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SECTION 1

INTRODUCTION

The purpose of this final study report is to present the results of the work
performed under Contract NAS9-8640, "Astronaut Zero Gravity Performance Evaluation

Program".

The program was performed during the period July 1968 through February

1970 and encompassed:

de

Ce

The definition and preliminary design of Experiment M508, EVA and IVA
Hardware Evaluation, concerned with astronaut worksite performance
evaluation.

The construction of two prototypelmodels of the M508 Task Panel to
verify design concepts, develop manufacturing procedures and to col-
lect simulated astronaut worksite performance data.

The conduct of Experiment M508 using various ground based zero-gravity
simulation modes.

The collection of additional data on man's force emission capability
to establish 1-g and zero-g baselines,

The preparation and publication of a Handbook of Human Engineering
Design Data for Reduced Gravity Conditions.

The Astronaut Zero Gravity Performance Evaluation Program was designed to fill a
gap in our knowledge of man's capabilities to perform complex tasks in the zero-
gravity environment. The resultant experimental program involved an evaluation
of the major facets of astronaut performance while restricted to a limited work-
site area. The program involved evaluation of the efforts required to install
and enter different restraint concepts, remove panels and covers assoicated with
gaining access to a work area, performance of specific tasks designed to evaluate
the interactions between basic psychomotor behaviors and the parameters of the
EVA/IVA, zero-gravity environment and equipment.,

The total program efforts and results are summarized in Volume I, Summary
Report and presented in detail in Volume II, Detailed Technical Report. Volume
IIT consists of the Handbook of Human Engineering Design Data for Reduced Gravity
Conditions and is an entirely independent document suitable for distribution by
NASA as a basic handbook,

1-1






SECTION 2

PROGRAM SCOPE

This program was designed to broaden the knowledge base concerning man's
ability to perform useful work in a zero-gravity enviromment. The approach in
the attainment of this goal involved a three—~pronged effort. The first element
involved the definition, preliminary design and conduct of Experiment M508, an
experimental program to provide data on astronaut orbital EVA and IVA worksite
performance capability and support hardware., The objectives of this experiment
were to provide: A

a. Correlation of ground-based simulation with in-flight conditioms,

b. AQuantitative human worksite performance capability under zero
gravity conditions.

c, Comparative evaluation of IVA/EVA restraints, tools, and pressure
suits.

The second element involved the conduct of an experiment for the collection
of one~g baseline and zero-g shirtsleeve force emission data through the use of
neutral buoyancy simulation techniques. This provides data to supplement those
available from the force-emission experiment (Experiment 84) conducted under
Contract NAS8-18117 for the NASA/MSFC.

The third element involved the continuation and completion of the handbook
also initiated under Contract NAS8-18117. This Handbook of Human Engineering
Design Data for Reduced Gravity Conditions provides available subgravity perform-
ance data to the designers of spacecraft and was also used as input data for the
experiment definition and system design effort above.

The scope and rationale of Experiment M508 merits further consideration and
is adequately described in the early experiment definition and implementation
plans that are quoted below:

"The most important end objective will be that associated with the
comparison between the results of flight and simulation tests, be-
cause simulations are the most productive sources of information
available to guide the design work required for future missions,
Practically any specific task can be simulated, and thus, the most
fruitful human engineering experiments for the near future will be
ones that help to.establish how the results of simulations relate
to experience in actual free flight. The value of the limited
amount of experimentation that can be performed in the AAP mission
will be multiplied many fold if the results yield generally appli-
cable conclusions on how to conduct and analyze simulations to ob-
tain valid information about how to work efficiently and safely in
space. Therefore, the tests selected for the M508 Experiment are
ones that are expected to reveal general relations between tests

in real and simulated weightlessness, rather than faithful imitations
of anticipated operational tasks."

Experiment M508 is comprised of a sequence of four basic human engineering

tasks designed to measure man'’s capabilities for force exertion, eye-hand co-
ordination and manual dexterity in an EVA and IVA environment.

2«1



The task sequence designed for this experiment is based on an operational
analysis of 16 fundamental EVA experiments which were distilled from an entire
spectrum of actual and predicted extravehicular activities. All of the important
basic operations identified by the analysis have been included in the M508 task
sequence, although it does not closely approximate any of the experiments sug-
gested in the study.

With the four basic tasks configured into a single task panel, two subjects
each performed the complete task sequence twice under six experimental conditions:
three suit conditions (shirtsleeves, and operational and developmental pressure
suits) and three modes of physical restraint. The tasks were suitably instrumented
to record quantitative data on forces, torques, accuracy, etc., for each of four
simulation modes, including 1-G, Neutral Buoyancy, KC~135 Zero—~G aircraft and
6 DOF mechanical simulator.



SECTION 3

EXPERIMENT DEFINITION AND TASK SEQUENCE DEVELOPMENT

The first task of the Astronaut Performance Program was the generation of
an experimental task sequence which would measure and yield data on manned per-
formance capabilities in a zero-gravity environment. It was furthermore desired
that this task sequence be adaptable for performance in a simulated EVA-~speci-
fically, that it be performed inside the Orbital Workshop as Experiment M508,

This section will describe the work performed which resulted in a prelimi-
nary task sequence to meet these objectives, Basically, the study involved a
detailed examination of various veferences and input data, summarization of the
information in these references, filtering based on frequency and/or criticality,
and, finally, development of a functional flow block diagram of a candidate ex~
perimental sequence,

3.1 STUDY INPUT DATA ANALYSIS

3,1.1 REFERENCE DOCUMENTS

An assortment of references dealing with simulation, specific experiments
requiring EVA, and EVA in general was collected as input data to the Astronaut
Performance Program. These references are listed in Table 3-1.

The input data was closely scanned to identify all human performance activ-
ities which, at least conceptually if not directly, could constitute manned
extravehicular tasks. This list served as a source of candidate tasks and as a
check list to insure completeness of the ultimate experimental task sequence,

Particular attention was paid to the study of Extravehicular Engineering
Activities by North American Rockwell Corporation (Reference #13), This study
comprises an exhaustive look into the requirements for EVA capabilities needed
to perform various experiments for the 1968-1980 time period.

3.1,2 EVA TASK DETERMINATION

The reference documents were scanned to extract any items which hint of
being a planned or conceived EVA "task'. These items are attached as Tables
3-2 and 3-3. The reference numbers indicate the source of each item and corre-
spond to the numbers of the reference documents listed in Table 3-1.

The items listed in Table 3-2 are noted as Functions, Tasks or Operatioms.
This breakdown is purely subjective and is not intended to denote any signifi~
cance as a classification scheme, The authors of the various study input docu-
ments tend to use the word "task” synonymously, but inspection of the list shows
that different comprehensive levels of performance are actually identified.
"Function" is intended to serve as the most comprehensive category of performance
items, and "operation" the least comprehensive, or most elemental. The designa~
tions, then, are used simply because it would be improper to label all the items
as "tasks".

3-1



TABLE 3-1 REFERENCE DOCUMENTS

Manned Extravehicular Activities -~ Hamilton Standard, circa 1964,

Useful for specific task suggestions.

Design, Fabrication and Installation of a Six-Degree—of-Freedom Space
Maintenance Simulator - A, E. Holmes, Martin, April, 1965,

The Effectiveness of Weightless Simulators (For obtaining maintainability
criteria for space systems) — C. B. May, Sept., 1967.
Discusses simulation modes:
KC-135
Underwater .
6 Degree-of-Freedom (Same as in Reference 2)
Specific task simulated: tightening a bolt, wearing G-4C suit;
bolt instrumented with Torque~force transducer,
Space power tool and ratchet hand tool described.

EVA Simulation for Design Verification - John Duddy, Lockheed, Sept.,
1967.
Discusses EVA requirements for ATM,

Maintenance in a Weightless Enviromment - C, B. May, March, 1965,
Overview paper on maintenance equipment such as AMU, RMU and
Space Shuttle,
Describes Minimum Reaction Power Tool.

Study of Astromaut Capabilities to Perform Extravehicular Maintenance and
Assembly Functions in Weightless Conditions - Garrett, Sept., 1967.
Three major sections:
1. Analytical Studies
Diving Physiology
Task Taxonomy
EVA Task Classification Charts
Mathematical Model of Underwater Simulation (with computer
programs)
2, Facilities and Apparatus
Underwater Simulation Facility
Mock~ups, Locomotion Aids, Restraints
Tools—Off-the~shelf and specially-designed fasteners
3. Tasks
Maintenance
Assembly of Beams
Assembly of Panels
Assembly and Erection of Rigid Modules
Assembly and Erection of Inflatable Modules
Test Plan (for representative purposes) also available,




10.

11,

12,

13,

14,

TABLE 3-1 REFERENCE DOCUMENTS (Continued)

Operator/Tool Interface Problem Areas for Space Maintenance

5 Degree—of-Freedom Simulator
Typical work performance task board descrlbed

Summary of Gemini EVA - June, 1967.

Notable areas of information:
Life Support
Tasks
Restraints
Maneuvering Units
Simulation and Training

EVA Design Criteria - Crew Systems Division, MSC, circa 1967.

Tabulates EVA equipment system parameters.

Study of Extravehicular Protection and Operations - June, 1967,

General EVA information.

“Appendix I - EVA Task Analysis”
Suggests specific orbital operations and tasks.

AAP-2 Astronaut Review Outline

General information on OWS, MDA,
Locates M508 in AAP scheme.

Extra-Vehicular Engineering Activities (EVEA) Program Requirements Study -

North American Rockwell, May, 1968,
This study comprises an exhaustive look into the requirements for
EVA capabilities needed to perform various experiments planned for
the 1968 to 1980 period. The study is reported in several volumes:

Volume I - Summary Technical Report

Volume II ~ Detailed Technical Report

Appendix A - EVA Transfer, Locomotion, and Rescue Experiment
Definition

Appendix B~ Work Performance Experiment Definition

Scientific and Technical Experiments Baseline
Linkages

Appendix C
Appendix D

Experiment Implementation Plan for Experiment M508, Astronaut EVA Hardware

Evaluation ~ Crew Systems Division, MSC, NASA, March, 1968,

5=3
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TABLE 3-2 EVA FUNCTIONS, TASKS & OPERATIONS

ITEM

Plumbing Leak Correction
Patching
Sealing

Position Self at Site
Attach Restraint
Prepare Tools
Tighten, Loosen Bolt
Stow Tools

ATM Film Cassette Removal

Remove & Replace Screws

Remove & Replace Amphenol Connector
Remove & Replace 3/8" Hex-Nut

Remove & Replace Plate

Disassemble & Reassemble Hydraulic Joints

Engage Restraint

Fasten Tool Kit

Remove Four Bolts in Access Panel

Clamp Panel to Spacecraft Mock-up

Turn-off Valve on Tubing

Cut Wires to Maintenance Box

Disengage Tube with One Wrench

Disengage Tube with Two Wrenches

Remove Two Bolts to Maintenance Box

Remove Maintenance Box & Secure to S/C Mock-up
Position Access Panel in Opening

Finger Tighten Bolts in Access Panel
Tighten Bolts in Access Panel with Wrench
Punch Rivet on Top of Maintenance Box
Drill out Rivet

Remove Top from Maintenance Box & Fasten to
S/C Mock-up

Remove Switch from Maintenance Box

FUNCTION
OPERATION

TASK
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TABLE 3-2 EVA FUNCTIONS, TASKS & OPERATIONS (Continued)

o
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)
=
: g i
5 2 oy &
& o I
ITEM
6. Replace Switch in Maintenance Box X
6. Strip Insulation from Wires X
6. Loop Two Wires & Place Under Screws X
6. Disengage Pipe X
6. File Notch X
GEMINI FLT. #: 6. Saw Bar X
6. Cut Bolt X
XI 8. Remove 7 in 2 Velcro Strip X
XI, XII 8. GATV Tether Attachment to S/C Docking Bar X
IX-A, X, X1 8. Deploy/Retrieve Experiment Package X
IX-A 8. Unstow & Extend AMU Controller Arm X
XIL 8. Unstow & Install Telescope Handrail X
XII 8. Deploy Experiment Package X
X1t 8. Connector Operations X
XIL 8. Cutting Operations X
XII 8. Remove 200 in 2Velcro Strip X
ORBITAL OPERATIONS
Maintenance & Repair
10. Component and Module Replacement X
10. Electrical and Electronics Maintenance X
10, Fluid and Gas System Maintenance X
10. Propulsion System Maintenance X
10, Mechanical System Maintenance X
10. Structural System Maintenance X
ASSEMBLY OPERATIONS
10. Minor Assembly & Erecting X
10. Assembly of Large Structures X
10. Positioning & Connecting Large Modules X



FROM REFERENCE NO.

ITEM

FOCAL LENGTH CHANGE ON TELESCOPE:

10.
10.
10.
10.
10.
10.
10.
10.
10.

i1.
11,
11.
11.
11.
11,

11.
11,
11.
11.
11,
11.
11,
11,
11.
11.

Secure Work Pack

Detach Connections to Work Pack

Set Up TV Monitor

Connect Power & Comm. Lines

Turn on Lights

Activate Door Opening Mechanism

Connect Restraint

Disconnect & Secure F15 Mirror Stowage Clamps
Position & Secure F15 Mirror

Install & Align Cameras

Deploy/Retrieve Meteoroid & Emulsion Panels
Retrieve & Replace Film Cannisters

Change Camera Filters & Exposure Time
Retrieve S/C Components for Return & Analysis
Installation of External Umbilicals from One
Module to Another

Solar Panel Deployment

Inspection

Replacement of Faulty Section of Solar Panel
Replacement of Thermal or Radiation Shields
Replacement of Radiator Segments

Clean Optical Surfaces

Realignment of Orbiting Telescopes

Replace Module Components

Repair Damage Done by Micrometeorite
Measure

TABLE 3-2 EVA FUNCTIONS, TASKS & OPERATIONS (Continued)

FUNCTION
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TABLE 3-3 EVEA STUDY TASK BREAKDOWN

EXPERIMENT FUNCTION

1. 80-cm Solar Telescope Initial Inspection & System Checkout
(Usually IVA)
Perform EVA Actuation of Focus Mechanism
Replace Defective Electronic Module
Retrieve Film Cassettes

2. EMR Payload EMR Visual Inspection
Replace Modular Instrument
Retrieve Film Cassettes

3. 1-Meter Telescope Visual Inspection
(APEP) Remove & Replace Film Cassette
Remove and Replace Electronic Module
Replace Drive Mechanism
Replace Thermostatic Control Device

4, l1-Meter Non~-Diffraction Initial Checkout & Inspection of Telescope
Limited UV Telescope (Usually IVA)
Change Film Cassettes
Remove & Replace Electronic Module

5. X-Ray Focusing Correct Deployment Malfunction
Telescope Remove Turret Restraints
Align Laser System
Free Wheel & C/0 Turret
C/0 Lens Alignment
Monitor Data Link Response
Replace ACS Units
Replace Solar Panels
Replace Sensors
Replace Batteries

6, 10 KM Interferometer Correct Deployment Malfunction
Correct Flight Control Malfunction
Replace 8 Solar Panels
Replace 6 Dipole Modules
Refuel ACS Tanks
Replace Batteries
Replace ACS Regulators

3-7



10.

11,

12.

13.

TABLE 3-3 EVEA STUDY TASK BREAKDOWN (Continued)

EXPERIMENT

Long-Boom Interferometer

30~45 Motor Antenna

Effect of Space Environment
on Bacterial Spores

Soft Capture & Culture
of Microorganisms

Multipurpose Biological
Package

Primate Module

Spacecraft Physical
Environment

FUNCTION _

Remove Boom Gimbal Supports
Assemble Antenna Heads
Checkout Boom Drives
Checkout Alignment System

Replace Drive Motors Change Antenna Heads

Change Antenna Heads

‘Predeployment Inspection
Correct Deployment Failures
Inspect Reflector & Truss
Adjust Mesh, Webbing
Adjust Knee Supports

Deploy Container Boom
Retrieve Container Boom
Repair Deployment Mechanism
Cover Spore Container

Deploy Container Boom
Retrieve Container Boom
Repair Deployment Mechanism
Cover Spore Container
Remove Protective Shroud

Transfer Experiment Modules
Install Experiment Modules
Comnect Power/Life Support
Refurbish Biological Modules
Disassemble/Retrieve Modules
Correct Deployment Failures

Replace TIM Pack

Replace ACS Valve/Regulator
Replace Batteries

Replace LSS Fan

Replenish ACS Propellant
Replenish 0y - Njp

Install Subsatellite Sensors
Checkout Sensor Modules
Deploy/Retrieve Subsatellite
Replace Sensor Modules
Retrieve External Panels
Operate Hand-Held Sensors
Deploy Meteorite Detectors

3-8



TABLE 3-3 EVEA STUDY TASK BREARKDOWN (Continued)

EXPERIMENT FUNCTION
14, Conjugate Aurora Magnetometer Boom Repair
and Airglow Accelerometer Mount Repair

Equipment Rack Repair
Replace Defective Spectrometer

15. Large Structures Remove Launch Support Structure
Deployment Install Tip Alignment Equipment
Photograph Deployment
Replace Drive Motors
Adjust/Align Boom Tips

le, Earth Orbital Deploy Cargo Transfer Device
Space Station Transfer Cargo

Visual Inspection - EOSS
C/0 Power & Life Support Systems
Subsystems Troubleshoot
Solar Panel Deployment
Antenna Deployment
Repair Meteoroid Punctures
Replace Airlock Hatch Drives
Repair Hatch Seals
Replace ACS Head Assembly
Emergency Crew Transfer



3.1.2,1 NAR EVEA

Table 3-3 contains the "Tasks" identified in the North American EVA report.
(Per the notation discussed above, these are actually identified as "Functions".)
The experiments from which the items were derived are also listed. These func-
tions were tabulated in the EVA Data Matrix of the NAR report, and various phys-
ical parameters defining the function are identified. Analysis of these parame~
ters reveals the following:

o 85% of the functions will require 3-4 hours for completion,

o Of the functions requiring mass handling, 657 will deal with modules
weighing from 5 to 25 lbs.,, with 20 1bs. being the most predominant
size; the remaining 35% range from 30 to 350 1bs,

o A 2 foot reach envelope capability is required for 74% of the functions.

o Medium forces (which are not defined), a fine-manipulation capability,
and arm-length access depth are required for a majority of the functiomns.

In the study, 1212 experiments were identified and examined for potential
EVA requirements. Approximately one-~half of these required some degree of EVA
support to satisfy the particular experiment objectives, Two-hundred and eighty
experiments were examined in detail because they required EVA support and were
planned for the time period of principal interest, 1971-1974, These 280 experi-
ments included many redundancies and common functional requirements which were
eliminated by further filtering, leaving 102 experiments for consideration.
Finally, 16 experiments were selected as representative and investigated in
detail for the specific EVA function required. Figure 3-1 illustrates the analy-
sis which resulted in the selection of the 16 experiments. The 16 experiments
are:

ATM/80-cm Solar Telescope

One-Meter Non-diffraction Limited Telescope

One-Meter Telescope, Advanced Princeton Experiment Package
X~Ray Focusing Telescope (30-inch Grazing Incidence)
Electromagnetic Radiation Payload (Option B)

10 KM Interferometer

Soft Capture and Culture of Microorganisms in Near-Earth Orbit
Effect of Space Environment on Bacterial Spores

Primate Biomodule ("Bio A"™)

Multipurpose Biological Package

45-Meter Antenna Technology and Large Power Supply

12, Long Boom Interferometer

13. Spacecraft Physical Environment

14, Conjugate Aurora and Airglow

15. Large Structures Deployment

16. Earth Orbital Space Station
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1212 POTEMTIAL EARTIH ORBITAL
MANNED EXPERIBIENTS
1868-1880

280 POTENTIAL EVA EXPERIMENTS
1971-1974

REDUNDANCY AND REPRESENTATIVE
SAMPLING

FIGURE 3~1 NAR EVEA STUDY
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3,1.2.1 NAR EVEA (Continued)

Eighty-four EVA functions were identified for the performance of these 16
experiments. All 84 functions are listed in the "EVA Data Matrix" - Table 40
of Volume II of that report. Also included in this matrix are the corresponding
EVA performance requirements.

Twenty-nine of these 84 functions were selected. It was felt that these
29 functions fully represented the astronaut work performance requirements for
the original 84, It was this detailed description of the 29 functions that
served as a starting point for the present study.

The report states that there are many optional ways of performing these
tasks. All these options were tabulated under the title of "Building Blocks".
Building Blocks permit a numerical categorization of EVA Functions, Sub-Functiomns,
Techniques, Equipment and Gross Performance Measures, A logical combination of
all these factors describe an EVA activity.

Eighty-eight logical combinations of Building Blocks are identified in the
report, 41 of which belong to the Work Performance function,

Of the 88 combinations, 22 are found to account for 907 of all EVA identi~
fied in the 16 experiments studied. Ten of these 22 belong to the Work Perform-—
ance Function, and the Work Performance Experiment is based on these 10. The
10 items are listed below:

Astronaut positioning, handholds only,

Astronaut positioning, waist restraints only.

Astronaut positioning, foot ana waist restraints.

Light (under 20 pounds) equipment, temporary positioning,

Heavy (20-300 1bs.) equipment, temporary positioning.,

Unassisted astronaut force application, handhold restraint only.
Unassisted astronaut force application, foot and waist restraints.
Unassisted astronaut force application, SMU plus special restraints,
Mechanically assisted astronaut force application, foot and waist
restraints.

Unassisted astronaut observation.
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3.2 TASK ANALYSTS

In order to keep track of the information generated, an Experiment Descrip-
tion form was prepared, and is illustrated in Figures 3-2a through 3-2f.

The first important heading in the Experiment Description sheet is the
"EVA Task Description" (Figure 3-2a). Under this heading, the particular fune-
tion being performed by the astronaut is detailed in a step-by-step procedure.
Since the primary interest was in performance at a stationary worksite, transla-
tion and egress/ingress functions were not broken down into fundamental move-
ments. All astronaut actions, however, which do take place at a worksite are
listed in a sequential order,

312
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3.2 TASK ANALYSIS (Continued)

The remainder of the form details support equipment and interface equipment
which is used in performing the EVA task. Restraint requirements are defined
in terms of functional capabilities which are required. Also noted are work
envelope, visual acuity, access requirements, tool requirements, and expected
man—equipment interfaces. Much of this information is based on subjective Inter-
pretation of the experiment description. However, the reliability of information
is probably very good, since interpretation is based on current, state-of-the-art
conceptions of experiment hardware.

Figure 3-2b defines the equipment being handled and the restraint require-
ments,

Figure 3-2c defines the work envelope, and sensory performance requirements.
Figure 3-2d defines the access requirements.

Figure 3-2e identifies the tool requirements,

Figure 3-2f defines additional man/machine interface requirements,

After completing 28 such forms, there existed a comprehensive data bank from
which to select the experimental sequence, but in order to be more useful, the
data was summarized. In this way, "typical tasks" were determined based on fre-
quency counts, criticality or importance.

