman in a pressurized environment and permit performance of mission
tasks in vacuum ambient pressure conditions. Two configurations of the
PGA are utilized. The extravehicular (EV) PGA is worn by the IMP and
CDR for use during EVA. The intravehicular (IV) PGA is worn by the (MP
for intravehicular operations within the (M. A dimensional view of a
typical PGA is shown in Figure 2.2-1.

Pressure Helmet

The pressure helmet shown in Figure 2.2-2 is a detachable transparent
enclosure with provisions for feeding, drinking, and LEVA attachment.

Torso Limb Suit

The torso 1limb suit shown in Figure 2.2-3 incorporates a ventilation sys-
tem shown in Figures 2.2-U4 and 2.2-5 which provides a path for oxygen used
for respiration, helmet defogging, and cooling. A biomedical injection
patch is included to permit a crewmen to self-administer a hypodermic in-
jection.

Extravehicular PGA

The EV PGA shown in Figure 2.2-6 provides the crewman with a pressurized
environment and thermal and micrometeoroid protection required when worn
as a subassembly of the EMU for EVA portions of the mission. It incor-
porates the pressure helmet and torso limb suit discussed in sections
2.2.1 and 2.2.2 with the following additions.

(a) An integrated thermal micrometeoroid garment (ITMG), shown in Fig-
ure 2.2-7, provides protection against temperature extremes, micro-
meteorold impact, and ultraviolet rays in addition to fire and
abrasion resistance.

(b) A pressure relief valve protects the PGA from overpressurization.
(e) A removable purge valve, shown in Figure 2.2-8, located in the
unused outlet gas connector, provides carbon dioxide washout and

minimum cooling during contingency or emergency operation.

(d) Lunar boots, shown in Figure 2.2-9, provide thermal and sbrasive
protection for the PGA/ITMG boots during lunar surface operations.

2.2-1 SNA-8-D-027 (IV) REV I
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(e)

V(f)

Volume IV EMU Data Book ; Amendment 29
EMU Configuration - PGA L/8/70

The EV Glove Assembly, shown in Figure 2.2-10, is a protective
hand covering which is interfaced with the EV PGA prior to egress
for extravehicular operations. The EV Glove provides increased
thermal and abrasive protection during EVA. A cover glove con-
structed of a single layer of silicone coated Nomex is provided
with each EV glove to provide increased abrasion protection dur-
ing EV operation of the core driller. Each cover glove is
fingertip-less to maintain the original tactility of the EV
glove and has provision for utilizing the EV glove palm restraint
access flap to secure the cover glove in such a way that access
to the palm restraint strap is retained. The cover glove is
required only for the core drilling operation and is expendable
after that time.

The lunar extravehicular visor assembly, shown in Figure 2.2-11,
provides visual attenuation, thermal protection, and micrometeor-
oid impact protection during EVA. The LEVA also protects the
pressure helmet from direct contact with the lunar surface during
accidental impact. .

Intravehicular PGA

The IV PGA shown in Figure 2.2-12 provides the crewman with a pressur-
ized environment when worn as a subassembly of the EMU for IV portions
of the mission. Beside incorporating the pressure helmet and torso
limb suit discussed in sections 2.2.1 and 2.2.2, it incorporates an IV
cover layer. The IV cover layer provides abrasion and fire protection
for intravehicular activity.

2.2-2 SNA-8-D-02T7(IV) REV. 1
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Volume IV EMU Data Book
EMU Configuration - PGA

i’"’f ———— T

: l

| i

RCavay

| i

i l

,Slip-on'helmet | VENT SPACER

| shield . RECESS CHANNEL

'VENT PAD

ALINEMENT o FEED PORT
INDEX 5

~ MARKS

FEED PORT COVER
WITH VELCRO

Figure 2.2-2 Pressure Helmet
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Volume IV EMU Data Book
EMU Configuration - PGA

Upper PLSS bracket

Electrical connector

Apn Braring

Pressure gage

Lower PLSS bracket

LM restraint
and tether attachments

Urine transfer fitting

Biomedical injection patch

CM couch restraint

Helmet attaching ring

Multiple water connector
Torso tiedown strap
Gas connector {inlet)

- Gas connector (outlet)

Pressure relief valve

Wrist disconnect

Slide fastener

NOTE

The 1V torso suit has the
following items removed:
1. Left inlet and outlet
_ gas connectors
2. Multiple water
connector
3. Pressure relief valve
4, LM restraints
5. Upper and lower
PLSS attachments

Figure 2.2-3 Extravehicular Configuration of the Torso Limb Suit
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EMU Configuration - PGA

IV CONFIGURATION

HELMET VENT
DucTt

Z

TORSO DUCT

/:LENUM | |

- CHAMBER
LEG DUCT
CROSS SECTION
OF DUCT
FASTENER
TAPE
W BLADDER
CLOTH
COVER
SPACER NYLON
colL MESH
CLOTH : 3
¢ H
BOOT VENT——3 i
PAD it 3t
4R, A%k
R £
\J s’ g

Figure 2.2-4 Ventilation Systems of the Torso Limb Suit
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Volume IV EMU Data Book
EMU Configuration - PGA

NOTE: THE IV PGA
HAS PLENUM
. CHAMBER AND
LEFT GAS
CONNECTORS
REMOVED

Figure 2.2-5 Ventilation Flow Diagram

-
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' Volume IV EMU Data Book
EMU Configuration - PGA .
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Figure 2.2-6 Extravehicular PGA Configuration
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EMU Configuration - PGA

L

L

Snap assembly

_ Connector cover
Entrance slide fastener flap

Active dosimeter
pocket

Lanyard pocket-‘“—;'_-,.

Wrist clamp

Utility pocket
(donning lanyard
pocket & lanyards)

| Assist strap
UTC/ biomed
access flap

Scissors pocket ?——Data list pocket

Check list pocket

Slide fastener

Figure 2.2-7 'Integrated Thermal Micrometeoroid Garment
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EMU Configuration - PGA

T0 PGA

GAS CONNECTOR ~=— o
/’;;\ GD
>IN REDUNDANT
LOCKING PIN
PUSH RING
PURGE MODE

LOCK TAB

FLOW

LOCK TAB

LOCK TAB

ALINEMENT TASB

- UNACTIVATED
(ROTATED 180° FROM PURGE MODE VIEW)

Figure 2.2-8 Purge Valve
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Volume IV EMU Data Book
EMU Configuration - PGA

- DONNING STRAP SNAP FASTENER

SHELL ASSEMBLY

STRAP ASSEMBLY

- LOLE ASSEMBLY

Figure 2.2-9 Lunar Boots
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Volume IV EMU Data Book Amendment 23
EMU Configuration - PGA 10/2/69

- Gauntlet
Fastener Tape (Hook)

Silicone Finger- . Palm Restraint Strap
Tip Shells Palm Restraint Access Flap-

Fastener Tape (Pile)

Figure 2.2-10 EV Glove
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Volume IV EMU Data Book Amendment 29%
EMU Configuration - PGA L/8/70

Center eyeshade

Left eyeshade

Outer visor

lnner visor tab

Center eyeshade

Left eyeshade

Figure 2.2-11 ILunar Extravehicular Visor Assembly
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EMU Configuration - PGA

= Pressure helmet
assembly

- Feed port
Helmet attachingring

Electrical connector
Penlight pocket

Helmet tie down
strap

02 inlet

02 outlet

Pressure'gage

) r,_.--—- Wrist disconnect
) —PGA

pressure glove

| ~~~—— Entrance slide

fastener flap

\-— Utility pocket

Protective
cover (not shown)

UCT and biomedical
injection flap patch

Scissors pocM .
{detachable) _

Check list pocket
(detachable)

Data list pocket
(detachable)

Figure 2.2-11 Intravehicular PGA Configuration
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EMU Configuration - CWG

-

2.3 CONSTANT WEAR GARMENT

The constant wear garment, shown in Figure 2.3-1, is a cotton
fabric undergarment worn next to the skin under the PGA or
inflight coverall garment during -intravehicular CM operation.
It provides general comfort and perspiration absorptlon, and -
supports the bioinstrumentation systen.

DOSIMETER

BIOINSTRUMENTATION
BELT ATTACHMENT

DOSIMETER o

[ 4

T Figure 2.3-1 Constant Wear Garment
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Volume IV EMU Data Book.
EMU Configuration - LCG

Liquid Cooling Garment

The liquid cooling garment configuration is shown in Figures 2.4-1 and
2.4-2., The ICG is worn by the IM crewman (DR and IMP) during all IM
operations, and during all EVA portions of the mission, but under nor-
mal circumstances, is operational only when used in conjunction with the
PISS. The LCG provides a means for circulation of water over the crew-
man's body for removal of metabolic heat.

2.4-1 SNA-8-D-027 (IV) REV 1
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EMUJ Configuration - LCG Amendment 23

10/2/69
e 4

Velcro strip LCG

connector
Manifold

T I DL s

EREE PVC tubing

Passive
dosimeter
pockets

Figure 2.4-1 ILiquid Cooling Garment
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Volume IV EMU Data Book
EMU Configuration - UCTA

2.5 Urine Collection and Transfer Assembly

The UCTA, shown in Figure 2.5-1, collects and provides intermediate
storage of crewman's urine during launch, EVA, or emergency modes"
when the spacecraft waste management system cannot be used.

2.5-1 SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book
EMU Configuration-UCTA

Figure 2.5-1 Urine Collection Transfer Assembly , i

S
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Volume IV EMU Data Book
EMU Configuration -~ BIS

2.6 Biomedical Instrumentation System

The BIS provides a means for monitoring the biomedical status of the

astronauts during all phases of the Apollo mission.

Biobelt
attachment

\ZPN signal conditioner

connector

ECG - Axillary Hamess
ECG - Sternal Harness

ECG signal conditioner

dc-to-dc converter

O

Figure 2.6-1 Bioinstrumentation System

t
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2.7.1

2.7.2

2.7.3

Volume IV EMU Data Book
EMU Configuration - PLSS (SV706100-6)

Portable Life Support System Configuration

The configuration of the PISS is shown in Figures 2.7-1 through 2.7-6.
The function of the PILSS is to provide life support, communications,

"~ and telemetry during extravehicular portions of the Apollo mission.

The following life support functions are performed:

(a) Pressure control

(b) Breathing oxygen supply
(¢) Ventilation

(d) Humidity control

(e) Contaminant control

(f) Thermal control

The PLSS, ahown schematically in Figure 2.7-7, consists of the follow-

~ ing subsystems jointly satisfying the performance requirements of the

PLSS. A brief description of each subsystem follows.

Communication and Telemetry

Three modes of two-way voice communications are provided between the

PISS and the IM for relay to MSFN. In addition, an FM link is provided
directly between the two EV crewmen. The system performance of each

PISS is monitored in eight areas with the information commutated on one
subcarrier unique to each crewman, and telemetered to earth via the IM.

In addition, the EKG information for each crewman is sampled continuocusly
and telemetered to earth via the IM. The various combinations of commun-
ications modes are pictoriallyrepresented in Figures 2.7-8 through 2.7-10.
An audible tone is also provided to alert the EV crewman of the occurrence
of one or more of four unsafe conditions.

Electrical Supply and Distribution Subsystem

The PISS electrical supply and distribution subsystem consists of a re-
placeable power source (battery) and the necessary controls, terminal
boxes, current limiters, and wiring required to satisfy the PILSS elec-
trical requirements.

Oxygen Ventilating Circuit

The Oxygen Ventilation Circuit circulates a fresh, refrigerated oxygen
supply through the PGA. The O, from the PGA passes to the contaminant
control assembly where odors, foreign particles, and CO, are removed.
The Oo passes then to a sublimator where it is cooled. From the subli-
mator, it passes to a water separator, then to a fan which circulates the
0, back to the PGA along with makeup Oo.

2.7-1 SNA-8-D-027 (IV) REV 1
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2.7.5

2.7.6

Volume IV EMU Data Book Amendment 24
EMU Configuration - PISS 11/12/69

Water Transport Loop -

The water btransport loop circulates water through the LCG for the

absorption of metabolic heat and dissipates the heat in the PISS.

Feedwater Supply Loop

The feedwater supply loop provides a supply of expendable water
used for the dissipation by sublimation of all heat entering into
or generated by the EMU. '

Primary Oxygen Subsystem

The primary oxygen subsystem provides a rechargeable supply of gaseous
oxygen and maintains PGA and ventilation loop pressures at 3.70 to
4,00 psia during normal extravehicular operation. If leakage goes

out of specification, causing a high Op flow, the pressure may drop
to 3.5 psia. The primary oxygen subsystem contains one pressure
bottle with a volume of 378 cubic inches.

2.7-2 : SNA-8-D-027(IV) REV 1
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EMU Configuration - OPS 11/12/69

2.8 - Oxygen Purge System Configuration

The OPS configuration is shown i ;Figure 2.8-1. The purpose of the
OPS (shown schematically in Figur¢ 2.8-2) is to perform short-term
life support functions in the event of specific FMU failures. The
' OPS maintains a regulated pressure of 3.4 to 4.0 psia when activated
during EVA. It contains two pressure bottles with a combined volume
" of 322 cubic inches, ' ‘
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Volume TV EMU Data Book'  Amendment 28
EMU-Configuration - Feedwater Collection Bag 3/24/70

PISS Feedwater Collection Bag

The PLSS feedwater collection bag is capsble of conteining the feed-

water remaining in the PLSS upon completion of lunar activity. The

bag contains & connector which mates with the PLSS feedwater fill
connector. After accepting the surplus feedwater, the bag maintains
it in a sealed condition. The bag is designed to be used with a
spring-type scale to measure the amount of feedwater collected. The
weighing operation is performed in the lunar environment by a suited
astronaut. Accuracy of the scale is verified by calibration with
dead loads and shall be no worse than 3% of full scale in 1/6 g.

The PLSS feedwater collection bag is constructed of two layers. The
inner lsyer is neoprene coated nylon tricot and the outer restraint
layer is Nomex cloth. The bag is tubular in shape and has a hole or
scale attachment point at one end and a connector which interfaces
with the PLSS at the other. The bag holds approximately 5.8 lbs. of
water at 1 g. The feedwater residual after draining into the feed-
water collection bag is approximately 0.83 1bs.

Feedwater Usage Analysis

Since no direct method of measuring feedwater usage in real-time is
available, the estimated computational accuracy is required. This
accuracy is determined by comparing the measured feedwater remaining,
using the feedwater collection bag and scale, and the calculated
quantity used. The following method is used to determine the error
of the calculated water usage.

a. The percent error is determined by

% Error = Actual Used - Calculated Used x 100
Actual Used

A positive percent error indicates that more water was actually
used than the real-time calculations revealed (under estimate
of the actual value), whereas a negative percent error reveals
an over estimate.

b. The actual water used is determined by weighing the water after
the EVA and subtracting this plus the residual from the amount
loaded. The value of the residual is 0.83 1lbs. If real-time
circumstances reveal a sublimator dry out (e.g. early shut off
of the water valve), metabolic estimations will be continued and
the initial loading of a subsequent EVA will be adjusted so that
no error will be attribued to the water usage after the water
valve shut off.

Actual Used = Total Ioaded ~ Weighed - Residual

2.9-1 SNA-8-D-027(IV) REV 1
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EMU Configuration - Feedwater Collection Bag ..  3/24/70

2.9.1 Feedwater Usage Analysis (Continued)

C.

The calculated water used is derived from the Medical Research
and Operations Directorate's (MROD) assessment of metabolic rate.
MROD's assessment of metabolic rate is used by FCD in conjunc-
tion with the equipment and environmental heat loads in deter-
mining an HoO quantity usage during a given time period, and the
total calculated used is equal to the total loaded minus the
remaining quantity at the end of the EVA.

Calculated Used = Total Loaded - Remaining

2.9-2 SNA-8-D-027(IV) REVL
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EMU Configuration - Weights 11/12/69

Table 2.10-1 Unit Weights

[ TTEM SPEC WEIGHT JACTUAL WEIGHT
EV-PGA (with ITMG) L6.47 1bs u2.8o.1bs
IV-PGA (with IVCL) 35.52 1bs 34.08 1bs
PLSS/EVC-1 (with Op, HoO, | |
Battery, LiOH and RCU). 88.26 1bs 85.77 1lbs
PLSS/EVC-2 (with Op, HoO,

Battery, LiOH and RCU) 88.14 1bs 85.88 1bs
OPS 41.00 1bs 40.89 1bs
Iunar Boots (pair) 4.90 1bs 4,50 1bs
EV Gloves (pair) 2.50 lbs 2.15 1bs
LEVA . 4.40 1bs 4.10 1bs
1CG ' 4.90 1bs L.h5 1bs
CWG : 0.90 1bs 0.78 1bs
UCTA - 0.53 1bs 0.52 1bs
FCS 0.50 1bs 0.32 1bs
Bioinstrumentation System 1.10 1bs 1.10 1bs
Communications Carrier 1.63 1bs 1.58 1bs
Feédwater Collection Bag

(w/o scale) _ { TBD 0.47 1bs

.=

2,10-1 SNA-8-D-027 (IV) REV 1
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EMU Configuration - In-Suit Drinking Bag 4/8/70

2.11 Drinking Bag (In-Suit)

A drinking bag. is prcovided to enable the individual crewman tr have
access to approximately 8 ounces of drinking water during an EVA.

The bag is constructed of 10 mil. polyurethane and has a surgical
rubber tube which extends into the bag and down one side to the bot-
_tom. There is a bite valve on the end of the tube exterior to the

bag. The bag has a fill connector at the top on the other side which
is identical to that used on the food bags. This allows the drinking
bag to be refilled using the water dispenser/fire extinguisher prior

to the next EVA. There is a heat seal along the vertical center line
of the bag which does not extend completely to either the top or bot-
tom, and prevents the bag from bulging excessively when it is charged.
The top of the heat seal is used as an indication of a complete fill.
When the water level within the bag is at the top of the heat seal, the
bag contains approximately 8 ounces of water. Nylon Velecro hook and
pile is incorporated along the top horizontal edge to provide for mount-
ing the drinking bag between the comfort liner and bladder of the PGA
in the chest area. The Velcro of the bag is sandwiched between that

of the two suit layers at the neck opening. The drinking bag is installed
in the PGA with the drinking tube on the crewman's left. To obtain
water, the crewman bites gently on the mouthpiece and sucks the water
as if using a straw.

2.11-1 SNA-8-D-027 (IV) REV 1
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3.0 OPERATTONAL CCNSTRAINTS AND LIMITATIONS

Volume IV EMU Data Book

Amendment 2k
11/12/69

Operational Constraints and Limitatioﬁs

3.1 Crewman/Extravehicular Activity

- OPFERATIONAL LIMITATIONS OR PROCEDURE

EV-1

Contingency EVA Configuration

Minimun EMU configuration for EVA is:

1.
2.

3.
L,

5.

EV-2

EV-PGA

Pressure Helmet Assembly
LEVA or Helmet Shield

EV Gloves

PLSS/ICG or OPS/Purge Valve

Lunar Surface Configuration

A ‘ Minimum EMU configuration for Lunar EV

is:

Note:

EV-PGA

Pressure Helmet Assembly
IEVA

EV Gloves

Communicsations Carrier
Lunar Boots

IcG

Bio-belt Assembly
Bloinstrumentation Assembly
PLSS/LCG and OPS/Purge Valve
FCS -

UCTA

RESUDTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING PRO-
CEDURE '

EVA crewman safety is com-
promised. Insufficient to
afford adequate protection

EVA crewman safety is com-
promised. Insufficient to
afford adequate protection

The PLSS, RCU, LEVA, and OPS are individually interchangesble.

between crewmen.

3.1-1
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Operational Constraints and Limitations 4/8/70

3.1 Crewman/Extravehicular Activity (Cont'd)

OPERATTONAL LIMITATIONS OR PROCEDURE

EV-3 Crewman Sweating

The PLSS Ho0 separator can handle the

maximum amount of sweat picked up in
the gas stream.

