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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.
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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

2.3-1 SNA-8-D-027 (IV) REV 1



2.4

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
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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
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Subsystem Performance Data - EMU
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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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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
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" 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,
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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 voltag