Table 3-4 presents a listing of all tasks which were included in the step-
by-step breakdown of EVA functions from the North American Rockwell report. The
wording of these tasks is precisely as was used in formulating the detailed pro-
cedures., No attempt was made here to combine tasks on the basis of commonality,
since it was felt that such combination might result in lost information,

Comparisons were made across experiments to discover the frequency of occur-
rence of each task item, The first column of Table 3-4 lists the total number
of times an item was encountered. The second column lists the total number of
experiments in which an item was encountered., It is a combination of these two
columns which constitutes a "high frequency" occurrence of an item, since con-
sidering total occurrences above might yield an item with "many" occurrences but
which was germane to only one experiment and therefore not "typical" of EVA
requirements,

The remaining columns of Table 3-4 list those items which are determined
to be desirable or undesirable for evaluation, and the reasons for such decisions.
Three justifications are considered to determine the desirability of a task,
First, a task may be desirable on the basis of a high frequency of occurrence,
In order to qualify a task as desirable on this basis, an individual item had
to satisfy at least ome of the following arbitrary criteria: (a) exhibit a total
frequency of occurrence of 10 or more (the mean number of occurrences per item
in Table 3-4 is 9.3), or (b) occur in at least 7, or 25%, of the experiments
detailed.,
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TABLE 3~4 TASK SUMMARIZATION

DESIRABILITY
DESIRABLE NOT DESIRABLE
a
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Install Restraints 63 28 X
Detach & Stow Restraints 63 28 X
Restrain Self 91 28 X
Reposition Self 23 10 X
Release Self 91 28 X
Secure Cargo Harness 48 16 X
Release Cargo Harness 48 16 X
Open Hatch 37 20 X
Close Hatch 36 19 X
Attach Equip. Tether 88 19 X
Release Equip. Tether 88 19 X
Release Cassette Latch 1 1 X
Unscrew Three Captive Screws 1 1 X
Release Three Instrument Lugs 1 1 X
Release Pip Pins 3 3 X
Remove {Stowed) Foot Restraints 1 1 X
Remove (Stowed) Solar Panel Rack 1 1 X
Remove (Stowed) Handheld Sensors 1 1 X
Remove(Stowed) Cargo Transp. 3 3 X
Remove (Stowed) Cargo Module 1 1 X
Guide Tether
Remove (Stowed) ACS Units 2 1 X
Remove (Stowed) AMU 4 4 X
Remov-(Stowed) Umbilical Lines 3 2 X
Remove Module 16 7 X
Remove Camera 2 2 X
Remove Cassette 9 4 X
Remove Solar Panel 6 1 X
Remove Fastener 1 1 X
Remove Launch Supports 1 1 X
Position Focus Plate 1 1 X
Remove Focus Plate 1 1 X
Remove Module from Container 1 1 X
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TABLE 3-4 TASK SUMMARIZATION (Continued)

DESTRABILITY
DESIRABLE NOT DESIRABLE
o
o
= [ 0
oy N
o HE . . Bs 8 _ B
5 =58 _n B B SH 8.7 o
5 °E& 82 8% 83 g, EHE ¥
] 5] & = o b 3 o
JE Hm, go gf g8 3¢ 835 8
5 SH3 2B 3% 28 5. BEE ¢
HO =EEC M dH @m0 Zma ZRwu 5
Install Module in Container 1 1 X
Attach Cassette to Carge 9 4 X
Harness
Attach Foot Restraints to 1 1 X
Cargo Harmness
Attach Solar Panel Rack to 1 1 X
Cargo Harness
Attach Module to Cargo Harness 12 5 X
Attach Handheld Sensors to 1 1 X
Cargo Harness
Release Cassette from Cargo 6 3 X
Harness
Release Module from Cargo 12 5 X
Harness
Release Foot Restraints from 1 1 X
Cargo Harness
Release Handheld Sensors from 1 1 X
Cargo Harness
Restrain Cassette 6 3 X
Restrain Module 8 5 X
Restrain Camera 2 2 X
Restrain Fan 2 1 X
Restrain Solar Panel 6 1 X
Restrain Fastener i 1 X
Restrain Launch Supports 1 1 X
Release Solar Panel from 6 1 X
Restraint
Release Module from Restraint 8 5 X
Release Launch Supports from 1 i X
Restraint
Release Cassette from Restraint 6 3 X
Release Camera from Restraint 2 2 X
Release Fan from Restraint 2 1 X
Release Fastener from Restraint 1 1 X
Obtain Boom from Cargo Harness 1 1 X
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TABLE 3~4 TASK SUMMARIZATION (Continued)
DESIRABILITY
DESIRABLE NOT DESIRABLE

WHERE ENCOUNTERED

(Max, Poss., 28)
NOT AFFECTED
BY 0-G, ETC.
NOT SUITABLE
FOR CABIN

NOT WORKSITE

PERFORMANCE

NUMBER OF EXP'S,
COMMONALITY

TOTAL
OCCURRENCES
BASED ON
FREQUENCY
BASED ON
IMPORTANCE
BASED ON
SIMULATION

w
N
e

Obtain Exp. Pkg. from Cargo
Harness

Obtain Tube of Filler
Compound

Obtain Plug & Tool

Obtain Drill

Attach Transporter End

Detach Transporter End

Attach Module to Transporter

Release Solar Panel from Rack

Release Transporter Roll-up Ties

Operate Gas Bottle Valve

Adjust Transporter Tension

Operate Transporter

Insert Power Tool

Drill Hole

Operate Power Tool

Remove Power Tool

Secure Drill

Secure Tube

Insert Plug & Tool

Fill Hole

Install Panel

Install Cassette

Latch Cassette

Install Module

Install Camera

Install Boom

Install Exp. Pkg.

Install Fan

Install Fastener

Make Electrical Connection

Break Electrical Connection

Activate Motor
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Activate Electrical System
Activate Life Support System

Energize Switch

Checkout Electrical System
Checkout Life Support System

Rotate Shaft
Rotate Turret
Observe (Fine)
Observe (Gross)

Attach Hose to Connector
Detach Hose from Connector

Make Sensor Measures
Adjust Antenna Mesh
Discard Module
Extend Boom (Crank)
Pull Lanyard

Secure Lanyards

Don AMU

Doff AMU

Stow Equipment

Stow Lanyard & Shroud
Stow Transporter
Stow AMU

Stow Hose

Stow Package
Inspect

TABLE 3-4 TASK SUMMARIZATION (Continued)

OCCURRENCES

TOTAL
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NUMBER OF EXP'S.
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(Max. Poss. 28)
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FREQUENCY
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NOT AFFECTED
BY 0-G, ETC.
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NOT SUITABLE
FOR CABIN
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NOT WORKSITE
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3.2 TASK ANALYSIS (Continued)

Second, a task may be desirable based on its importance and/or uniqueness,
A task item was considered "important" because of its criticality to successful
completion of an experimental EVA function, or because of its anticipated exist-
ence in future EVA,

Finally, a third column is included to note those task items, which, while
not necessitating evaluation per se, are nevertheless desirable and are evaluated
by virtue of commonality with other, more desirable tasks.

Task items are classified as "Not Desirable" for evaluation either because
the Task (1) is not seriously affected by 0O-g, restraints, or suits, or (2)
cannot be suitably evaluated inside the Orbital Workshop, or (3) does not con-
stitute "performance at a worksite".

3.2.1 CANDIDATE VARTABLE ANALYSIS

In addition to the Task Summarization efforts described above, the remainder
of the information contained in the Experiment Description Sheets was analyzed
and evaluated to derive potential experimental variables. These data were evalu-
ated for the purpose of identifying potential independent and dependent variables
for manipulation and measure in the experiment program. No attempt was made at
this time to develop specific variables or measures; rather, the aim was to
specify the types and ranges of the potential experimental condition combinations
and measures, The most significant results of this effort are summarized below.

0 Mass Handling - The most commonly encountered masses were those
described as "cassettes" or "modules”. The distirbution of weights
was essentially tri-modal, with peaks at about 12, 40, and 70
pounds,

o Restraint Requirements - Two combinations of restraint rigidity, hand
freedom, and mobility required were frequently needed: either high
or nominal rigidity, combined with two-hand freedom, and a require-
ment for some mobility (usually consisting of the capability to
reposition the astronaut'’s cg by 3-4 feet).

o Work Envelope Requirements - As was expected, a two~hand reach capa-
bility to optimum depths, height and width was required. However,

an extended-depth reach was also frequently encountered.

0 Visual Acuity Requirements ~ A full range of acuity requirements was
found.

o Motor Activity Requirements -~ Nominal.
o Cutaneous Requirements -~ Low.

o Access Requirements - Requirements for two-hand access up to 20" and
greater than 20" occurred with almost equal frequency.

3.2



3,2.1 CANDIDATE VARTABLE ANALYSIS (Continued)
o Tool Requirements - A T-Wrench, a crank, and a ratchet wrench seemed
to have the most general applicability. Also, a cargo harness and

equipment tethers were frequently used,

o Man/Equipment Interface (No Tools) ~ Most commonly encountered items

were: Switches - Push-button and lever.
Connectors - Bayonet and thread-assist.
Fasteners - Slide and lever.

3.3 FACTORS AFFECTING EVA PERFORMANCE

Since the purpose of this program is the qualitative and quantitative
assessment of astronaut performance as a function of weightlessness, pres-—
surized space suits, various restraint methods, etc,, the effects of those
characteristics must be identified and delineated to determine their effects on
task sequences, experimental and test hardware design. Also, potential inter-
action effects between the primary variables which might influence astronaut
performance were to be specified.

It was recognized that all of the parameters which were discussed could not
be incorporated into the program. However, consideration had to be given to
each of the identified effectors of performance in order to provide an adequate
documented rationale to support the inclusion or exclusion of the various poten-
tial performance effectors in question,

Selection of the experiment test parameters was further constrained by the
limits imposed by the vehicle, power, volume, mass and flight programming allo-
cations available as well as the physiological and psychological capabilities
of the flight crew. It was essential that all potential constraints be dili-
gently identified and quantified and that appropriate trade-offs be performed
and documented to provide justification for the '"final" selected test program,
Further, constraints imposed on the experimental design by the required psycho-
physiological and psycho-motor condition of the flight crew had to be defined
and documented.

Five general categories were considered to affect astronaut work performance:

Pressure Suits

Restraints and Mobility Aids
Geometry

. Hardware Interfaces

. Environment

s

bW
®

In Table 3~5 these general areas are broken down into more detail to obtain
a clearer picture of the behavior elements affect by each factor.

In Table 3~6 an attempt was made to quantify or provide a dimensional range
to those factors.
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TABLE 3~5 FACTORS AFFECTING PERFORMANCE

BEHAVIOR 8 5
ELEMENTS o of |8 B 5
AFFECTED B =] gl e g 8
Q [ &) [ ] < -~ Z é
2 & (&M I|E Bl BB
> & ol 1w» g ; & = om
Gl lm B el BIDIEIE | o
FACTORS AFFECTING = | B g 2 n g - :5 5‘5 =
PERFORMANCE g = alg|g g B s E
I g B 2l 8 |8 Qlske|E
1,0 PRESSURE SUILTS
1.1 Suit Types
a, Hard Suits X X X X 1X X X X X
b, Soft Suits X X X X | X {X |X X X
c. ExtraVehicular X X X X X 11X X X X
Garments
1.2 Suit Des, Charact.
a. Work/Reach X X
Envelope
b, Mobility X IX |X
¢c. Articulation XX {X (X X X
d. Manual Dext. X X X X
e. Tactile Sense X X
Capability
f. Visual Capab.
1, TField of X X X
View
2. Distortion X X X
3. Glare X X X
g. Location of Elec-
trical & Fluid X X X
Connectors
1.3 Pressurization Method
1.3.1 Backpack Supply
a, Mass X t1X 11X
b. Cg Shift X X
¢. Moment of Inertia X X
d. Size X
e, Environ. Cont. X X
Capability
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TABLE 3-5 TFACTORS AFFECTING PERFORMANCE (Continued)

BEHAVIOR & i
ELEMENTS & o 18| B z
AFFECTED g B | E |5 |E o
| A2 S8 ER) 5|8
Bl B 8.8 By 2l&
2 &1 |m (7o) DR Rt
Wl e ml twl ml @Ol FE | o
FACTORS AFFECTING o I = BT N N B e | B e ML 5‘5 &
PERFORMANCE 318 4 al= == ?3‘5‘, DERR:
SRR 508 8 B8 3|5 RYES | E
1.3.2 Umbilical Supply
a8, Mass X X X
" b. Cg Shift X X
¢. Moment of Inertia X X
d. Whipping X X X 11X X
e, Interference X X X
f. Attach to Suit X
1.3.3 Chest Pack Supply
a. Mass X }|X I'X
b. Cg Shift X X
c. Mom. of Inertia X X
d. Size X X X 1{1X X
2,0 RESTRAINTS & MOBILITY
AIDS \
2.1 Mechanical Restraint
System
a. Body attachment lo- X X 1X
cation '
b. Type of Restraint X X X 11X
c. Type and method of X X X
attachment and
release
d. Type and method of X XX X |X
adjustment
e. Restraint setup X
method
2.2 Maneuvering Unit -
Stabilization Equipment
|
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TABLE 3-5 FACTORS AFFECTING PERFORMANCE (Continued)

BEHAVIOR 8 gl |,
ELEMENTS . E % e E
AFFECTED & o 2 R E 3 - O
o I~ = o} o =~
& A 8l |8 Bl 88
GIER-ENEIEIEL SR
FACTORS AFFECTING = E s g w18 ol DB ﬁla
PERFORMANCE i & &= |8 8 gig @is | 8
gliE 86 SR8 & RSiee | |
2.2,1 Hardware Definition
a. Size X X X
b, Mass X 11X X
c, Cg Shift X X
d. Moment of Inertia X |IX X X
e, Stabilization
1. Dead Band X X X
2, Recov,. rate X X
3. Overshoot X X X X X
4, Settling Time _ X X X
f. Interference X P X | X X X
2.3 Mobility Aids
2,3.1 Physical Characteris—
tics
a. Type X X IX X
b. Size and shape X | X X
c. Attachment Methods X X |X Ix X
d. Length of Traversal X X
2.3.2 Mobility Aid-to-Work
Site Transition
a. Distance X {X |X X
b, Method of Transfer X IX X X
c. Method of Attach- X X X X
ment to Mobility Aid
3.0 GEOMETRY
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TABLE 3-5 FACTORS AFFECTING PERFORMANCE (Continued)

BEHAVIOR 8 B
ELEMENTS & o 18 =
AFFECTED & & = > 8
3 = S E 2 Bl
= =) g [ | &
E A 2 13 Zinl ar | ™
_ SRR R
FACTORS AFFECTING =8 3 2| é B ! 8
PERFORMANCE 18 2 2|89 (8 B g
E— 2 B 28|83 BBkS| 8
3.1 Available Work Space
Envelope
a, Space and clearance X X1 X X
available to accommodate
body position and movements
b. Location of specific task X X X X X
in relation to body ,
c. Access opening or passage X X X ]1X X X
to work point
d. Space available for X1X X X

manipulation of hands,
arms, tools, etc,

3.2 Orientation
a. Relative position or X X X X X
orientation of man and

working surface ‘

b. Direction of action X X X X X

3.3 Working Surface Definition

a. Configuration X X
b. Color X X
c. Texture X X
4,0 HARDWARE INTERFACE
CHARACTERISTICS
4,1 Mass Handling
a, Size X X X | X
b. Shape X X
¢, Mass X X (X |X
d. Cg Location X{X X IX
e. Handles X X XI1X X 1X X

o
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TABLE 3-5 FACTORS AFFECTING PERFORMANCE (Continued)

BEHAVIOR & =
ELEMENTS o TRE é‘ 5
AFFECTED g & é E . 8
' ] & S E BB R
2 A 8l |8 EHel B R
= & 1wl 17 EA e
W lm A el e @Al FmE ] e
FACTORS AFFECTING olE 8 2l § © "’E ﬁé e
PERFORMANCE e 2 oalgis 8. aldle | B
B SiE B 228 |3 BEES| B
4.2 Connective Devices
4,2.1 Electrical Connectors
a. Type X X X
b. Size X X X
c. Shape X X
d. Engagement Method X X
e, Cable Whipping X1 XX X
4,2.2 Fluid Connectors
a. Type X X X
b, Size X X X
c. Shape X X
d. Engagement Method X X
4,3 TFasteners
4,3.1 TIype
a, Manually Operated X X XX X
b. Tool Operated (See 4.7) X X X X
4.3,2 Forces Required to Operate
a. Magnitude X X | X
b. Direction X X
c. Duration X X
4.3,3 Size and Shape (Fit With
Gloved Hand)
4.,3.4 Feedback
a, Visual X
b. Tactile X
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TABLE 3-5 FACTORS AFFECTING PERFORMANCE (Continued)

BEHAVIOR
ELEMENTS
AFFECTED

E

TACTIL!

FACTORS AFFECTING
PERFORMANCE

SENSORY PERCEPTION

RATE OF MOVEMENT

FORCE PRODUCING
INCREASES FATIGUE

REACH ENVELOPE

ot o s o2 b et

CABABILITY
EVE-HAND

BODY CONVTHOL
COORDINATION

VISUAL

4.4 Control Manipulation

4.4,1 Discrete Controls
(Switches, Detented
Rotors)

a. Size and Shape X X X
b. TForces required to operate X
c. Feedback X X

4.4.2 Continucus Control
(Potentiometer Type)
a. Size and Shape X X
b. Forces required to operate X X
c. Accuracy required-scale X X
graduations
d. TFeedback X X X

4,5 Test Points - Test Probes
a. Location X X
b. Quantity
¢, Size X
d. Coding X

4,6 Debris
a., Method of Control
b. Quantity
c. Size

4.7 Tools

4.7.1 Method of Attachment to
Work Object
a. Fit into
b. Fit around
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TABLE 3-5 FACTORS AFFECTING PERFORMANCE (Continued)

BEHAVIOR
ELEMENTS
AFFECTED

FACTORS AFFECTING
PERFORMANCE

REACH ENVELOPE

SENSORY PERCEPTION

TACTILE
VISUAL

FORCE PRODUCING

RATE OF MOVEMENT

INCREASES FATIGUE
BODY CONTROL

CAPABILITY
EYE-~-HAND

COORDINATION

TIME TO PERFORM

4,7,.2 Method of Actuation
a. Power
b. Manual

4,7.3 Physical Characteristics

a. Handles
b. Size
c. Mass
d. Shape

4.7.4 TFeedback

4,7.5 Tool Restraint/Retention

a, Tethers
b. Bags

0 ENVIRONMENT
.1 TIllumination

(Ref. ONS Lighting Spec)
(See MSFC~-STD~267A for
Definition)

5.2 Temperature/Humidity
Atmosphere

5.3 Vibration

5.4 Noise

NOY TO BE DEFI]

NED A

T THIS TIME
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TABLE 3~-6 QUANTIFICATION OF PERFORMANCE FACTORS

1.2 Suit Design Characteristics

a. Work Reach Envelope®

Reference Point: Upper Chest - Center

HORIZONTAL VERTICAL RANGCE (MAX)
ANGLE ANGLE INCH

Left 0 0 21.25 - 23.25
Right 0 0 19,25 - 22.50
Left 0 90 0

Right 0 90 0

Left 0 60 13.88 - 18.38
Right 0 45 14.88 ~ 19.63
Left 90 0 20.88 - 23.38
Right 90 0 19.75 - 22.63

It should be noted that the above dimensions represent maximum reach dimensions
and not effective work dimensions.

b. & c. Mobility and Articulation¥*

Percent of nude joint mobility range retained at 3.7 psig.

Humerus Abduction:
A6L - 74,8 RX-4 - 80.0

Humerus Flexion:
A6L - 71,9 RX-4 - 87.0

Humerus Extension:
A6L - 56,6 RX-4 - 90.0

Elbow Extension:
A6L -~ 100.0 RX-4 -100.0

Elbow Flexion:
A6L - 89.5 RX-4 - 96.0

Hand/Wrist, Abduction:
A6L - 100.0 RX~4 -100.4

*Data from Evaluation and comparison of three space suit assemblies, R. L. Jones,
NASA TN D-3482, July, 1966,
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

Hand/Wrist, Dorsiflexion:
A6L - 90.4 BRX-4 - 87.0

Hand/Wrist, Palmar Flexion:
A6L - 93.3 RX-4 -100.0

Femur Flexion:
A6L - 60.7 RX-4 - 90.0

Knee Extensions
A6L -~ 100.0 RX~4 ~100.0

Angle/Foot Dorsiflexion:
A6L - 88,1 RX~4 - 92,5

Angle/Foot Plantar Flexion:
A6L - 94,4 RX-4 - 95.8

d. Manual Dexterity -~ EV pressurized glove on modified pegboard
using A6L and/or RX-4 suits.

Percent of Nude Hand Capability
1/4" Pins - Right Hand 33%
Left Hand 197
Both Hands 127
1/2" Pins - Right Hand 65%
Left Hand 59%
Both Hands 42%
e. Tactile Semnse Capability - Later

f. Visual Capability

& Helmet

A6L Lexan Bubble Width = 24.6 cm
Depth = 31.3 cm
RX~4 Lexan Dome Width = 30.4 cm
Depth = 30.4 cm
Visual Capabilities:
A6L RE=4
Up 90® 1300
Down 105° 100°
Lateral 120° left
and right
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

@ Visors - To protect crewman's eyes from UV & IR rays while
performaing EV tasks

Optical Characteristics:
a., Sun Visor Only: 18-227% transmittance in visible range
b. Sun visor, impact and pressure visor combined:
Visible range (0.39 to 0.75 microns) - 10% transmittance
UV range (0.25 to 0.39 microns) - 1% transmittance

IR range (0.75 to 2.5 micromns) - 5% transmittance

1.3 Pressurization Method

1.3.1 Backpack Supply

PLSS OPS PECS
(Emergency) (See 1.3.2 Umbilical
Supply)

a. Mass (Lbs.,) 86 37.27 93
b. Cg shift Depend on size and mass of astronaut and
¢. Moment of Imertia pressure suit,
d. Size (Inches) 26 x 17.8 18.38 x 10 26 x 16 x 6

x 10.5 x 8

e, Environmental Control Capability

Rate 1200 BTU/Hr. 2000 BTU/Hr.
Total 4800 BTU 8000 BTU
1.3.2 Umbilical Supply
Gemini EVA EVA IVA
a. Mass
b. Cg shift Depend on size and mass of astronaut and
¢. Moment of Inertia pressure suit

d. Whipping
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

Gemini EVA EVA IVA

e. Interference

f. Attachment to Fromnt PLSS

Suit

g. Length (Feet) 25 60 60

h. Size ID - 3/16
oD - 11/16

i. Content Nylon Cover 09 supply 2 water lines
07 hose Power 07
Electrical Auxiliary Power
leads Biomed,

1.3.3 Chest Pack Supply

Umbilical provides primary O,, power, communication, biomedical data

and tether
a, Mass 39 Lbs,
b. Cg shift Depends on size and mass of astronaut
c, Moment of Inmertia and pressure suit
d. Size 18 x 10.25 x 8
e. Environmental Control
Capability
Normal 90 minutes @ 1400 BTU/Hr.
Peak 50 minutes @ 2000 BTU/Hr.