EV-4 Distance from IM ECS

Crewmen EVA shall never be more than
30 minutes from connection to the IM
ECS. A '

EV-5 PGA Gas Diverter Valves (2)

Gas diverter valves must be in
vertical position for EVA (for
either OPS or PISS operation)

EV-6 Crewman Carried Objects

There is no way to describe the full
range (weight, volume, shape, etc.)
of objects which can successfully
be carried on the lunar surface,

Parameters vary with individual crew-

men size and capabilities,

Amendment 29

RESULTS OF EXCEEDING LIMITA-
TTON OR NOT FOLLOWING PRO-
CEDURE.

/A

Possible inability of EV
crewman to reach IM ECS be-
fore exhaustion of emergency

Oo supply.

Insufficient COp washout

N/A

EV-7 Reconfiguring From OPS to PL3SS Operation

When reconfiguring the EMU from OPS
to PLSS operation, the purge valve
shall be closed and the locking pin
replaced prior to OPS oxygen shut-
off.

3.1-2

The PGA will depressurize.

k-

SNA-8-D-O27_(IV) REV 1
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Operational Constraints and Limitations 12/16/70

Crewman/Extravehicular Activity (Cont'd)

OPERATIONAL LIMITATION OR PROCEDURE RESULTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING PRO-
CEDURE

EV-8 Total EMU EVA Time

The total accumulative lunar surface Exceeds the qualified use

EVA time for the EMU shall not ex- limits presented in the

ceed twelve (12) hours. CTR's for Apollo 11 hard-
ware.

EV-9 Purge Valve Position

The EVA pre-set position of the Purge Time for crewman to react

Valve is in the LOW flow (4.0 1bs/hr) is not sufficient if purge
position. Use of the OPS for cooling valve opened to HIGH flow

purposes requires resetting the Purge and OPS not actuated.

Valve to HIGH (8.1 1bs/hr).

EV-10 Maximum Crewman Heat Storage

Heat storage by crewman's body Possible physical harm or
should be limited to 300 Btu. discomfort may occur to
the crewman.

3.1-3 SNA-8-D-027 (IV) REV 1
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Operational Constraints and Limitations 4/13/70

3.2 Extravehicular Pressure Garment Assenbly

OPERATIONAL LIMITATION OR FROCEDURE " RESULTS OF EXCEEDING LIMITA-
Ty ‘ TION OR NOT FOLLOWING PRO-
CEDURE

EPG-1 Time in Uncooled PGA

The safe maximum time allowed in an un- Heat buildup in the PGA above
cooled pme—egress PGA is 30 minutes. - maximum comfort point. (80°F)

NOTE Helmet, Gloves, and PLSS O are on.

EPG-2 PGA/PLSS/0PS Pressure Integrity Checkout

With the S/C cabin at 5.0 psia, the max- After extensive study and test,
imm allowable pressure decay is 0.3 ps1/ it 18 concluded that there is
mlnute at 8 8 'psia in PGA. no way to detérmine ‘in real

time the leak rate of the PGA
(EMU). The only purpose accom-
plished by a pressure integrity
check is to give confidence
that gross leaks are not pre-

sent.
EPG-3 LEVA Visor UV Exposure
Deleted
EPG-4 Helmet Fogging
The effective duration of the anti-fog Obstruction of the crewman's
compound is 6 hours: *2 hrs pre-helmet vision creating a safety
donning and % hrs sfter helmet donned. hazard.

23
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Operational Constraints and Limitations ‘ i :}

3.2 Extravehicular Pressure Garment Assemb;[ (Cont'd)

OPERATIONAL LIMITATION OR PROCEDURE E RESULTS OF EXCEEDING LIMITA-
‘ ' : TION OR NOT FOLLOWING. PRO-
CEDURE

EPG-5 Proximity to Thruster Plumes

: Oﬁly merginal protection is afforded the Material wlll be degraded

LEVA if its proximity to the thruster (Reference GE TIR 580-8-7168)
plumes is as close as 5 ft. for 0.5 seé- ' '
onds.

EPG-6 Gas Connector Dust Contamination

Excessive dust/dirt contamination of the Crewman may not be able to
gas connectors may vrevent the locking reconnect Oz umbilicals to.

ring to be cycled. (See EPFG-7) . the contaminated gas connector.

EPG-7 Connector Cleahsing

In the event of gas connector contamin- Ioose water may be ejected

ation, the water dispenser should be into cabin.

used to clean the connector. The entire ’ .
operation should be loosely surrounded : 3 1
by a towel to minimize loose water )
ejected into cabin.

[y

EPG-8 EVA Glove Contact

EVA Glove can ‘sustain gripping of Crewman hand becomes uncom-
objects for 3 minutes at 250 fortable.

EPG-9 Unventilated PGA

The PGA with helmet and gloves donned .002 buildup in the helmet

is limited to 60 seconds without ven- mey become excessive.
tilation.

EPG~10 Helmet Rotation

Do not rotate helmet pas lock align- Flow of oxygen to the helmet

ment . marks. may be blocked and the neck
ring seal and locking dogs
mey be damaged.

el
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Volume IV EMU Date Book

Amendment 29
4/8/70

Operational Constraints and Iimitations

3.2 Extravehicular Pressure Garment Assembly (Cont'd)

OPERATTONAL LIMITATION OR PROCEDURE

EPG=11 Time in Pressurized PGA

In order for the crewman to remain com-
fortable and function properly during EVA

© the uninterrupted time in a pressurized
PGA should be limited to 8 hours.

"EPG-12 Helmet Crazing

Helmet crazing does not present a
pressure constraint

EPG-13 loss of ILunar Boot

J There is no material constraint on

i the PGA boot; however, a potential
constraint from heat leak to the
crewman does exist although the onset
rate will be slow. If the temperature
becomes uncomfortable, then an effort
should be made to don the lost boot.
If this cannot be done, then abort.
The PGA boot sole should be examined
5 minutes after lunar boot loss and
every 15 minutes thereafter. If exces-
sive abrasion occurs, then abort.

RESULTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING PRO-
CEDURE

Additional time will cause
excessive fatique and dis-
comfort and create undesire-
able risk

N/A

The temperature of the
crewman's foot would exceed
the comfort level. The PGA
boot sole is not an integral
part of the pressure envel-
ope.

EPG-14 Cleaning and Lubrication of PGA Seals After Each EVA

The seals of the PGA gas connectors,
wrist disconnects, neck ring, and pres-
sure sealing closure (if the closure
has been actuated) shall be cleaned and
lubricated after each EVA.

323

Sluggish operation of the
connectors and disconnects
during engagment and disen-
gagment will occur.

SNA-8-D-027 (IV) REV 1
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Volume IV EMU Data Book

Amendment 29

Operational Constraints and Limitations L/8/70

Intravehicular Pressure Garment Assembly

OPERATIONAL LIMITATION OR PROCEDURE

IPG-1 PGA Pressure Integrity Checkout

' With the S/C cabin at 5.0 psia, the max-

imum allowable pressure decay is 0.3
psid/minute at 8.8 psia in PGA.

IPG-2 EV Exposure

EV exposure of the IV crewmen is not per-
mitted without the LEVA or Helmet Shield.
With the LEVA or Helmet Shield, exposure

is limited to 30 minutes in earth orbital
sunlight exposure and 20 minutes in earth
shadow conditions.

IPG-3 Helmet Shield UV Exposure

DELETED

TPG-4 IV Glove Contact

The maximum temperature allowed for IV
glove contact is 130°F.

IPG-5 Time in Pressurized PGA

DELETED

303"1

1) -

[or

RESULTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING PRO-
CEDURE

After extensive study and test,
it is concluded that there is
no way to determine in real
time during a mission the leak
rate of the PGA (EMU). The
only purpose accomplished by a
pressure integrity check is to
give confidence that gross '
leaks are not present.

Insufficient thermal protection
to the crewman.

130°F results in discomfort
to the crewman. The bladder
degrades at 160°F. '

SNA-8-D-027(IV) REV 1
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Volume TV EMU Data Book

Amendment 2L
11-12-69

Operational (onstraints and Limitations

Portable Life Support System

OPERATTONAL LIMITATION OR PROCEDURE

P1S-1 Ioss of Feedwater Pressure

The PISS liquid transport loop will re-
ject approximately 500 BTU of external heat
after the feedwater warning tone actuates.

PIS-2 Deadhead Operation

There is no constraint on operation of
the pump or the fan deadheaded in the
stowed condition. ' .

PIS-3  Sublimator Freeze-Up

When EV the pump should be on, and a

heat load of 250 BTU/hr maintained
in the liquid transport loop.

PLS-4 Sublimator Start-Up

For sublimator start-up, the ambient
should be 1000 microns (.02 psia) or
less, and the diverter valve should be
set for minimum cooling.

PLS-5 Sublimator Restart

The sublimator can be restarted at any
time during the drying out process. For
restart, the pressure should be 1000 mi-
crons (.02 psia) or less, and the diverter
valve should be in the minimum cooling
position (See PILS-4 and PLS-13).

PIS-6 Operation Without Cooling

No damage will be sustained by PLSS or
EVCS components by PLSS operation with-
out cooling.

3.4-1

RESULTS OF EXCEEDING LIMI-
TATION OR NOT FOLLOWING PRO-
CEDURE

The temperature of the space
suit environment will rise
to an uncomfortable level

(I0G inlet temp  80°F)

N/A

The sublimator will freeze
up and the cooling function .
will be lost.

Sublimator breakthrough could
occur an start-up. :

Subllmator breakthrough could
occur on restart.

SNA-8-D-027 (IV) REV 1
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Operational Constraints and Limitations 11/12/69

3.4 Portable Life Support System (Cont'd)

OPERATTONAL LIMITATION OR PROCEDURE - RESULTS OF EXCEEDING LIMITA-
' TION OR NOT FOLLOWING PRO-
CEDURE

PLS-7A IM Repressurization - POS Pressure

A minimumlpressure of 200 psia is required The crewman would be required

in the primary oxygen supply to maintain to use a slower IM repressur-
the PGA in a positive pressure condition ization to maintain positive
during IM repressurization. . suit pressure. (Reference

Figure 4.5-53).

PL.S-7B IM Repressurization - Feedwater Valve Closure

The feedwater valve should be closed be- Feedwater will be dumped in IM at
fore repressurizing the IM. a rate of .176 - .198 lbs/minute at l
a P of 3.8 psia. In any case,
.288 to .331 pounds of water will
be dumped upon subsequent LM Depress.

™,
4
]
i
K

PL5-8 Fan and Pump Switch Off

Peleted,

PIS~-9 LiOH Exposure to Vacuum

The LiOH Cartridge should not be exposed Exposure to an ambient pressure

to an ambient pressure less than 0.5 less than 0.5 psia causes the
psia for more than 15 minutes. (The water in the LiOH to vaporize
stowed cartridge is sealed to the S/C limiting its use time in the

environment ). ' EMU to 60 minutes maximum.

PIS-10 Diverter Position After Start-Up

The diverter valve can safely be placed in Sublimator breakthrough could

the desired cooling position 5 minutes " occur. '
after start-up in the event the pressure

transducer fails and causes erroneous indi-

cations (see PLS-U4 and PLS-5).

St

3.4-2 | SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book

Amendment 29
4/8/70

Operational Constraints and Limitations

3.4 Portable Life Support System (Cont'd)

OPERATTIONAT, LIMITATION OR PROCEDURE

PIS-11 POS Use After Recharge

There are no constraints on the use of

the primary oxygen supply after re-
charge. ' o

PIS-12 POS Contamination

There is no minimum pressure required
to prevent back flow contamination of
the primary oxygen supply. A filter
prevents contamination.

PIS-13 Sublimator Breakthrough

If breakthrough occurs, these steps
must be followed in order to accom-
plish restart:

1. Close feedwater valve.

2. Place diverter valve in max.
cooling position.

3. Maintain activity for at least
5 minutes to facilitate subli-
mator dryout. (See Notes 1 & 2)

4. Place diverter valve in min.
cooling position.

5. Open feedwater valve.

6. Desired diverter valve position
may be selected when feedwater
pressure is acquired indicating
successful startup. (Approx. 5
minutes - see PLS-10).

PIS-14 Pump Shutdown

Pump shutdown while EVA shall be limited

to 10 minutes maximum. Pump shutdown

while inside the unpressurized IM is also

10 minutes.

3.4-3

"RESULTS OF EXCEEDING LIMITA-

TION OR NOT FOLLOWING PRO-
CEDURE - -

N/A

N/A

Startup will not occur.

NOTE 1: The most recent
flight data indicative of

a wet sublimator restart

shows that sublimator dry-out
is not required for a success-
ful restart for operation with
low sublimator heat loads. A
hot restart (high sublimator
heat loads) will require sub-
limator dryout. ,
NOTE 2: An indication of sub-
limator dryout is the decay
of feedwater pressure below
the vapor pressure of water
(0.5-0.7 psia).

Liquid transport water in sub-
limator will freeze rendering
the liquid transport loop in-
operable.

SNA-8-D-027 (IV) REV 1




Amendment 2L

, 11/12/69
Volume IV EMU Data Book
Operational Constraints and Limitations
3.k Portable Life Support System (Cont'd)
OPERATTONAL LIMITATION OR PROCEDURE RESULTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING PRO-
- CEDURE
' PIS-15 Diverter Valve Positioning
Diverter valve positioning between de- N/A
tents does not shut off the transport
water loop. Portions of each position
will allow some flow.
PIS-16 Battery Storage
The -battery shall be stored within the Possible degradation of bat-
temperature limits of O°F to 130°F. tery performance. Definite de-
Plate warpage will occur at 160°F. gredation if plate warpage
occurs.

3.4k SNA-8-D-027 (IV) REV 1 -
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Volume IV EMU Data Book
Operational Constraints and Limitations

P

Puotable Life Support System (Cont'd)

OPERATTONAL -LIMITATION ORQPROCEDURE

PLS-17 LiOH Storage Temp

' The TiOH Cartridge can be stored at

temperatures within limits of figure
4.5-34, page k.5-k0.

PLS-18 IM ECS/PLSS Hybrid

Constraints associated with the follow-
ing IM/ECS Hybrids:

(a) Static PLSS oxygen ventilation
loop. PISS gas connectors must
be connected to the PGA or the
PLSS oxygen valve wmust be on.

(b) Static PLSS liquid transport

loop. (LTL) (Ref. PLS-14) Pump .-

shutdown 1s limited to 10 min-
utes. ‘

(c) Static PLSS LTL and Sublimator,
Eventual helmet fogging depen-
dent on the metabolic load.

PLS-19 Feedwater Collection

The feedwater shall not be collected
with the feedwater collection bag.if
the feedwater remaining is greater
than 5.8 pounds.

3.4

5

. Amendment 23
10/2/69

/

' RESULTS OF EXCEEDING LIMITA-

TION OR NOT FOLLOWING PRO-
CEDURE '

Reduced LiOH efficiency.

Water will not be expelled
to the Sublimator.

Sublimator freeze up may
.damage sublimator and pre-

clude subsequent restart.

‘No damage is expected to th

02 Toop. ~ '

Loss of wvisibility through
the helmet.

Exceeds the feedwater collec-
tion bag capacity.

SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book

Amendment 25

Operational Constreints and Limitations - 1/30/70

i Portable Life Support System (Cont'd)

OPERATIONAL LIMITATION.OR PROCEDURE

PIS-20 Contingency Retention of PLSS

In the event both PLSS's are retained to
satisfy contingency EVA requirements,

the following procedures must be followed:

(a) All connector caps shall be in
place. :

(b) All umbilicals (including the bat-
tery cable) shall be in their re
spective stowage plates.

(¢) The LiOH Cartridge»shall be removed
from the PLSS and stowed in any bag

where space is avallable.

PIS-21 Feedwater Replenish Temperature

The maximum temperature of water for
feedwater replenish shall be 109°F.

RESULTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING PRO-
CEDURE

Vital connectors and/or umbil-
icals could be damaged pre-
cluding their use. The LiOH
could be degraded by residual
moisture in the PLSS and rendered
useless. '

Excess feedwater temperature
will cause sublimator breakthrough.

PIL3-22 Diverter Valve Position After Start-up

When the low feedwater pressure warning
flag clears the diverter valve may be
placed in any desired position.

PIS-23 Gas Separator EVA Bleed

There is no freezing constraint asso-
ciated with the contingency bleeding
of the gas separator during EVA.

3.4-6

Earlier diverter valve positioning
will cause sublimator breakthrough.

'N/A.

SNA-8-D-027 (IV) REV 1
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Amendment 29

Operational Constraints and Limitations 4/8/70

3.4 Portable Life Support System (Cont'd).

OPERATIONAL LIMITATION OR PROCEDURE

PLS-24 Use of IM Urine Bags During Recharge

" The IM-urine bags shall not be used as
a receptacle for the PLSS condensate
during a feedwater recharge.

PIS-25 Thermal Toad on Sublimator
A maximum thermal load at the sublima-

tor of 8750 BTU/Hr.- should not be ex-
ceeded. .

30""“"7

RESULTS OF EXCEEDING LIMITA-
TION OR NOT FOLLOWING FRO-
CEDURE

The condensate side of the
bladder in the feedwater
reservoir has an approximate
volume of L40OO cc's which
includes 875 ce's of conden-
sate after a nominal mission.
The urine bags have an approx-
imate volume of 875 ce's.

Since the feedwater is recharged
to a pressure of 4O psi, which
is the pressure forcing the
condensate plus air into the
urine bags, and since the
urine bags are only proof pres-
surized to 10 psi, the conse-
quence of attempting this oper-
ation would result in an
exploded urine bag.

Sublimator breakthrough will
oceur.

SNA-8-D-027(IV) REV 1




Volume IV EMU Data Book

Operational Constraints and Limitations

3.5‘ Oxygen Purge System

OPERATTONAL LIMITATION OR PROCEDURE

OPS-1 OPS Charge

The pressure of the OPS shall
not exceed 6950 psia.

0PS-2 OPS Actuation

The OPS hose shall be securely connected
to its stowage plate, PGA, or held by the
crewman before actuating the OPS.

_ OPS-3 OPS Heat Removal

The OPS is capable of heat removal at the
rate of 600 to 800 BIU/hour. This limit is

the result of the purge valve restricting
flow.

OPS- 4 OPS Unrestrained Flow

The OPS will empty all usable oxygen in
4,2 minutes when the flow is unrestrained.

OPS -5 OPS Electrical Checkout

Successful electrical checkout is not
mandatory for manned operations

3.5-1

RESULTS OF EXCEEDING LIMI~-
TATION OR NOT FOLLOWING FRO-
CEDURE

The regulator performance
becomes erratic

The thrust developed is suf-
ficent +to cause damage.

The Astronaut becomes over-
heated.

N/A

Crewman can tolerate tempera=-
tures of the gas with heater
not operating

SNA-8-D-027 (IV) REV 1
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Amendment 24

Volume IV EMU Date Book 11/12/69
Operational Constraints and Limitations

Oxygen Purge System (Cont'd)

OPERATIONAL LIMITATION OR PROCEDURE

OPS-6  Intermittent Use of OPS

If the OPS is to be used temporarily
to correct some minor difficulty
such as helmet fogging, the PLSS Oo
shut-off valve must be turned off
prior to actuating the OPS.

3.5-2

RESULTS OF EXCEEDING LIMI~
TATTION OR NOT FOLLOWING
PROCEDURE ~

Because of the set points of
the two regulators, the POS
regulator will attempt to
supply the 8.0 1lbs/hr allowed
by the purge valve. The 0OPS
will supply only the differ-
ence. This will deplete. the
POS supply rapidly to a point
severely restricting the mis-
sion profile and/or requiring
a recharge of the PISS Op.

¥
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Volume IV EMU Data Book
“““ Oy Operational Constraints;and’Limitatiqns

3.6 Extravehicular Communications System

OPERATIONAL LIMITATION OR PROCEDURE

EVCS-1 Line of Sight

RF line of sight must exist between trans-
" mitting and receiving antenna for all com-
mmnication. ‘ 7

EVCS-2 IM-MSFN-CSM Relsy

While communicating with the CSM via the
IM and MSFN relay, the EVA crew must allow
4.8 to 6.0 seconds for each reply. In
communicating with MSC, 2.4 to 3.0 sec-
onds must be allowed. '

EVCS-3 Proximity to IM VHF Antenna

There is no constraint as to nearness to
the IM VHF antenna.