2.0 Restraints & Mobility Aids

2.1 Mechanical Restraint System

a, Body Attachment Location -
1. Foot Restraint - Permits body rotation about the astronauts feet.

Body rotation can be considered to be almost 180° Spherical
Angle.
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

2.1 Mechanical Restraint System (Continued)

bO

Cs

dC

e,

2, Waist Restraint -~ Permits body roation in pitch., The amount of
rotation is limited by the proximity of surfaces near the
astronaut and varies as the distance between the astronaut and
the surfaces. A small amount of upper torso roll is also
permitted.

3. TFoot & Waist Restraint Combined - Permits upper torso movement only.
4, Handhold ~ Permits 180° spheriecal angle body movement about handhold.
Type of Restraint -

1. Rigid ~ No relative movement between restraint and vehicle
mounting point. Example - Dutch Shoes,

2. TFlexible — Permits limited amount of relative movement between
restraint and vehicle mounting point. Example - soft
"window washers belt".

3. Variable Flexibility - Can be used as either rigid, flexible or
some state between the two.

Type & Method of Attachment & Release

1. Grasping/Griping - These restraints are characterized by the fact
that the astronaut grasps the restraint or the restraint grips
the astronaut. Example of grasping is the handhold. Example
of griping is the Dutch Shoe Restraint,

2. Mechanical Latch - These restraints are characterized by the
making of a mechanical attachment to the vehicle structure
such as would be done with vise-grip ends of a variable-
flexibility tether.

Type & Method of Adjustment

Restraint Set-Up

2,2 Maneuvering Unit ~ Stabilization Equipment

2,2.1 Hardware Definition

2,3 Mobility Aids
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

2.3.1 Physical Characteristics

3.0

3.1

a. Type
Rigid
Flexible
b. Size & Shape
Rigid Bar Type =~ AAP
FIREMAN'S CREW
Cross Section QUARTERS
POLE
c. Attachment Methods
1. Mechanical -~ Separate hardware device attaches astronaut to meobility
aid or object to mobility aid.
2, Manual - Astronaut uses his hands to hold mobility aid.
d. Length of Traversal
Geometry

Available Work Space Envelope

aa

Space and Clearance available to accommodate body position and movements

Shoulder breadth 22,4 - 23.6
Elbow-Elbow breadth 28,1 - 33.8
Knee 14,5 - 17.0

Location of specific task in relation to body -~ Later

Access openings or passage to work point

Aperture Size® MEAN RANGE

Breadth 23,60 19.25 - 26.80
Both Arms

Vertical Dim. 19.75

Breadth 13.09 11.00 - 14.00
Preferred
Arm Vertical Dim, 17.75

*Data from "Aperture Sizes & Depths of Reach for One-and Two-Handed Tasks, AMRL~
TR-66-27, October, 1966. Subjects wearing A/P 225-2 Full Pressure Suit @ 3.5 psi.
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

3.1 Available Work Space Envelope (Continued)

c. Access openings or passage to work point (Continued)

Depth of Reach¥*

MEAN RANGE
Both Arms 11,30 7.5 - 15,75
Preferred Arm 14.46 10.75 - 20,00

3.2 Orientation

a. Relative position on orientation of man and working surface,

T~

P

T

b. Direction of Action

See (a) above
-X, +X, =Y, +Y, -Z, +Z
4.0 Hardware Interface Characteristics
4.1 Mass Handling
a. Shape, Size & Mass

1. Regular Geometric Shapes

SHAPE SIZE MASS
Parallepipeds 40 x 40 x 20 300 Lbs,
24 x 24 x 30 100 Lbs.
20 x 25 x 40 75 Lbs,
18 x 18 x 18 150 Lbs,
Cylinders Unknown

*Data from "Aperture Sizes and Depths of Reach for One-and Two-~Handed Tasks,
AMRL-TR~66-27, October, 1966, .Subjects wearing A/P 225-2 Full Pressure Suit
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

4,1 Mass Handling

a, Shape, Size & Mass (Continued)
2. Irregular Shapes
Cassettes 27 x 185 x 24 26.5 Lbs.
b. CG Locations - Unknown
c. Handles
1. Location (Ref. NASA Memo CFl31-8M-046, January 24, 1968)
® Along longitudinal axis
e In line with cg
® Closest point to cg

2. Type (See MSFC STD-267A, Page 383) (See Page 3-41)

¢ Recessed
@ Bar

4.2 Connective Devices

4,2,1 Electrical Connectors

a. Type
e Power
® Signal
® RF

b. Size
e Large
® Medium
e Small

c. Shape

® Cylindrical - AN & MS type
® Parallepiped -~ Rack and panel type
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

5.00 5.50

Saly”

RECESSED BAR

5.50 ONE HAND BAR

rd

1.25 to 1.50 in Diameter
Offset from surface/2.0 minimum
6.75 long

HANDLE TYPES
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TABLE 3-6 QUANTIFICATION OF PERFORMANCE FACTORS (Continued)

4,2,1 Electrical Connectors {(Continued)

d. Engagement Method

Cam actuated - Bayomnet
Snap-1i
Pu:ﬁ_;zll } Quick Release

¢ B & DS

Thread Assist }

Rack and panel May require tool

4,2,2 Fluid Connectors (Later)

4,3 Fasteners
4,3.1 Type

a. Manually Operated
Lever
Push-Pull

Slide
Turn

e 9 ©® 8

b. Tool Operated

@ Standard Fasteners
@ Bolt or Nut Head Shapes
External Hex Head
Internal Hex - Allen
Screw Driver Slot
Phillips Type Slot
e Special fasteners using special tool heads

4.3,2 Forces Required to Operate

a. Magnitude (Unknown)
b. Direction

Push-Pull

Up~Down

Left-Right

Clockwise }

Counterclockwise in all planes
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TABLE 3-6 QUANTIFICATION PERFORMANCE FACTORS (Continued)

4,3.2 Forces Required to Operate

c. Duration

Impulse - 1 second
Sustained - 4 seconds
Continuous - no limit

4.4 Control Manipulation

4.4.1 Discrete Controls (Switches, Detented Rotors)

TYRE

Toggle Switch

Control Tip Dia,
Lever Arm Length
Push Button
Fingertip (Nude)
Thumb or Heel of
Hand (Nude)

Legend Switch(Push
Button & Display)

Knob

Pointer Lgth,
Pointer Width

Pointer Depth

4,4,2 Continuous Control (Potentiometer Type)

SIZE & SHAPE
0.125 - 1.00
0.5 - 2,00

0.5 in. dia.(min)
0.75 in, dia.(min)

.75 - 1,25
(Length or Ht.)

1.0 min.
Equal to Line
Width

0.5 min,

a, Size & Shape

Depth (Minimum) (fingertip grasp)
Diameter (fingertip grasp)

343

FORCES REQ'D,
TQ OPERATE

10-40 oz,

10-40 oz.
2,125 - 1.5
in disp.

10-45 oz,
125 = .25
in., disp.

12-48 in. oz

.3 in.
.375 - 4.0

FEEDBACK

Displacement
30-120°
Up~On; Down—-off

None - other
display

Display in
switch

Visual positioning
15°(min) non-

vis. posit. 30
min, Max dis-
placement 40°-90°
24 positions (max)



TABLE 3-6 QUANTIFICATION PERFORMANCE FACTORS (Continued)

4.4,2 Continuous Control (Potentiometer Type) (Continued)

a, Size & Shape

Diameter (palm grasp) 1.5 - 3.0

Diameter (Thumb & finger encircled) 1.0 - 3.0
b. Forces Required to Operate

For Fingertip operation (Small Knob) 4.5 in-oz.

For Fingertip operation (Large Knob) 6.0 in-oz,

c. Feedback
Gage or calibration on skirt

4,5 Test Points -~ Test Probes

4.6 Debris
4,7 Tools

4,7.1 Method of Attachment to Work Object

a. Fit Into

Allen Wrench
Screw Driver, Slot & Phillips

b. Fit Around
Wrenches - Box
Socket
Open End

4,7.2 Method of Actuation

a. Power - Torque

75 ft.-1b. max
6 ft,-1b, min.

Rate of Operation - Remove and install 30%-20 bolts or nuts in 3 hours.
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3.4 EXPERIMENT DESCRIPTION (GENERAL)

At this point in the experiment definition, a rough estimate was made at
structuring an experiment based on the analysis to date. This effort was basi-
cally aimed at evolving experimental tasks which reflected the real tasks con-
tained as output of the analysis described above.

The objectives of this effort were:

o experimental tasks must be capable of being performed at a worksite
(eliminating any tasks involving translation, etc.);

o experimental tasks must bear as close a resemblance as possible to
real EVA/IVA tasks;

0 experimental tasks must provide objective, quantifiable measures
which permit valid and meaningful comparisons across the major
experimental conditions;

o time, space and weight constraints must be met,

Obviously, the last three objectives presented serious conflicts. For example,
the most realistic task involving making and breaking electrical connectors
would be to perform that specific operation on a variety of connectors at
various positions in the reach envelope. However, such a task presents no ob-
jective measures which permit valid comparisons. In all cases, an astronaut
could probably perform the task, with only slight time differences resulting.
This provides no information on the basic fine-manipulative, eye-hand co-
ordination involved (not only in this task, but in many similar operations)
which may be significantly impaired as a function of, say, a suited, O-g condi-
tion versus a shirtsleeve, l-g condition. The objective of the experiment must
be not only to determine that a difference does or does not exist, but to quan-
tify the difference to determine its significance. Only then can it be validly
determined if the difference warrants a connector re-design or suit re-design or
similar conclusion,

Thus, the tasks included in the task sequence are designed to maintain
realism and subject interest, but, at the same time, to realistically represent
fundamental human performance parameters and to provide objective measures of
these parameters.

The remainder of this section represents the rationale for the inclusion of

specific tasks in the experiment sequence. Detailed descriptions of the tasks
may be found in Section 5.0.
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3.4,1 RESTRAINT INSTALLATION

The vast majority of complex tasks detailed in the analysis begin with the
subject having to install his personal restraints at the worksite. In certain
cases, these restraints might already be available at the worksite, but in many
instances, because of a weight penalty or because pre-installed restraints might
compromise the aerodynamic structure, astronauts will have to carry persomnal
restraints to the worksite and install them there.

The restraints chosen for the experiment are the Gemini Dutch Shoes, the
Variable Flexibility Waist Tether, and the Capsular Adhesive Handhold., For pur-
poses of restraint evaluation, it was ultimately decided that the task sequence
would be performed using only the shoe restraint, or only the waist restraint,
or a combination of waist and shoe restraints. The handhold is always used,
first to aid in installation of the other restraints, and them to perform other
tasks in the sequence.

In addition to personal restraints, an astronaut performing a fairly complex
task will need restraints or tethers to anchor various pieces of equipment such
as tool kits, spare modules or cassettes, etc. Thus, this first task of the
experiment sequence includes the installation of two equipment restraints,

3.4.2 GAIN ACTESS TASK

After tasks which involve some aspect of restraint installation and manipu-
lation, the next most commonly encountered operation was that of gaining access
to the work area., Typically, this involved opening or closing a hatch or
removing a protective bulkhead. To represent this action, it was decided to
remove a cover from the task panel,

The subject is confronted with the problems of tool and fastener manipula-
tion, cover removal, manipulation and stowage. Once this is completed, the
astronaut generally has to make a visual inspection of the work area. Because
of the frequency of occurrence of operations requiring inspection and activation,
a task for this program was initially included in the sequence. But during sub-
sequent revisions the lack of objective measures for such a task and the
increased time penalties associated with incorporating this task into the experi-
mental sequence resulted in its deletion as a formal task.

3.4,3 TWO-HAND EYE/HAND COORDINATION TASK

Several tasks were encountered in the task analysis which fundamentally
require a static, fine manipulative capability. Typical tasks include electronic
checkout, meter reading and adjustment, calibration of sensitive equipment, sen-
sor alignment, telescope pointing and many others. In order to represent the
many operations involved in these tasks, the Two~Hand, Eye/Hand Coordination Task
was developed.
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3.4.3 TWO-HAND EYE/HAND COORDINATION TASK (Continued)

This task requires the subject to use a probe, make and maintain an electri-
cal contact, read a digital display, and carefully set an analog display. Thus,
most of the operations involved in the tasks mentioned above are included to some
extent. At the same time, this task provides readily quantifiable measures such
as task time and setting accuracy which can be used to determine whether suit or
restraint differences have significant effects on the operations required.

The task analysis resulted in identification of an additional factor which
could compromise performance of many tasks - working through a restricted -
access envelope, Thus, to determine if any such effect exists, this task is
performed with and without such a restriction. Ideally, of course, one would
like to evaluate this condition using many different sizes of access openings
and depths of reach. In this experiment such a multitude of conditions would not
be feasible, however., Thus, one limiting access condition was chosen such that
it would present as great a physical and visual obstacle as possible without
actually creating an impossible task, This allows the experimenter to at least
determine if limiting access cases create significant problems.

3.4.4 PRECISE HAND MOVEMENT TASK

The Two-Hand Task basically measures static components of eye/hand co-
ordination, To measure the dynamic aspects of this psychomotor capability, the
Precise Hand Movement Task was developed. This task requires the subject to
perform motions and exhibit precision control movements which typically occur in
tasks such as electronic checkout, component handling, sensor operation, etc.
The type of tasks that are represented by the Precise Hand Movement task basi-
cally involves two operations: first, they reflect an element of manipulative
control, such as would be required when aligning a sensitive, fragile component
in its receptacle; and second, a significant amount of force is being emitted in
varying directions and at comnstantly changing rates of acceleration,

Thus, the Precise Hand Movement Task was developed to reflect these two
operations. The subject is required to trace an irregular path with a small
probe. The path is approximately 15 inches long and varies in both direction
and width., The width is varied such that at its widest point there is no diffi~-
culty in avoiding the edge, while at its narrowest point it is almost impossible
to avoid contacts. Changing path direction insures that the subject will have
to change both direction and rate of acceleration.

Three constant tension springs may be attached to the probe to vary the
force exerted by the subject for each path traversal. The three force values
used are 1,25, 2.50 and 5.00 pounds, and were selected based on feasibility
tests conducted early in the program.

Two additional parameters are varied in this task. First, as in the Two-
Hand Task, the task is performed with and without a limiting access panel to
determine if a performance degradation exists. Second, the task is performed
with the springs being pulled from the subject’s left, and again, with the
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3.4.4 PRECISE HAND MOVEMENT TASK (Continued)

springs being pulled from the subject's right. This is done to determine whether
any significant differences in performance might exist which result from articu-
lating suit joints in a different manner,

This task also incorporates a module removal/replacement task, As would be
expected, module removal/replacement was commonly encountered in the task analy-~
sis, It was noted that, of functions requiring mass handling, 65% dealt with
modules weighing between 5 and 25 pounds., The Precise Hand Movement module was
sized at about 5 pounds. The subject removes the module, re-orients it, and
reinstalls it., Thus, while the subject is setting up a new experimental condi-
tion (springs left vs. springs right) he is performing a useful, evaluative task.

3.4.5 FORCE EMISSION TASK

Fundamental to just about every task an astronaut performs is a requirement
to exert forces in different directions, amounts, and for different periods of
time., The Force Emission Task was developed to evaluate this capability. In
addition to measuring a meaningful human performance parameter, force emission
also allows one to make valid comparisons about restraint utility (as exhibited
by its value as a force/energy sink) and to compare performance degradation (if
any) caused by the absence of a gravitational field.

The task is structured to evaluate all significant parameters which are part
of force emission. Three different force types are studied. Impulse forces
allow for emission of instantaneous force peaks, Sustained forces measure an
individual'’s ability to exert a maximum, maintainable force for an extended
period of time (four seconds). Precise forces require a subject to exert a fine
control on the force being emitted and hold that force constant for a period of
time (six seconds). Forces are also evaluated in six orthogonal directions.

This task illustrates again how time constraints must be considered.
Ideally, it would be desirable to measure force emission capability in several
positions in the subject's reach envelope., But this is not feasible. Two posi-
tions were therefore selected - a central, optimal position and a position in
the upper right quadrant of the reach envelope.

Like the Precise Hand Movement Task, this task incorporates a module
removal/replacement task which again results in utilization of the time required
to change experimental conditions. This time the module weight was approximately
40 pounds, which represented the middle peak of the tri-modal distribution of
weights identified in the candidate variable analysis described in 3.2.1 above.
In addition, the location of the module receptacle in the upper right position
was determined during the feasibility tests to be the maximum "practical" reach
capability of the subjects in the selected restraint and suit conditions.
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3.4.6 TORQUE EMISSION TASK

The Torque Emission Task is almost exactly similar to the Force Emission
Task. Three types of torques are evaluated -~ Precise, Impulse, and Sustained.
Two different positions are evaluated - Precise, Impulse, and Sustained. Two
different positions are evaluated - a central position, and a position in the
lower left quadrant of the reach envelope. Directions evaluated are clockwise
and counterclockwise about a shaft perpendicular to the front of the task panel.

The main difference from the Force Task is in the man/machine interface.
In the Force Task, the subject grasps a vertically mounted D~handle, In this
task, the subject uses two tools which mount directly on the force receiver. One
is an L-handle wrench which permits the subject to use a full arm torquing motion.
The other is a T-handle which requires a torsion-type motion. These tools were
selected because they represent motions required by most of the tool-assisted
tasks identified in the task analysis.

3.4.7 OPERATIONAL MAINTENANCE TASK

One important class of operations was discovered in the task analysis which
could not really be represented by the tasks so far described. These operations
basically involved the handling and manipulation of small components,tools, etc.
Thus the Operational Maintenance Task requires the subject to use different tools
to remove a small component from a low pressure tubing system. The subject
obtains a replacement component and installs this new component.

3.5 DEFINITION AND SELECTION OF INDEPENDENT VARIABLES

The major independent variables for this experiment were originally defined
in the M508 Experiment Implementation Plan provided for guidance as part of the
study input data. The information provided in that document are listed below:

1. Type of Restraint

a. Capsular Adhesive Handhold
b. Variable Flexibility Waist Tether
c. Gemini Dutch Shoes
2, Suits
a. Apollo Block II

b. Litton Hard Suit

The manipulation and combination of these items into an experimental design
was one purpose of the program described in this document. As a result of the
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3.5 DEFINITION AND SELECTION OF INDEPENDENT VARIABLES (Continued)

analysis performed on the study input data, the following decisions were made
concerning the definition of the experimental design. The Waist Tether and

Dutch Shoes were to be used separately and in combination and evaluated across

all other experimental conditions. The Handhold would be used only for installing
the other restraints. The suits were to be used separately and evaluated across
all other experimental conditions,

At this point it was considered necessary to re~examine the basic ground
rules of the Experiment Implementation Plan concerning the selection of suit
and restraint conditions to be evaluated. Two separate analyses were undertaken
to perform the re-evaluation. The first of these was to consider the experi-
mental design for its applicability to IVA Tasks; and the second was to consider
other types of restraints.

The results of the first analysis (see paragraph 3.5.1) indicated that the
experimental design is applicable to both EVA and IVA operations and added the
shirtsleeve mode to the list of suit conditions.

The results of the second analysis (see paragraph 3.5.2) indicated that
while no single restraint could satisfy all the requirements for an optimum re=~
straint, the three chosen seem to be among the best, and the limitation on
available time to perform the experiment would not allow sufficient evaluation
of additional restraints should they be added.

3.5,1 TIVA TASK EVALUATION

The purpose of this section is to present the results of the analysis per-
formed to determine the suitability of the preliminary experimental task se-
quence as an indicator of performance capabilities required for intra-vehicular
activity (IVA). The sequence developed in the initial phase of the Astronaut
Performance Program was primarily the result of an analysis of proposed extra~-
vehicular experiments predicted for the 1970-1980 time period., Subsequently,
it was decided by NASA to incorporate evaluations of IVA tasks into the task
sequence. This section presents the results of the analysis performed to deter~
mine appropriate task sequences relative to IVA requirements,

3.5.1.1 Methodology

The task sequence was originally developed by the detailed study and analy-
sis of the information and documents described in Para. 3.1, 3.2 and 3.3 above.
No similar documents were provided by NASA to initiate and support a study of
IVA requirements., As a result, the initial effort for this task consisted of a
literature search, A detailed search of NASA Scientific and Technical Abstract
Reports from 1966 to the current time was conducted. Headings such as
"Biotechnology', "Human Factors", "Human Engineering”, "Orbital Worker", and
similar items were consulted. Several potentially useful documents were en-
countered (Table 3-7) and three of these were expected to be most helpful
(References 1, 2 and 3). However, these documents were not readily available and
could not therefore serve as inputs for the present analysis.
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3.5.1.1 Methodology (Continued)

The study team therefore decided to conduct the analysis using Reference
as the primary input, This document has the advantage of presenting an extremely
large number of potential experiments involving man~in-space. At the same time,
it has the disadvantage of presenting experiments in a general way, specifying
man-involvement only at a generic level and neglecting any definition of man~-
machine interfaces or hardware physical (as opposed to functional) descriptions,
Nevertheless, this document was felt to be the best source of information avail-
able to the study team from which to obtain performance requirements on manned
intra-~vehicular activities.

TABLE 3~7 REFERENCE DOCUMENTATION FOR

IVA TASK EVALUATION

1. May, C. and Holmes, A. An Evaluation of Man's Capability to Perform Support
Functions in Space. AFSC/WPAFB (AFAPL-CONF-67-4), 1967.

2. Vogeley, A. W, Human Factors Aspects of Orbital Operations ~ Manned Planning
Requirements, presented at the Aerospace Medicine Meeting, Belgium, Oct.,
1967.

3. Maintainability of Manned Spacecraft for Long-Duration Flights (NASA=-CR
731523 D2-113204=3, V-3).

4, Appendix to Proceedings of the Work Sessions on Experiment Definitions and
Requirements for Manned Orbital Workshops, July 9, 10, 11, 1968, released by
the Payloads Directorate, Advanced Manned Missions Program, Office of Manned
Space Flight, ’

The pertinent data from this source was extracted utilizing a format which
is shown by the examples shown in Figures 3-3, 3-4, and 3-5. Seventy-three such
forms were prepared., These were then studied to determine the most frequent and/
or critical requirements placed on the astronauts. Finally, each man-function
identified was analyzed to determine the task~elements required for its perfor-
mance, It could then be determined which task-elements required for the planned
IVA experiments were satisfied by the preliminary experiment sequence and which
were not. The results of the analysis are presented below,

3.5.1.2 Results

The IVA Task Analysis form was designed to obtain as much information as
possible relative to the performance requirements for the proposed experiments.
The experiments themselves were categorized by specific scientific disciplines:
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Activity -
Functional ~
Program

Element

Experiment -
Data Sheet

Description -

Equipment -

Crew Support ~

FIGURE 3-3  IVA ANALYSIS FORM

EXAMPLE I

Astronomy

High Energy Stellar Survey A

Large Area X-Ray Detector

(a) Locate all X-ray sources of wavelengths
between 0.2 and 50 angstroms

(b) Locate 50 of the brighter X-ray sources

(c) Determine X-ray spectra of selected sources

(d) Determine column thickness of absorbing
material between earth and many of the detected
X-ray sources

(e) Determine existence of any exceptional or
ultraviolet brightnesses that may be associated
with particular X-ray sources.

(f) Determine the character of short and medium
term temporal time fluctuations of the brighter
X-ray sources

® Collimated proportional counters

@ Modules

Size: 4800 Lbs.
9 Cu. Ft. (Modules)

Provide initial orientation of scan system axis, turning
on the equipment and evaluations in accordance with pre-
determined guidelines.
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Activity -~
Functional -
Program
Element
Experiment -
Data

Sheet

Description -

Equipment -

Crew Support -

FIGURE 3-4  IVA ANALYSIS FORM

EXAMPLE II

Space Physics

Tonospheric Plasma Investigations

Plasma Wave Propagation Experiment

Perform refined tests of warm magnetoplasma theory.
Obtain detailed information on ionospheric plasma
parameters,

Transmitter/Receiver

3

Size: Receiver 1/2 Ft.
50 Lbs.

Align antennas and monitor apparatus
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FIGURE 3-5  IVA ANALYSTS FORM

EXAMPLE III

Activity - Earth Applications

Functional - Earth Resources and Meteorology

Program

Element

Experiment - Metric Camera

Data

Sheet

Description - The purpose of this experiment is to delineate the
potential of stellar metric photography for carto-
graphic and geodetic purposes, Data will be col-
lected by a ground looking metric camera coupled
with a stellar observation camera. The program
will provide data epnabling the generation of more
accurate base maps to apply to the results of all
other orbital sensors.

Equipment -~ Camera -~ 200 Lbs.
Replacement Film - 80 Lbs.

Crew Support - (1) Set up and establish ground contact

(2) Check ground cloud cover

(3) Acquire Target Start Point

(4) Assess target condition

(5) Establish auto mode

(6) Describe and record target conditions
(7) Monitor during auto procedures

(8) Checkout and shut down equipment
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3.5.1.2 Results (Continued)
Astronomy
Space Physics
Space Biology

Earth Resources

These headings were used as the main activity heading for each form. Each
form was then further identified by its functional program element and experiment
data sheet., A brief description of the experiment followed this identifying
information. Equipment and crew support categories completed the format. Each
experimental data sheet from Reference 5 was analyzed using this format. Unfor-
tunately, the equipment and task level of these experiments were not in suffi-
cient detail to readily lend themselves to a definitive man/machine requirements
analysis. Particularly lacking was detailed equipment descriptions. It was,
therefore, decided to analyze crew support activities at a generic level in
relation to the information and knowledge to be gained by the experiment. The
first step in such a process was to collect the crew support functlons from the
analysis form to determine frequencies and/or criticality. The resulting tabu-
lation is contained in Table 3-8,

The crew functions thus identified were then analyzed to select their
required task elements and compare them with the task elements evaluated by M508.
The method devised for this comparison was to return to the EVA analysis forms used
to develop the M508 experiment and extrapolate from them generic man/machine
functions previously selected for evaluation by M508, These functions represent
basic task-elements and are inherent in the extra-vehicular activities previously
studied. They were selected for the M508 experiment based on their importance,
criticality, frequency, knowledge-value, etc. The present vbjective was to re-
view the IVA functions listed in Table 3-8 to determine whether the same task-
elements could be considered inherent in these intra-vehicular activities. The IVA
task-elements and the specific preliminary experiment task which evaluates them
are as follows:

IVA TASK ELEMENT PRELIMINARY EXPERIMENT M508
e Force Emission Force/Torque Emission Task
Gross Sustained, Impulse
Controlled Precise
e Torque Emission Force/Torque Emission Task
Gross Sustained, Impulse
Controlled Precise
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3.5.1.2 Results (Continued)

IVA TASK ELEMENT

Parts Operations

Fasteners
Manual

Tool

Switch

Connector

Module Manipulation
Removal

Replacement
Reaction Time

Simple
Complex

Feedback
Aural
Tactile
Visual

Precise Hand Control

Static
Dynamic

Body Control
Manipulation
Small Component

Gross
Fine
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PRELIMINARY EXPERIMENT M508

Access Panel; Precise Hand Move-

ment Panel

Gain Access; Operational Main-
tenance Task; Module Removal/
Replacement

Operational Maintenance Task;
Two-Hand Coordination Task
Module Removal/Replacement

Force Receiver Repositioning
Precise Hand Movement Module
Repositioning

Two-Hand Coordination Task
Force Emission Task

Operational Maintnenance Task;
Precise Hand Movement Task;
Two-Hand Coordination Task
All

All, but especially: Precise
Force/Torque Emission

Two-Hand Coordination
Precise Hand Movement Task

Restraint Installation

Operational Maintemnance Task



3.5.1.2 Results (Continued)

IVA TASK ELEMENT PRELIMINARY EXPERIMENT M508

# Manipulation(Continued)

Controls Two-Hand Coordination Task
Gross
Fine
® Decision-Making Force Emission Task
e Time-Stress (Minor) Operational Maintenance Task
® Support Equipment Use of Laayards, Equipment

Tethers, Etc.
Management

These task elements were listed down the side of a two-dimensional matrix,
shown in Table 3-9, The IVA functions of Table 3-8 were then listed across the
column headings. The next step was to evaluate each IVA task on the basis of
professional judgment and insight as to the task elements required. For example,
it was hypothesized that the IVA task of "repair" would include both gross and
controlled force emissions (removing electronic racks, disassembly, etc.), both
gross and controlled torque emissions (using wrenches, nut drivers, etc.) and so
forth throughout each task element. In addition, task elements which are not
part of M508 but were necessary for particular IVA functions were identified.
The task elements that were added are shown in Table 3-9 and are listed below:

o Higher Cognitive Functions

0o Multiple Fasteners/Connector Evaluations
(M508 considers only a limited number of fasteners or connectors;
Some IVA functions are naturally expected to exceed this number.)

o Multiple Controls Evaluations

o Multiple Mass Tramsfer

o Locomotion and Translation

o Multiple Tool Evaluations

(M508 evaluates only a T~handle wrench, a Ratchet wrench, and an
Open-End wrench)
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TABLE 3-8

ASTRONAUT FUNCTIONS REQUIRED BY EXPERIMENTS STUDIED

FUNCTION

General Maintenance
Repair

Target Acquisition
Monitoring

Film Retrieval/Replacement
Data Record/Acquisiticn
Removal/Replacement
Operate Cameras
Focus/Alignment

Checkout

Housekeeping

Obtaining Biological Specimens
Calibration

Data Evaluation

Assess Target
Surveillance

Record Target Conditions
Detector, Replacement
Docking

Remote Manuevering

Film Processing

Slave Satellite Operation
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NUMBER OF EXPERIMENTS

36
32
18
15
14
14
13
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3.5.1.2 Results (Continued)

Table 3-9 is the completed matrix in which each X denotes the presence of the
EVA Task element in the IVA task.

3.5.1.3 Conclusions and Recommendations

The matrix of Table 3-9 indicates the significant finding that a sizable
majority of the task elements required for the satisfactory performance of cur-
rently planned IVA functions are evaluated by the current design of Experiment
M508. In particular, the most frequently encountered IVA functions (from Table
3-8) are well-represented by M508,

It is equally important to realize what is not being stated by this study.
No attempt is made here to imply that a task such as "Target Acquisition" is
evaluated per se by M508., Such evaluation would require the construction of a
separate and entire task representing a typical target-sighting mission. By
the same token, it is recognized that the IVA tasks analyzed in this study en-
counter a multitude of hardware types which are not evaluated by M508. What is
evaluated by M508 are those task elements which in combination comprise the IVA
function listed.

Experiment M508 must live within the realities of weight, volume and time
limitations. It is certainly conceivable that additonal tasks could be added -
but at the penalty of increasing the experimental data collection time. Larger
masses, more fasteners, switches, connectors could all be added to the current
M508 design -~ but again at very significant weight and time penalties. More
importantly, the marginal value of such an addition would be highly questionable,
The fundamental elements of target acquisition -~ visual feedback, precise load
control, control manipulation, etc. - are already included for evaluation by
M508. Similarly, the elemental operations required for the other IVA tasks are
to a large extent already included. Increasing the complexity of the experiment
to include additional parameter values or experimental variables would not be
justified by the very low marginal return of information~value that would result
from the required increases in weight, volume and time,

In conclusion, it is therefore determined that no changes were required to
the current design of Experiment M508, Based on currently available information,
Experiment M508 will yield data that is of significant value to designers of ad-
vanced spacecraft for both IVA and EVA operations and will also provide data on
the capabilities of astronauts to perform operations and experiments required on
advanced space missions.

3.5,2 RESTRAINT EVALUATION

The purpose of this section is to document the effort and analysis concerned
with the restraint selection for the Astronaut Performance Program (M508). The
restraints selected for this program were a handhold, the Gemini Dutch Shoes, a
rigidizeable/flexible waist tether and the combination of both the shoe and waist
restraint. This study was not directed at restraint system design but rather the
evaluation of restraints as they affect man's performance in space, both IVA &
EVA.
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IVA_TASK AND ELEMENT COMPARISOW (Continued)
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IVA TASK AND ELEMENT COMPARISON {Continued)
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3.5.2.1 1Iantroduction

Restraints of some type are an absolute requirement in the O-gravity environ-

ment in order for man to perform work or even to remain stationary at rest at a
fixed point. To date the Mercury, Gemini and Apollo flights have been of rela-
tively short duration and the amount of ''free-space volume has been limited.
Future space flights of long duration and especially the planned AAP orbital
flights will provide man with much greater volumes such as the S-IVB Workshop in
which to work. In addition he will have a greater variety of work stations both
IVA & EVA, and as mission durations increase it can be predicted that more main-
tenance type EVA tasks will be required.

No one restraint has yet been designed which can be considered optimum or
could fulfill all the requirements of a restraint system. Restraint design and
evaluation is of primary importance to space station designers. In general,
state—~of-the-art restraints are of three types: handhold restraints, waist
restraints, and foot (shoe) restraints, Variations on these three types have
included toe traps, thigh traps, stirrups, rigid and flexible tethers, and recent
emphasis has also been directed at "artificial" gravity vector restraints either
making use of negator springs or straps for creating the gravity vector,

As previously mentioned, each restraint has merit for a particular type of
task but also certain shortcomings in relation to other tasks, The following
sections of this report will discuss some of the restraint data available in the
literature and list the requirements for restraint systems. A trade-off matrix
is included at the conclusion of the report relevant to the restraints selected
for the Astronaut Performance Program.,

3.5.2.2 Literature Review

There are relatively few reports available which deal with restraints or
restraint systems for use at worksites. Rather, the majority of reports have
dealt with restraints as they are used for the launch and re-entry environment.
This is not to imply that restraint systems are not being designed and evaluated.
NASA and the Air Force have studies in progress which are directly applicable to
restraint evaluation.

Probably the most comprehensive restraint evaluation document available to
date are the Summary of Gemini Extravehicular Activity Report MSC-G~R-67-2,
June, 1967 and Extravehicular Activity Design Criteria Revision A, MSC, September
20, 1968, The findings of these reports indicate the following:

¢ A handrail was found useful as a handhold restraint for making and
breaking a nitrogen connector, Pilot preference seemed to indicate
a rectangular cross section is preferable to cylindrical cross section.

@ Telescoping cylindrical handrails were useful for traversing but the
flexibility of this type of device caused the pilot to have a loss of
body positioning and attitude., '



3.5.2.,2 Literature Review (Continued)

& Fixed handholds were useful in flight but again pilot preference
tended towards rectangular cross sections over cylindrical cross
sections.

@ Portable handholds of the velcro interface type were adequate for
stationary positioning but poor for controlled maneuvering. They
recommend using them only when fixed handholds could not be provided.
Possibly a better design of attachment to the vehicle/work station
would enhance the use of this type of device.

@ Waist tethers of the flexible variety proved useful as restraints for
both localized work and rest,

e Pip pin handhold devices were also useful for changing body position.
The T-shaped pip pins were a convenient shape and size for hand gripping.
Anti-rotation of the pip pins is desirable if the subject is expected
to be capable of precise alignment.

@ Foot restraints of the stiprup variety were inadequate for body restraint
because they offered no heel support. The dutch shoe was far superior
to all restraints evaluated, They afforded the pilots a large work
envelone and a good energy sink for emitting forces. The pilots were
able to very nearly duplicate their one~g baseline proficiencies.

Additional published and unpublished studies are referenced in other sec-
tions of this report.

3.5.2,3 Restraint Requirements

The following is a list of restraint requirements which pertains to all
possible conditions and considerations for which a restraint system is germane.

3.5.2.3.1 Safety

Restraints must be safe to the point of obviously not injuring the user but
in the hazardous environment of space, must not trap the subject, i.e., restraints
must be of the quick release of fail-safe variety. The Gemini Dutch Shoes are a
good example of this type. Personnel can free themselves of the restraint by
simply twisting his foot and pivoting his toe towards his body centerline., Waist
restraints generally have the airplane quick release seat belt, snaps, velcro, or
other means of quick release, Quick release buckling achieved by looping belt
ends back through double ring sets as are used on older SCUBA gear is not advis~
able. They do not hold as snugly and require greater effort to achieve release.
In an emergency condition the least effort and time loss in restraint release is
most necessary. Along these same lines donning and doffing, including the quick
release feature must be within the capability of the user without help from a
second individual.

o



3.5.2.3.2 Comfort

Restraints at worksites, especially those which require long time durations
as in console type worksites, must be comfortable. Two factors of comfort are
considered here. The first is that of subject interface. Restraints which provide
pressure points to the body of the user are obviously not very desirable even
though they provide maximum stability. The second aspect of comfort is that of
effort required by personnel to utilize the restraint. A drawback to the artifi-
cial gravity restraints, for long usage periods, is the degree of effort required
by the user to maintain himself against the force of the gravity vector. Simi-
larly, a handhold restraint provides a tremendous range of motion(equal to the
radius of the left hand to right hand span in any direction) but requires a tre~
mendous effort by the user to both move and maintain stability. Preliminary
results of the NASA HECMAR (Human Engineering Criteria for Maintenance and Repair
of Advanced Space Systems Study, Contract No. NAS8-21429) indicate that the hand~
hold is almost totally useless as a restraint for precision motion and control,
especially in the pressure suit conditiom.

3.5.2.3.3 Range of Motion

Generally speaking, the greater range of motion provided by a restraint, the
greater is its application to a variety of tasks. The rigid waist restraint pro-
vides the user with great stability and comfort but limits the workspace volume
to which the subject has access. The flexible waist tether increases the range of
motion but degrades the users stability. A rigidizable, flexible tether appears
to be a good compromise between the two extremes, Dutch shoes, in addition to the
handhold, provide a surprisingly large work access volume to the front of the sub-
ject, to his preferred hand side, and also to his rear. The previously mentioned
HECMAR study has results of subjects in the shirtsleeve mode reaching to rear in
excess of 90" as measured from the front of the dutch shoe restraint. But here
again, after long periods the subjects experienced pain and fatigue in the lower
portion of their legs and ankles

3.5.2.3.4 Stability

A prime requirement of a restraint is the degree of stability provided to
the user. Console tasks such as reading meters, observing CRT's, and making
precise control motions (depressing pushbuttons, turning continuous rotary
switches, etc.) require a high degree of stability. Also many maintenance tasks,
both IVA and EVA, put high demands on restraint (user) stability. Both the waist
restraint and dutch shoes (at close reach points) provide good user stability.
The handhold runs an extremely poor third. Similarly, restraints which require
subject effort against the artificial gravity vector may tend to induce muscle
tremors after prolonged usage.
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3:.5.2.3.5 Force Application

Another prime requirement of a restraint is to provide an energy sink for
force application by the user. This requirement is differentiated from that of
stability by the amounts of force exerted by the user. A restraint may provide
stability for precise displacements of small force magnitude but be useless in
large force applications., Also direction of the force in relation to the energy
sink of the restraint has a significant bearing on maximum forces. Types of
force (impulse, sustained, precise and etc.) also have a relationship to the type
of restraint utilized. The NASA study contract, Human Engineering Data for Main-
tenance and Repair of Advanced Space Systems, Experiment 84A, NAS8-18117 studied
this relationship. Some of the variables considered were type force (impulse
versus sustained), force direction (push, pull, up, down, right, left), angle of
force application, distance of force application, orientation of handle used to
induce the force (vertical versus horizontal), and restraints (hand, waist, shoe,
hand and waist, hand and shoes, waist and shoes, and hand, waist and shoes in
combination, The conclusions obtained from the performance and analysis of this
study are generally as follows:

e Impulse and sustained forces differed significantly across the
restraints used. For single restraints, the waist restraint is
best for Push/Pull force emissions. Dutch shoes are best for
Up/Down force emissions. A handhold is best for left directiomns.
All single restraints are equally poor for assisting in right dir-
ection forces, For multiple restraints, the handhold, waist, and
shoes combination was best for Push/Pull sustained forces. The
handhold and shoes combinations was best for Up/Down and Left/Right
sustained force emissions.

@ The waist restraint was the only single point restraint in which
a gsignificant sustained (above 10 1lbs.) mean Push/Pull force
could be exerted,

@ Handhold restraint provided the capability for sustaining signifi-
cant (above 10 lbs.) mean forces in only the Left/Right directions,

® The shoe restraint provided the capability for sustaining signifi-
cant (above 10 1bs.) mean forces in only the Up/Down directions,

3.5.2.3.6 EVA/IVA Usability

A restraint design for IVA considers the man in the shirtsleeve environment
while EVA considers the man in the pressure suit mode., The interface of the man
to the restraint is significantly different. The pressure suited waist circum-
ference is significantly larger, the dutch shoes are designed to accept the space-
suit boots, and even the handhold diameters are larger for the pressure suited
mode because of the difficulty in grasping with the pressurized glove. Still
another requirement of EVA restraints are that they be easily installed at the
worksite. Unscheduled maintenance activity which requires EVA may be at any
place on the surface of the vehicle such as in meteorite puncture repair. It
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3.5.2,3.6 EVA/IVA Usability (Continued)

would be impossible to have permanent restraints at all possible sites. The user
will have to transport the restraint to the site, install it, don, doff, remove
it, and return it to the vehicle. Therefore, it must be of minimum size, yet
provide the user with the capability of performing many different tasks which

may require mobility, stability, force emission, etc,

3.5.2.3.7 Task Requirements

By far the most restricting or limiting of all restraint requirements is
that of "what task is the user required to perform while in the restraint". Con-
sole panel tasks in 1-g, which require long duration (excess of 20 minutes)
performance, always requires that a seat of some type be provided for the oper-
ator. The reason is, of course, fatigue due tc the countering of gravity required
to stand, Therefore a "standing" console operation in space will not be unusual
and has the desirability of increasing the usable console area because of the
larger "standing" work envelope. But conversely, this very concept of increased
range of motion is defeated if the operation is required to perform precise, con-~
trolled displacmments or high force emissions. Many of the planned AAP experi-
ments are of such a special nature that they each have their own pecular restraint
requirements. For example, tracking tasks or vision experiments require such
extreme subject stability that "sit—down" type chairs with lap harnesses or even
head clamps/restraints are required to maintain complete subject stability,
Another example of these specialized missions would be where one astromaut serves
as a subject and the second astronaut serves as the experimenter. The subject
may be immobilized in a rotating litter chair while the experiment monitors a
console, maintains visual continuity with the subject, and in the event of an
emergency comes to the aid of the subject as quickly as possible,

3.5.2.3.8 Restraint Interfaces

A final requirement for restraints is the interface between the restraint
and the vehicle, Permanent restraints do not tend to be a problem in that the
design is integrated into the work area, Another requirement for fixed restraints
other than those already discussed, is that they be of minimum weight for launch.
Portable restraints are more of a problem in that they must attach to a variety
of surfaces both IVA & EVA, Portable restraints are practical from the standpoint
that a few restraints can serve many locations. Candidates for attaching portable
restraints are velcro (mnylon, polyester, and steel), pip pin attachments, thermal
set adheisve,, electro—adhesive devices, and cam lock devices to mention a few.
A number of these have been evaluated on the Gemini flights. Additional work is
required in this area.

3.5.2.4 Summary
Restraint systems for IVA and EVA worksites will be required for all future

space flights. No one restraint system fulfills all the requirements for the op-
timum restraint. The Astronaut Performance Program recognizes this problem and
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3.5.2.4 Summary (Continued)

has made restraint evaluations a major portion of the study effort. Three
restraints have been selected as experiment variables for the evaluation based

on a review of the state-—of-the-art restraints., The trade~off matrix at the end
of this report indicates that a maximum return of data will be realized from using
these restraints in that they are the current "best guess" types of restraints
which will be used in future space stations. It should be noted that the numeri-
cal ratings assigned to the restraints are not intended to represent absolute
values but rather are the subjective evaluations and ratings of engineers and
psychologists familiar with O-gravity restraint requirements and as such represent
professional judgment data, An explanation of the ratings follows:

Ratings - 1 to 5 ~ higher numbers indicate the restraint possesses a
higher degree of the particular characteristic than theother
restraints.

Category Considerations - Safety - degree to which the subject is en-
cumbered by the restraint and time required to free himself from the
restraint.

Range of Motion - volumetric area which can be reached by user when in
the restraint.

Stability - degree of stability provided to body/limbs for performing
precise and controlled limb motionms,

Force Application - the energy sink ability of the restraint for
exerting forces by the pilot.

EVA Usability - degree of low bulk and weight required to take to the EVA
worksite,

Task Applications ~ degree to which the restraint is versatile for con-
sole tasks, maintenance tasks, etc.

State-of-the-Art/Experience - the degree of test and evaluation to which
the restraint has been subjected.

Energy Expenditure ~ the amount of energy not required in utilizing the
restraint.