EVCS-4 Range

4The range is limited to one mile between
IM and EVC-1 (CDR) and one-half mile be-
tween Astronauts. “

EVCS-5 Operation in IM

The EVCS is unrestricted for operation
within the IM. (See EVCS-7)

EVCS-6 Operation Without Antenna

The EVCS should not be operated without
the antenna. ' ‘

3.6-1

RESULTS OF EXCEEDING;LIMI-

TATION OR NOT POLLOWING PRO-
CEDURE :

Complete loss of communica-
tions.

Lack of discipline results in
loss of intelligent communi-
catlon between the EV crewman,
the CSM, and MSC.

N/A

Probable loss of communica-
tions.

N/A

Although the EVC's are capable
of operating for four hours
with the antenna terminals
shorted or open, communication
will be lost for the duration
of the anomaly.

SNA-8-D-027 (IV) REV 1



Amendment 25

Volume IV EMU Date Book o - 1/30/70
Operational Constraints and Limitations

3.6 Extravehicular Communication System (Cont'd)

OPERATIONAL LIMITATION OR PROCEDURE RESULTS OF EXCEEDING LIMI-
TATION OR NOT FOLLOWING PRO-
CEDURE

EVCS-T7 Antenna Stowed

EVCS operation with the antenna stowed Possible loss of power and/or-
is an out of spec condition, and is an excessive voice distortion.
individual characteristic of each indi- If severe distortion encountered
vidual unit. - ' ‘ go to operationally unstowed

- mode. '

EVCS-8 Mode Selection

The two EV communicators should never The frequencies will beat and
be in the Primary (A) or Secondary (B) a loud interfering signal will
modes simultaneously. be produced. .

EVCS-9 Mode Restriction on EVC-2

The EVC-2 communicator shall be switched All communication from the
to Primary (A) or Secondary (B) mode if EVC - 2 communicator will be
and when the EVC-1 communicator is switched 1lost.

from the Dual (AR) mode. (Reference EVCS- —
8 above). :

h
i

EVCS-10 Proximity to Erectable S-Band Antenna

The crewman shall not get directly in Getting in front of antenna suf-
front of S-Band antenna in the radiating ficient to be dangerous would be
path. No other constraint exists. very difficult. Touching from

back=~side would cause only slight
temperary static.

EVCS-11 Failed EVA Antenna

With the EVA antenna failed transmission = Probable loss of communications
between crewman and LM inline with the with crewman..

fore or aft VHF inflight antenna is es-

timated to be limited to one-half mile.

3.6-2 SNA-8-D-027 (IV)REV 1



S

S

Volume IV EMU Data Bock - Améndment 29
Subsystem Performance Data - EMU 4/8/70

4.0 SUBSYSTEM PERFORMANCE DATA

This section presents data concerning the performance of EMU subsystems,
The initial dats presented is that which is applicable to the system as

a whole. The ensuing paragraphs provide data of increased detail on the
operating characterlstlcs of the individual subsystems.‘

The EMU subsystems de51gn/operat10nal limits are prOV1ded in Table 4.0-1
and the proof and burst pressures of these subsystems are provided in
Table 4.0-2. The EMU consumables management information is shown in

Table L. 0—3 The EMU heat leak as a functlon of the . sum;angle is shown
in Figure 4.0-1 ~

4.0-1 SNA-8-D-027(IV) REV. 1




dment 2
e

Volume IV EMU Data Book
Subsystem Performance Data - EMU

MOIE EDUNd TYWMON =330 pu® Uo~ YALVAH QTITVI «

——— um/oos o1 —— ——— - ———— - yoea) s3A0TH A
———— uTw /298 0T ——— —o——— —— ———— ——— (uo®a) S9A0TD AT
= uTw/o0s G m———— ——— — ———— - FETE
———— uT/o0s GHT —— ———— ———— - - MG QU] OSI0L
== UTu/o58 08T Sted G-¢ CL=R d5062- d5062 e Z &l 0 (18303) vod - Ad
XIGNISSY JIINEYD THNSSTIA
- :ﬁE\uom € vyed 4°€ v1sd o'y Io0€ I508 ———— walshg JUs) aInssdIg MOT
034 0°8T - 2°Se mem- - =-== A0 d509T ===- £1ddng xemMog
——— I = (epow dn-a¥ew) | gred of 7 -00- o0 u Rrddng uafAx
u/o0s 0 e18d gor-ersd 00g) T O 49 *io09 #da0u T+ €Ut ozt Tddng UIRAXO
WALSKS EoUNd MIDAXO
- ay /oo Lgro eysd ¢°C ersd 4 do6E 1606 ¢3F 020°0 938 rodsued]
———- uT/oos LT BIsd G°¢ g1ed G0°Y doSE do0TT €W HI2*0 dooT Juay
53n 7AT - 0°9T ———— -mem === 250 09T = Addng Temog
---- ay /o0 79T vIsd 9°T Bvrsd )t ER4 do60T €33 ENT® - GET” I27eMpas]
— etsd OT + 020T @ -
T urw/ovs € eTsd 00T etsd QTTT do5E I50TT cuT 7ge- gLE us@ixp Arewtag
——
TOVITOA SIVE EOVIVET NORTNIR WUOXVW | WINININ | WORDXVR TAYION WELSASENS
TNSSTIL THNIVHIAWEL
WAISKS IMOddNS FITT HIAVINOJ
—

2

mpﬂswg HmnoﬁummeO\qummm swogsfsong NWH T-0°# STABL

SNA-8-D-027 (IV) REV 1

4, 0-2



9

Amendment 2
L/8/70

Volume IV EMU Data Book

Subsystem Performance Data - EMU
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HEAT LEAK - BTU/HR

Volume IV EMU Data Book
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Figure 4.0-1 EMU Heat Leak versus Sun Angle
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Pressure Garment Assembly

The PGA consists of a pressure helmet, torso limb suit, intravehicular
gloves, an external coverlayer, and various controls and instrumenta-
tion. The garment is designed to be worn for 115 hours at a regulated
pressure of 3.85 + 0.15 psid in conjunction with either the LCG or the
CWG.

Two configurations of the PGA are to be flown on all Apollo missions.

In the intravehicular configuration, which is worn by the Commend Module
Pilot (CMP), the basic torso limb suit is covered by a fire and abrasion
resistant coverlayer. Redundant gas connectors and other extravehicular
components have been removed to decrease weight and bulk. In the extra-
vehicular configuration, an integrated thermal micrometeroid garment (ITMG)

is attached to the PGA for protection against thermal loads and micrometeroid
penetration, in addition to fire and abrasion protection. The weight

and other leading particulars are given in Table L4.1-1.

PGA Internal Volume

Because the internal volume of the PGA varies with the size of the crew-
man for whom it is constructed, the internal volume is considered to be

4.7 cubic feet + 10%. Because the free volume (manned) veries also with the
fit of suit to the crewman, the free volume is considered to be 2.2 cubic
feet + 5%. ‘

PGA Orifice Flow Rates

The PGA Pressure Relief Valve flow characteristics as a function of the
PGA pressure is shown in Figure 4.1-~1l. The flow characteristics of the
PGA Pressure Transducer porous plug as a function of the PGA pressure is
shown in Figure 4.1-2.

SNA-8-D-027 (IV) REV 1
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Subsystem Performance Data - PGA

Table 4.1-1 PGA Performance Characteristics .

VALUE
ITEM IV-PGA 'EV-PGA
S/C Wall =20
Temperature Limitation to + 150°T + 250°F

Leak Rate (Max) at 3.7 psid
Operating Pressure
Pregssure Drop
12 acfm, 3.9 psia, 50°F,
inlet diverter valve in

IV position.

6 acfm, 3.9 psia, 50°F,
inlet diverter valve in

180 sce/min.

3.75 + .25 psid

4.70 in. Hy0

180 sce/min.

3.75 t .25 psid
4,70 in. H,0

1.80 in. H0

EV position.
Pressure Relief Valve Flow Rate |[3.6 + .2 1bs/hr. | 3.6 + .2 lbs/hr.
@ 5.5 psia @ 5.5 psia
Weight 34,13 1bs. 43 .42 1bs.
4,1-2 SNA-8-D-027 (IV) REV 1
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Subsystem Performance Data -~ PGA
Operational : ‘ —_—
Typical for Relief Valve
Stuck at 5.5 PSID .
(Ideal Orfice)
/ o
/ Configuration
1.0 2.0 3.0 4.0 5.0
FLOW RATE~LB/HR
Figure 4.1-1 PGA Relief Valve Flow Characteristics
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LCG

The LCG is worn next to the skin under the PGA during IM and EV
activities. The LCG is made of nylon-spandex knitted material,

and provides for general comfort, perspiration absorption, and
thermal transfer between the crewman's body and the garment's
cooling media. The garment provides a continuocus flow of tempers-
ture controlled water through a network of polyvinyl chloride (pve)
tubing stitched to the inside surface of the open mesh fabric
garment. A lightweight nylon comfort liner separates the body from
the tubing network.

‘The LCG can remove heat at a maximum rate of 2000 BTU/hr. for 15

minute periods, or a continucus rate of 1700 BTU/hrr. (These para-
meters are dependent upon PLSS operational de51gn) Leading
particulars of the LCG are given in Table L.2-1 '

LCG Pressure rofile
The LCG pressure profile in the various environments is as follows:

a. Sea level charge pressure is 28.5 psia.

b. While stowed in the CM, the LCG is in a bag evacuated to 2.85-5.0
psia. Based on test results, measurable loss in LCG weight or
gas permeation into the LCG does not occur.

c. Operating pressure in IM is 12-21 psig above cabin ambient of 5
psia.

d. Operating pressure on lunar surface is 4 to 21 psia in 3.8 psia
suit environment.

A typical LCG pressure profile prior to LCG/PLSS interfacing is
depicted in Figure k.2-1.

ICG Internal Volume

The internal volume of the LCG tubing nominally is 350 cc. The range
is approximately 310 - 380 cec.

h.o-1 SNA-8-D-028 (IV) REV 1
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Table 4.2-1 LCG Performance Characteristics

ITEM VALUE

Weight (Charged) 84,60 1bs.
Operating Pressure 4.2 tc 23.0psid

Pressure Drop

k.0 lbs/gin. flow at 3.2 psi including both
70° + 10°F inlet temp. halves of connector

Leak Rate (Maximum)

19.0 psid pressure differ- 0.58 cc/hr.
ential @ UsOF

)
7

aDesign Value

L.2-2

P
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Urine Collection and Transfer Assembly (UCTA)

The UCTA collects and provides intermediate storage of a crewman's -
urine during launch, EVA, or emergency modes when the spacecraft
waste management system cannot be used. The UCTA will accept urine
at rates up to 30 cc/sec with a maximum stored volume of 950 ce. No
manual adjustment or operation by the crewman is required while the

" UCTA is collecting urine. Pressure relief valves are incorporated in

the urine collection bag to prevent exposure of the penis to pressure
differentials of + 1 inch HpO between the collection bag and the PGA.
The valves open automatically as required to increase pressure within
the collection bag. A flapper check valve prevents reverse flow from
the collection bag to the urinal portion of the UCTA. The stored urine
can be transferred through the suit wall by hose when feasible to the
CM or IM during both pressurized and depressurized cabin operation.

The UCTA is worn over the CWG or the LCG, and is connected by hose to
the urine transfer connector on the PGA. This urine transfer connector
is a quick-disconnect fitting which is used for the transfer or urine
from the UCTA to the spacecraft waste management system.

h,3-1 SNA-8-D-027 (IV) REV 1
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Bioinstrumentation System (BIS)

The bioinstrumentation system is attached to either the CWG or LCG,
and contains the necessary bioinstrumentation for crew status check.
The bioinstrumentation, connected to the PGA electrical harness, con-
sists of an EKG signal conditioner, impedance pneumograph (ZPN) signal
conditioner, dec-dc converter, and axillary and sternal electrodes.

Electrocardiogram Signal Conditioner - The EKG signal conditioner has
a signal wave ranging between O and 5 volts peak-to-peak which is repre-
sentative of inflight heart activity.

Impedance Pneumograph Signal Conditioner - The ZPN signal conditioner
and associated electrodes provides flight measurement of transthoracic
impedance change. A pair of electrodes are used to measure respiration
rate over a wide dynamic range of activity. This conditioner is not
used during EVA.

The dc-dc Power Converter - The de~dc power converter delivers a + 10
and - 10 volt power to each signal conditioner. It converts the single

ended 16.8 volt power to the + 10 and - 10 volt power reduired by the
biocinstrumentation systems.

Electrodes - The electrodes are attached directly to the skin with an
adhesive disk filled with conductive paste. The EKG sternal electrodes
are attached to the EKG signal conditioner and EKG axillary electrodes
are attached to the ZPN signal conditioner.

bhoh-1 SNA-8-D-027 (IV) REV 1
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L.s5 PISS Performance Data

A PLSS system flow chart is presented in Figure 4.5-0.1. More de-
tailed performance data of the individual subsystems is presented
in the following paragraphs.

L.5.1  Extravehicular Communication System (EVCS)

4.5.1.1 Modes

The EVCS operational modes are defined in Figure L.5-1. These modes
are manually selected by the EVA crewman. The principal operating
mode is for both crewmen to be in the dual (AR) mode. This is the
only mode in which both crewmen can be received simultaneously. Crew-
men should never simultaneously be in either the primary (A) mode

or. the secondary (B) mode.

4.5,1.2 Voice Communications

- The EVCS provides for duplex voice communications between earth and
at least one crewman. It also provides for uninterrupted voice com-
munications between both crewmen. The performence requirements of
the primary and secondary transceivers are summarized in Table
4,5-1A. FM transmitter and receiver performance requirements are sum-
marized in Table L4.5-1B.

4.5.1.3 Telemetry

The telemetry parameters are identified in Table 4.5-2., In addition,
the normal operating ranges of each parameter are listed for pre-

egress checkout and for extravehicular activity. The calibration

curves for the individual sensors are presented in Figures 4.5-2 through
4,5-8. Telemetry inaccuracies attributed to the sensors and the

EVCS are presented in Teble 4.5-3, :

Table 4.5-3.1 presents the overall accuracy of the EMU biomedical
and suit data from the lunar surface to the Mission Control Center.
The table ig a summery of the estimated errors contributed by each
section of -the telemetry link for the PLSS and EKG. The last column
of the table shows the three sigma accuracy estimate (3 e p) for each
parameter. This accuracy is expressed as a percent of full scale.

All telemetry data from each crewman is commutated on a single sub-
carrier except EKG data. Fach crewman's EKG information in contin-
uously sampled on its own subcarrier. The telemetry channel assign-
ments are given in Teble L.5-4.

Telemetry data is not transmitted when the mode selected is the
secondary or "B" mode.

4,5-1 SNA-8-D-027 (IV) REV 1




L.5.1.4

L.,5,1.5

k.5.1.6

" If the EVA antenna on the IM fails during luner operations; the

~All lines in and out of each EVC is filtered for EMIL suppréssion,

Volume IV EMU Data Book Amendment 27
Subsystem Performance Data - PLS3 3/18/70

Antenna |

All EMU communications are transmitted and received via the EMU
antenna. The antenna is mounted on the OPS. When mounted with
coaxial cable and input connector, it has a VSWR of 2.0:1 or less.
The antenna is vertically polarized. A description of the antenns
coverage factor is presented in Table L.5-5.

If the EVC is operated with-the EMU antenns, stowed, thé range from
the IM is limited to %-mile‘with the possibility of extreme trens-
mitter distortion. ' : :

EV crewmen can maintain communications with MSFN at an estimated
meximum renge of % mile in-line with either the front or aft VHF
inflight antenna.

EMI Suppression

except the left and right microphone wires and the biomedical primary
power wire. These three wires Just loop through each EVC.

Each communicator is spec'd and tested to accept on the battery
supply line a 1.1 volt peak-~to-peak noise signal between the fre-
quencies of 250 Hz and 15 KHz, and a 0.55 peask-to-peak noise signal
between 30 Hz and 250 Hz.

’}

Temporary Out-of-Spec Temperature Indications

When the water diverter valve is first turned to meximm cooling,

the LCG differential temperature transducer produces s signal as

much as 200% of nominal maximum. This relatively high voltage is

fed through to the other temperature transducers driving them out

of range. This is only a temporary out-of-spec occurrence, and causes
no equipment failure. The condition exists on the PLSS 02 and ICG
inlet H,O temperature readings for 8 to 10 seconds. The condition
exists on the LCG differential temperature readout for 15 to 20
seconds. _ .

k,5-2 SNA-8-D-027 (IV) REV 1
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Subsystem Performance Data - PLSS 3/10/70
Design average heat loads ‘Design point pressure loss
Description Units Value Oxygen loop (at 6,0 CFM) In, HpO
abolic heat rate BTU/hr | 1200 Pressure garment assembly (spec) 1.6;-
gen consumztion Ib/hr {0,195 Gas connectors (suit and PLSS) 1.10
} » production lb/he | 0.235 LiOH canisters 1,10
ystem heat load BTU/hr 11179.2 Sublimator 21,21
htal system (design point} load BTU |7116.8 Vent flow sensor . 0.20
) al water storage _ Ib 6.62 Water separator 0.32
imum water separated Ib 0.35 Ducting 0.32
«imum water separated b 2.03 Backflow check valve 0.25
al power required watts | 52.16 Pressure rise across fan 5.25
sion electrical energy watt-hr [208.64 Liquid loop (at 4 Ib/min) psi
ision electrical heat load BTU/hr (200,97 Liquid cooling garment 1,780
. o Connectors ’ - 0.800
,} of handling 100 cc/hr of perspiration Sublimator 0.795
Fan motor cooling jacket 0.054
General design data Ducting - 0.893
Description Units Value Pressure rise across pump 4.682
ign point mission time hrs 4.0
<imum mission time hrs 4.0
1hined fan/motor efficiency 14
ap efficiency - 11
‘ory efficiency 0.88
pressure ratio 1,051
/motor power watts 30.0
' power watts 10.0
>S and electrical components watts | 12,56
gen flex hose 1D, in, 0.750
gen hardline 0.D, in. [ 0.750
Jid flex hose 1,D, in. |0.305

Figure L4.5-0.1 Apollo EMU Program - PISS System Flow Chart

4.5-2,1 ' SNA-8-D-027(IV) REV 1
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Figure 4.5-1 Extravehicular Communications System
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Table L4.5-1A Voice Communications -
Amplitude Modulated

PRIMARY SECONDARY

RECEIVER [
Frequency 296.8 MHz + 9 KHz 259.7 MHz + 7.8 KHz
Bandwidth - Superheterodyne Superheterodyne
70 KHz TIF at 70 KHz IF at
6 db min 6 db min
Output . 12.6 mw min to 12.6 mw min to
helmet isolation helmet isolation
network network
TRANSMITTER
Frequency . 259.7 MHz + 7.8 KHz 296.8 MHz + 9 KHz
Bandwidth Compatible with data  Down 2 db maximum at )
being transmitted 300 Hz and 2.3 KHz o
Power Output 250 mw min unmodulated 250 mw min unmodulated
at antenna terminal at antenna terminal
b, 5.4

e

SNA-8-D-027 (IV)REV 1



— Table 4.5-1B Voice Communications -
Frequency Modulated

EO

RECEIVER (EVC-1)

Frequency , 279.0 MHz + 8.4 KHz
Bandwidth - 125 KHz IF ap 3 db min
Power Output 12.6 mw min to helmet iso-

lation network

TRANSMITTER (EVC-2)

Frequency 279.0 MHz + 8.4 KHz

Bandwidth Compatible with data being
transmitted

Power Output 316 mw min unmodulated at

i antenna terminal

k.5-5
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Figure 4.5-4 Battery Current Calibration Curve
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4,5.1.5 EMU Warning System

The EMU Warning System characteristics are summarized in T&ble
4.5-6 on page L. 5-19.