The Gemini Dutch shoes and rigidizeable waist tether were selected for
M508 evaluation on the basis of their high ratings on the Restraint Trade-~Off
Matrix (Table 3-10). Rather than choose a second waist restraint (as would be
dictated by the evaluation point totals) or a seat-type restraint (which were
to be evaluated in Experiment D020), a combination of the waist and shoe restraints
was chosen as a third experiment variable., In addition, a handhold restraint is
utilized at various points in the task sequence as a secondary restraint because
of a favorable evaluation in the trade-—off matrix, ease of installation and use,
and because of favorable experience concerning handholds during previous missions.
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3.6 Candidate Task Sequence

The analysis described above resulted in the generation of a sequence of
tasks which comprised the definition of the M508 Experiment. The tasks were set
into an ordered sequence to approximate an actual manned intra- or extra-vehicular
function. The sequence as it ultimately evolved is shown as a Functional Flow
Block Diagram in Figure 3~6,

Each performance of the task sequence requires approximately 1 hour of sub-
ject time and is to be performed under the following conditions:

Subjects -2
Suit Conditioms -3 — Shirtsleeves
Apollo Block II
AES
Restraint Conditions -3 -~ Variable Flexibility Waist Tether
Gemini Dutch Shoe
Waist Tether and Dutch Shoe
Replications -2

These combine for a total of 36 experiment sessions, which can be performed in
zero-g conditions (real or simulated). In a l-g environment, the "Waist Restraint
Only" condition must be deleted, leaving only 24 sessions,

The particular items which comprise the task sequence are outlined below.
Detailed descriptions of subject tasks, controlled variables and resulting mea-
sures are given in section 5.0.

3.6.1 INSTALLING PERSONAL RESTRAINTS

One of the first tasks facing the astronaut in performing any operation at a
worksite will be to secure himself with adequate restraint devices which permit
the use of both hands on the job. Large volume space stations and structures
are not likely to have restraints available for every potential worksite. There-
fore, the astronaut will be required to install and don his own personal restraints.
This task is to evaluate the problems, design details, procedures, forces and sup—-
port equipment required for worksite restraint installation., The task begins with
the astronaut at the worksite location, ready to begin the experiment. The equip-
ment required will include: handhold; waist tether and/or Dutch shoe restraintg
tools; equipment tethers,

3.6,2 GAIN ACCESS TO THE TASK PANEL

The second area experimentally studied involves the gaining of access to the
equipment which must be operated or maintained. In most cases of aircraft and
spacecraft design, equipment that is not continuously monitored or operated is
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3.6.2 GAIN ACCESS TO THE TASK PANEL Continued)

covered to protect it from damage or undue exposure. This is especially true of
equipment accessible only through aerodynamic surfaces or structures, Therefore,
this task is designed to evaluate the problems associated with removing and
replacing access panels, evaluating various fasteners and connectors and providing
suitable interim stowage locations in the zero-g environment. The equipment
required includes: panel fasteners and connectors; tools; and interim stowage
restraints/tethers/fasteners.

3.6.3 PERFORM SPECIFIC TASKS

This section describes the specific tasks that the subject performs inside
the task panel., These tasks are actually sub-experiments contained within the
framework of the total experiment., Each of the sub~experiments has its own
variables and measures, is designed to provide information on specific questions
and is independent of the other sub-experiments. Consequently, the sub-experiments
can be modified or replaced without significantly affecting the other sub-
experiments.,

3.6.3.1 Inspection, Activation and Checkout

Once an astronaut has access to the work area, he may then proceed to per-
form the specific maintenance, repair or investigation that is required. Such
tasks will first require that the astronaut visually scan the work area to gener-
ally determine status and integrity, and then checkout the performance of various
pieces of equipment. This experiment will require the subject to perform such
actions while actually preparing equipment modules for subsequent phases of the
experiment.

3.6.,3.2 Two-Hand, Eye/Hand Coordination Task

Thw Two-Hand, Eye/Hand Coordination Task is representative of several aspects
of operational EVA/IVA maintenance and repair tasks including electrical checkout
and calibration procedures. The task is designed to include visual and psychomotor
tasks such as eye/hand coordination, fine manipulation, alignment and adjustment
of calibration type controls. The experimental design is ccnstructed to assess
restraint devices, suit performance characteristics, and degradation due to
limited access, using a two-hand coordination task.

The equipment used for the study will include: digital display; electrical

contacts —- male, female and solder joint; contact probe, coarse and fine poten-
tiometers, and an analog meter.

3.6.3.3 Precise Hand Movement Task

\

The Precise Hand Movement Task requires the subject to perform precise hand
movements with varying degrees of difficulty and force exertion requirements.
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3.6.3.3 Precise Hand Movement Task (Continued)

The specific task the astronaut will perform is to trace a maze path with a stylus
probe, The width of the path varies from 1" to 3/32" and the probe is 1/16" in
diameter. The lateral forces required to move the stylus are either 1,25, 2.50 or
5,0 1bs. This type of task is inherent in many of the spacecraft EVA/IVA opera-
tional procedures and provides an excellent method for reliable and quantitative
evaluation of restraint capabilities, suit performance characteristics and access
envelopes while performing a fine manipulative control task.

The experimental design is constructed to assess restraint devices, suit
performance characteristics and limited access degradation using a preferred
hand, precise movement task,

The equipment used for the study will include: hand motion measurement

panel; hand stylus; maze path; coupled timers; and a contact detector.

3.6.3.4 Maximum and Precise Force Emission Tasks

One basic task to be performed by man during space flight is the exertion of
forces of various types and directions. Typical tasks requiring force exertion
are the need to remove and stow, assemble and disassemble, install structural
components, and the requirement for man to move himself., This task is designed
to evaluate and quantify man's ability to generate impulsive, sustained and pre~
cise forces under various conditions of restraint, type of suit and location of
force receiver.

The sequence of Figure 3~6 indicates that the force emission task is always
performed prior to the tool evaluation task., 1In fact, the force and torque tasks
are alternated to reduce fatigue effects.

This portion of the sequence also includes a module positioning task. The
force receiver module is removed from the “optimum", central location in front of
the subject, transferred to an alternate location and installed into a receptacle
provided as part of the task panel, The manual force emission tasks will be
repeated at this additional location.

The equipment used includes: the force receiver module, subject cue panel;
D-handle; force readout; and observer test panel.

3.6.3.5 Tool Evaluation Task

During spaceflight maintenance and repair operations, man will be required
to use tools to exert torques of various magnitudes. Typical tasks requiring
this type of force application are removal and stowage, assembly and disassembly
of component parts, and structural component installation., This experiment is
designed to measure man's ability to generate impulsive, sustained and precise
torques utilizing different types of tools under various conditions of restraint,
type of suit and force receiver location, ’
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3.6.3.5 Tool Evaluation Task (Continued)

This portion of the sequence also includes repositioning the force receiver
module to an alternate location and repeating the tool evaluation tasks.

The equipment used includes: the force receiver module; cue light system;
T-handle and ratchet wrenches; force readout; and observer test panel.

3.6.3.6 Component Assembly Panel

The Operational Maintenance Task requires the astronaut to perform a repair
of a pressure valve assembly in a low pressure gas plumbing system, The task
requires fault isolation, removal and replacement of a failed component from the
system, and return of the system to operational status.

The experiment equipment used for the study includes: plumbing assembly
with replaceable component; pressure readout meter; visual cue alarm; hand
operated compressor; relief valve, pressure control valves; and appropriate wren
wrenches,

3.6.4 SECURING THE WORKSITE

At the end of any operationmal task, it would be necessary to secure equip-
ment that had been opened for servicing or temporary use, and it is therefore
considered worthwhile to take data on the securing of the worksite. Although
the tasks are in a sense "mirror images" of those performed at the beginning of
the sequences, a number of factors, such as the fatigue induced by the tests,
will be different at the end of the sequence,

Table 3-11 is a detailed breakdown of the Functional Flow Block Diagram.
In addition to the detailed step-by-step procedures, the table shows the variables
and/or conditions for each step, the measures to be taken and the estimated
discrete and elapsed time,

3-Th



UOTIBTIRIS
-uIl 3ISTBM~300J~PUBH 103
podoTaaap *awy], IATIBTNUND

*jusueIns AN wiozjerd soys
~gall 90303 103 JUIWNIISUT 14 T~ wox3 paeduey @sesdy ¥°%°1
f1eylw] S RIpuey 28VITRT R AO0T €°H°1
38TRA 9yl Sufuuop 3x03F UOTIBITRIS 240018 paTTBIsSUT~21d O3UT
-aq 10 30 9oeTd Ul IIYITP o¢ =uj @A00ID~-UF-2n3uoy anBuol mroyzerd 3assur Z°H°T
ang ‘peTTe3ISUT ST IRyl UMOp~3F3 3ITNS WOAF
+ 35TeM 3Y3 193Je pawIog y wio3z3zeyd 20ys @asw2[ay [°49°1
-19d 2q J00 TTTA 38831 STYL X Juyeaisey joog ITeISUI H°1
a9y3e3
+dyysuor3 oT SHY 3o LarpE8Ex 3enfpy 7°¢°T
~8T721 1BFIeds xedoad upeaqo I9Yy3e3
03 3oafqne pTe Isnu I9AIIBQQ oT SH1 30 £3¥pT87a 3snfpy T°¢°T
JUTBAISIY IBJYIIL~ISFEY uvod €°T
19y3e3 puey-33e]
ot X 103 Z°Z°T1-T°¢°T 3weday €°2°T
*pavog 3683
danswey 20107 jue3ep afqessaxdap JO apTs uo ayoy ojuy
103 9Toe3danal jusunaisul S -qunyl Yyata tog a9Y323 3O puad 3aesuy z°Z°T
9pFs puey-3ydia
w9t uo JULWYOBIZE ITNS
G exoxddy :yjBueg amyleg woiy I2Yy3lal 2TqIxaTI
JO pus-peayIng 3seITY 1°¢°1
1931 JureaIsey
*3uyealsel 58 PTOYPURY @8() X dn-aje3 uo yjduey AWYI8L~-18FEM TTRISUL Z2°1
piefusy % c1eaey
-9pT1s pepsoruradg *proypuey
6€ [ X 1 juamyoel)y pardue] wox3y pasiusy @8BITY €°T°T
9ATS2ype uo juspuada2p Lxp o3 °pury 1397 I0J pEapInq
QWI] *3IUTRIISII puvy SV PI® 03 proypuey yo®3llw
AITTqow Supsn ‘jsel puBy-eu)y  4¢ 0€ pue 2ATSRUPE 2IBATIDY C°T°T
*sdooT 10
¢deus ‘oxo[ap UNOP~RT]
I8T8H-1004-puBy
30 38TBM-PUBH
4 ¥ I0 3004-pusy wiop~3F3 IFNS
53 wWo1y PTOYpPuUBY 28BIT3Y T°T°T
£19A2 3® pPYpIsu Sajou AW X JuTBIISAY PUBH TTBISUL T°T
*“pe3IRUTPIOOD WY 9q ISNUW saouswxozaad
eyep IBOFS070TsAyg °peiv jSB3 Ul PPSN UOTIVUFqUOD
~UFpPIO0d JUFJ oG ISNW SITACK X X X X 9 UOFIBTTRIBUL JO 2P0 sjurealsay TeUOSI2 TTBISUI 0°T
*uosaad STY 03 P2YORIIB BIBA
~-paey juyeiisai pue ‘jusudinbe
‘87003 TT® Y3ra PIe LITTFQoU
JO pPu? 3® 831838 INBUOIISY
SALON L ¢ IVOIDOT FAIIDEL 2re}: (X andbIOL WIId AWIL SNOIIIGNOD/SATAVINVA Sd31S QITIVLIA
=-0ISAHd -4ns aqzarLoaATds
(sanooas)
INLL STANSVAR

AINANDES ASVLI TVINIWINHAXE TT-€ TTAVL

5=75



85C

a2yje3 BulzTpr8ia 23032q
£3T1TqIS8@008 10J pauofirsod
8T 3P Tool °‘3usudinbe uory
-BIqQITEY ¥ °‘youam pua-uado
‘youaia 3aY23EI ‘2TPUBY-]
‘arpuBy~(] SUFEIUOD 3T} [OOL

*Z°T yarm uosyaed
woo 103 °s3jUIB1ISA 300 PUB
puey yjoq Buysn pI[[BISUT ST
JTR13IS31 ISTEA 988D STYI UL

8sT

144

€22

802

€0T
€81
8L1
9LT
L1

691

91

€91

%2

€T

£8

0€

ot

0c

0z

0z

oy

7"

4
0z

1l

9z9enbs
aTpury-jusuisnfpe LITPISTH

Jua3lep
s1qyssaxdep-qunyy

Juajep
21q}ssaxdep—qunyy

X 12Ylel, ,9-,€

Lsay

Iey3e] SZPPTETY ¥°IT°T
INs

wox3 T 1003 I6BRTIY €£°I11°1
3y812 uo 12Yylsl Jusm

-dgnbs 03 3Ty T003 YOEIY Z°TT°T

aeyl=3 juemdynbe
pusy~3ysr1 2z7PF8ra~aq T°TT°T
juemdynbe urmays?y TI°T

paeoq Jo 2p1s

3397 uo 19y3lal 103 Jeaday L°0T°T

fen 3o 3no 1syze3 2zTpT3TH 9°0T°T

N8 WOIF I9Y3I23
3o pus 13y30 28BATIY G*0T°T
JuP3ap 98BVITIY °0T°1

aToy

03U pox 3IISUT PUR qaeq

peproT~8utads ssaadag €011
pavoq 3Nse3 Jo IYsIa

03 IOy IB’U puUd 3807 Z°0T1°T
usUYORIIE IINS
woxj JUFEAISA JudW
-dynbe 13yjer FTqIXSTI

JO pud du0 IEVITIY T°0T'T
83UTBI189Y

juawdgnby TTBISUI OI°T

g£°T e 2anpadoad sueg
jurealssy ISFBM uoQ 6°T

z°T se aanpsdoad aues
JupexIsY I8TVM [IBISUL §°T

¢°1 8B 2anpe20ad sueg
Jugealsey 004 uoq [°T

*H*1 se =anpadoad susg
juyeaIsey 3003 TIRISUL 9°T

j00g4 3397 3x98uyl 7°G°T
3003 IyB¥Y 3x98UT 1°G°T
3JUTBI38IY 3004 uoQ S°T

SILON

b

a

(sanoods)

IWLL

TVOI00T AAILOAC
-01SAHd -ans

q0¥0d

STANSVAR

andI0L WIIE EWIL SNOILIANOD/SATAVIEVA

QaLod1as

(ponutiuoy) FONINOAS ASVI TVINUKI¥EXT TT-€ TTIVL

S4dLS aQITIVIId

3-T6



I

LS

/8¢ 62T O€
66 S X X aeylel PZFPFIIX pue UOTIFSOd £°€°7
A~ /] pagoq
7 3883 30 3397 I® UOTI
b6 otT -8007 Aarioduaiy 03 240K 2°C°T
W/T % 812Ua3I88]
48 ST WIT X ,0€ :9ZT§ Teueg woi3 Toued saocuay T°C°ZT
UoT3IBO0T
Aiezodway 03 Tauwd 2A0WSY €°7
foo3
69 4 X wozxy paedue 28®2[W 6°7°C
L9 4 To03 WoX3 3IFq yoeaaq 8°'zc°¢
<9 4 AFA 03 T003 uINIY [°T°Z
€9 0z $°z°7 weday 9°72°2
ginu-xayg Sufyousaas (SATAp Pevay-u21y(e)
€Y 9 Teuxaquy “sayides ,ze/¢ 1003 uo 33q a8uvy) ¢°C¢°¢
Taued jo 13uxod YomD
L€ 0z uf W0 *sI2UaISEJ USS00T $°7°T
IF woaz
L1 z yousaxs 33Yo3el a0uRY €°7°7
sInu-xaf Juryousam yousaa
ST b4 Teuzaixe ‘aataided ,g/¢ 3840383 03 319208 YIBWIIV 2°Z°C
youaas 1IaydlRI
01 paefuer jo pus 2913
ssor juaaaad o3 peaarides €T 4 yoe33® pue 3Ty [ool uadg 1°7°¢
37q @ABY TTFA IFY ToOL X sasue3sey (aued ssva’3y 7°C
6 € Juz3ep peprOoT-Butadg 1eued 03 x3ylel yowIIY €°1°7
9 [ 28BIT2I-2TPUBH I9Y3el 22IPpT8ra-od 7°1°C
a2y393 jusudynbs
4 [4 °PTS puBy-31joT 03 YoBY 1°1°¢
Teued o031 asyjel YowvIIY [°7
M M X M 85920y UTED (0°C
SALON ) d TVOIDOT FALLDAL 40904 ANDYOL WTId FWIL SNOIIIANOD/SATEVIYVA SdALS ATTIVIAA
-01Siud -gns QIIOTIAS
(saNooas)
THIL STANSVAR

(penurluo)) FONANDAS WSVI TVINUWINEAXZE TI-f H14VL

3-T7



wof3
-23USWNIISUT JO UOFIONE
1eur3 uwo Buppusdep sTxe
2uu 03 UOTIONPAL 2TqF8804 60T T
@ousnbas 23euIAI[® I0F UOTI
-2911p - pue @ouenbas 3I8aATF
103 UOT3VRITP + U pozerd
~W@3u0D I8 SUOTIBIQFTRD 10T SS

1544
| Lals

1l

SPNTRPA 8pI0D2X
12420840 °0I38Y

ganTeA SpPI0081
I2AI8G0 "013IBY

30BJINE {IOA 18 UOTI

~BUTWNTTF SRTPUBd °33 0T
10J JuawRITNDII TRIFUSH

Teueg %SBJ, UOTSSTHx

podray 18931 STX® X
03 vumhﬂnﬁ PUZ YoBIIV TI°Z°1°C
€44+ pus ‘Oz ‘Tpyp
€14 Tx4 suopazsod
1893 203 6°C7°1°¢ naya
9°z°1°¢ 8deag 3eadsy 0T°7°T°¢
uofaFsod
Tz+ wozz oo uorawaq
~TT82 POI0J JOBVUOISEA 6°Z°T°€
peagnbaz
3¥ ®Toxjuod juaun
|um=nvm Tenusa £q 3no
~pER1 "i+ 2IBVIAQTIEOIY 8°2°T1°¢C
no
-peaz syxe Ix4 @ax88qQ [°T°T°C
Tx+ vopaysod 1823
01 IOTASP UOTIBAQETED
IBATIOIL 2DI0F IVPUROD 9°2°T°¢
piI0o21 03 I9Al9S
~-qo 103 BInOpEs: Z °%
‘X Ino TTED § 2419890 $TT°T°E
IIATRO3X 20103 IIBATIOV #°Z°1°€
2TRPOW IIATRVRL 22203
U0 IVTASP UOTIBIGFTED
IBATPOR1 IDI0F TTEIBUL €°Z°T°C
Toued o3 1sjsueal
pus 3T} [003 WOxI BITA
-2p 3893 UOTIBAQLTED
IPATR093 90103 @AOWRY Z°T°1°€
2VTAIP UOTIBIG
~F789 I2AF202X 20103
03 pxeduey yow3Iwy 17 °T°€C
124720
=21 22103 JO INONOIYD
3 UOTIBATIOB wrojaed 7°1°¢
Aoy
4£37a823uy/sn3eys 103
dIN pug 3TNpow UOTSETWD
20303 uw0s LITENSIA 7T°T°1°€
»dIN 9 STNpom GOFSsTUS
30103 103 Burayldyr
Tejuswetddns 23@ATIOV T°I°T°C
uopaoadsuy TeENsTA wioyiad T°I°¢
InoYORYD  UOTIBA
~13ov ‘uofioadsuy wrojazd [°¢

y¥se3 o}JFoads wiojasd 0°¢

A4
05 ¢S
Sy T
£ T
9 S
N 4
%€ 01
¥z 0T
9T ¢
2T 01
z 4
SALON 2 a
{san0213s)
TIL

ENO¥OL KTid =IUL

SNOTLIANOD/SATAVIUVA
QALOATAS

(penutauo)) FONANDAS MSVL TVINTWINZAXE TT-€ TIEVL

SdalLs daATIVIZC

3-8



1178

061

8T

8.1

91

(749

L9T

S91

09T

8sT

9sT

YeT
0€T
€1

8T1
91T

it

01

(24

Hooy 247

sanfea Spioda
12A198QC °0X18Y

373 003 03 23TARP
UOTIBRAQETRD UIn3Y 8T°T°1°C
Ao0y
woxy Bufads uoriwaq
~fTeo anbaoy esesyeyd LZ°Z°T°C
paaynbax 31
231BIqQFTRO A[Tenuen puw
z03e0fput @2nbioy pewey 92°2°1°€
wxe
UOTIBIQFLED UO OOy 03
90TASP UOTIBAQETRD JO
8ugads enbiol yomiay 6Z°Z°1°€C
IDATHORI
20303 03 WAR UOL3
~e1qpTes enbiol yse3ay %I Z°1°E
T3 1003 WOiI WAB UOTI
-81qTTe0 @anbxoj aaocwey €Z°7°T1°¢
wae uoFlIvAqITRO °nb
-103 03 paevkuBT Yo®3lly ZZ°C°T°C
podrag
wox3y pavAuel yow3iaQg IZ7°¢°1°€
3F9 7003 uf
podyzy SEXe X @In02@§ 0Z°C°1°€
aTnpouw
IPAFIVII VVA0F WOIF
podTa3 STX® X yoelaq 61°Z°1°¢
mx+ pue Cy4 suorafsod
8TXe 103 [T°Z°T°€ nay3l
§T°z°1°¢ sdeag 3eedey BI°Z°TI°C
[
uof3fsod 03 IVFARP
3831 syxe X 3snfpy (1°2°T°¢
pexfnbex 3IT ‘3nopsax
eTxe Tx4 a3eaqryensy 91°2°1°¢
ano
-pe21 syx® x4+ 2a198q0 ST°Z°T°€
UotaT
-sod 3823 sTx® MN+ pod
~}13 03 20FASP UOTIBAQ
=782 @203 329UU0) $T°Z°T°¢C
STNPOW IPAFR08I
@0103 03 podTal Yoe3ay €I°7°1°¢€
373 1003 woxy podyai
31893 STX® ¥ 2a0wsy II°Z°T°€

SALON 2

a

(saNoods)
THIL

TVOIO0T JAILDAC

4nd¥0L WIId FWIL SNOILIANOD/SETIVIAVA

QaLDATAS

{ponuyiuo)) FONANDIAS MASVI TVINAKI¥EAXT TT-¢ TTIEVL

S4aLS QITIVIAQ

3-T9



/TN /N N €4 B 74 seov3idedaz
(XA 114 103 [T-6 sde3ig jeadey ZT°€°T°C
1003 ¥O3Yo
sanTeA 3o areds Suppeaa £q
[A AN 8pI002X IFAILEQO °0XI8Y sanTea uofsual AJFILA TT°€°1°¢C
Surx o13®38
pue 8anif3s 03 IDJARP
YT € 20309uu0d Surx oflels }ORYD uOFsUI YOBIIY QIE°1°C
14 =@7ov3adedea uois
e 2z ~U93 UY SBNTAIB 1IPSUT §°C°1°¢
1003
e S }93YD UOFSUI] BAOWIY §°C I°E
3P} 1003 up
1003 }ORYD UOFSURY
JAX A 03 pavdusy YOIV [°E°1°¢
UOFIVUN IIJUNOD
3983U0D SITIFIRA
s€z 0T IPAIISGO INBUOAISY 9°C°T°C
suot3fsod ¢ jJo
yose uy 2qoad 193