General Description

Four sensors are situated at various points in the PLSS to give
warning of potentially dangerous conditions. If one of these
transducers senses a dangerously low pressure or a high or low
flow rate, it signals the PLSS Alarm Control Module. The Alarm
Control Module generates a warble warning tone through the Extra-
vehicular Communications System to the Astronaut's earphones.

It also activates one of five visual warning indicators which are
located on the Remote Control Unit at the front of the space suit.

The "High Primery Oxygen Flow" Warning

One of the four sensors is located Jjust downstream of the Primary
Oxygen Pressure Regulator. If the regulator passes a flow which
exceeds 0.50 to 0.65 lbs/hour for a period of time greater than

five seconds, the warning tone will sound in the crewman's earphones,
and the visual warning flag labeled "02" will pop up on the RCU.

This warning flag will reveal a lighted symbol "O," which indicates
"OPS" actuation needed. After 10 + 2 seconds, the tone will stop
sounding, but the flag will remain raised until the flow is less
than 0.50 to 0}65'lbs/hour.‘ Then, the flag will drop automatically.

The "Low PGA Pressure" Warning

To give warning of low suit pressure, a low pressure switch 1s lo-
cated in the primary oxygen mske-up flow line of the PLSS. This
transducer is Just downstream of the High Primary Oxygen Flow
Sensor discussed above., Upon sensing a pressure lower than 3.10

to 3.40 psid, the switch actuastes the warning tone, and the warning
flag labeled "Press." on the RCU in the manner described above.
This warning flag will reveal a lighted symbol "O" meaning "Actuate
OPS." As in all the warning tone soundings, the tone will last

10 + 2 seconds, regardless of when the PGA pressure goes back to
above 3.10 to 3.40 psid, but as with all the warning flags, this
flag will remain raised until the PGA pressure returns to 3.10 to
3.40 psid or higher at which time it will drop automatically.

The "Low Vent Flow" Warning

A transducer is located just downstream of the Fan in the PLSS vent
loop. If this transducer senses a flow rate lower than 4.0 to 5.3

h.5-17 SNA-8-D-027 (IV) REV 1
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acfm for a period of time greater than five seconds, the warning
tone will sound for 10 + 2 séconds. The warning flag labeled
"Vent" on the RCU will pop up and reveal a lighed symbol "P" -
meaning "Purge." The flag will remain raised until the fan flow

returns to 4.0 to 5.3 or higher, at which time it will drop to thé
closed position.

Prior to flight, the sensor activation and deactivation points are
required to be between 4.7 and 5.0 acfm; however, for the second
EVA, these points nominally experience a 0.1-0.2 cfm downward shift
depending upon the amount of water condensed in the electronic ele-
ment.

The "Low Feedwater Pressure" Warning

The fourth transducer is located in the feedwater line Just up-
stream of the sublimator. If the feedwater pressure drops below

1.30 to 1.60 psia, the warning tone will sound for 10 + 2 seconds

and an RCU flag will pop up to reveal a lighted "A" symbol indicating
"Abort." The flag will remain raised until the feedwater pressure

is again higher than 1.30 to 1.60 psia. This same transducer is used
to telemeter the feedwater pressure reading to ground control.

Additional Warning System Characteristics

Although there are five warning flags on the RCU, only the four
described above are operational. The fifth flag, labeled "COp,"

is intended for use on later models of the EMU. Each warning flag
is lighted by a Beta light source capsule which requires no electric
power.

If the EVCS mode selector switch position is changed, the warning
tone will again come on for 10 + 2 seconds, provided one of the
four transducers is still signaling for a warning tone.

The warning tone is a 1.5 KHz frequency tone which is interrupted
fifteen times per second to give a warbling sound. The tone-is
clearly audible abowve the transceiver output in transmitting, re-
ceiving, or standby operations.

L.5-18 SNA-8-D-027(IV) REV 1
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h,5.2,2
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- PISS Electrical Subsystem

Battery

The PLSS power supply is a replaceable silver zinc battery with
a two sigma capacity of 279 watt-hours (16.5 amp-hours) and an
operational output voltage of 16.0 to 20.5 volts. The battery
is composed of eleven cells, each cell having a pressure dif-
ferential of 8.0+ .3 psid. This relief capability is provided
by an unsophisticated valve verified only at the time of de-
livery by the battery supplier. The total battery is contained
in a sealed case that incorporates a pressure relief valve
which maintains the pressure differential between 4.9 and 8.0
psid.

The output voltage and capacity vary with temperature as shown
in Figure 4.5-17. This figure was determined for a 60 watt load
which represents the load for which the battery was designed.
Figure 4.5-18 shows the discharge curve for the battery with a
4O watt load discharged under ambient conditions. The 4O watt
load is representative of the nominal load imposed by the PLSS
and EV communicator (reference Table k4.5-8).

To prevent battery degradation due to time-temperature limita-
tion, the battery should be stored and used in accordance with

Figures 4,5-1T7 and 4.5-18 show that the battery voltage begins
to fall sharply approximately thirty minutes before exhaustion
of the power supply (16.0 vde).

Current Limiters

Current limiters are used in the PLSS to protect the circuits
shown in Table 4.5-9. These current limiters can withstand
current loadings in excess of their rating for short time per-
iods as shown in Figure L4.5-20,

4, 5-21 SNA-8-D-027 (IV) REV 1
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4.5.2.3 Voltage Degradation Effects

A test was performed at NASA/CSD to determine the effect of de-
grading voltage upon the EMU subsystems performance. The test
started with a voltage of 17.1 volts which was decreased at 0.1
volt increments. The low vent flow flag and warning tone actuated
at 14.2 volts. This was attributed to degraded fan performance
and the actuation was normal when flow was reduced. No tests
were conducted below 1Lk.2 volts to check the warning tone or flag
actuations; however, all flags remained in the cleared position
throughout the test. No significant degradation of communication
or telemetry was evident until the supply voltage was reduced to
13.6 vde. At this point, the signal from the PLSS/EVCS had de-
graded to the extent that the RF ground station could not translate
the telemetered data. At 12.5 vde, the voice comm transmitted by

- the PLSS/EVCS was unintelligible. The EKG and all transmitting
power was lost at 12.0 vde. The voice comm received by the PISS/
EVCS was understandable until the voltage reached 9.5 vdc.

Throughout the test, fan and pump degradation was evident by pro-

gressively lower flow rates and Delta P's in the gas and transport
loops.

At the conclusion of the test, the voltage was returned to 17.0 S
volts and normal operation was obtained. ‘

pes

4,5-21.1 SNA-8-D-027 (IV) REV 1
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Table 4.5-7 PLSS Power Supply Storsage and

CONDITION OF

TEMPERATURE

Usage Time-Temperature Limitations

TIME AT
POWER SUPPLY’_' LIMITATION TEMPERATURE LIMIT
Storage, Uhacpivated 35° to 1109F 1 year maximum
Storage, Activated 12 deys total 1life
| (a) 500 to 80°F 12 days maximum
(b) 0° to 50°F

(c)
Operation

()

(b)

80° to 100°F

100° to 130°F

50° to 9OOF

70° to 160°F

5 days maximum
2 days' meximum

At start:

Between 2.0 and 4.0
hours

CAUTION: The battery should not be allowed to exceed 160°F as
plate warpage and battery degradation will occur.

4,5-25
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~ Table 4.5-8 PISS Power Profile

Fan
Pump
EVC
Dual Mode
Primary Mode
Secondary Mode
TOTAL (EVC in Dual or Primary Mode)

TOTAL (EVC in Secondary Mode)

Nominal

Current

1.3 amps

0.5 amps

0.6 amps
0.6 amps
0.5 amps
2.4 amps

2.3 amps

Amendment 25
1/30/70

Electrical
Heat Ioading

74.5 BTU/Hr

28.6 BTU/Hr

34.4 BTU/Hr
34.L4 BTU/Hr
28.6 BTU/Hr
137.6 BTU/Hr

131.9 BTU/Hr

NOTE: For real-time consumables evaluation, the telemetry data

should be used.

4,.5-26
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Teble L4.5-5 Current Limiter Usage and Ratings

COMPONENT (S )
PROTECTED RATING
Fan Current protection not pro-
" vided* (#22 gage wire)
Pump Current protection not pro-

vided* (#22 gage wire)

Vent Flow Sensor

1/16 amp (62.5 ma)

Time Delay Module
(Vent Flow Sensor)

1/16 amp (62.5 ma)

High Oz Flow Sensor

None externally - has 50 ma
limiter built in

Time Delay Module
' (High Op Flow Sensor)

1/16 amp (62.5 ma)

Left Microphone

1/8 amp (125 ma) with series
32.4-39.2 ohm % watt resistor

Right Microphone

1/8 amp (125 ma) with series
32.4-39.2 ohm $ watt resistor

EVC Warning Tone

1/16 amp (62.5 ma)

Generator .

Alarm Module % amp (500 ma)

EVC Telemetry Voltage 1 amp

Regulator

EKG # amp (250 ma) with series

i
32.4-39.2 ohm £ watt resistor

Transducer Voltage Regu-

One only current limiter

lators rated at 3/4 amp (750 ma)
EVC Dual-Primary Mode 2 amp
Voltage Regulator
EvC Secondafy Mode 2 amp
Voltage Regulator
*Maximum overload current approximately 4O amps ' ‘

4,5-27 SNA-8-D-027 (IV) REV 1
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Ventilation Loop

The pressure rise versus flow characteristics of the PLSS vehtilation
loop are shown in Figure 4.5-25. Superimposed on this figure is the
pressure'drqp of the PGA. ~

Fan Performance

The PLSS fan circulates PGA life supporting atmosphere gasses through
the PLSS ventilation loop for cooling and for carbon dioxide, odor,
and moisture removal within the PGA. The fan operates in gasses
which are at 3.85 % .15 psia pressure, and 38 to 52°F temperature

~on the inlet side. The gas pressure rise due to the fan is compared

k.5.3.2

4,5.3.3

to the pressure drop in the PGA for a range of flow rates as shown

in Figure 4.5-25. Nominally & minimum flow of 5.5 acfm at 1.5

inches of water pressure rise will be delivered by the fan. CO2 washout
capaebility as a function of fan flow rate is given in Figure k4.5-25.1.
CO2 buildup as a function of time for the zero ventilation flow condi-
tion is shown in Figure L4.5-25.2.

The fan is driven by a dc motor which operates at a nominal 16.8 volts
with 1.3 amperes current draw. The relationship between fan current
and Op vent loop pressure is shown in Figure L4.5-26, while the fan
power consumption versus flow rate (at constant voltage) is given in
Figure 4.5-27. Figure L4.5-28 relates fan pressure rise to flow rate
for three operating voltages.

The fan/motor operates at a speed of 18,600 + 600 RPM under normal
loads. The relationship between voltage and RPM at several constant
torques are given in Figure k.5-29,

A

LiOH Cartridge

The PLSS LiOH Cartridge performance characteristics are shown in Figure
4,5-30. This figure results from limited test data, and is included to
define the operating characteristics rather than predict cartridge oper-
ating time remaining. Water production rates and heat production rates
versus COo production rates are given in Figures L4.5-31 and 4.5-32, re-
spectively. COo production, as a function of the metabolic rate, is
shown in Figure 4.5-33. For discussion of the physiological effects CO2
refer to NASA SP-3006, "Bioastronautics Data Book", Section I, page 8.

The allowable time/temperature envelope for LiOH storage is given in
Figure L4.5-34.

Ventilation Loop Sublimator
The ventilation loop portion of the sublimator cools the recirculating

oxygen and condenses water vapor. The heat loads on the ventilation

4.5-29 SNA-8-D-02T7(IV) REV. 1
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4.5.3.3 Ventilation Loop Sublimator (Cont'd)

loop sublimator, as a function of metabolic rate, are shown in Figure
4.5-35. The figure includes the latent perspiration load which re-
sults from a perspiration rate of 100 cc/hour. Although the liquid
cooled system is designed to prevent perspiration, the sublimator is
designed to handle 100 cc/hour of perspiration.

Ventllatlon loop sublimator performance data is provided in Figures

4.5-36 through L4.5- 38
h.5.3.4 Ventilation Flow Sensor

The ventilation flow sensor actuates a warning tone at ventilation
flow rates of 4.0 to 5.3 acfm for EVA initiated in a IM environment
between 60 and 90°F. For EVA initiated in abnormal IM environment,
the sensor actuates at flows of 3.5 to 5.4 acfm.

i
J

“"“‘*‘W\Am;:,——/
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quuld Transport Loop

The PLSS liquld transport circuit pres sure rise ‘and flow character-
istics are shown in Figure 4.5-39. ) :

Pump .

Figure L4.5-40 shows the pressure rlse/flow characteristics of the
PLSS pump and corresponding power consumptions. .

Liquid Transport Circuit Sublimator

The heat load applied to the sublimator as a function of metabolic
load and ambient conditions is shown in Figure 4.5-41.

Liquid transport loop sublimator performance data is prov1ded in
Figure L.5-42,

Diverter Valve

The.diverter valve controls the water temperature by causing the
recirculatory water to bypass the sublimator. The valve design pre-
vents deadheading the pump. The flow splits of the diverter valve
are shown in Table 4.5-10. '

4.5, 4 Restricted Flow

L.5.k.5

With the diverter valve in minimum coollng, and with 1little or

no air in the system, sublimator flow ceases at a water loop flow

of 1.2 to 1.4 lbs/min. With the diverter valve in intermediate cool-
ing, sublimator flow will continue down to a water loop flow of

1.0 Ib/min. (Flows belows 1.0 1b/min. have not been checked).

Gas Separator

°

The gas separator functions to remove free gas from the LCG and
PLSS transport water loop. Free gas may be evolved within the

LCG thru use with the LM 192 or may come from leskage while stowed.
Evaluation data of the IM 192 liquid loop showed 5 to 14 cc of
evolved gas. Data on LCG leakage during stowage may be found in
paragraph 4.2.1 of this book. The Free gas removed by the gas .
separator is stored in the gas separator houseing until manually
vented. Venting is normally accomplished in the pressurized IM
cabin during PLSS recharge. Limitations on venting during EVA

are noted in PLS-23, paragraph 3.4 of this book. The design criterisa
for the gas separator requires a collection capacity of 30 actual
cubic centimeters minimum. Data indicates that in excess of 37
acc's may be collected prior to breakthrough. The characteristic

L.5-U45 SNA-8-D-027 (IV) REV 1
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h.5.4.5

L.5.4.6

Gas Separator (cont'd)

flow rates for venting of oxygen, water vapor and water
from the separator are provided in Figures 4. 5~ 43 and
L.5-43.1.

Operating Pressure

A) The possible operating pressure range for lunar surface
EVA is 4 to 21 psia. '

B) The expected operating pressure at the start of the first
EVA is 17.0 psia to 19.5 psia based on the following
conditions:

(l) The PLSS is charged from the ground facility with
water at a pressure 1.0 to 3.0 psi above sea level
pressure within T-T76 to T-T2 hours (T=0 for launch).

(2) EVA 1 is at T + 110 hours

(3) IM environment is uncontrolled after initial pressuri-
zation to 5 psia in earth orbit. Cabin temperature
increases in accordance with ICD upper limit.

(4) Prior to interfacing with the PLSS, the LCG is
operating on the IM 192 system which results in an LCG
pressure of 18 to 20 psia (based on a full accumulator
in the IM~192 and the IM.192 system pressure decay
associated with the interface of both LCG's).

Note: The most significant effect on the actual PLSS/LCG
operating pressure is the pressure of the LCG just prior
to interface with the PLSS (i.e. pressure retained from
the LM-192 system). Test data indicates that the resul-
tant PLSS/LCG operating pressure is 80% LCG pressure

and 20% PLSS pressure.

h.5-45.1 SNA-8-D-027 (IV) REV 1
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Figure 4.5-43 1LCG Inlet Temperature Versus Metabolic Rate
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Teble 4.5-10 Diverter Valve Flows

NOMINAL FLOW RATES - LB/MIN, ’ \ .

VALVE

. FROM FROM
Posrrion TO LCG BYPASS SUBLIMATOR
i Max. 4.0 0 .
Int, 4. 0 - 3. m o. 50
Min, 4.0 | 3.86 0.14
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h.5.5 'FEedwatér Sﬁpply Loop

The PLSS feedwater system supplies the expendable water to the subli-
mator where it freezes and sublimes to the vacuum environment in which
the EMU is operating. The cooling resulting from the sublimation is
used to dissipate the heat generated within the EMU and the heat enter-
ing the EMU. These heat loads are given in Figure 4.5-4l and the
feedwater usage rate versus heat load is given in Figure 4.5-45. An
orifice restricting the flow of feedwater is located between the sub-
limator and the feedwater shut-off valve. The flow characteristics

of this orifice are presented in Figure k.S5=h6.

Feedwater pressure at the entrance to the sublimator is monitored by .

a single transducer. This transducer provides a signal for telemetry
readout of the Dpressure via the EVCS and also provides a signal to the
EMU Warning System described in paragraph 4.5.1.5. The low feedwater
pressure warning is initiated when the pressure falls below 1.30 to 1.60
psia. This corresponds to a water quantity of approximately 0.6 pounds
downstream of the feedwater shut off valve assuming the system is
operating normally. The feedwater pressure readout from telemetry and
the low feedwater warning switch provide verification of sublimator
startup and sublimator operation as well as feedwater depletion. The
sublimator has demonstrated "start up" capability at vent loop pressures
of 6.0 psia. The pressure of the feedwater is shown in Figure L.5-47T.
Figure 4.5-47.1 illustrates this same pressure at sublimator shutdown.

Sublimator operating characteristics through feedwater depletion and
beyond for a metabolic rate of 1200 BTU/Hr and 1600 BTU/Hr are shown
in Figures 4.5-48 and 4.5-48.1.

The feedwater reservoir is filled with 8.5 plus pounds of water prior
to launch and can be recharged in the IM through the feedwater fill
connector. A feedwater fill of 8.5 pounds may not be possible in all
cases as this was not a design requirement. There is also a GSE
instrument inaccuracy of + 1 ounce associated with the feedwater fill
capacity. The time required to fill the reservoir can be determined
from Figure 4.5-49 for a given charging pressure differential. A
visual indicator is located in the bladder vent line to give further
indication of completion of recharge. The visual indicator is similar
to a sight glass. The recharge is complete when the gas bubbles
disappear and only feedwater appears in the visual indicator. The
flow rate of water through the vent line as a function of pressure
differential is shown in Figure L.5-49.1.
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4.5.5 A branch of the feedwater loop is connected to the transport water
loop through a check valve. In the event the. transport water
pressure is reduced by leakage or otlier malfunction, the feedwater
loop will supply makeup water through the one-way check valve. The
performance characteristics of the check valve are given in Figure

. 5-50, :

After the crewmen ingress the LM subsequent to EVA and the IM cabin
is sealed, the water vapor produced as a result of sublimation will
increase the IM cabin pressure at a rate described in Figure 4.5-51.
Normal sublimator action ceases when the ambient pressure rises
above 1000 microns. ‘
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[

NOTE: This is DVT data.

This data compares well

with calculated values

(determined from vendor

information).

REF. HS P/N STSV092A785

2 3 4L 6 810 20 30 Lo 60 100

Water Flow - cc/second

Figure 4.5-49.1 Feedwater Vent System Flow
Restrictor Characteristics
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Primary Oxygen Subsystem

The PLSS primary oxygen subsystem provides a supply of breathable
oxygen and pressure regulation of ventilating oxygen.

Oxygen Supply

" Figure 4.5-52 shows the oxygen usage rate as a function bf metabolic

rate and maximum allowsble EMU leakage rate.

The oxygen qualtity indicator provides a visual display of the oxygen
bottle pressure within the accuracy requirements of Table 4.5-11.

Figure 4.5-53 shows the effects of POS bottle prssure on suit absol~
ute and differential pressures during IM repressurization.

Figure 4.5-53.1 shows the effect on POS bottle pressure from PGA
pressurization in a 5.0 psia ambient with an initial POS pressure

of 1030 psia (ground charge). Figure L.5-53.2 shows the same effect
with an initial POS pressure of 950 psisa (IM recharge).(

Figures 4.5-53.3 through 4.5-53.5 show the relationship between sult
pressure and IM repress cabin pressure for various initial POS
pressures (150, 300, and 450 psia).