(Y44 114 2A0WRX PUB JI12BUT G°€°T°C
uoT3
~dunj 12Wf3 SITITIARA

(3 ¥4 € IIAIVSQO INBUOIIBY H°C*T°¢
(309fqns)

I 1 do3g 2wl ysnd £°¢ 1°¢
(x@a12840)

2 T jae3g 1RWLL Ysnd 7°€°I°E

01z 2 dIR PIBATIOV T°€°T°¢

diK Jo Inoyo’yd

9 UOTIBATIOR WI0JIRg €°1°€
19AF@D

80Z T ~21 @010J PATIOVRQ £C°C°T1°C
IFR
1003 21nd28 PUR WIW
uoy1rIqried =2nbxo3

w0z 2 woxy paedue] 98BRTY ZE°Z°T°C
I
1003 03 wWie UOFIVAQ

oz < -f1e0 @nbxoj uaniay TE°Z°I°C

I3ATP021 203103
woxy WiB UOFIRIQ

66T ¢ -TTeo °nblo3 aacmwdy 0£°Z°I1°C
L6T ¢ BOTAIP UOTIBAQETED
wox3j prefue] 2WeITSY §Z°2°1°€C
SALON 2 a  IVOI90T HALLOEL 0404 and¥l  WIId  IHIL SNOLIIANOD/SHTIVINVA S43LS TIATIVIIC
~0ISAHd 11 qa1071Is
(SaNooas)
HALL STUNSVER

(PenuTIu0)) FONANDIS ASVI TVI - ddX3 T1-¢ TTAVL

3~80



N N I9U100 YO®I UT

9 0T (y)sasueisey uaydry §°1°T°7°€
37} 003 Wiy Youaaa

LA 39Y03BI UTRIQO £°T°T°Z°€
youaim jayds3ex

% ¢ 03 paedueT Yo®IIY 9°T°T°Z°€

wn m aay3al ONﬂvﬂwﬁx mmH.HeN.m
jooy [aued ieax

ﬂmw woxy 1ayjel asearwy $°1°1°Z°C

s3nT uo s3upuado

€ 6 oToyday Toued uofaTsod €°T°T°Z°¢€
1oued yxom

e uorjeodo7 Teuydrao

T 01 03 youed aaysueal 7°71°T°Z°¢€
18yIe3
ki v jusudynba azypI8ra-aq I°T°1°Z°€
paeoq

jyse1 o3 Teued uinlay 1°1°7°€
sysel apou
$S@209%8 Pa3OTa3sel wiojiad T1°Z°€
(S9pOK 85900y POIOTIISIY ¥
88900y 221j) sysw] [uBd

Ik
>

X ySe] UOTSSTH Wi03aed Z°¢
TEL e 09 IsT
v8z ¢ X X X JIH ®IBATIORRQ 9T°€°T'C

1003 Wo8Yd
8 ¢ wox3 paeduel yoelaq SI°€°1°¢€

3T 1003 UF 20FA3P
08 ¢ }02YD UOTSUR] ANV HT°E€°T°€

8urz o13E38 pPUE

snTA38 Woaj @DFARP
Slt ¢ yOBYD SUOTBULY P8BRTAY CI°C°T°C
SAION 2« TVOIDOT HALIDAC 20¥04 NOY0L WTI4 HTWIL SNOIIIANOD/SATEVIYVA Sd41s QI1IVIAA

~0ISAHd —4ns aQaIDFTAS
{sanooas)
AIL STANSVAR

(penut3uod) FONANDES MSVI TVINZWINEAXE TI-€ TIGVL

3-81



Aovanoow

3TEOS IATUIPA *a7oB3dedax

g a2qoxd usemilaq s3oeIUO0D JO
Iaquau :82INSWIW TBUOTITPPY
a1peidedea/aqoad 1893

03 pa1dnoo aswmyy puz °*3Ivaf
-qns £q p23IBATIOERP ‘I2AeS
~qo0 Aq p23IBATIOR I1IWL] IST

papesu SILWFL 7

@28n juanb

-213 103 pouSysep ST YOTyA
I00p 889008 ajernuls 03 2ad43
@sBaT21 }yoInb °q pynoys ioop
852008 JOo udysap ITqRqOId

867

8LT
LI

0Lt

89T

€91

9T
1349

9€T

91T
(488

L0T

SOT

66
6L

0zt

0z

0t

¢4
ST

1<l

Il

Db

. £ovanooew TBWFIRP
2uoc o3 oTdwes wopuei
PRTITIBRIIS ~ SINTBA €
uopanfosal [° ‘g6 03
0T woa3y sITTIp yagm
payIBW ITBIS IITUIIA
*iguny auly § 8so0id
¢1ouny Zued adels
ony, *9oerd TeUTOSP
auo ‘saTun 6°66-0°0T
- 8qoad 3I89f

Jugof

19pTO8 § STEWRI
‘aren :sayovidoday

piepueis
—YyoITM8 13497

(@1npow woxj
Toued) 01 *xoxddy

$SUOTBUIWT(J

aToe3dsdax yoea e
gsnTeA ¢ JO TB303 JI03
€f ® ¢ soToeidedaa 103
¢* nay3 z* sdeig 3eadsy 9°7°1°7°¢
19uny
Bued Jursn ayevs i93au
03uT InopEII 133Uy ¢
jnopeax TEILSIpP 2419540 ¢°
T# 3081
-uo> uo aqoad 3say oderd
3y8FT @no jo 39s8uo uodp €°Z°T1°Z°€
uof3rsod Apesx
je spuey soeld pue
(puey 3397) Toued woij
®qoxd 3893 UTBIqO Z7'Z°1°C°¢
uQ 03 YdITMS
Teued uany pue 3xod
§59998 |3noayl yoesy [°Z°1°C°¢€
3104 SS90V
y3noiy3 }9e3 UOTIBUTIPIO
~02 puey~afe wiojiagd z°1°2°¢€
Toued jJo 19u10d 3B
s1030%uu0? udIYIEL LI°T°1°2°¢C
uorasod ju=3sp
03 Ino taued JAOW 9T°T°T1°Z°¢C
Toued jo I9uI0D
yoB? 3B SI03D9UUOD
1e7700 papeol Jupads
9sBATAX pue I00p
88200% YBnoxyl yoeay ST*T*'I°Z°¢€
uotl
~fsod juajap 03 1o0p
$8a00® uado Juims HT°T°T1°2°¢€
008T y8noay3
I3A8T 100p 859208 UAN ¢1°T°1°2°¢
youaam
j9yo3ex woiy
paefuet yoBILAQ 71 1°1°Z°¢€
I 03 ysuIam
I9yd3ex uInlay 11°I°1°2°¢€
19ul0d YOBD
uf (y) sIsuaisey
Suturewex waIydIy I°T°
319 ool 8dueyy g°7°

SHLON

o]

a

(sanooas)

FAIL

TVOIDOT JAILOEL
-01SAHd

andY0L WIId HEWIL

(penutiuo)) FONENDAS WSVI TVINIWIYEAXE TI-¢ FT4VI

SNOLLIIANOD/SHTIVIYVA
QILOFTIS

SdiIlLs qITIVIIQ

3-82



T9¢s
09¢

ol ]

gse ot

sye 0T
[ TA TN

0zs 0T
00S S

s67 S

06y 0¢
oLy S

a9y S

097 99

76€ S

68¢ 0T
69¢ S

yyed pue snid3s uaang
-2q §30B3U0D JO °*ON
:s@anseaw TRUOTITPPY
yied pue sn{43s usamiaq 49¢ by
joeju0D Lq pejeafide
2awpy puz °*3oafqns
£q pajreaTioEsp ‘1aAaIas
~qo £q paIBATIO®R IPWE]
38T ipepasu siawil 7 QOZt O

00 ¢

1]

11

A

#S ‘4T “y8/¢€
JuB3suUOd ‘UOTSUI],

1003 woay paeluey ISBITY TI'T°
1Ty 031 TOO03 uaniIdY QL T*
22y3al I2TPTSTa 9 UOTIBOOY
L1eaodwuay o3 Toued anowsy 6°1°Z°2°€C
I3ul10D YoE? Uy
sisuesisey SururEwel u’s00] g°
3¥q 1003 3ueyy £
13UX00
YoB® UT BIIUIISBI UIS00T 9°[°Z2°Z°€
youaan
j9yd3ex 03 paefueT YOBIIY G°T1°7°7°E
#ooy
Taued o3 i8yze3 yoeije
pue I00p 8S9IO® @B0T) H*1°Z°C°€
19ued jo simuiod
3% 810399uu0d uaysyy ¢
yoevq Touerd @aoy 7°
Toued jo i1suiod yoe? 3B
810309UU0D IBTTOD PapEOT
-8utads 2searsx pue 100p
s§200® YInoayi yoeay [°1°Z°7°C
13ued saowmay T1°7°7°€
sysey
opow sSs200® 821F WI0IAdJ 7°Z°€
€°€°1°z°¢ nAyl
T1°¢°1°2°¢ sdeag eadey T°C°1°Z°¢
11 ¥se3
Buroezy azew waojiad G°
sasua3lsey IdUL0H €°H°
1IBISUF-31 R
‘338301 ‘aTnpow. 2A0WIY 2 °H°T1°Z°C
sisualsey 98ea[dY [°H°1°T°C
sTnpou
Buroeay azew uoyiysoday 4°1°7°¢C
£t 2
z# s8ura uoisuay 103
Z° % 1° sdeag jwedey £°¢°1°7°¢
uofl
-rsod Teup31io 03 yoeq
% 3y31a1 03 3F°OT wWox}
yjed pejjors @deay ‘uo
8908 JY3FT ono uayM Z°€°1°7°€
T4 @123
—dedaa Burx uorsusl
uT snTd3s 3X9SUT T°C°1°Z°C
I %se3
Suroeay ezem wrojaasd €°I°Z°€C

o™~

(A
4

1°7°¢
1°2°¢

STLON o] a

{saNo03s)
FHIL

V01907 HAILDEL apdod
=0ISXHd

ANOWOL WTIZ FWIL SNOILIANOD/SATAVINVA
-g0s QILOTTIS

STANSVAR

(penuTiuo)) TONENDAS NSVI TVINIWIUZLXH TT-€ FTEVLI

Sddls aITIVIEd

3-83



Il

e ¢ N sTnpow 13ATe091
92103 03 paekuel yoeIIy T°Z°€°E
X X I3AT90@1 8010J UoFiIysoday z°g°¢
SUOTIVDATP Z + ¥
B CL N - T A 4 X ‘X F ‘x- 103 awadey QI°T°C°C
¥OX0F JO YoegpeeF TEBNSTA (spuodas g)
sopraoxd xe3el “eTyyssod SpUODIS (°C + uo 8208 3Y3TT I03BOTPUT
Se anyeA 03 98OTO 52 399 03 puodas T+ JOF Papiod uaymM uoy3oaarp X snyd
-gns Ay paufejulevw S} 92108 LT ST X —91 A103STY SWF3-ad10g uy so103 spunod u Lyddy g 1°¢°¢
UOTIVRIATP Z +
6LT SL X 3 ‘X F ‘x- 103 jeedey g1°¢°E
("sv9s #)330 ss08 YBIT
1F3un 80103 UFEBJUFBUW Pug
*pajeadsax TETII SpuodaIs uo ss08 Y311 103BOIPUT
€1an198qo Lq peapiodea @d103 G°¢C + 03 PU0DasS T 4 103 uaymM uof3oaATP X snid
9d43 3o UOT3IORATP UT 8I0XIT  HOT ST X 18pI0J91 9IA0J WRWFUTK ut @ozo3 pauteisns L1ddy /°1°¢°¢C
*painsesw IWFI Z%
u0T3089Y *BUTOUETEQIPIUNOD 68 0 X *ssuodssz Jo jieas 9 ‘X F ‘x~ 103 3wadey 9 1 g'g
10J peARTUOER BTYIII JO »in3 o3 Teudys (9 woajy Lwyl uo seof JYSTT 103BDFPUT
-XfH °toued sno Ag parox3l Ry ‘22103 JO UOTIVVITP uaym uof3oeafFp X snid
-~uod uofIvIuesaid paziwmopury & ot X “19pi10291 II10) WNWTXENR up @2103 esyndur A1ddy g°1°¢°¢
52 z AN paeAueT 109UUODSIQ ¥°T°¢°€
ja9suy ufd ITnpow ISAFIIBI
iz A Butadg — I103%9uu0d 39¥I0§ 90103 uo aTpuey TTEISUL €°T°C°C
*upp yadep 5z 19ued
‘UCTSUIWEP SPTSUT ,4/€-G 03 aajsuvil pur Iy
ST 5 ‘1933WeTP ,%/¢ ~ STPUBH-d 1003 WOIJ BTPUBY DA0WSY Z°*T°C°E
(129 01 I [oo3 up ITpuey
~Q 03 pIBAURT YOBNY T°1°€°¢
*IUTTAIIUID
8,5 woxy w6 1@3UID
a1npou {3ysyey ayddju T# °sod 3e
s,309{qng :T# uOFITSOd 8B UOTSSTWA 90I0F WI0FI3d T°E°€
83883 UOTSSIW? 92103
X X X @s7oe1d pue 5018 WI0JI94 £°C
oot 615 09 1534
- 4 1°6°1°2°¢ niya
6cg 9T X T°€ 1z ¢ sde3g eaday 1°¢°72°2°¢€
X II pue T 3ise)}
Suyoexl szew wi03iad £°7°7°¢C
9°z°1°C°¢
69  GET nayy z°z°1°¢°¢
sdelg jeadey 1°2°z°z°¢
JSB3 UOTIBUIPAO
X -00 puEy-aks wWiojiad 7°7°Z°¢
SEILON 2 a IV0ID0T JAILOAC 0904 200401 WIId FEWIL SNOILIANOD/SHTIVIUVA Sd3LsS dqITIVIIAA
~01SAHd -qns QALOATIS
(SanooEs)
TWLL STANSYVAN

(ponutiuo)) FONANDIS MSVI TVINEWI¥NAIXT TI-€ HI4VL

3-8l



eraued and £q pUTOI2

-w02 uof3Ivjussaad pazywopuey

adeys 3 ssem ‘9278
sInpow paaysa’p Juesaxdaz

asnu ITNPOU IFATIDRXA IVA0L

%99

%09

L9S
29S

09s
8%s

9%s

90¢
ka2

c0e
862

062
$87
€8¢
e

€Lz

09

[43

(474

X

L o

See | 32 Ea)

(]

Tug

Lt o]

8TXe 120npsuvil
anbaoa o3 paueisey 3T0q

SuITiajued 8,309fqns
3o 3397 ,,8/(—S I23uad
aynpou ‘T§ *80g MOT@q

u8/S~TT :€# UOTFITBO4

suiliejued 8,5 Jo Y32
%/€=4T 193u’d 2InpoW
mu£Mﬂun a1ddIu 8,309fqns
W7/€~ST tT4 UOTITSOL

sutd
did ‘sasusisey aapide)

103 02UU0Y UOEO%Nm

IDATRIRL

fanu X3y 5 1ISATRDRIZ TOOL InU Xaq % 03 Paefuwy yoelly T°I°¥°¢

€4 °8od e
883 UOFIBNTBAD {001 WI0JI3d T°h°¢
838¥] UOTIBNTRAD
1003 28Toaxd » s8018 wI0ja9g H°¢

ISTd

(20392uu03 03 PaI0ISIL 30U
aemod pue gy°sod 03 z# °sod
Wol3 pRAcm ITNpom Ing Z°C°E
uofioung se =wes =21e sd23g)
€ uo¥3ITSOd 03
19ATI09x 20103 uotifsodsy H°geg
parfuey
yoe3Sp pue 2Tpuey M03§ G°*
37 1003 03 STpuey uiniay 4°
a[npow woij Tpuey
APATPO91 90103 IDAUUOCISTQ €°E°C°C
STpuUBRy I9ATO031
90203 03 paeduel Yoelly z°€°¢°t
0T°T°£°€ YBnoiyl
g 1°g€ sdeys 3waday 1°¢°e°¢
Z# *sod e
NSBL UOTSETW 90107 WwI0FIdd €°¢°
pPaBAuBy 309UUOISEQ TT°Z°€°
§10309U
-u0d TEOTIVAT2 2IBATIOY OT°Z°E°€
s103039u
0D TBOTIIOP[I 30B3UUOY 6°7°C°€
S1’UP3SEy ITNpow 2INIIS 8*7°C°€
arnpout
TTe3suf pue UOT3Fsod [°2°€°¢
Z# UOT3ITsod
03 9fnpow ISISURIL 9°7°€°C
1oued
Wol3 ITnpow AOWRY G*Z°€C°¢E
SIDUIISEF
I[npou ISBIIY $°Z2°€°€
10323Uu0d
TEOT1309T® 3I09UUOISTIA £°Z°C°E
su0¥3o’3Un0d
TBOTa309T® 83BATIORAQ ¢°Z°€°€

"e°e
*€°¢

€
€

SALON

2

a

(SaNoods)
ARLIL

TVo19071
—01SXHd

FALLOAL 354804 ANDIOL WIIE

-qns

STANSVAR

(penuy3juo)) FONINDAS ASVI TVINIHIEHIXE

ANIL

SNOLITANOD/STTAVIUVA
qALOTTAS

Ti-¢ TT4VL

$d3Ls da1IVidd

3~85



anbxol

M2 spuodas ¢

1245 ¢+S /N X Xew JO plodax FoTeuy ao3 anbiol qT-uf-¥ 3I8X¥ 4Z°T°4°€
anbaoy Mmoo anbxoa
11T S+2 X xeu 30 piodoasx Joreuy osTndwy} wnupxeu 3aexy €Z°T°Y°€
snbaogy #d anbxojy
DIT  §¥¢C X Xew jo piocoesa ZoTeuy asTnduy wnuwyxew 319X 2T T°Y°€
. snbaoy MDD Spuodes ¢
€0T 64§ X xew Jo paoowx Soysuy x03 anbiol unuTxew 3Ia8xF TZ°T°%°C
anbio3 Mo spuodas ¢
€6 [2¥4 X X ¥gw JOo piooex Soreuy 103 9nbiol umwyxew 3I3XY 0Z°T°Y°€
3891 A I9AT9021
€8 k4 T003 o3juc youdas-] ITd 6T°T*%°¢€
I
18 4 WOxF Youdam-J Saowwy I {"%°€
Youain-J,
BL 4 Yyouaas~-J, 031 pxeiuel Yoelly [T°T°%°€
LL 4 paeduey @seI3T9Y 9T T°¥°€
3T 1003 O3
(94 4 YouaIM Jeyo3el UIANIIY CI°T°HY°E
IPATPOR3 TOO3 WOIF
€L z | Yousam 3aydjel A0WRY HT°T°H°E
X anbxoj M0 suodes ¢ 103
7 G+C X xew jo piooax BoTeuy oanbxoy qr-uf-X 339xg ¢TI °%°€
anbaoy MD SpuoDss ¢ 103
19 G+6 X xew Jo paocoax Joreuy anbiol qT-Ul-X 3I9XE ZT°I°%°€
anbaoj #50 anbaoa
16 G+Z b'e xew Jo piooal BoTeuy ssTnduy wnwixew 3I9xyg [T°T°Y°C
anbxoy #d anbioj
Wy S+C b4 Xew jo piooax Joreuy esTnduy wnwpxew 3A9XY OT°T°H°C
31891 anbaoz MDD SpUODIS G
L€ (2 X xew Jo piooex Soreuy 203 anbio3 WNWEXBW IADXY 6°T°Y°¢€
anbaoy MO SPUOIIS §
Lz [S¥ X XBw JO pI0Oa1 SoreuUY 103 @nbiol wnwixew 3x9%y 8°T°H°E
3891 X 19479091 1003
fas z 03u0 yYousam IBYIIed ITI L T°H°C
AP 1003
(<4 z Youeam 32UYDIBY  WOAJ YOdUSIIM 39YOIBd IAowRy 9°T°H°E
cpajvadeax youain
31e STEPEi3 pue BI0IXT €T A 324o3ed o3 paeiuB| YowIIY GI°H¢°€
*0103 ad43 10 UOFIORATP IT z paeiueT 98®BRTRY v [°H°¢
Buoam 103 s810I11d sB TTaA eToe3ydacea Sujanseweuw-anbiol
SB PRINSEIW QW] UOFIIBY 6 4 UT I9ATID91 TOO3 TIBISUL € T°H°¢€
AT 1003
b F4 woxJ IPATEOdL 1003 dAowdY Z°T°¥°C
SEION 0 @ VOIS0T HATIONL gosod ~ 0DYOL WIId Wil SNOTLIANOD/STTAVINVA Sdals (aTIVEAA
-01SAHd -40s QALOATIS
{SaN0DaES) STENSVIR
HHLL
(PonuTIuc)) FONANDIAS ASVI TVINIWIEAIXE TT-¢ A14VL

3-86



II

LTLT  £0% D9 ST
H N
€ve ¢ X X X ‘330 J9mogd [ g y°E
e T /N PABAUBT 2IN0IS 9°E°y°€
6c€ T paefus] 2882194 C°C°4°¢
IF 1003
€€ T 03 ISATIV21 TOOJ uUINIBY $°C°H°¢
SEE 0T I2ATB09I TOO) A0WRY £°E°4°¢€
IBATI0B
174 N4 T003 03 pieAusT Yow1IY Z°E°Y°E
8T°1°%°¢
€26 €Y1 X -~ 1°1°%'¢ sdelg Ipaday T°¢°y°¢
I# *sod 3® syse3
X UOTIENTRA® TO03 WI0JFABJ £°%°C
X 'Y paefuey 309uu0dSTq TT°Z°%°E
\I/ ) 810303UR0D
8LT T TEedFI309T2 IJBATIOY QT°¢ ¥ °C
810309u
9T % —uod TBITFIIVVTS IVPUU0Y 6°Z°¢°¢
LT 9 S13U93SBJ ITNPOW IANDIS §°Z°H°¢C
99T ¢ eTnpow
TIB3ISUT pue UOTITSOd L°Z°%°¢C
T#
1 ¢ °804 03 9TnNpow IIJFURIL 9°Z°%°€
6ST ¢ Toued WOl DINPOW PAOWRY G°T°H°€
ST 9 $19ua3se] ITNpow ISBITIY %°7°H°E
X0303UU0D
IST % 18TSS® peaiy] TE9TI309Td I0IUUOISTQ £°C°H°€
20308UU0D
/52 S 4 TEOTXIOITP 2IBATIDRIQ Z°C°%°€
ASATa0=1 UﬂUHO“
[ 2 4 dooT ake *dryo Buradg 03 paedue] YoeIIY [°Z°H°¢€
X 2IATROBL
snbiol 7003 uojlFsoday 7 y°¢
[ 2 G4 paedue] 988972y 8Z°I°¥°C
IF 1003
12 S 4 03 Youaam-3, uanisy LZ°I°H°€
ISATH091 T0O3
6€T ¢ WOl YOoUIAM~] da0WRY 9Z°T°H°C
X MDD SpPUODI8 ¢ 103
LET 45 X anbiojy xeuw jo paooax Joreuy anbiol qT~uT-Y 3I9%Y CZ°T°H°E
STLON o} a TVOIDOT FATIOAL a4od HNO¥OI WIId &WIL SNOTIIIANOD/SETIVINVA SqALS Q¥TIVLAA
—0ISAHd -g0s TALDITIS
(sanooaSs)
AWLL STUNSVAR