The primary oxygen pressure required to maintain suit regulated
pressure during IM repressurization is tabulated below for several
IM repressurization times. The repressurization time is for a cabln
pressure increase of .5 psia to 5.0 psia.

IM Repressurization Required
Time Seconds Primary Oxygen Pressure

100 527 psia

104 511 psia

120 422 psia

140 382 psia

The drop in POS pressure to pressurize the PGA from 5.0 psia to 8.85
psia and from 3.85 to 6.0 psia is given below for manned suit volumes
of 2.0, 2.2, and 2.4 cubic feet.

3 Drop in POS Pressure, PSI .
Suit Volume, FT 5.0 to 8.85 psia 3.85 to 6.0 psia
2.0 3h. b 19.2
2.2 ‘ 37.8 20.1
2.4 hl.2 23.0

4. 5-63 SNA-8-D-027 (IV) REV 1
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Since the PLSS Op regulator maintains the suit pressure at 3.85 psi
above ambient, the sult pressure would be greater than the IM cabin
pressure after cabin repressurization has been effected. This would
require a crewman to either "pop a glove" or open the purge valve
prior to attempting to remove his suit. Figures 4.5-53.6 through
4,5-53.8 show the IM cabin pressure at which to shut-off the PLSS

Op in order for a negligible pressure differential to exist at the
instant the IM completes repress as a function of the PLSS O supply
pressure. Figures 4.5-53.9 and 4.5-53.10 show the curves and method
used to derive the three working curves.

Oxygen Supply Residual -

The residual oxygen for nominal depletion of the POS is .123 lbs
which corresponds to a pressure of 100 psia at a temperature of 70°F,

Pressure Regulation

The PLSS primary oxygen regulator characteristics are shown in
Figure L4.5-54.

Figure L4.5-55 defines the bellows orifice flow rate at various am-
bient pressures.

Figures 4.5-56 and L4.5-56.1 illustrate the POS purge time and maxi-
mum flow rate with a failed open regulator as a function of source
pressure.

Figure 4.5-56.2 illustrates the time from regulator failed closed
condition wntil activation of the low pressure warning. This time
is dependent upon metabollic rate, suit leakage, and PGA/PLSS free
volume. The figure presents this time for various metabolic rates,
for a suit leakage of zero, and a PGA/PLSS free volume of 2.2 cubic
feet. The pressure in a PGA with maximum allowable PIA leakage will
decay at 0.01lk psi/minute faster.

Initial Charge and Pressure Decay Prior to Use

The ground charging characteristics of the PLSS primary oxygen sup-
ply are shown in Figure k4.5-5T7.

Pressure decay characteristics of the POS between charging and use
are given by Figure 4.5-57.1.

Recharge

The recharge characteristics of the PLSS primary oxygen supply are
shown in Figure U4.5-58.

L.5-63.1 SNA-8-D-027 (IV) REV 1
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Primary Oxygen Subsystem

.. The PLSS primary oxygen subsystem provides a supply of breathable.
g/oxygen and pressure regulation of ventilating oxygen.

| ‘,4;5;5:1 Oxxgen Supglx

' Figure h.5e52 shows the oxygen usage rate as a function of metabolic

;As;rate end maximum allowable EMU lesakage rate.

The oxygen:qualfity indicator provides a visual display of the oxygen

bottle pressure within the accuracy requirements of Table k4.5-11.

Figure L4.5-53 shows the effects of POS bottle prssure on suit absol-
ute and dlfferential pressures durlng M repressurlzatlon

:Flgure L, 5-53 l shows the effect on POS bottle pressure from PGA

pressurization in a 5.0 psia ambient with an initial POS pressure
of 1030 psia (ground charge). Figure 4.5-53.2 shows the same effect
with an initigl POS pressure of 950 psia (IM recharge).

Flgures lL 5-53 3 through h 5-53 5 show the relatlonshlp between suit
pressure and IM repress cabin pressure for various initial POS

pressures (150, 300, and 450 psia).

The primary oxygen pressure required to maintain suit regulated
pressure during IM repressurization is tabulated below for several
IM repressurization times. The repressurization time is for a cabin
pressure increase of .5 psia to 5.0 psia.

~IM. Repressurization ' ‘ Required
_ Time  -Seconds - : . e Primary Oxygen Pressure

100 527 psia

- 104 - ' : : 511 psia

120 Ce » 422 psia

140 . , 382 psia

The drop in POS pressure to pressurize the PGA from 5.0 psia to 8.85
psia and from 3.85 to 6.0 psia is given below for manned suit volumes

. of 2.0, 2.2, and 2.4 cubic feet.

T o 3 ' Drop in POS Pressure, PSI .
Suit Volume, FT 5.0 to 8.85 psia 3.85 to 6.0 psia
2.0 34k ‘ 19.2
2z | S 37.8 201
2.h 41.2 23.0
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Since the PLSS Op regulator maintains the suit pressure at 3.85 psi
above ambient, the suit pressure would be greater than the LM cabin
pressure after cabin repressurization has been affected. This would
require a crewman to either "pop a glove" or open the purge valve
prior to attempting to remove his suit. Figures 4.5-53.6 through
h,5-53.8 show the IM cabin pressure at which to shut-off the PLSS

O2 in order for a negligible pressure differential exists at the
instant the IM completes repress as a function of the PLSS Oo supply
pressure. Figures 4.5-53.9 and 4.5-53.10 show the curves and method
used to derive the three working curves.

Oxygen Supply Residual

The residual oxygen for nominal depletion of the POS is .123 lbs

-which corresponds to a pressure of 100 psia at a temperature of TO°F.

" Pressure Regulation

The PLSS primary oxygen regulator characteristics are shown in
Figure L.5-5k4.

Figure 4.5-55 defines the bellows orifice flow rate at various am~
bient pressures.

Figures 4.5-56 and L4.5-56.1 illustrate the POS pruge time and maxi-
mum flow rate with a failed open regulator as a function of source
pressure.

Figure 4.5- 56.2 illustrates the time from regulator failed closed
condition until activation of the low pressure warning. This time
is dependent upon metabollic rate, suit leakage, and PGA/PLSS free
volume. The figure presents this time for various metabolic rates,
for a suit leakage of zero, and a PGA/PLSS free volume of 2.2 cubic
feet. -The pressure in a PGA with maximum allowable PIA leskage will
decay at 0.011k 981/m1nute faster.

Initial Charge and Pressure Decay Prior to Use

The ground charging characteristics of the PISS primary oxygen sup—
ply are shown in Figure k4.5-57.

Pressure decay characteristics of the POS between charging and use
are given by Figure 4.5-5T7.1. :

Recharge

The recharge characteristics of the PLSS primary oxygen supply are
shown in Figure Y4.5-58.

h.5-63.1 SNA=8-D-027¢IV) REV. 1
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-

4.5.6.6 Pressure/Mass Relationship

The PLSS 6xygen quantity (mass) as a function of the POS source pres-

sure is shown in Figure 4.5-59. Steady state temperature values were
assumed in preparing the family of curves.

L.5-63.2 SNA-8-D~027(IV) REV. 1
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HORIZONTAL POSITION ALL OTHER
MARKING AND ZERO G POSITIONS
0 160 psia Maximum 187 psia Maximum
110 psia Nominal 110 psia Nominal
60 psia Minimum 33 psia Minimum
S 1/4 410 psia Maximum 437 psia Maximum
360 psia Nominal 360 psia Nominal
310 psia Minimum 283 psia Minimum
1/2 660 psia Maximum 687 psia Maximum
610 psia Nominal 610 psia Nominal
560 psia Minimum 533 psia Minimum
3/4 910 psia Maximum 937 psia Maximum
860 psia Nominal 860 psia Nominal
810 psia Minimum 783 psia Minimum
F 1160 psia Maximum 1187 psia Maximum

Table H.S-ll Oxygen Quantity Indicator Markings and Accuracies

Volume IV EMU Data Book
Subsysicm Performance Data - PLSS

OXYGEN BOTTLE PRESSURE RANGE

1110 psia Nominal
1060 psia Minimum

1110 psia Nominal
1033 psia Minimum

Each increment of indicator represents 50 psia,

4.5-65 SNA-8-D-027 (IV) REV 1
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POS PRESSURE - PSIA
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Figure 4.5-53.1 POS and PGA Pressure versus Time for PGA Pressurlzatlon
Initial POS Pressure - 1030 psia

5.0 psia Ambient
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POS PRESSURE - PSIA
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Figure 4.5-53.2 POS and PGA Pressure versus Time for PGA Pressurization
Initial POS Pressure - 950 psia

5.0 psia Ambient
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4.5-66.4

Figure 4.5-53.4 Suit Pressure versus Time for LM Repress - On PLSS
Initial POS Pressure - 300 psia
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Figure 4.5-53.5 Suit Pressure versus Time for LM Repress - On PLSS
Initial POS Pressure - 450 psia
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Figure 4.5-55 POS Bellows Orifice Characteristic
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Figure 4.5-56.1 O, Bottle Pressure Vs. Maximum Regulator
Flow in Failed Open Position
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NOTE: PLSS POS Leakage
1. Spec. Max. = 0.424 psia/Hr.

2. Nominal = 0.212 psia/Hr.

1100 I A
Resultant of maximum specifica- —
tion leakage plus effects of N
A 5 exposure to upper limit of ICD ]
J @ 4 temperature profile. —
' 1000 SSuEEE== ]
2 ‘ &5 i Raus
& 1020 psia Wi o
2 Nominal r TN
H - ~Teakage 1T
Bottle Charged T o0 0 700%  conatant
900 R AR EN RN
0] 100 200

Time - Hours

Figure 4.5-57.1 PLSS POS Bottle Pressure Vs. Stowage Time
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4.6  OPS

The OPS is required to provide pressure control for all opera-
tional modes. When used during purge mode, it also provides con-
taminant control. Although the system is not required to provide
thermal control, some metabolic heat can be absorbed depending
upon the dew point temperature at the purge port, the flow rate,
and the temperature rise across the PGA as shown in Figures L.6-1
and 4.6-2., TFigure 4.6-2.1 shows the crewman heat storage at
various metabolic rates with OPS purge.

4.6.1 Oxygen Supply

When the OPS oxygen supply is fully charged, the supply pressure
varies with temperature as shown in Figure 4.6-3. TFrom the time
of charging until mission use, the OPS supply pressure will vary
as noted on Figure 4.6-3.1. The oxygen quantity (mass) as it
relates to bottle pressure at various steady state gas tempera-
tures is shown in Figure 4.6-3.2. The actual supply pressure is
displayed by the OPS bottle pressure gage whose accuracy and con-
figuration is shown in Figure 4.6-L. With the OPS mounted on the
suit, and during the purge mode of OPS operation, the bottle
pressure can be monitored by the crewman. The duration of the

f\ OPS oxygen is dependent upon the oxygen usage rate as shown in

e ' Figure 4.6-5. The bottle pressure decay during this mode, with

” a nominal flow rate of 8.0 1b/hr, will be similar to that shown
in Figure 4.6-6, and with a flow rate of 4.2 1b/hr, will be as

shown in Figure L4.6-6.1. Figure 4.6-T7 shows the O2 flow rate

through the purge valve during purge valve operation, at high flow
position, as a function of the suit pressure. The OPS blowdown
time as a function of the supply pressure is given in Figure U4,6-8.
The PGA pressure variation with time for a partial blowdown with
failed open OPS regulator is shown in Figure 4.6-8.1 (results of

a single test only).

4.6.2 Oxygen Supply Residuals

The residual oxygen in the OPS for the make-up mode of operation
is 0.106 1b which corresponds to a pressure 100 psia at a tempera-
ture of 64° F. The residual oxygen for the 8.4 1b/hr purge mode
of operation is 0.773 1lb which corresponds to a pressure of

500 psia at a temperature of -60° F. The residual oxygen for the
4.2 1b/hr purge mode is 0.L45 1b, which corresponds to a pressure
of 300 psia at -60° F. (The -60° F temperatures refer to the gas
temperatures in the OPS storage bottles.)

S b, 6-1 SNA-8-D-027 (IV) REV 1
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4.6.3 Oxygen Pressure Regulation

L.6.4

The regulator outlet pressure as a function of the supply pres-
sure and ambient pressure is shown in Figure L4.6-9. The OPS pres-
sure regulator characteristics as a function of supply pressure,
supply temperature, and flow rate are shown in Figures L.6-10

and 4.6-11. The performance of the OPS regulator can be verified
during OPS checkout by monitoring the regulator checkout pressure
gage which possesses the accuracy characteristics and configura-
tion as shown in Figure 4.6-12. The OPS checkout orifice charac~
teristics and bleed-down times are shown in Figures 4.6-13

and 4.6-1kL,

- The pressure regulation is controllied by a metallic bellows. The

pressure is referenced to ambient by means of an orifice in the
bellows. In the unlikely event of a leak in the bellows, the

flow rate of the PGA oxygen through the orifice versus the bellows
inlet pressure will be as shown in Figure L4.6-17.

Temperature Control

There are no temperature control devices in the OPS, except ther-
mal insulation, because they are not needed. The regulator out-
let, helmet duct, and crewman temperatures versus OPS discharge
time are shown in Figures 4.6-15 and L4.6-16 for the warm and cold

initial 02 supply conditions, respectively.

I, 6-2 SNA-8-D-027 (IV) REV 1
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PLSS Conditions Prior to OPS Actuation:
VENT TEMP 50°F
LCG TEMP 60°F
DEWPOINT L4207
HEAT LEAK 0 BTU/Hr.
Metabolic Rate: 1200 BTU/Hr.
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NOTE: OPS LEAKAGE

1. Spec. Max. = 20 scc/Hr.
Equivalent to 0.075 psia/Hr.

2. Temp. Effects are not significant
because of low leakage rate.

3. For regulator checkout, bottle
pressure will degrade at approx.
2l psia/checkout for the following
conditions:
A, OPS Pressure = 5000-6000 psia
B. Temp. = TO'F
C. Flow = 0.48 Ibs/Hr. for 3 Min.

5900 1
5880 psia Nominal
I O T I B O R R O |
7 Bottle Charged
5800 ML 0 I

0 100 200

Time - Hours

Figure 4.6-3.1 OPS Oxygen Bottle Pressure
Vs. Stowage Time
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Figure L.6-4 Oxygen Purge System High Pressure Oxygen Gage
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OPS Regulator
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Figure L.6-7 OPS FLOW RATE VERSUS PRESSURE AS DICTATED BY
PURGE VALVE
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Subsystem Performance Data - OPS
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Volume IV EMU Data Book
Subsystem Performance Data - OPS

\ | | ~P$|G  | /

" ACCURACY £ 0.1PSIG

Figure L.6-12 Oxygen Purge System Iow Pressure Checkout Gage
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Flow Rate - Lbs/Hr

Bleed-Down Time - Minutes

Volume IV EMU Data Book -
Subsystem Performance Data - OPS

1.4

0.8

0.6 ahe

0.k

0.2 §

0 e 6 8 ) (O M P~ vi S, | (<]
Ambient Pressure - psia

Figure L4.6-13 OPS Checkout Orifice Characteristics
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Ambient Pressure - psia

Figure L4.6-14 OPS Checkout Orifice Bleed-Down Time
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Volume IV EMU Data Book
Subsystem Performance - OPS

100 HiH . 1 EEaEs
T Hiiiin 1T EEgRuNsENE
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HH NOTE :
i OPS Oxygen Bottle
Initial Conditions:
Lo T— Temperature = 81°
1 LSRR AR Pressure = 5800 psi
e} N I A\ : 3
1 pa . 3
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& e aeas
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S LEGEND: }
-20 e O  OPS Regulator Outlet inzaaes
e (Surface Temperature) =7
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Figure 4.6-15 Regulator Outlet, Helmet Duct, and Crewman Temperatures
Without OPS Heater Vs. Time (Warm Condition)
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Volume IV EMU Data Book
Subsystem Performance Data - OPS

1A,

- NOTE:

OPS Oxygen Bottle

Initial Conditions:

Temperature = L5°F

Pressure = 5100 psi

'y
BN

am!
I

i) 1

LEGEND:

C) OPS Regulator Outlet

(Surface Temperature)

0  Nose Temperature

(Crevwman)

() Helmet Duct

10 20 30 Lo

Time - Minutes

50

Figure 4.6-16 Regulator Outlet, Helmet Duct, and Crewman Temperatures

Without OPS Heater Vs. Time (Cold Condition)
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Subsystem Performence Data - OPS
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Figure 4.5-17 (OPS Battery Current Vs. Time
(Typical Purge Operation)
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Volume IV EMU Data Book
Subsystem Performance Data - OPS

Table 4.6-1 OPS Power Supply Storage and Usage
Time - Temperature ILimitations

CONDITION OF TEMPERATURE TIME AT TEMPERATURE .
POWER SUPPLY LIMITATIONS LIMITATIONS
Storage, unactivated | 40 - 100°F - 1 year maximum )
Storage, activated 2k days total life
(a) 60 - 90°F 2l days maximum
(v) Lo - 60°F 6 days maximum
90 - 110°F
(e) 110 - 130°F 4 days maximum
Operation 35 - 130°F

4,6-22 SNA-8-D-027 (IV) REV 1
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Subsystem Performance Data - OPS
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Pressure = PSTA

Volume IV EMU Data Book Amendment 29

Subsystem Performance Data - OPS L4/8/70

NOTE: OPS LEAKAGE

1. Spec. Max. = 20 scc/Hr.
Equivalent to 0.075 psia/Hr.

2. Temp. Effects are not significant
because of low leakage rate.

3. For regulator checkout, bottle
pressure will degrade at approx.
2L psia/checkout for the following
conditions:

A. OPS Pressure = 5000-6000 psia
B: Temp. = TO°F
C. Flow = 0.48 Ibs/Hr. for 3 Min.

5900 I
5880 psia Nominal
TTEER TR L
] Bottle Charged
5800 T A Y A

0 100 200

Time - Hours

Figure 4.6-3.1 OPS Oxygen Bottle Pressure
Vs. Stowage Time
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Subsystem Performance Data - OPS
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Figure 4.6-3.2 OPS 0, Bottle Pressure Vs. Oxygen Quantity
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Subsystem Performance Data -~ OPS

psi X 1000

Accuracy t 300 psia

Figure 4.6-4 Oxygen Purge System High Pressure Oxygen Gage
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Volume IV EMU Data Book Amendment 37
Subsystem Performance Data - OPS 12/16/70

45

40 I7 Note:

This Curve Represents
35 - _ - The Results Of a Single
Test Only

30

25 -

20 -

PGA Inlet Pressure, psid

10 |~

0 | | l l l | | J
0 5 10 15 20 25 30 35 40

Elapsed Time, séc

Figure 4.6-8.1 Suit Inlet Pressure Versus Time -

Failed Open OPS Regulator
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Volume IV EMU Data Book
Equipment Matrix - Mission G

Equipment Assignment Maxtrix and Appendix Data Location

Crewman CMP IMP CDR

Equipment

PLSS* | cee | --- o1 | -3 015 { g-22
OPS* o - - 008 { G-10 013 | G-29
PGA 033 G-2 o077 §G-11 056 { G-30
LCG —-- - 079 §G-12 o077 § G-31
EVCS** ——- - EVC-2§ --- EVC-1f ---

19678 1966B

LEVA* - -—- 006 | --- 005 § ---
Purge Valve¥ --- - 157 § G-13 155 | G-32
Consumables - --- | —— G-14 —— G-33

* Interchangeable between crewmen

*%  Communications data combined with PISS data

G-1 SNA-8~D-027 (IV) REV 1



Volume IV EMU Data Book
PGA and Accessories Characteristicg-Mission G-1

Amendmen:

, T/16/69
svorio Jf

FLIGHT PGA CHECKOUT DATA

Qggrunts | p7s- 023

PGA S/N
1 . F : T ¥.5 )
AU SpEC, FACTORY CAT FLIGHT | FLIGH REMA
‘; FRQUIRIVENT ‘A PIA PIA DAY
elief Valve ‘ s/N 44/&
Crack ‘ 5.5 psl 11{,//? Nﬂ_‘ &éé—»
Reseat i L4.8 psi ﬁ;éﬁ ﬂ_{[& 4M ‘
Flowrate ; " _ﬂ;ét_. M@-—-— M@—-—
Pressure Gage 1 8/N _Z24E£ i ; o nine
& N - ORIG- N/ A %‘TLO__E:-_
%.0 psi " + .15 psi GHEE N .
3.5 poi |+ .15 pst Remden|\ | 3.5
ho 0 psi ‘ + .15 psi ( 4,0 )
heS pod “ + .15 pei \ _\ 4 2
5.0 piii I+ .15 psi \ \ 5. 0
6.0 pui '; + .15 psi \ \ L2
D $e15 pst + .15 psi N\ \ | 202
Leskage ' A S
B0 psi 180 scc 1D acison | 22 | 22 gg«n}}uc
3. 75 pei 180 sce 100 scsfm | QL st PR LT v
i
Pressure Drop ‘ corr 12,0 A o
Flowrate scfm i ﬂ',oga/,_ 3“-’?‘/ /Q /720472
Suit press. psia | : J / -
{
7/14/69
DATE
TEE NG R LUK ARRECER
)
G-2

SNA-8-D-027(IV)
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Volume TV EMU Data Book

PLSS §/N 0001k Characteristics

AcLuaL'Reading

NN 9 e o D W ow

4,00 PSID
3.00 PSID
100 mmig
200 mmHg
1,05 amp
.65 amp
16
18

.950

590
150

Hbt Hand Test
" Yes - Passed

77° F
77° F

Correspondence Value Telemetry
60 +4 59,5
20 + 4 18.3
38.5 + 3 38.3
77+ 3 77.2
10,5 + .5 10,3
6.5 + .5 6.0
48 + 3,18 48.0
70.7 + 3.18 70.5
86.5 + 2.5 86.3
54 + 2.5 55.5
13.5 + 2.5. 15.4
86 + 88
86 + 4. 87.7

Date

5/4/69
3/aley

_5/@/?9 .

5/4/69

"5/3/69

5/3/69
5/4/69
5/4/69
5/4/69
5/4/69
5/4/69

574769

5/4/69
5/4/60

2

Table G-1

Warning Indicator

HiOé Flow

Low Vent Flow
PGA Pressure»

Feedwater

Act 0.61 pph Deact. -

.60

'4.62 acfm Deact.

4.77

Act.‘3.20 psid Deact.

3.35 psid

Act. 1.47 psia Deact.

1.520 psia

PLSS S/N 00014 Telemetry Readouts and .
Warning Indicator Actuation Points

SNA-8-D-027 (IV) REV 1



PSS S/N 0001k Characteristics

Volume IV EMU Data Book
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Volume IV EMU Data Book
PLSS S/N 0001k Characteristics
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Volume IV EMU Data Book
PLSS S8/N 00014 Characteristics

PLSS 14

Low Pressure 0, Loop Leakage

2
POS Leakage

Regulator Internal Leakage
OPS Backflow Check Valve Leakage

Feedwater Loop External Leakage

Feedwater to O2 Loop Leakage

Feedwater and Transport Loop Leakage

Transport Lodp Leakage
Water Shutoff and Relief Valve

Feedwater Quantity

High 02 Flow Sensor
Low Vent Flow Sensor
Low PGA Pressure Switch

Low Feedwater Pressure Switch

4.0 scc/min
.405 psi/hr
0

.06 1b/hr

.018 inches HZQ—
minute

0
1.07 cc/hr
.107° cc/hr
Relief 56.0 psig
Reseat 54.0 psig
8.5 1b. )

Actuation .54 1b/hr
Deactuation .54 lb/hr

Actuation 4.78 acfm
Deactuation 5.00 acfm

Actuation 3.17 psid
Deactuation  3.30 psid
Actuation 1.40 psia
Deactuation 1.52 psia

SNA=8-D-027 (IV) REV 1
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CPLuY 14
Volume IV EMU Data Book

PLSS S/N 00014 Characteris
0, Regulator parformance

’ Bottig Pressure (Psig) Flow (1b/hr) Reculated Pressure (Psid)

86 - .07 3.84

86 ' .36 3.80

89 R 07 o 3.86

235 | .07 3.90

230 .70 , 3.79

235 .07 3.85

1105 , _ .07 3.90

1104 2.00 3.72

1105 . .07 3.85

Pump Performance - see Curve

Fan Performance - see curve

G-T7 9NA-8-D-027 (IV) REV
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Volume IV EMU Data Book
OPS Characteristics

OPS PREFLIGHT PIA DATA

KEY PERFORMANCE CHARACTERISTICS

OPS S/N 0008

1.. Checkout gage accuracy - Actual A P
3.43
3.75

Indicated AP

3.5
3.8

Low pressure external leakage indicated leakage - 1.386 x 10-4 cc/sec

at 4.25 psid.

High pressure external leakage indicated leakage - 0.14 x 10™ -k cc/sec

at 6750 psid.

Internal leakage (across regulator) indicated leakage - zero

Purge flow performance

Thirty minute flow at 8 1b/hr.

Bottle pressure decayed from approximately 6400 psig to 1700 psig.
Regulated A P varied from a maximum of 3.68 psid to a minimum of

3.43 psid.

Make-up flow performance -

With bottle pressure of 5750 psig and flow of 0.08 lb/hr., the
regulated A P range between 3.63 psid and 3.775 psid.

G-10

SNA-8-D-027 (IV) REV 1
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Volume IV EMU Date Book
PGA and Accessories Characteristics-Mission G-1

APOLIO _L_l

- FLIGHT 2GA CHECKOUT DATA

CrOWVAY

e

CAT

A H RN " ;
- sal ' 8P3C, FACTORY FLIGHT FLIGHT ' o
__PRUTEZ@ENT | oA | p1a | PIA DAY REVARKS
Relief Valve : 8/N 2108 -— . .
Crack ! | .
R“:u 1 D45 psi £9 »s, A garsi|s) pse
Flowret fs‘ stq 48 pot AL e 4. 512511 4.62p5¢
o aal 4 20 q5\3.0 AM
Pressure Gage | B/N gsgz . onso] ]
3.0 psi : '115 psi . ?te’.o/;c-
:.5 pat + .15 psi o .
o0 poi i .15 psi & 4' 0
hed pog . N
. . : '15 psi LW .0 %b
;.o i P X215 ped 8 570
>+C pat i .15 pst 4 3 6.0
3.71% psi : :-. «15 psi & )
Le'gka e . .
180 see g sccfi 8 sec/] -
. CC cC/ N '
375 psi 180 sce L0 sco/, 3\ s —Qﬁﬁi‘—ﬁb‘“
re : v :
nsure Drop ; 9 112.9 6~
AP (1in H20) 3 t N ASpStq 118 . Hy Y
Fluwrate scfm | § 4 —'Qb "ff"ﬂ 9.5 16,20
Suit press. poia | 2 v 4 .0 cAmM
: | NE) » 3.7p549] 3.3 +5. //;D
‘ X3
OIS 7/3%29
G-11 SNA-8-D-027 (IV) REV 1




Volume IV EMU Date Book .
PGA and Accessories Characterlstlcs-Mlssa.on G-1

APOLIO

¥LICH? LCG CHECKOUZ DATA | |
S 4 - “""LOG}ZS‘?N

T s, FACTORY | cAT | FLIGHT | FLIGHT " REMARKS

) REQUIRSVENT PDA PIA PIA DAY . : )
clight i agmst . @024 ,
cight i gns| 5l 2051
¢ Presture ! pe if
e Date/Time ‘ : . 22 220
: . , 2718 /¢
ure drop : _ psi
"lowrate indicated{3.0 *+ .1 1b/min 13650 |
‘ 3.5 + .1 1b/ming [+7 psto
3.8 + .1 1b/min 2105w
4,0 + .1 1b/min 2.1 pue ) ,
b3 + .1 1o/min} __ 2 Y pise | )
] hos : o1 lb/min 2,6 P75
5.0 % .1 lo/min| 3.1 proo

—— e

T/14/69
DATH

G-12 SNA-8-D-027(IV) REV 1 ).



Volume -IV'EMU Data Book
PGA and Accessories Characteristics - Mission G-1

Purge Valve 157

Flow Rate = 8.2 1bs/hr. Oo at 90°F

Leakage Rate = O scc/minute at 3.75 + .25 psig

G-13 SNA-8-D-027 (IV) REV 1
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Dry Wweight* (1bs.)

Charged Weight*sx (1bs.)

0, Pressure (psia)

Battery Activation Date

Lasnyard Slide (in.)

Switeh Overtravel (in.)

F/W Quantity (1bs.)
T/W Juantity (lbs.)
Li0H Weight  (1lbs.)

RCJ Weight (1bs.)

Battery Shelf Life

777 Cerial No.

Pattory Serial No.

t

iCH Cartridee Serial

Tee T~
WLIILEY

v

Volume IV EMU Data Book
Consumables Data - Mission G-1

JULY L, 15869

APCTLO 11 CRITICAL DATA SONATY SUTET

L

5960 @ 749
®

£S 01
29.£300

/A

N/A
.606
017
N/A
WA
N/A
N/A

N/A

/A
Iy j’:’\

n/a

e

LS8 014 | FL3S 015 | PLSS 019 0PS 008 | 0FS 013
54,9375 55.1681 | 62.375 29,6251 29.5625
79,625 79.625 N/A 40.25 40.0
13247 1022 1027 5950 @ 74°15950 PSI

F @7, F

7/13/59 | 7/13/69 N/A 7/10/69 | 7/11/69
N/A /A H/A L6175 .618
/A n/A N/A .010 .012

1.46.25 3.5251 8.5625 N/A N/A
1.4375 1.2500 1.3125 N/A N/A
4. 6000 4.6875 N/A N/A N/A
5.125 5.188 /A N/A N/A
Sept. 196B Sept 1968 N/4 Jan. 1969 Jan. 1963

008 010 N/A N/A N/A
S-147 S5-139 /A S~-47 S-£46
125 128 /n N/A N/A
Leng PO, Thormnl Crvor, fnrnesy, Pabllory and Cartridge

GCompletely Flight Confipured, Leaa RCU

G-16
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PLSS 8/N 00015 Characteristics
S Ghannd g . Actual Reading ‘ ‘Correspondence Value ‘ Telbmtrx -;ﬁiiL
3 ‘ 4.0 psid e+ 58.8 4/ 0/69
3 3.0 psid .. 20+4 18,1 4/30/69
4 101 mmHg 39+3 | 8.4 4/30/60
4 200 mmHg 743 76,75 - 4/30/60
5 1.1 amp - 11+ .5% , 10,1 4/30/69
5 .58 amp 5.8 + .5% 5.8 4/30/69
6 16 volts 48+ 3.18 | 48.8 - 4/30/69
6 18 volts - 71+ 318 C70.90 4/30/69
7 950 psig 87 + 2.8 857 4/30/b9
7 600 psig 55 + 2.8 5744 4/30/69
7 150 psig 14 + 2.5 16,0 4/30/69
8 * Hot Hand Test - - C L 4/30/60
- Passed . ' -
9 77.2° F 86 + 4.4% . 87.7 4730709
10 77.2° F 86+ 4.4% 85.7 4/30/69

Warning Indicatorsvt

Hi 02 Flow - “Act, 0.59 pph Deact,- , C
. . _ 0.56 pph ‘ 4/30/69

Low Vent Flow Act, 4.79 acfm Deact.-

, : , 4,88 acfm ) A ‘ 4/30/64
PGA Pressure Act. 3.29 psid Deact.-

g 3.34 psid - A 4730 /60

. Feedwater I Act, 1.33-psia Deact.- : '

' : 1.46 psia ‘ L4/ 30700

Table G-2 PLSS S/N 00015 Telemetry Readouts and
Warning Indicator Actuation Points

G-23 SNA-8-D-027 (IV) REV 1
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PLSS S/N 00015 Characteristics '

Ly SRE Y
ise

PLSS S/N 015+ SUBLIMATOR CA

-

4+ 4 .w.}.;

=41 vy
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Figure @g-1b
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PLSS S8/N 00015 Characteristics

PL.rn 15
Low Pressurc 02 Loop Lcatzagc
POS Leakage % Actual reading ~ pressure increase
of .05 psi MRB Imy-off

hr
Regulator Internal Lcakazc

OPS Back Flow Check Valve Leakage

Fecdwater Loop Externa! Lcakage

0

1b

6
.06 -

.004 inches HZQ

minute
Feedwater to Oz‘Loop Leakage 0
Feedwater and Transport lLocp Leakage 1.61 %%
cc
Transport Loop Leakage .21 T
Water Shutoff and Relief Relief 57 psig
Reseat 54 psig
Feedwater Quantity 8.5 1b.
. . 1b
High O2 Flow Sensor Actuation .495 Pys
Deactuation .48 1b
hr
Low Vent Flow Sensor Actuation 4.68 acfm

Deactuation 4.92 acfm

Low PGA Pressurc Switch Actuation  3.20 psid
Deactuation 3.27 psid

Low Feedwater Pressurc Switch Actuation 1.38 psia
cactuaticen 1.52 p«ia

G-26
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) PLSS S/N 00015 Cheracteristics . FLSS 13
' ‘ R A AT ly;a’;:'f e .

0, Regulation Performance

; Bot‘tiel Pressure (psig)' - Flow (1b/hr) Regﬁlated Pressure (psid)
Lz 8 07 | 3.90
88 - ‘ S - 3.87
90 V .07 3.92
2384 . .07 3.96
235 .70 3.88
235 .07 | 3.93
1105 R ‘ .07 3,99
1102 N 1.97 _ 3.83
1110 | .07 | | 3.97

Pump Performance - See curve

Fan Performance - See curve

| : , _ G-27 ’ SNA-8-D-027 (IV) REV 1
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OPS Characteristics

OPS PREFLIGHT PIA DATA

KEY PERFORMANCE CHARACTERISTICS

OPS §/N 00013 - - -

1.  Checkout gage accuracy - ‘ Actual P Indicated P
3.5 psi 3.45 psi
3.8 psi 3.75 psi

2. Low pressure external leakage indicated leakage - zero cc/sec at.
4,25 psi  P.

L

3. High pressure external leakage indicated leakage - 1.03 x 10~ cc/sec

at 6750 psi P.

4. 1Internal leakage (across regulator) indicated leakage - 24 cc/min.

5. Purge flow performance -
Thirty minute flow at 8 1b/hr ”‘\3
Bottle pressure decayed from approximately 6000 psig to 1200 psig
Regulated P varied from a maximum of 3.655 psid to minimum
of 3.45 psid.

6. Makeup flow performance -

With bottle pressure of 6750 psig and flow of 0.08 lb/hr., the
regulated P ranged between 3.785 psid and 3.8 psid.

G-30 SNA-8-D-027 (IV) REV 1



Volume IV. EMU Data Book |, .
PGA and Accessories Characteristics~Mission G~1 .

FLIGHT PGA CHECKOUT DATA

SR . ‘ . ; PGA S/N
RV ' : SPIC, FACTORY | c¢AT | Fricur | FLIGHT REMARYE
— | '? FEQUINZVENT PDA PIA PIA pay |
' Reltef Valve | g/v bk |BRy,  leRv 1 B
Crack C 5,5 psi | \ 4,90 Y. 885 g
Rescat. i 4.8 pst ot AN 475\ 4, 65 o3¢
F]gwxate 05,5/{9 ' ’ _l\_’* 3.0 ¢
' Prer\aérc Gage ! S/N__ngﬁ__ -’éousc'w _
5.0 pst | % .15 psi WM
5.5 pat i+ .15 psi 3.58
ko' pei ! + .15 psi- e 055
k.5 pid 5 .15 pet 460
. 540 put ! + .15 psi 510
] 6.0 pst i X .15 psi 62(0
e it pag + .15 psi D, }.éq
Lct;tage 410
-2,;& pai 180 scc . P& 18 Ses/ o -
3.75 pet 180 sce BO seetor. | FSticta | 33 s R e
'P!‘:';::;:"Drop ‘ | — SO e/ EV S-2OVEY
* SUir NoT ’or 2.0 CFM Wy 0
AP (in Ha0) ! 30 aer P@Zlﬂ?’@’ Penswsse  ISpseg 0.8 H"
Flowrate scfm ! é ngmc \ \ 3Spsig ) 8 6m 7
' * Sult press. psia z . \ \\ & ?ac;;} 3.4 m. H, 0
| i
A .
7/14/69
VLU NATERT " . DATE

G-31 SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book
PGA and Accessories Characteristics-Mission G-1

ArOLIO

. ~
AL

SLIGHY LCG CHECKOUT DATA

77

TG S/N
CEAIAY 6 5/
v e ¢ SPEC, FACTORY | car | Friomr | FLicwT REMARKS
| REQUIRSMENT PDA PIA PIA DAY -
1
Weight i gms 1762 gus
~eight : s G ¥ 14 oy
Ge Pressure ' psig
‘e Date/Time 407
'/ 214/ ca
mure drop ps id _Psip
Flowrate indicated{3.0 + .1 1b/min 143 e
3.5 + .1 1b/min, 128 | b
3.8 + .1 1b/min .95
4,0 + .1 1b/min 2.55
4.3 + .1 1b/min Ze5
4.5 + 01 1b/min zrG
5.0 + .1 1b/min | 3. o
'
s
i
?
|
T/14/69
B 0 T3 DATE
G-32

SNA-8-D-027 (IV) REV 1
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Volume IV EMU Data Book
PGA and Accessories Characteristics - Mission G-1

Purge Valve 155

Flow Rate = 8.2 lbs/hr. Op at 90°F

Leakage Rate = O scc/minute at 3.75 + .25 psig.