(penutiuo)) HONANDAS MSVI TVINIWI¥AAXE TI-€ ATAVI

3-87



T o1 ™ arpuey supzyanssaxd dung g°9°geg
jsel 1ejo} loj @wuewroy Wil v 9ATRA MEIUT 1Te uado 7°9°G°¢
-12d FOo eanseaw 8PTA0A] [172 ] 9AT®/. JOFTPa vanssaxd 3SOT) [°9°S°E
wa3IsAs 9zTiAnssaxd 9°G°¢
9€T € 1007 woxj paBAue| 9seI[3Y [°G°G°C
€ET ¢ 4F% To03 03 TO03 uINIsY 9°¢°G°¢
0€T 01 sa3u@3Isey UIIYITL §°6°G°¢
0t ¢ 7003 YOITMS £°67G°¢
1003
SIT o1 Y3TA saeua3sej uajydyl £°¢°¢°¢
60T OT siauajse] isnfpe~iadurg 7°¢°6°¢
66 o1 surl ur jusuoduwod UOT3IFsod T°6°G°¢
juauodwod TIEISUY G°G°C
g8 z Toued j3se3 o3 +duod asjysuear S°¥°S°¢
"I
€8 [ 1003 woly juauoduod saocwdy Y°¥°S°C
8L z sdwod msu 03 paefuel yow3ay €°¥°S°¢
3uauodwod
9L 4 uwoly pavAue| aseafay C°Y°S°E
3T
YL < 1003 uy jusucdmoed soeyg I°%°S°C
juauoduwod asoeydey ¥°S°¢
69 S jusuodwod asowdy §°€°G°¢
9 0T sioue3se] jusuodwod aseaTdY [°€°C°E
am
96 z 1003 wO1J ITpuey-], dAOWIY 9°C°*S°¢
youaan
z5 4 a[puey-] 03 PIEAUBT YoBIIY G°€°S°¢E
paefuey osearal pue
0s S I 1003 03 YOURIM UANIIY ¥ E£7C°¢
youaam 3jaydijea Jursn
33 [+4 sisua3se] juauodmod °ose9dW £°C°S°C
IFA
0z € 1003 woij T003 dAowdY Z°E°G°E
youaas
LT 9 youaam-3ayoley 33yo3ex 03 paedue] yoe3lly T°€°G°¢
jusuoduwod aaowey £°G*g
auauod
aanssaad sepraoad 873309 ITY %3 [4 -wod 03 paeduey Yoe3lIy Z°G°¢
*ma3s{s syyl itedsa pue aaTeA
BuTop ST 9y SST® 19AIIBYM 8 v Jatrex aanssaad usdp £°1°S°¢
dois 03 30afqns ay3 Buyreu I3 I3 2ATERA OMBIUT TR 8SOT) 1°1°G°¢E
-3T5 W23} PeIBTITUI-IPAIDE Suydyd
~qo ue 2q PINOY }S®I STYL u¥ aanssaxd asealay T°G°¢
qse3 9ouruI}
X X X ~utem (euoiileiado wioyadd G°¢
IVOIN0T AALLDAL 4ndd0L WIId TWIL SNOILIGNOD/SATIVIIVA Sddls QETIVLIIQ
SHLON o] @ -OISAHd ~408s aQaLOATAS
(sanooas)
qWIL

(PenuT3uo)) FONEANDAS MSVI TVINAWINZIXE TI~€ FIIVL

5-88



08
8L

€L
1L
€9
19
6S
LS
[43

0s

0z
81

91
7T

[4%

<9
09

8%

wn N

(123

T
T

o~

T %

AT

1)
»

SP1093X I9AIDSGO 0138Y
SpI10991 I19AIV8QO 0I1SY

Sp10D2a1 13AIISQO 01ISY

309Uu0DSTp-308u

—uod> yonb 10 Jooyaly

SPI0D91 1941980 013I8Y

SIXe Y 03 paisfue] pu,

podta) wox3 paedueT yoeiaq £
3T [003 UL ﬂOQHHu 3ANd23g 9
aTnpou
wox ﬂcmﬂuu STxe Y yoeisQq mHoHownm
X+ *Tx+ uorarsod 3se3
103 ¢T° - zT° sdeig jeadsy #I°T°
INOpPESI SIXE Hx+ 8A1988qQ €I1°T
uoraFsod 3se3 SIxXe Hx+ pod
~f13 03 @0FAPP UOTIBIGITED
UOTESSTWS 3DA0F 3JO2UU0) NH.H-Oom
aTnpow 93103
03 podral sTXe ¥ yoelay T1°1°9°¢
31 1003
woa3j podial SExe X aaoway QT°T1°9°€
podiaa
Yoe3Iy 6°1°9°¢
€2+ ‘Cz+ ‘Tz4
€1+ ¢T3+ suoryrsod 1893
a0z £* -~ ¢° sdeig jeadey 8°1°9°¢
1003 uoil
~BIQTIED 2010F 309UU0ISIQ L
Jnopeax stxe [x4+ 8a19sqQ 9
i+ uotarsod 03 30FARp
UOTIBIQITED 2010J I09UU0) G°T°9°¢
Jjnopeal SaXe 7
‘A °X Ino ITEO pu®R 2a198qQ ¥°1°9°¢
aTnpow
19AT9D91 92103 U0 IDTASP
uoTIelqITed ¥dx03 TIeIsUY €°1°9°¢C
Toued o3 asgsuea; pue
3T} T003 WO1J 9DTASP 3833
UOTIBIQITED 90103 SA0wey ¢°1°9°¢C
207A8P
uoTIBIQTTED I9ATODDX
" @23103 03 paeduet yoe3lly I°1°9°¢
90TADP I9AT@DDI 30103 JO
UOTIBATIOESP ¥ 0/0 WI0yiad T°9°¢
UOTI®ATIORAP
% 0/0 uorzoadsur waocjaad 9°¢

*1°9°¢
s1°g°¢

uor3ardwod yse3y
19A198q0 03 3IBOTPUI 9°9°G°¢
piefuel aseal9y §°9°§°C
*a%ne3d
uo aanssaad sazesqp ¥°9°6°€

SALON )

a

{sanooas)

NI

TVOIDOT HALILOAL
—0IASHd

43904 ZNOYOL WIId FWLL

-gns

STANSVAR

(panurIuo)) AONANDAS MSVI TVINIWI¥AAXHY TI-€ FTEVL

SNOTXLIANOD/SATAVIYVA
[uchmecyicH]

Sddals TITIVIAQ

3-89



(A TANEN % Ismd
yousan
€T € 53 X 39YO3EBI WOIF pABAUBT YoBIAQ §°H°9°C
- N ~ I
/] A
622 € 03 Youaas 32YyoIel uINIAY L°H°9°¢
I9Ul00 Yow? Uy
9z 0T sisuaisel Suturewaa ualydyy g°4°9 g
90z S 31q 1003 2BueYD) G°4°9°¢
194393 9se’aTax y 13UI00
102 02 yoe® uf sisueisey uauydiy v°y°g°g
371 T003 wWoIj
8T ¢ Yousas J2YDIBA FA0CWIY €°4°Q9°¢
youaas 3Iayo
8T € ~3®1 03 va%h:mﬁ YyowIay g°y°9°¢
pavoq ¥YSel UO UOT]
~t80d 3 uop3zedoy Laeaod
GIT € ~u®3 woay Teued urelqo 1°4°9°¢
ITUN PDUBWIOF
-12d jaom 03 Taued uinlay y°g9°g
Supusyt
oLt Z 1e3uswsTddns 23mATIO0P3Q Z°C°9°C
#o@ayo £37a8ejuf/snieas
203 dIW § 2TNPOW I2AFRD
89T 0T -21 30303 UEDS ATTEnsSYA [°C°9°C
uoTidedsuy [ENnSTA WIoFIABg £°9°C
8T ¢ dIR 3ATIORRQ 7°Z°9°€
ST°€°T°¢ y3noays
95T [4) L°g°1°¢ sdeag 3eedey 1°2°9°¢
dIR 30
UOTIBATIOBSP § (/D WA0IIAJ Z°9°¢
IPATS021 UOLS
1T T —STUR 20103 PIBATIORRQ [2°T°9°¢C
@VTAPP UOFIBRIGFLED
ZIT S woxJ paeAuB| 38ETIY 9Z°T°9°C
31 7003 03 8d1A
10T S ~9P UOFIBAYITED UANISY GZ°T°9°€
wWwie UoT3IBIQITED
0T ¢ woxy paefur] ISEITIY HZ°1°9°€C
I 1003 uF
00T ¢ WI® UOTIRIJFTEO SINDIS €Z°T°9°¢
wre
S6 z uoT3RIqETRO @nbioj @sERTRY ZZ°1°9°C
€6 z SpI0031 19AIVSQO OISV nopesx anbiaol 9a19s8qQ TZ°T1°9°C
20TADP
UOTIBIGETED IDATSD
-21 20103 03 WIB UOTI
16 y -B1qyTED 9nbiaol yoelay 0z°1°9°¢
17 To01 wWoij wie uotly
18 < ~-g1qrTeD 9nblol saowey 6I°T1°9°¢C
WIie UOEIBAQETED
28 z anbiol 03 pavduey yoe3lly 8I°T1°9°€
SEION 3 @ TVOISOT FAIIOAL 254904 NOI0I WIIE FWIL SNOIIIANOD/STTAVINYA Sddls aaTIvVIAd
~0ISAHd -qns aaLIFTIS
(5aNooas)
IRIL STANSVAR

(ponuTiuo)) FINIODAS ASVI TYINIWINHIXE TI-€ FTAVI

3-90



240028 wox3

TET ST N /NN anfuo3-uioziefd essE2T2y 4°9y
91T ¢ JyooT wioFerd 2seI[Y €°9"Y
wxojzjerd
€T S 2048 01 paeAuey YovIy 7°9°%
dy1o pepeor-Sutads juauyoBI3® I1FNS WOIZ
80T ¢ -jusmyor3je pieiue] pavduey Jo pu 2U0 ISEBITIY [°9°%
qUTBAI8R1 3003 IACWSY 9°%
90T § 3003 JYIF1 28LITAY 2°G°Y
0T S 3003 3IT @EEITY [°G°Y
JUTB13I8sI 3003 JIod G°%
96 S JFN8 03 JUFRIIS2I YOBIIY H°H°¢y
. 3t0q
16 ot 3uTea}ES21 IPTS-IIT 2WVIIY €£°4°Y
18 S JFNE 03 JUTRAISIT YOBIIY Z°H°Y
3709 JueRilS
9L 0T ~21 2pT8-3ydr1 28BS T°9°Y
JUTRIISRT 12YI2I-ISTRM DAOWRY H°Y
juyei3sal
99 ot puey~3y8ra 22Fp¥8ri~2q 7°¢’y
jufexls
9s 0T ~a1 puey-3jeT 9zFpIdTa-aq 1°¢°Y
JuTeIlsSeT IFYII-3I5TBM JIOQ €°%
apTs puey
9% €1 -3y811 uo asylal 103 jeedey 9°7°Yy
3Fns
€€ [4 03 13Y323) JO puU? UYOBIIV G°Z°Y
?10Y
1€ Z wolJ POl JUTBIISDL IAOWRY H°Z°H
jufeI3sa1 jJo
ua3Lp pu® peayqIng I8 JuIIP
62 Z a1qrssaxdep-qunyy, paseaTai-qunys ssaadeg ¢°7°y
aIns o3
Lz 4 134393 JO pUd JU0 YOBIIY ¢°T°Y
2889721 ITpuBy paeoq 3o 3PS puey
Y4 S —juauisnfpe L£I3TPT3TY -3397 uwo 194Y3ral 2ZTPIBTI-3d I°C°Y
sjuyeaisax jusudynbs aasoway gy
yoelae pue 3Ifns
174 S 03 3T T003 IRIBUBIL H°T°Y
a9y39]
ST € wo1z 3T o0} @SESTRY £°T°%
I2Fsueal
(4% 0T Woxy I 1003 aaedazd z°T°Y
asyle) juswmdinba
z 4 puey~-3y811 9z, prITi-eq 1°1"Y
83UTRIISII
b3 X woxy jusudinbe eseayay 1°¥
- - S3UTRIISe: 2SEITIY 0°Y
SAION o] a IVOIO0T HAILOEC 2ie2. (o6 andI0L WIId FWIL SNOILIANOD/SATAVIAVA Sd4LS QITIVLIIA
-0ISXHd -gns [uckmorcgict]
(sanoods)
AWLL STINSVAR

(penutiuo)) HONANDAS ASYL TVINIWINHIXE TT1-€ ATAVL

5-91



62¢

|

JUTRI3ISX puey
se pTe AITTTUom I8N

05T 01

yE

ot

o¢

07
oyt ¢

8ET
9¢T

n o

:>|x|
~
LAY
7

satsaype 330 {994 1°TI"Y
y38usais-Taagd juyeilsal pury saowsy IT°H

9°y se ameg
Jufea3sad 3003 ‘Baowdy O°Y

G Se sueg
JuTea3Isal 3003 3joq 6°%

y°y se sueg
JUTE13991 ISTEA 2A0WIY g°%

g°y se aueg
JuTe13SaX ISTRM 3JOQ [°%

3fns o3 paefueyl yoelly /°9°y
uzozjerd

20Uys woij pieAuey 3ISBITIY 9°9°H

3Ins o3 uxozierd yoelIIy G°9°y

SHILON

0 a

(SaNoods)
THIL

TVOIN0T HALIDAC 404904 IndY0I WIId EWIL
-0ISAHA -gns

STANSVEH

(pPanuTIU0)) FONINDAS ASVLI TYINAWI¥AIXHA TI~-€ ATAVL

418 QETIVIAQ
SNOIIIGNOD/SHTEVIAVA 54

QILOATIS

5-92



SECTION 4

TASK PANEL DEVELOPMENT

4.1 TASK PANEL EVOLUTION

The development of the task panel followed an iterative process that closely
paralleled the development of the task sequence. An initial candidate task
sequence was defined through the analytical steps described in Section 3.,0. This
sequence was then used as the basis for determining the task panel functional and
design requirements. Simultaneous with and integrated into the development of
the functional and design requirements was the specification of the man/machine
interface criteria to be utilized in the development of the task panel system.
The above steps resulted in a task panel conceptual design that specified as
many design details as possible and identified design questions that required
further investigation. A feasibility test program was accomplished to answer the
unresolved design questions and the results were used to finalize the task panel
design. The following sections detail the efforts accomplished in the evolution
of the task panel hardware design.

4,1,1 FUNCTIONAL AND DESIGN REQUIREMENTS

A Functional and Design Requirements Specification was prepared to provide
the interface information between the Candidate Task Sequence data and the equip-
ment design details, It converted experiment requirements into information
required for hardware design,and it also served as an initial reference point for
identifying equipment required to perform the experiment both in the various
ground-based simulation media and in the space situation.

The equipment was described by specifying its function and desired features
in accordance with the following definitions and interpretations which are con-
sistent with NPC~500-1 and MSC-KA-D-68-1.

Requirements - Overall term which recommends, limits, defines, dictates,
etc., the design approach developed by the contractor for contract
compliance. Requirements may consist of Performance Requirements
and Design and Construction Requirements.

Performance Requirements - Consists of Functional Characteristics and
other items (not immediately pertinent). This document was con-
cerned with Functional Characteristics - what the item does in
functional terms, design constraints which direct and limit design
but do not preclude design,

Design and Construction Requirements -~ Consists of General Design Features
and other items (not immediately pertinent), This document attempts
to specify General Design Features -~ those features which are experi-
mental variables and dictate design such as size, weight, shape,
color, controls, etc,

The information in Table 4-1 identifies the required equipment and the asso-
ciated functional and design requirements. The Functional Flow Block Number and
Title information corresponds to an earlier version of Figure 3-6, M508 Experi-
ment Sequence Functional Flow Block Diagram,
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4,1.2 MAN/MACHINE INTERFACE CRITERIA

Fundamental to the Task Panel design requirements were the Man/Machine
interface Criteria which were selected both for investigation in the experimental
program and for general applicability to the Task Panel design. A document con-
taining this information was prepared from information derived from several per-—
tinent human engineering documents. It is important to note that in a human fac-
tors experiment such as this, the requirements of the specifications must be
understood completely and applied judiciously-—especially in those situations
where a definitive requirement in a specification is a variable for manipulation
in the experiment.

This section contains the Man/Machine Interface Criteria developed for this
program.,

4,1.2.1 Controls and Displays

4,1.2,1.1 TFunctional Relationships and Location

® Whenever possible, the relationship of a control to its associated
display shall be apparent through proximity of location,

® Groups of controls and displays shall be located for top to bottom
or left to right use,

® For the purpose of maintaining control of variables associated with
viewing angles, the cue panel shall be optimumly located (at approxi-
mately eye-level) and shall remain in the same position for all force
receiver tasks,

e Clockwise movements of a rotary control shall cause a left to right

movement of linear scale pointers, In addition, clockwise motion
shall cause an increase in magnitude of values,

4.1,2.1.2 Control Display Ratio

® Coarse setting knobs shall provide for approximately 6" of display
element movement for one complete turn of knob.

® Fine setting knobs shall provide for approximately 1 to 2 inches of

display element movement for one complete turn of knob. (See 4,1.2.1.9
for knob dimensions.)
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4,1.2.1.3 Display Orientation

e Display faces shall be perpendicular to the operator’s normal line
of sight whenever possible.

® Locations and surfacing shall be selected to minimize ambient light
reflection,

e Viewing distances shall be approximately 20" (function of location of
restraint).
4.1,2.1.4 Transilluminated Light
e Ordinarily, transilluminated light should be avoided as legend lights
because of power drain. Critical status lights (go-no/go) and cue
lights are best displayed by transilluminated sources but their use

should be minimized.

® DBrightness of transilluminated indicators shall be at least 10%
greater than surround brightness but shall not exceed 300%.

6 Color coding shall be as follows:
Red - Failure, error, no-go (flashing red at 3-5 flashes per second
shall be used for emergency conditions such as physiological

readouts which approach danger margins).

Yellow — Caution or marginal conditions as the pre-~red physiological
readout.

Green -~ Go.

White - Conditions which have no right or wrong connotations.

4,1,2,1,5 Meters

e Moving pointer, fixed-scale indicators shall be used in preference to
the converse.

® Whole numbers shall be used for major scale graduations, for instance,
0 through 9.

® Four lines shall be located between whole numbers representing two tenths
or units depending on meter select scale.

@ Meter select scale shall be 1X and 10X and selection shall be via a

labeled two position recessed toggle switch, (See controls 4.1.2,1.9
for toggle switch dimensions.)
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4,1.2,1.5 Meters (Continued)

® Meter pointer shall extend to but not obscure scale graduations. Width
of the pointer where it intercepts the graduation marks, shall not ex-
ceed the width of the intermediate marks, Parallax shall be reduced.

® Calibration adjustments shall be located on meter surface and not be
subject to accidental activation.

® Meter shall be isolated from vehicle and/or vehicle subsystem vibrations.

4,1,2,1,6 Alpha-Numeric Displays

@ A digital readout shall be used for providing numerical cue data to
subject.

e A three digit readout shall be provided including a decimal point. Two
digits shall be to the left of the decimal and one digit to the right
of the decimal.

@ The height to width ratio of numerals shall be 1:1 (excepting number 1),

e Spacing between numerals shall be approximately 3/8 of numeral width.

@ Numerals shall change by snap action rather than be continuous.

e 1If possible, alpha-numeric counters shall be self-illuminated.

4,1,2,1.7 Auditory Warnings

e Auditory warnings shall be present at the observer's panel for critical
(physiological) functions.

® ‘Auditory warnings shall consist of two elements, an alerting signal
and an identifying signal, unless keyed to a warning indicator.

& Major concentration of energy in audio warning signals shall be between
250 and 2,500 HZ. Sound pressure level shall be at least 20db above
maximum anticipated ambient (not to exceed 100 db).
4,1,2,1.8 Toggle Switches

e Toggles shall be recessed to avoid accidental activation.

® Toggles shall provide snap action contacts.
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4,1,2.1.8 Toggle Switches (Continued)

@

Minimum angular displacement of bat stem shall be 30°,
Resistance shall be between 10 oz. and 70 oz.

Toggle bats should provide a curved finger recess to minimize recessed
openings. Finger recess shall accommodate a pressurized gloved finger.

4,1,2,1.9 Rotary Knobs

@

@

Rotary knobs shall be used for meter setting tasks.

Small knobs shall be used for gross settings and large knobs for precise
settings.

Small knobs shall be a minimum of .375 in diameter and large knobs shall
be a maximum of 4.0 inches.

Resistances shall be no more than 4.5 inch-ounces of torque for small
knobs (less than 1") and no more than 6 inch-ounces of torque for large

knobs.

Minimum depth of all knobs shall be 0.5".

4,1.2,1,10 Pushbuttons

]

Timer activation switch shall be a transilluminated push-on and push-off
pushbutton., Indicator will be lit when timer is on and off when timer
is off.

Pushbuttons shall be a minimum of 0.5 inches in diameter.

Minimum activation and deactivation displacement shall be 0.125",

Mini-maximum resistances shall be 10 to 40 oz. respectively,

Buttons shall have a snap-action contact.

4,1.2.2 Fasteners and Connectors

4,1,2.2,1 Hand Operated Fastemers

@

Quick release fasteners shall be used for fastening tasks which are per-
formed with a high frequency, loads permitting.

N
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4,1.2,2,1 Hand Operated Fasteners (Continued)

&

Quick release fasteners shall be used to release astronaut from waist
restraint and other incumbrances which may create a safety hazard in
emergency conditions.

Quick release fasteners shall require no more than a 3/4 turn.

Quick release fasteners shall be spring-—loaded and captive. (Tethered
as required.)

Fasteners which are not quick release shall require no more than 10
turns to fasten/unfasten.

Fasteners of wing nut and knurled knob variety shall be at least 1" in
diameter and 1/2" in depth.

Maximum torque requirements for finger operated fasteners shall not ex—
ceed 80 inch-ounces.