G-33 SNA-8-D-027 (IV) REV 1



Volume IV EMU .Data Book
" Consumables Data - Mission G-1
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Figure G-17 CDR Feedwater Depletion Rate

G-3k4



ﬂmhﬂé ﬁﬂJﬁw SHOTH
O+E O+m O |

<

SYNSYT NN

T
B
Mg
o 0O
Q A
/Mm w
Qo
o+
aM
A i
Ma
. S SO
P
[
B
Q
g
5%
)
w e - rmrsea e +
(@]
o
S -
,, ~ _ :
: MJn mﬁﬁ oSt

ﬁwi,m g e
,MI

mﬁv @o

.qumu% NS

 BENNT

OSSO ENUSUON HIOTS

I S

;
i

'
ST S,

fm.pm wﬁge@. V M
= snoranWnssy

yrs

3&4«%@&% zm@HwO sﬁﬂ@

Qa2

S BUhsesy 4 3L 105

SNA-8-D-027 (IV) REV 1

Figure G-18

CDR Oxygen Depletion Rate
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Volume IV EMU Data Book
Consumables Data - Mission G-1
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o [SEP] =
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CDR Nominal Lunar Surface EVA Metabolic Profile
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Consumebles Data - Misgion G-1
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Volume IV EMU Data Book’
Consumables Data - Mission G-1
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H MISSION APPENDIX

APOLLO 12

Amendment 24
11/12/69
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Volume IV EMU Data Book Amendment - 24
Equipment Matrix - Mission H 11/12/69

Equipment Assignment Matrix and Appendix Data Location

Crewnman
CMP IMP CDR

Equipmen®™N] S/N | Page| S/N |Page | S/N | Page

PLSS* - --- | 018 |H-3 019 | H-12

OPS* —— -— 018 |H-8 011 | H-17

PGA 066 H-2 | 067 |H-9 065 | H-18

LCG - - 093 | H-10 091. H-19

EVCS** we= | ~=- |1969B|--- |1972B| ---
)

LEVA* eee | eem 011 |=e- | 012 | ---

Purge Valved --- | --= | 139 |H-11 | 138 | H-20

Consumables | =-- -— -me |H=-21 | === H-21

¥ Interchangeables between crewmen

*% Communications data combined with PLSS data

H-1 SNA-8-D-027 (IV) REV 1
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Volume IV EMU Data Book

Amendment 24

 CMP -~ Mission H-1 11/12/69
APOLIO la
FLIGHT PGA CHECKOUT DATA
R, Gorpoy, ClFP  ATL-068
CRewMAN PGA S/N '
ITEM } SPEC. FACTORY CAT FLIGHT FLIGHT REMAFRKS
' RIQUIRENVZENT PDA PIA PIA DAY "
1) Relie?® Valve ’ s/N _N/A
‘ i
Crack i 5.5 psi A//Af i
Reseat ' 4.8 psi | — “: |
Flowrate , ' £ /,14
: 7
2) Pressure Gage i s/N _2&/
3.0 psi | * .15 psi 2.92
3.5 psi |+ .15 psi 2,49
4,0 psi , l + .15 psi L, 0
k.5 psi I+ .15 psi 4,5
5.0 psi i + «15 psi 5,0
6.0-psi- 55 A5C | + .15 psi 5,49
BC%WérGPSL: i i a15 pSi 5’ 9?
3) Leakage I
‘ 0.2 psi : i 180 secc S
3.T5 psi 180 secec 55 |
L) Pressure Drop :
AP (in H20) .0k
Flowrate scfm ' ,z,_qm_
Suit press. psia t JQ—M:
! . ‘i
i 4
r
ﬂ/ /ﬂ'a(/e
TS0 MicoioN VANAGER "DATE
H.2

SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book Amendment 2L
11/12/69

(THIS PAGE INTENTIONALLY LEFT BLANK)
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g

- Low Pre.asure O Loop Leakage

~ Volume IV EMU Data Book Amendment 2h

IMP < Mission H-1 °

szss‘

POS Leekage

Regulator Internal Leakage

B OPS Back Flow Check Valve Leakage
: ~Peedwater Loop External Leakage

Feedwater to O, Leakage

Feedweter and Transport Loop'Leakage

Transport Loop leakage

Water Shutoff end Relief

Feedwater Quantity

o High O, Flow Sensor
. [44
Low Vent Flow Senébp
" Low PGA Pressure Switch

Low Feedwater Pressure Switch

S/N 00018

11/12/69

0 S€C/Min.,
0.49 psi.hr
0 S€C/min.
0.2 pph
,0008 in. H,0/Min.:
65 S&C/Min.
1.55 cc/hr.

0.27 cc/hr

" Relief 58 psi

Reseat 49.5 psig
- 8,475 pounds -

Actuatiion 0,51 pph
- Deactiation 0,50 pph

Actuaiion 4,01 acfm
Deactiation 4.10 acfm

Actuaiion 3.25 psid -

Deactiation 3.35 psid

Actua: ion 1.43 psid

Deactiation 1.51 psia

SNA-8-D-027 (IV) REV 1



. "}:{:‘-,ii # T
L ‘ﬁ Volume IV EMU Data Book Amendment 24
A 4, IMP - Mission H-1 - 11/12/69

'

. PISS S/N 018

QC Regulation Performance

Bottle Pressure (psig) Flow (1b/hr) Regula .ed Pressure (peid)

82 : .07 3.87
85 350 3.85
90 .07 3.90
235 .07 3.9

235 .65 3.82
230 .07 3,90
1100 .07 3.92
1105 2.0 3.78
1110 .07 3.91

Pump Performance - See curve.

Fan Performance - See curve.

H-5 SNA~8-D-027 (IV) REV 1
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Amendment 24
11/12/69

Volume IV EMU Data Book
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IMP =- Mission H-1

W .Volume IV EMU Data Book

Amendment 2L
11/12/69

OPS TRE TTIGHT PIA DATA

KEY PERFORMANCE CHARACTERISTICS

OPS S/N 018 SV 739101-2-15

1. CHECKOUT GAGE ACCURACY

Actual Delta P

3.5 psid
3.8 psid
2. TOW PRESSURE EXTERVAL TEAKAGE
Indicatéd Ieakagc.
Delta T ‘
3 HIGH PRESSURE, EXTERNAL TREAKAGE.
_Iniicated Leakage

Nalta P

4., TNTERNAL TEAKAGE (ACROSS REGUIATOR)

Indicated Teakarn

Tndicated Delta T o

3445 poid

3.73 -}V\G'j(.i
0 ilanel

4425  peid
0 en/rec.
Full Charge
12.5 '-"U/I“i‘.l.

5. TURCGE FIOW PERFORMANCE FOR THIRY-MINUYL FTOW AT 8.3 TRAM FTOW RATE

Bottle Precsure - Start
Stop

Regulator Deita P During Run
Maximum
Minimum

6. MAKE:UP FLOW PERFORMANCE

Bottlé Pressure

Flow Rate

Regulated Delta P Range

Maximum

Minimum

6500 paip

1400 .
paig

3,68  paid

3.53 ..
peid
6750 psip.
0.08 1b/hr
3.73 PSID R
o psid
psid

- R e
: 3
- -8

T SNA-8-D-027 (Iv) REV 1




Volume IV EMU Data Book Amendment 2U *\!
IMP - Mission H-1 11/12/69 i
APOLIO /2.
- FLIGHT PGA CHECKOUT DATA
Bean, LMP 7L-O
CREWVAN PGA S/N
IV { SPEC. FACTORY CAT 4 FLIGHT | FLIGHT REMARKS
' REQUIREMENT PDA PIA PIA DAY *
1) Relief Valve f s/N 2088
! 1
Crack i 2.5 psi ~BE05
Reseat : 4,8 psi 5,01
Flowrate ; ' L/;B
. ' ,
2) Pressure Gage s/ _ /43
5.0 psi ‘ + .15 psi
3.5 psi + .15 psi 3,47 ,
L.0 psi |+ .15 psi 3.98 >
4.5 psi '+ .15 psi Y5
5.0 psi | + .15 psi .0
|
6.0 psi i+ .15 psi 580
5.75 psi + .15 psi N4
3) Leskage |
0.2 psi 180 scc /3.5
3.T5 psi 180 secc 57 |
‘ i
4) Pressure Drop :
AP (in H20) : paifls | 53
Flowrate scfm ! QM_ /2. 0.
Suit press. psia § /8. %4& f 2L
z S
l . r Y ‘ ‘A:l' ]
FV medt vV moct t
TS MisoioN VANAGER DATE
H-9 SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book Amendment 24
IMP - Mission H-1 11/12/69
avonic 42

VLIS LOG CHICKOUT DATA

CamdMAN 1CG S/N
,' - :" SPEC. FACTORY | CAT | FLIGHT | FLIGHT |  poicee
T2 ' | REQUIREMENT - PDA PIA PIA | DAY CHARGE ~
Weight . § . gms /é\‘\;/(‘)'lu‘:, ,’
et b ‘ ,‘ MAG+Gmb
) ] i S P . . . .
welgh | ', em , 12, osid,
ge Prescure 1 | ps:llé; 1 _’(,.)Nﬁ:;(’ﬂ
ge Date/Time ' ‘ [ (72 |
sure drop q ’ ' psid
Flowrate indicated:3.0 *'.1 1b/min y2s
3.5 + .1 1b/miny /-7
(3.8 + .1 1b/min . 22/
4.0 + .1 1b/min 2 3
5.0 —_—
ih.3 + .1 1b/min 2o &
i .
4.5 + .1 1b/min 2. &
T Gl EE— g
5.0 + .1 1b/min . —‘?’J_?«_"—
'1 _
|
4
i
.
!
’ -
{
: |
i 1
f ':
: f f:
:
TEVILD T EAGEA — | ~ DATE

H-10 ,  SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book
PGA and Accessories Characteristics -~ Mission H-1l

Purge Valve 139

Flow Rate = 7.9 1bs/hr Op at 90°F

Leakage Rate = 0 scc/minute at 3.85 + .15 psig

Amendment 24
11/12/69
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Volume TV EMU Data Book : Amendment 24

 CDR - Mission H-1 = . 11/12/69
PISS.
S/N 00019
-Tow Pressure O2 Loop Leak'age : 0 sce/Min.
FOS Leékage o — - 0.21 psi/hr
' Reguletor Internal_Iéakage p -1 SCG/Min
‘OPS Back Flow Check Valve Leakage 0.9 pph

Feedwater Loop External Leakage 0.0016 in HZO/Min.

Feedwater to O, Leakage | ' 56 gs¢c /Min.
Feedwater and Transport Loop Leakagé | 1.34 cé/hr
Transport Loop leakage 0.27 cc/h;
Water Shutoff and Relief - Relief 57 psig
' Reseat 54 psig
Feedwater Quantity . - 8,500 pounds _'
' High-o? Flow Sensor _ | Actuat.on 0,55 pph
’ : ' Deactuition @,60 pph
Low Vent Flow Sensor . - Actuat.on 4,42 acfm
' Deactuition 4.45 acfm
.- Low PGA Pressure Switch Actuat .on 3.19 psid
' ‘ Deactu.tion = 3,28 psid
Low Feedwater Pressure Switch Actuat.on 1.45 psia
' Deactuition 1,55 psia

H-13 -~ ' sﬁA-8-D-027 (iv) REV 1
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Volume IV EMU Data Book Amendment 2L
CDR - Mission H-1 11/12/69

PLSS 019

0, Remlation Tercrmance

Bottle Pressure (peir) ™ew (1b/hr) Koputafor Tre oaee (poid)
85 ’ .07 3,87
85 «35 3.84
85 .07 3,86
230 .075 3,88
230 .70 3,85
230 .08 3.86
1106 .08 3.89
1100 1.98 3,78
1105 .08 3,88

Tump Performance - Sec ~urve,

Fan Performance - See mrve,

H-1h4 SKA-8-D-027 (IV) REV 1
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Volume IV EMU Data Book

CDR ~ Mission H~1

N3 PRE FLIGHT PIA DATA

KEY PERFORMANCE CHARACTERISTICS

3/N Oll SV 730101-2-15

CHECKOUT GAGF ACCURACY

Actual Delta P

Indicated Nelin P

3.5 psid 3.4 psid
3.8 psid 3.7 peid
TOW PRESSURE EXTERNAL IEAKAGE
Indicated Teavage 0.0Q90333 v T,
Dolta T f425 bt
T PREGOTNE 0TERNAT, TRAKAGTE
TIr  mhorr Tendegrn 0,.00000015 T,

Dalin P

THTERNAT TEAKACT (ACPOSS REGUTATOR)

Full Charge psid

Indicated Tealkara Less Than L.0 v i,

PURGE FICw TTRPORMANCR FOR ™ TR™_MINUTE FIOW AT 8.3  T.0/7P FTOW RATF

Bottle Procsure - Jhart
Stop

Regulator Delha I During Run
Mazximam
Minimam

MAKFITP FIOW PERFCRMANCE

Bottle Pressure

Flow Rate

Regulated Delta P Range

Maximum
Minimum

H-17

5900 i
1100

3.67 p3id

3.60 paid

6750 psie
0.08 1b/hr
3.72 PSIA
psid
psid

SNA-8-D-027 (IV) REV 1
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Volume IV EMU Data Book Amendment 2k

™ o CDR - Mission H-1 11/12/69
,\}j
APOLLO XIT_
FLIGHT PGA CHEECKOUT DATA
N g
- Cowped AN
CREWMAY . | PGA S/N
TTEM I SPEC, FACTORY | CAT | FLIGHT | FLIGHT —
' REQUIREMENT PDA PIA PIA DAY
1) Relief Valve f S/N 9022" Ist 200}
j
Crack . i 5.5 psi 813} 8,05
Reseat ; b.8 psi 14861488
Flowrate | ' 595 ek #ﬂ
2) Pressure Gage . s/N 23( |
3,0 psi ’ + .15 psi 104
3.5 psi |+ .15 psi 3.54
g 4,0 psi ! * .15 psi 4 03
, ko5 psi I+ .15 pei ‘ 4. 52
M 5.0 psi ! + .15 psi S 02
| : 2
5.5 670 psi | * .15 psi ' 552 |
6.0 395 psi i + .15 psi £, 03
3) Leakage
0.2 psi ; 180 scc [é;{scc/m
3.75 psi 180 sce . 05 sec/mun
k) Pressure Drop '
AP (in H2d)
- — Flowrate scfm '
Suit press. psia t P35/ A
|
|
.

EV mode J¥ mod ¢

| TED Mia310N VANAGER ' ' DATE

H-18 _ SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book Amendment 24
CDR - Mission H-1 11/12/69
A2CLLC {

PLICAT LCG CHLUCKCUT DATA

Q QON(?AB R CY |

GRENTERS . | ~ LG 5/N
S . |
. SPEC FACTORY | CAT | FLIGHT | ¥LIGHT A
T . i “
LT ' REQUIRDVENT PDA | PIA PIA | -DAYOmdes REMARKS !
Dry Weight ! ems| v / Mg?”’s
f .o : .
kWet weight P gms ' ' IQ[:'SC:-C'W $ :
: 1 . . ,3‘8%’47
Charge Presuure psig L :
' b Ilaéﬁ';/.;ﬁ'
Charge Date/Time K 7 ] O3S
Pressure drop : z R psid :
at Flowrate indicated 5.0 + .1 1b/min Z/Z}
N ;5.5 .1 lb/ming 7, 73
3.8 + .1 ib/min 7. 0
k.0 + .1 1b/min Z. 2
k.3 + .1 1b/min 2.37 3
i - . x"‘ ‘
C h.% + .1 1b/min 26
5 0 .
5.0 * .1 1b/min —375_5
i
i
t
]
R Y- 5 ' — DATE
. \
w’;

e ... H-19_ _ _ _ _ _ _ _SNA-8-D-027 (IV) REV 1



Amendment 24
11/12/69

Volume IV EMU Dsta Book
PGA and Accessories Characteristics - Mission H-1

Purge Valve 138

Flow Rate = 8.0 lbs/hr 02 at 90°F

Leakage Rate = O scc/minute at 3.85 + .15 psig

H~-20 SNA=8-D-027 (IV) REV 1



Volume IV EMU Data Book
Consumasble - Mission H-1

e

PISS 018

Amendment 2l
11/12/69

APOLIO 12 CRITICAL DATA S MMARY SHEET

PLSS 019 _ PISS )PS 011 OPS 018 _ OPS
Diy Weight* (1bs.) 54.733 | 55.750 29.875 | 30.188
Charged Weight¥*¥ (lbs.) 79.749 79.371 40,125 40.625'
0, Pressure (psia)(70°F) {1030 1020 5815 5815 |

) Battery“Acti;ation Date {11-10-69 {11-~10-69 - 11-6-69 11-7-69

" Lanyard Slide (in.) - - 0.615 0.034

" Switch Overtravel (in.) | - - '0.017 0.012

| F/W Quantity (1bs.) 8.500 8.563 -- -

* T/W Quantity (1lbs.) 1.375 | 1.375 -- --

| LiOH Weight (1bs.) 4,677 4,522 - .

" RCU ‘Weight (ibs.)' . I5.067 5.063 - .
Battery Shelf Life 112 Days 12 Days 23 Days | 23 Days
‘RCU Seriai Number foo021 00016 -- --
Battery Serial Number S-181 S-183 S-61 5-60
Lidg Cartridge 0104 00110 - -
Serial Number r) : <A_LL.

% Tess RCU, Thermal Cover, Harness, Battery and Cartridge
**% Completely Flight Configured, les. RCU

H-21

SNA-8-D-027 (IV) REV 1



Volume IV EMU Data Book Amendment 24
Consumables Data - Mission H-1 11/12/69

Predicted Lunar Surface EVA Walking Metabolic Rates

Various activities such as Environmental Familiarization, ALSEP Return
Traverse, Geological Traverse, Complete Geological Traverse are con-
sidered to be primarily walking modes of activity. The average metabolic
rate for these activities based on predicted and real-time estimates is
1050 BTU/hour. It should be understood that this prediction is subjJect
to future revision as further data becomes available. At present, data
have not been obtained on Geological Traverses -nd ALSEP Traverses.

Also, changes from expected walking speeds or terrains would affect the
prediction. o ‘ '

H-22 SNA-8-D-027 (IV) REV 1



Amendment 24

11/12/69

S3LNANIW SSTd SYNOH

049 . 0+§ 0+h OE+E  0+€ 0+2 0+l 0 SL-
0
i N SUH OE:€ VA3 v
N
J' a— e mpne e wad
» N 379ysn
. 002
h Y
N
B
Q I A
o 4 00t
33 A NE 4
85 N
g & =
i A | -
= 0 .
= ] 009
m m HOVIVAT VD4 ON —~— B NG
3 2 *SISYE RTINS
=8 H IWIL TVIY NO u._mﬁzz SI 1N0Aay3¥ NIVAXO N R
T %0 ¥H/S1 ¥€0° IDVAVIT *93dS|vod snid <X + $S1a
-m.z.:.m 0021 Es_ u:om&m_z. ﬁt_u_ﬁ.__ﬁ NO @3syg 008
11 1111 T T T
T '318¥SANN VISd 251
| AJVINIIYNI 39NY9 VIS S9
B 9y 1IN VISd G8 :9 ILION
- 91 £2°L = VISd 0€0L
-*NI °ND 84 311108 WNWINIW NO Q3svd :¥ 310N 0001
jocol

NI9AX0 SSTd - dWT ONY ¥@3 - "GL-¥ 3un9Id
L# VA3 30V4HNS YVNNT TWYNIWON

SNA-8.D.027 (IV) REV 1

i-23

(S97) 3uNSSIYd 311108



Amendmeﬁt 2k
11/12/69

Volume IV EMU Data Book
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Amendment 30
4/13/70

H-2 MISSION APPENDIX

APOLIO 13
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Volume IV EMU Data Book Amendment 30
Contents - Mission H-2 4/13/70
CONTENTS
Loading Chart Page H2-2
Consumables Page H2-L4
Performance Page H2-10
PISS Page H2-10
0PS Page H2-26
PGA Page H2-38
LCG Page H2-39
Purge Valve Page H2-39
Thermal Page H2-40
CREW EQUIPMENT SERIAL NUMBERS
g
CREWMAN
' EQUIPMENT - CIR
T , =.-I
PI33* 021
L
OPS* 015
PGA 078
LCG 095
LEVA* 010 015 ——
l Purge Valve* 146 147 ———
ll b

*INTERCHANGEABLE BETWEEN CREWMEN

H2-1

SNA-8~D-027(IV) REV. 1
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Volume IV EMU Data Book Amendment 30
Ioading Chart - Mission H-2 4/13/70

LOADING CHART

"spEC | CDR

IMP CMP
wer  )s/N Jwer s |s/N §wer 18s |s/n Jwer ms

EV/PGA with TTMG (including IV 55.29 078 53.79 061 53.149
Gloves, Helmet, and Comm Car- ' :
riers, EV Gloves, Lunar Boots)

IV/PGA with IVCL (including IV 37.15 . 082  37.64
Gloves, Helmet, and Comm Car-
riers)
6 -  Dry ' . 095 3.833 086 L4.131
Wet 5.000 095 L4.509 086 4.806
H2O Wt. | 095 0.677 086 0.679
CWG 0.90 114k .77 1230 .77 1293 .77
FCS | 0.50 113 .38 115 .37 109 .32
UCTA ~ 0.53 3963 .L7 3965 .47 3964 .47
Bio-Belt o 0.25 1399 .18 1408 .18 1403 .18
Bioinstrumentation Assembly 1.10 019 174.2gm 021 17h.0gm 020 174.0gm
EV Gloves (pair) 2.5 075 2 1bs 080 2 1bs
7 oz 6 oz
LEVA : | . 5.90 010 5.75 015 5.75 -
Helmet Protective Shield 0.95 085  .854
Iunar Boots 4.9 L 1bs 035 L4 1bs
1l oz 9 oz
Purge Valve 0.55 146 4ok 147 Lok
PISS, Dry* with Op Charge - 021 57.23 020 56.26
PISS, Fully Charged** 83.76 021 .80.00 020 80.875
lema_x
Feedwater Quantity 8.30 021 8.59 020 8.53
1bspiy
RCU 4.50 00019 5.11 0002k 5.13
1bsSpax

H2-2 SNA-8-D-027(IV) REV. 1



Volume IV EMU Data Book Amendment 30
loading Chart - Mission H-2 L/13/70

LOADING CHART
(Continued):

CDR IMP CMP

[s/n Ywer res|s/m Juer tas] s/ |wer res]

Batteries, PLSS

EVA I 5.55 §-198 5.3 S-190 5.52
1bspyax

EVA II 5.55 S8-206 5.48 8-209 5.47
lb Smax ’

LiOH Cartridge

EVA I L.63 149 4,58 7 4.56
1bs max
EVA IT 4,63 150 L.56 151 L.60
lbsSpax '
OPS, Uncharged 015 30 lbs 030 29 1bs o
| : I oz , 12 oz }
OPS, Fully Charged b1 015 k40 1bs 030 40 1bs .
' 1bspax 11.2 oz Lh.2 oz
Batteries, OPS 2L428gm $-089 2139gm  $S-086 2162gm
Delta Weight = Op 015 5.73 1bs 030 5.75 1bs

*  Less RCU, Thermal Cover, Harness, Battery, and Cartridge

*¥  Completely Flight Configured, less RCU

H2-3 SNA-8-D-027(IV) REV. 1



Volume IV EMU Data Book Amendment 30
Consumebles -~ Mission H-2 l+/13/70
CONSUMABLES
Batteries, PISS
EVA T
S/N S-198 §-190
Activation Date Y-7-70 L-7-70
Shelf Life 12 days 12 days
EVA IT
S/N S-206 S-209
Activation Date Y-7-70 Y-7-70
Shelf Life 12 days 12 days
LiOH Cartridge
EVA I
s/N & 00149 00147
EVA TI
S/N 00150 00151
Feedwater Weight (1bs) 8.59 1bs 8.53 1bs
Oxygen Pressure, PISS (psia) 1020 + 10 1030 psia 1030 psia
psia
Batteries, OPS
S/N S-089 S-086
Activation Date 4-3-70 4-3-.70
Shelf Tife" 2k days 2l days
Oxygen Pressure, OPS (psia) 5880 + 80 5960 psi 5930 psi
psi
OPS Gage .+ 300 6100 psi 5990 psi
He-4 SNA-8-D-027(IV) REV. 1



Volume IV EMU Data Book
Consumable Data - Mission H-2

Apollo 13 PLSS Expendables

" Main Pcwer;Sugggg

Amendment 30
L/13/70

The main power supply has a two sigma power rating of 279 watt-hrs.
With a PLSS power consumption of 43.5 watts, based upon Apollo 13

crew training exercises in SESIL, the power supply will last 5.75 hours
with the following checkout data:

-Checkout EVCS: 40 minutes @ 0.7 amps
Fen : 30 minutes @ 2.0 amps
Pump: 15 minutes @ 0.6 amps

NOTE: Above information based on voltege of 16.8 volts.

Feedwater

With an 8.5 1b charge and unusable water as follows, there is T.54 1bs

of usable feedwater.

- Residual: 0.23 1bs
Slave : 0.60 1bs
Leakage : 0.13 1lbs

See pege H2-6 for curve of mission time versus metabolic rate.

Oxygen = EVA I

With a charge pressure of 1020 psia, there is 0.953 1bs (mass) usable.
This is based on the following overhead requirements.

»Instrument error:
Leakage check:
Metabolic (Fan on

to Cabin Depress):

Cabin Repress:

50 psi
36 psi

34 psi
21 psi

See page H2-T for‘curvé of mission time versus metabolic rate.

Oxygen - EVA IT

With a charge pressure of 927 psia, there is 0.838 1lbs (mass) ussble.
This is based on the same overhead requirements as for EVA I. The
charge pressure is based on & 942 psia IM regulator performance and a

15 psi loss due to PISS bottle cool down.

See page H2-8 for curve of mission time versus metsbolic rate.

H2-5

SNA-8-D-027 (IV) REV 1




Amendment 30
4/13/70

Mission H-2

Volume IV EMU Data Book

Consumable Data -
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Amendment 30
4/13/70

Volume IV EMU Date Book

Data -« Mission H-2
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Amendment 30
4/13/70
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PLSS

-s/N

. =Legkage

Low Pressure 02 Loop

-

POS Pressure

~Presgure Rise, Low Pressure

Regulator Internsl

OPS Backflow Check

Valve

External Feedwater

Feedwater to Op Loop

Feedwater and Transport

Loop

Liquid Transport Loop

O» Toop

‘ Volume TV EMU Dats Book Amendment 30

Fan “‘performance at least five
points of pressure rise vs flow

at 3.85 % 0.15 PSIA.
1) (ACFM/In. H,0)

2)
3)
By .

5)
6)

7

PLSS Performance - Mission H-2 4/13/70
: PEBFORIIQN.CE . . ' LY - b i S --n«.ﬂ','m
SPEC COR T Ve
021 020
(ssc/Min,) 20 sCC/Min 0.0 SCC/Min ~ 0.0
Max, '
(PST/Hr) .5 PSI/H# X2 psT/HY .22 PST/Hr
(scc/man) 25 SCC/Min 0.0 . 0.0
- : Below © Below .06 -
(Tbs/Br)  ..,5 Tbs/mr .06 Tbs/Hr Ths [Hr
(In Hy0 J034 In, H0/ 0.0 00066 Tn. Hp0/
Min) - Min Max. Min. ‘ :
(scc/Min) - 175 SCC/Min 82,5 scc/Min B%ISCC/Min.
Max )
(cC/mr) 1.65 ¢C/Hr 1.56 CC/Hr 1.45 co/ar
Max ' '
(cc/ur) .27 CC/Hr- .16 cc/ur .05 CC/Hr
o Max
N/A
5.50/3.28 5.5/2.9
1,22/3.9% h,22/3.61
SNA-8-D-027(IV) REV. 1 4.75/3.63 hoTh/3.26
210 5.28/3.33 5.28/3.0 -
6.04/2.86 6.02/2.5
6.h9/2.5L 6.48/2.18
0/4.90 0/4.87



M\-/;olume TV EMU Datz; Book Amendmént 30

PISS Performence s Mission H-2 L/13/70
PERFORMANCE
PLSS, (cont'd) SPEC, CDR. _IMP,
=Sensors P1.88 PLSS
021 020
High 0 Flow
 Actuation (bs/tr) ¢50=.65 Ths/Hr. .51 Tbs/Hr. 525 Tbs/Hr.
Deactué,tion (Tbs/Hr) | +50-465 Thg/Hr. .50 Tbs/Hr. | .51 The/Hr.
Low Ven‘b Flow .‘ |
Actuation (ACFM) b.15-5.3 445 ACFM 445 AcTM
, - ACFM L.51 AcFM k.53 AcPM
Deact;lat_ion (ACTM) | |
Low PGA Pressure
Actuation (psID) 3.10-3.40 PSID  %.20 PSTD 3,22 PSID ‘,
Deactuation (PSTD) 3.40-3,10 PSID  3.25 PSID 3.28 PSID )
Low Feedwater Pressure
Actustion . ' (PSTA) 1.30 PSTA 1.35 PSTA 1.43 PSTA
Deactuation (P3TA) 1.60 PSTA 1.39 PSTA 1;52 PSTA
)
H2-11 SNA-8-D-027(IV) REV. L
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PLSS Performance - Mission H-2

~ PERFORMANCE

PLSS, (cont'd)

-Oxygen Regulator Characteristics

| 1) (Lbs/Hr/PSID)

Give three regulation points at
Low, High, and Low flows for

three bottle pressures: '
Bottle Pressure 100 PSTA

1) (Cbs/Hr/PSID) .070-,080Lbs /Hr
2) 035"036 LbS/HT
3 - «070-.080 Tibg/Hr
Bottle Pressure 250 PSIA

. 070~ 080 Tbs /Hr

- 2) 1 65=uT5Ths [Hr

3) . 070~,080 Tbs. /Hr
Bottle Pressure 1120 PSTA

1) ' : '.070-.080 Ibs [Hr
2) 1,90-2.0 Tbs /Hr
3) ' .070-.080 Tbs, /Hr

=Feedwater Vent Orifice

Flow at 49 PSID (CC/Min)

Flow at 49 PSID (Lbs/Min)

- =Stowage Plate Relief Valve

C

Cracking Pressure

-

SPEC,

349040, 15
3. 90%0, 15

3.90+0.15

3.90+0,15
3.9C+0,15
3,90+0,15

3.90+0,15
3.8040.25

3.90%0.15

koo-1kooce/

2 Mins.

l’-o 5"‘6. 0
PSID

H2-12

CDR.
PLSS

021

3.87 PSID
3,82 PSID

3,88 PSID

3,90 PSID
5,84 PSID

.5;89 PSID

3,89 PSID
2, Th PSTD
3.88 PSID

1250 cc/
2 Mins.

6.0 PSTD

Améndment 30‘
4/13/70

LMP,

.PLSS

- 020

3,84 PSID

3,82 PSTD

| 3,84 PSTD

3,86 PSID
3,84 PSID
3,85 PSTD

3.88 PSTD
3,74 PSID

3.87 PSTD

1200 cc/
2 Mins, .

5.2 PSID

SNA-8-D-027(IV) REV. 1
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PLSS, (cont'd)

PERFORMANCE
SPEC.

~-Pressure Rise, Liquid Transport Loop

(Pump Performance) at least three
points, for each Diverter Valve
position, of Flow ve Pressure Rise:

Minimum Diverter Valve Position

1) '(Lbs/Min./‘Ps:r) 3.7 Lbs/Min 1:9+0.1
Min -0.0
2) | A To5+0.1
) BN - m/A 5.5+0.1
1) 3.5%0.1
5) ' v 1.0+0.1
Intermediate Diverter Valve
Pogition
1) (Tbs/Min./PSI) 3.7 Lbs/Min 1.9+0.1
- Min. ~0.0
2) T 7.5+0.1
3) N/A 55+0.1
L) 3.5+0.1
5) 1.0+0.1

Mgximum Diverter Valve
Position

1) (Tbs/Min. /PST)

Min
2)
SNA-8-D-027(IV) REV: 1
3) N/A

H2-13

0 ¢

3.7 Lbs/Min 1.9+0.1

7.540.1
5.5+0.1

3.5+0,1

Amendment 30

4/13/70
CDR, MP,
PLSS PLSS
021 020

L.55 Lbs/Min
1.9 AP

1.25 Tbs/Min

3.0 Lbs/Miﬁ
5.5 AP

4.1 Tbs/Min
3.5 AP

4.85 Tbs/Min
1.0 AP

4,75 Tbs/Min
1.9 AP

1.3 Tbs/Min

T.5 AP

3,15 Tbs/Min
5.5 AP

4.25 Tbs/Min
3.5 AP

4.85 Tbs/Min
1.0 AP

4.5 Ths/Min
1.9 AP

2.6 Tbs/Min
TS5 AP

' 3.L ch;s/Min

5.5 AP

h,0 Ibs/Min

5 AP

L

[P
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.  Amendment 30
} PISS Performence - Mission H-2 4/13/70
PERFORMANCE ‘
SPEC. "CDR, VP,
~ PLSS, (cont'd) PL.SS PL.SS
5) . 1.0+0,1 - 4,75 Ths/Min * L.k Tbs /Min
| 1.0 AP 1.0 AP
-Water Shutoff end Relief Valve
. Relief Pressure (PSID) 52.0-65.0 PSIG 63,0 PSIG 64,0 PSIG
Reseat Pressure (PSID). %0.0 Min, 52.0 PSIG  58.5 PSIG

H2-1L4 ' SNA-B-D-027(IV)_ REV. 1
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o S

-Amendment 30
PISS Performance - Mission H-2 4/13/70
APOLLO 13
TRANSDUCER END TO END CALIBRATTON
PARAMETER - SPEC CDR ™P
| Actual Tnput | T™ Output - Actual Tnput | ™ Output
PGA Pressure 2.95-3.’13 PSID ||3.0 PSID 3,025 PSTD||3.0 PSID 3,06 PSID
%,9-l,1 PSID 4.0 PSID 4,0 PSTD ||%.0 PSTD 4,05 PSID
Feedwater .- +i~| 1-1.25 PSTA 1.0 PSTA 1.10 PSTA. {{1.0 PSTA .90 PSTA
Pressure , » )
- 3.56~3.83 PSTA, {|3.66 PSIA 3,70 PSTA ||3.66 PSIA 3,63 PSTA
LCG Tnlet Temp | TOOF-T5.25%F ||72.3 OF 7.5 °F |73 oF 73.0 OF
T1°F-86.20F 3.2 °F 73.5 OF || 745 OF T5.0 °F .
“Sub. Gas Out. TOCF-T5.25°F 72,3 OF 2.5 OF 7% OF '73.0‘,01?
Temp. : _ S
T1°F-86,2°F T3.2 OF 3.5 °F 4.5 OF 5.0 OF
: Batﬁery Cuorrent| «55=.65 AMPS‘- .6 amps .6 amps .6 amps .6 amps
Battery Voltage| 15.8-17.8 %Folts||16.65 volts | 16.7 volts||16.T5 volts 16.75 volts
POS Pressure 915-980 PSTA 961 PSTA 955 PSTA 961 PSTA . ohly PSTA
597 1/2 - 661 || 611 PSTA 633 PSTA 611 PSTA 611 PSTA
’ PSTA '
137 1/2 - 200 || 161 PSTA 178 PSTA || 161 PSTA 155 PSTA
PSTA _
. H2-15 SNA~8-D~027(IV) REV. 1
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PLSS Performance - Mission H-2 4/13/70
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Volume IV EMU Data Book
OPS Performance - Mission H-2

PERFORMANCE
SPEC, CDR.
oPS s
-8/N _ 015
-Legkage ’ i
Low Pregsure Externsl
At 14,25 PSTD (sce/Min) .05 CC/Sec. - 0000192
- : o cc/Sec.
High-Pfesgure External
At 6935 + 200 PSIG (SccfHr) .0056 CC/Sec. . 0009696
- _ cc/Sec.
Internal Leskage
Across Regulator  (SCC/Min) 200 sce/Min 0.0 SCC/Min
~ =Purge Flow Characteristics |
Flow Rate (Lbs/Hr) 8,31 Lb/Hr. 8.% Tb/Hr
Bottle Pressure-Start (PSIA) 485 Min 6700 PSIC
in 30 Mins
-Stop (PSIA). 1500 PSTG
Regulated Pressure -,Maximum 3.70 | 3,68 PSID
(Ps1D) +0.3
~Minimum (PSID) 3.52 PSTD
-Make-up Flow Characteristics ) .
Flow Rate (Lbs/Hr) .08-.1h .08-.1k
. Tb/Hr
Bottle Pressure (PSTA) - 6750 PSIG
Rerulated Pressure -Maximum-(PSID) 3,70 + 0.3 3,805
| ~Minimum (PSID) ' 3.65
OPS Checkout Orifice A
Flow at 818 PSIA (Tbs/Hr) : o.aMiz/Hr .215

" Amendment 36

MP.

030
.ook78 cC/Sec.

-.000378 cC/Sec.

60 SCC/Min

He

' 8.3 Tb/Hr

6200 PSTG

1h00 PSIG

3.65 PSID
3,50 PSID
.08-,1k
6750 PSIC

5.91-
3.79

220

"H2-26 SNA-8-D-027(IV) REV. 1
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OPS Performence - Mission H-2

0PS, (Cont'd)

c3

-0PS Checkout Gage - Actual
Pressure when gage reads:
1) 3.5 PSID
2) 3.8 PSID

OPS Quantity Gege

SPEC.

+0,10

+0,10

+300

H2-27

CDR.

3,13

5.82

Actusl
Press 6750
OPS

read 7000

Amendment 30
4/13/70

TMP,

3.h9
3.9

Actual
Press 6750

OPS 6800
read

SNA-8-D-027(IV) REV. 1
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OPS Performance ~ Mission H=2

Amendment 30
4/13/70

OPS Purge Mode Dufation

The data presented Below, and in the curves which are referenced, are not
meant for planning purposes but represent as precisely as possible the actual
vhardﬁare characteristics of the Apollo 13 prime equipment. The data does not

reflect any mission constraints or operating red lines.

Curve No. 1 - Purge Valve Flow vs. "Suit Pressure"

Curve No. 2 - OPS Outlet Pressure vs. Bottle Pressure
Curve No. 3 - OPS Bottle Pressure vs. Time

TO DETERMINE DURATION

PGA S/N 078
OPS S/N 00015

PGA S/N 061
OPS S/N 00030

Actual Purge Flow (Curve #1)

Duration in Purge Mode (Inverse
Ratio from Curve #3)

7.50 1bs/hr

45.78 minutes

3.63 psia

A. Avg. OPS Outlet .Press. (Curve #2) 3.67 psia

B. Press. Drop Across Suit (OPS to .033 psi .031 psi
Purge Valve) '

C. Avg. "Suit Pressure" (A-B) 3.6k4 psia 3.60 psia

T.42 1bs/nr

46.31 minutes

H2-28

SNA-8-D-027 (IV) REV 1
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PGA
S/N

Leakage (SCC/MIN)

@3.75 psid

Pressure Drop (in. Ho0)
EV @ 6.0 scfm 18.6 + .1 psia

ATR

IV @ 12.0 scfm 18.2 + .1 psia

Op - IV @ 12.0 scfm 18.2 + .1

psia

Relief Valve

Flow Rate (scfm @ 5.5 psig
sult pressure '

Cracking Pressure (psid)
Reseat Pressure (psid)

PGA Cuff Gage Accuracy
Actual Pressure when cuff gage

reads:

1)
2)
3)
L)

5)

6)

3.0 psid
3.5 psid
4,0 psid

4.5 psid

5.0 psid
5.5 psid

6.0 psid

Volume IV EMU Data Book Amendment 30
Garment Performance - Mission H-2 4/13/70
PERFORMANCE
I, SPEC CDR IMP CMP
o078 061 088
180sce/min 80 60 130
73°F 4. 3°F
5.13 mex in L.H. 3.0 L.H. 2.45
(spec equi-
valent) _
15.1 max in L.H. 6.3 L.H. 6.15
Ho0 R.H. 6.4 R.H. 6.6
(spec equi-
valent)
16.2 max in 7.8 8.7 8.4
HoO (spec
equivalent)
h.2 5.5
5.5 psi max 4.93 5.10
4.8 psi min 4.85 4,95
+ 0.15 psi
3.04 3.0 3.04
3.52 3.52 3.53
k.02 k.02 4.05
h.55 4.5 L.52
5.02 5.0 5.0
5'53 5-52 5-52
6.0 6.0 6.03
H2-38 SNA-8-D-027(IV) REV. 1




Volume IV EMU Date Book * @ - Amendment 30

Garment Performence = Mission H-2 \ L/13/70
PERFORMANCE ,
l SPEC l -~ CDR I IMP: T CMP
S/N : 095 086

Pressure Drop @ 19.0 psig inlet

At least six points of flow vs.
pressure drop

1) (Ibs/Min) 3.0 o 1.3 1.3
2) 3.5 - 1.8 1.6
'3) 3.8 | 2.0 1.8
4) 4.0 2.1 2.0
5) 4.3 2.4 2.3
6) 4.5 , 2.6 2.k
7) 4.8 | 2.9 2.8
8) 5.0 ' 3.1 2.9
E SPEC I CDR r IMP I CMP I
Purge Valve
s/N | 146 14y
Flow Rate @ 1.0 + 0.05 psia (1b/ 8.1 + 0.3 8.0 lbsy/Hr 8.0 lbs,/Hr
Hr.) lbsp/Hr at
90°F 02 and
4.0 + .05
v psia
Leakage @ 3.85 + 0.15 4 sce/min L i

(Valve Closed) =~  (ScC/MIN)

H2-39 SNA-8-D-027(IV) REV. 1



Volume IV EMU Data Book Amendment 30
Thermal Data - Mission H-2 4/13/70

f

Apollo 13 Heat Leaks

The nominal heat lesk for Apollo 13 EVA#1 is minus 75 Btu/hr.

The nominal heat leak for Apollo 13 EVA#2 is minus 10 Btu/hr.

The worst case heat leak for both EVA's is plus 280 Btu/hr.

(Considering operation in some of the more severe craters in
the landing site.)

He2-4O SNA-8-D-027 (IV) REV 1
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