Thumb press pip pins shall provide a minimum of 0.5" thumb surface and
0.75" finger surface at each finger. Resistance shall not exceed 40
ounces,

4,1.2,2.2 Tool Operated Fasteners

(-]

&

@

External and internal hex grasping shall be provided for all fasteners.
Fasteners shall be captive,

External diameter (measured from flat to flat) shall be 1/2".
Internal diameter (measured from flat to flat) shall be 1/4".

4,1,2.2.3 Hand Operated Connectors

[

Connectors used for electrical or fluidic line conmnections shall be of
the quick-disconnect variety, i.e.,, bayonet, cam-lock, thread assist,

No more than one turn shall be required for connect/disconnect.
Minimum diameter shall be 1" and 1/2" in depth.

Maximum torque required shall be 100 inch-ounces.

Connectors for electrical lines shall be physically keyed.

The "hot" contacts shall be in the female receptacle.

N
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4,1.2.2.4 Tool Operated Connectors

@ Fluidic line connectors may be tool operated when required for seal
strength integrity.

¢ Number of turns required to tighten/loosen should be minimized, not to
exceed 10,

® Tool interface shall be an open end wrench.

® Obstructions to tool operation shall permit a minimum of 1/2 turn with-
out repositioning tool.

4.1.2.3 Tools

Power tool requirements shall not be specified in this document because
their use shall depend on availability of present devices under development.
Power tool devices shall be in compliance with safety requirements specified in
the safety section of this report.

4,1,2,3.1 Ratchet Wrench

e Wrench length shall be approximately 8" long and approximately 0.75" in
diameter.

Wrench shall be reversible by standard lever lock switch (positions shall
be labeled).

e Sockets shall mate by positive locking force.
® Sockets shall be tethered when not attached to wrench.

e Wrench shall accept a tether,

4.,1.2,3.2 T-Handle Wrench

& T-handle wrench shall have a .25" drive, and be approximately 4" in
length.

# T-handle shall be ,75" in diameter and 5.0" long (grasp section), i.e.,
Handle portion of "T",

& Wrench shall accept a tether,

L-l6



4,1,2,3.3 Open—-End Wrench

@

®

®

B

Wrench shall be adjustable by spring-load deteant,
Wrench shall adjust to positions between 3/8" and 1".
Wrench locations shall be labeled.

Wrench shall be 8" long (total length) and approximately 1-1/2" by 5/8"
shank size.

Wrench shall accept a tether,

4,1,2.4 Restraints and Tethers

4,1.2,4,1 Hand Restraints

Hand restraint shall be 1.25" diameter by 5.5" long by 2.5" deep.
Hand restraint shall accept a tether,
Hand restraint shall be attachable (to bulkhead) by one hand.

Grasp surfaces shall be non-abrasive and non-slip, i.e., coated with a
resilent friction material.

Restraint shall be oriented perpendicular to the surface experiment
panel,

4,1,2.4,2 Waist Restraint

Waist restraint shall consist of a rigidizable flexible tether with con-
nection point extending from right and left side of subject's waist.

Tethers shall be approximately 2 feet in length.

Tethers shall tighten by a compression ratchet handle on one end and a
ratchet wrench on the other end. Both shall be reversible by lever lock
action and positions shall be labeled. NOTE: Ratchet wrench at waist
shall have physical coded lever position, i.e., operator shall be able
to determine position ratchet lever is in (tighten or loosen mode) by
touch rather than visual feedback. Ratchet wrench shall be located at
waist and compression ratchet at tether mid-point. Ratchet handle shall
be approximately 4" long by 1/2" round. Compression ratchet shall be
approximately 5" long and approximately 1/2" round. One member, thumb
side, shall be stationary and the finger side shall be movable.
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4,1,2,4.2 Waist Restraint (Continued)

@ When tethers are not connected to bulkhead they shall attach to spacesuit
by appropriate connectors (function of spacesuit).

® Waist-suit interface shall depend on suit configuration, Preliminary
data indicates that it be adjustable in width from 16" to 22" and in
depth from 12" to 14", It should be approximately 4 inches in width
and located just above pelvic height, approximately 42" from bottom of
foot.

® Distance of subject from panel is dependent upon pressure suit used.
Preliminary analyses indicates that approximately 15" will be the value
for two~handed tasks,

¢ When rigidized, the restraint must provide a reasonable rigid restraint
in all axes at a precise location (TBD),

@ Waist restraint shall attach to bulkhead by one hand quick-release turn
lock comnectors.

® Height adjustment required for astronaut population (See anthropometric
section).

® Waist restraint must not interfere with functional characteristics of
suit.

4,1.2.4.3 Foot Restraint

® Foot restraint system shall attach to bulkhead by tongue and groove slot.
(NOTE: Subject to re-evaluation.)

@ Restraint shall be installed by hand operated lever lock.
e Restraint shall provide for both feet at approximately 12" between feet.

® Restraint/shoe interface is subject to pressure suit definition (must
be quick release and not trap subject).

@ Foot restraint shall locate subject such that the centerline of the force
receiver is at subject's nipple height and 9.25" to the right of a line
drawn through the center of subject's sagittal plane, NOTE: This allows
comparison of data to Experiment 84A data which used this reference
point, Module height is approximately 50" + 2 inches from bottom of
foot., TFoot restraint must provide adjustment for astronaut population
(See anthropometric section).
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4,1.2,4.4 Lanyard

# Lanyards shall connect to a point at subject’'s waist (determined by suit
configuration).

e Lanyards shall have "universal" swivels at both ends.

# Lanyards shall connect to all items handled by astronaut which at any-
time are not tethered in some other fashion.

e Lanyards shall have a window washers thumb operated spring clip at one
end and a spring loaded pin detent connector at the other end, Connec-
tor loop and pin sizes must interface with attachment point. Spring
clip should provide a minimum of 1/2" travel. Release lever should be
a minimum of 1/2" long and 3/8" round. Spring loaded detent should be
a minimum of 3/8" round and provide a minimum of 3/8" travel. Release
should occur at a point approximately 1/2 of total travel.

® Lanyards shall always provide a quick release capability for subject
safety.

@ Lanyards shall be approximately 2-1/2' in length,

4,1.2,5 Anthropemetric Data

Data contained in Table 4-2 has been generated from a partial list of NASA
astronaut anthropometric data. While it is data pertinent to the design of the
man/machine interface for M508, it should be treated as preliminary, subject to
change when a more comprehensive list of NASA astronaut measurements is made
available. Those values which have asterisks are based on data extracted from
MIL~-STD-1472 - Human Engineering Design Criteria for Military Systems, Equipment
and Facilities, A comparison of actual astronaut data and MIL-STD-1472 data
indicates that approximations for mean and range values can be made, in general,
for the astronaut population from MIL-STD-1472., The reader is cautioned against
using this data for design values which are critical or require extreme tolerance.

TABLE 42 MEASUREMENT DATA -~ NUDE

MEASUREMENT MINIMUM  MEAN MAXTMUM DESCRIPTION
1. Stature 66.1 69.5 72.2 Floor to top of head
2. Eye Height, Standing 60.9 64.6 70.1 Floor to eye level
3. Crotch Height 30,7% 33.1%  34,.8% Floor to midpoint of
crotch
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4,1.2.5 Anthropemetric Data (Continued)

10.

11,

MEASUREMENT

Waist Height

Shoulder Height
Standing

Shoulder-Elbow

Forearm-Hand
Length

Hip Breadth
Standing
Shoulder Breadth

Waist Breadth

Functional Reach

4,1.2.6 TForce Data

MINIMUM MEAN MAXIMUM

40,4%  L2.4% 44 4%
54,05 57.6% 59,5%
13.7%  14.7%  15,7%
18,7%  19.6%  22,3%
13.2%  14.2%  15.1%
14.3 18.7  20.8

11.5%  12,6% 15.3%
29.9 30.5  33.9

TABLE 4~2 MEASUREMENT DATA — NUDE (Continued)

DESCRIPTION

Floor to greatest lateral
indentation of waist on
right side

Floor to highest point on
lateral edge of right
shoulder bone

Bottom of right elbow to
highest point on lateral
edge of shoulder bone.

Tip of right elbow to
tip of middle finger.

Widest portion of hips

Maximum muscle bulge of
subject

Waist breadth at level of
greatest lateral indenta-
tions

Tip of right thumb to wall,
arm extended horizontally
and shoulders on flush
surface

A summary of the results from a previous experiment are provided in Table

4=3 to provide force data which can be expected and factored into the design of
equipment for M508.

o Push/pull impulsive force emission capability is approximately 2-1/2

times as great as sustained push/pull force.

o Impulsive force emission capability in the Up/down and right/left direc~-
tions is approximately twice as great as sustained force emission capa-
bility in the corresponding directiouns,
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4,1,2.6 TForce Data (Continued)

® Push/pull impulsive force emission capability is approximately twice as
great as the up/down, right/left impulsive force emission capability.

® Handle orientation (horizontal vs. vertical) has little apparent effect
on force emission capability in the push/pull and left directions. Ver-
tical orientation increases the capability to exert up/down forces and
horizontal orientation increases right direction force capability.

& Of the three force receiver angles chosen (0°, -15°, and +45° with 0°
position at subjects nipple height and 9.25" to right of subject’s
sagittal centerline) no significant differences in force emission capa-
bility was apparent. This is also true of force receiver from subject
distances,

@ Impulse and sustained forces differ across some restraints being used.
For single restraints, the waist restraint is best for Push/pull force
emissions. Dutch shoes are best for Up/down force emissions. A handhold
is best for left directions. All single restraints are equally poor for
assisting in right direction forces. For multiple restraints, the hand-
hold, waist, and shoes combination were best for push/pull sustained
force, Handhold and shoes combination were best for up/down and left/
right sustained force emissions. In general, right direction sustained
forces should be avoided.

@ Waist restraint was only single point restraint in which a significant
sustained (above 10 pounds) mean Push/Pull force could be exerted.

# Handhold restraint provided the capability for sustaining significant
(above 10 pounds) mean forces in only the left/right directions.

® Shoe restraint provided the capability for sustaining significant
(above 10 pounds) mean forces in only the up/down directiomns.

Maximum impulse forces and minimum sustained forces across the restraints,
receiver angles, receiver distance, receiver orientation and across all condi-

tions (overall) are presented below in the following tables, All values are in
pounds.

4,1,2,7 Maintainability

The data contained in this section has been extracted from a number of per-
tinent maintenance documents. These guidelines are provided as a source of
general maintainability data for M508 design and procurement guidance. When
these requirements conflict with contractual requirements or other AAP configur-
ation requirements, the latter requirements shall apply. This is also true when
experiment design includes experiment variables which are specifically chosen
as such and not on the basis of optimum design.
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4,1.2,7.1 General
a. Standardization

Standard parts shall be incorporated into equipment to the
maximum extent feasible. NOTE: It is recognized that a portion
of M508 equipment is specialized and no basis for standardization
will exist. "To the maximum extent feasible' should be inter-—
preted in light of this, particularly in respect to "GFE" items.
When parts are procured and a freedom of selection exists, stand-
ardization should be applied.

Standardization shall include provision to facilitate identi-
fication and preclude improper mounting and installation as:

1. Physical keying to prevent interchangeability where com-
ponents are functionally different.

2, Physical keying to prevent improper mounting and facili-
tate proper mounting.

b. Interchangeability

Interchangeability of like items and replaceability of simi-
lar items shall be provided.

c, Modular Replacement
Equipment shall be designed and constructed for:

1. Replacement of small electronic assemblies by replacing
modular packages.

2. Removal/replacement at least to the level of the diagnos~-
tic capability of the test equipment (or operator).
,4.1.2.7.2 Mounting of Components Within Units
a. Use of Two Dimensional Surfaces
Parts shall be mounted in an orderly array on a 2~dimensional
surface rather than stacked one on another. Where components must
be stacked, the ones requiring less frequent access (high MIBF)

should be placed in the rear,

b. Chassis Attachment

Only interconnecting wiring and structural members shall be
permanently attached to the basic unit. Electrical parts are
replaceable subassemblies which are independently mounted.
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4,1,2,7.2 Mounting of Components Within Units (Continued)

Co

Delicate Components

Delicate components shall be located (or guarded) so that they
will not be susceptible to damage while the unit is being handled
or maintained.

Equipment Handling

Assemblies, subassemblies, and components must have provisions
for handling in the zero gravity environment. Whenever possible
lanyard attachment points should be provided on items which
require removal for on-board operations and maintenance. When
tools are used for disconnecting or removing parts, consideration
should be given to utilizing the tool as a handling device for the
part,

4.1.2,7.3 Adjustment Controls

4,1,2.7.4

a.

Calibration

Knobs shall be selected in preference to screwdriver adjust-
ments whenever frequent adjustment must be performed.

Reference Scale—-Control Limits

A reference scale or other appropriate feedback shall be pro-
vided for adjustment controls, Mechanical stops shall be provided
for controls which are intended to have a limited degree of
motion.

Sensitive Adjustments

Sensitive adjustment points shall be located or guarded such
that adjustments will not be disturbed inadvertently.

Maintenance Displays

as

bo

Alarms

An audible alarm shall be provided to indicate an equipment
malfunction if the equipment is not constantly monitored.

Go-No-Go

If quantitive information is not absolutely required, go-no-go
displays shall be used. )
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4,1.2.7.4

4,1.2,7.5

Maintenance Displays (Continued)

Coe

Failure

Circuits and meters shall be designed so that meter pointers
will not stop in an "in tolerance” position if power fails., Also
a positive visual and/or auditory display is provided to indicate
power failures,

Fasteners

ase

Captive

Captive bolts and nuts shall be used for all cases and access
covers requiring routine opening removal, etc. Same type and
size should be provided for all cases and covers, whenever feasi-
ble,

Hand—~Operated

Hand-operated fasteners or latches shall be used whenever
possible, When fasteners requiring tools must be used, they shall
be designed for operation by standard hand tools.

Quick~Release

Quick release fasteners shall be used whenever possible for
access doors and covers. Fasteners for mounting assemblies and
subassemblies shall require only one complete turn, provided that
stress and load considerations are not compromised. In all cases
the number of turns required for any fastener shall be minimized.

4,1,2.7.6 Pressure Suit Access Requirements

Access requirements are provided here for both pressure suit and shirtsleeve
In general, these access requirements pertain to maintenance acti-
vities rather than that associated with the experiment tasks which reflect values
not necessarily of optimum size but rather of empirical interest,

operation,

ae

Pressure Suit - Pressurized to 3.5 psi

These values were extracted from a study dealing with access
envelopes for the A/P 225-2 Full Pressure Suit and may not be
applicable to other suits. In addition, they are optimal values
as measured from the front of subject's chest to curled fingers
of hand.

k=55



4,1.,2,7.6 Pressure Suit Access Requirements (Continued)

b. Two~Handed Tasks ~ Forward Reach

Depth of Reach: 12%
Breadth of Aperture: 24"
Vertical Dimension: 20"

¢, One-Handed Tasks - Forward Reach (Preferred Arm)

Depth of Reach: 14"
Breadth of Aperture: 13"
Vertical Dimensions: 8"

d. One-Handed Tasks - Lateral Reach (Preferred Arm)

Depth of Reach: 20"
Breadth of Aperture: 13"
Vertical Dimension: 16"

4,1.2,7.7 Shirtsleeve Access Requirements

a, Two-Hand Access

Depth: 6 to 19 inches

Widths 8 inches (or depth of reach whichever
is larger)

Height: 5 inches

b. One-Hand Access (Preferred)

Arm to Elbow: 4 inches by 4.5 inches
Arm to Shoulder: 5 inches by 5 inches

4,1,2,8 Safety Criteria

4,1.2,8,1 General

Real-time readouts of critical physiological functions shall be required
during task performance. A second crew member acting as the experimenter, shall
monitor these readouts.

The experimenter shall be in continuous visual contact with the subject and
located as near to the subject as possible.

Subject restraints, pressure cuffs, electrode connections, etc, shall be of
the quick-release variety. '
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4,1.2.8,2 Fail-Safe Design

Where equipment failure or malfunction may injure the subject/operator or
damage equipment, fail-safe features shall be incorporated into the equipment
design. Fail-safe, as used here, refers to: (1) failure in a safe mode, and
(2) redundancy in design in the two formsof (a) standby redundancy and (b) con-
tinuous redundancy.

Standby involves the use of parallel and similar units, circuits, or com-
ponents that can be automatically or manually put into operation if the primary
item fails.,

Continuous involves parallel and similar units, circuits or components that
are in continuous operation so that failure of the primary item will result in
continuous operation of the system at not less than an acceptable level of per-
formance.

4,1,2.8,3 Equipment-Related Hazards
a. Access

Units shall be so located and mounted that access to them can
be achieved without danger to personnel from electrical charge,
moving parts, or other sources.

b. Hazardous Access

Where access must be located over dangerous mechanical or
electrical components, the access door or cover shall be provided
with a highly visible warning label on the outside of the door or
cover, Placards shall specifically identify the hazard.

c. Corners and Edges

Exposed corners shall be rounded to a minimum radius of .5
inch. Exposed edges shall be rounded to a minimum radius of .04
inch,

4.1,2.8.4 Alerting Devices

Audio signals shall be provided as necessary to warn personnel of impending
danger, to alert an operator to a critical change in system or equipment status,
and to remind the operator of a critical action that must be taken.

Audio signals shall consist of two elements, i.e., an alerting signal and
an identification signal, i.e., a signal which identifies source or type of dan-
ger. The major concentration of energy in audio warning devices shall be between
250 and 2500 hertz. The sound pressure level of the gudio warning shall be at
least 20 dB above the maximum anticipated noise level, not to exceed 100 db.
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4,1.2.8.4 Alerting Devices (Continued)

When used in conjunction with visual displays, auditory warning devices
shall be supplementary or supportive in nature. The auditory signal shall be
used to alert and direct operator attention to the appropriate visual display.

4.,1,2,8.5 Electrical Hazards

Equipment shall be designed to preclude accidental contact with voltages in
excess of 24 volts. On accesses that lead to equipment with high voltage (> 70v)
safety interlocks shall be provided that de-energize the circuit when the access
cover 1s opened,

All external metal parts shall be at ground potential,

Wiring shall be routed through pins and connectors so that removal of a
plug or connector will not expose "hot'" leads. Equipment shall be designed so
that all hot contacts will be socket contacts.

Personnel protection shall be provided from electrical equipments (physi-
ological monitoring equipment).

4,1.3 CONCEPTUAL DESIGN

The design of the hardware, while starting with no physical constraints,
was approached with the intent of being readily adapted to the AAP Orbital
Workshop (OWS) as the equipment for Experiment M508. With this in mind, serious
efforts were made to determine the requirements imposed on the experiment by the
vehicle and factor these into the design within the practicalities of schedule
and cost. Several sources of information were used to determine the OWS/
Experiment interface requirements. Among those were documents such as the M508
Experiment Implementation Plan (EIP), Experiment Integration Requirements Docu-
ment (EIRD), and the AAP Experiment General Requirements Document., It was
determined from these documents that the stowed volumes allocated for the Task
Panel and Restraints Container were 30 x 24 x 24 inches and 12 x 12 x 12 inches,
respectively, and it was considered essential to stay within, or if possible,
reduce these dimensions. The design of the restraints and task panel was two
separate but related and integrated problems and the efforts to achieve a
cohesive experiment hardware concept with these two items is discussed indivi=-
dually below,

4,1,3.1 Restraints
Although the restraints were to be GFE, they had to be integrated into the
experiment operations to insure successful completion of the experiment. Upon

investigation of the experiment requirements and stated GFE capabilities several
criteria were established as follows: .
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4.1.3.1 Restraints (Continued)

1. The subject is to bring the restraints to the worksite.

2, The restraints must be capable of being installed with one hand,
within the subjects field of view.

3. The installation must provide positive locking in place; inadvertant
or accidental removal of the restraint must be avoided.

4, The subject must don or attach the restraints unassisted.

The restraints defined in the EIP were:

1. Handhold
2. Variable Flexibility Waist Tether
3. Gemini Duich Shoes

The EIP also indicated the use of an adhesive device for the Handhold
Restraint in the flight experiment, but in this program, mechanical attachment
was utilized.

The Waist Tether was to consist of two electrically actuated Variable Flex-
ibility units mounted to a single belt. The device supplied for this program
was a prototype model with mechanical actuation and Vise Grips mounted to the
distal end for attachment at the worksite.

The Gemini Dutch Shoes were to be supplied as an unaltered pair, but in
view of the requirement for the subject to bring his restraints to the worksite
and install them with one hand, it was decided to mount the shoes on a platform
containing a handle and locking device. Figure 4~1 is a picture of the Shoe
Restraint and illustrates the handle placement,

Utilizing these restraint concepts, it was determined that the Restraint
Container would have to be larger than originally described in the EIP. A con~
tainer 18 x 18 x 12 inches was determined to be the smallest size capable of
holding the restraints. 1In addition, it was noted that the Restraint Container
could serve another purpose as the mounting point for the Shoe Restraint in the
flight experiment.
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FIGURE 4-1 SHOE RESTRAINT

4,1,3.2 Task Panel

Figure 4~2 illustrates the initial Task Panel concept in the deployed state.
The major, working elements were located in one-half of the box mounted to the
wall as shown. The other half of the box was split in two sections and mounted
to the wall to form receptacles for the module handling task, The remainder of
the receptacle boxes would be used to store tools, cargo harness, tethers, and
other small items. One of the most serious problems encountered in this design
was the placement of the various components in the most appropriate location with
respect to the test subject's one~ and two-hand reach and visual access. For
example, the center of the force receiver handle was to be positioned directly
in front of the subject's right nipple, and the displays containing the command
and cue indicators were to be located at eye level with unobstructed visual acces

At this point, the decision was reached that the modular concept for the
individual tasks was the most desirable since it afforded the highest level of
flexibility for the overall experimental design.

The locations selected for the various elements of the Task Panel and its

overall layout were based on a series of l-g static tests using in-house
personnel with several mock-up configurations.
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4.,1.4 FEASIBILITY TESTING

A series of simulated zero-g tests were conceived and conducted to insure
that all the tasks described in the Candidate Task Sequence and then developed
into a hardware concept could be performed by a test subject in a pressurized
suit within the prescribed limitation of time and work envelope. It was origi-
nally planned to perform the feasibility tests once, but sufficient problems
were encountered to warrant performing a second test after the data had been
analyzed and the necessary changes incorporated. Portions of the tests were
performed on two different occasions and were identified as Feasibility Tests
Phase I and Phase II,

The tasks selected for feasibility testing were performed in gross fashion
only, to determine simply the GO or NO/GO status of the task and some nominal
design requirements. The equipment consisted of mass and shape mock~-ups neces~-
sary to properly simulate the man/machine interface and data recording was in the
form of motion pictures, task-times, and subjective comments.

All tests were performed using neutral buoyancy simulation of zero-gravity,
with the test subjects (95th percentile) wearing an Apollo AS5L spacesuit pre-
ssurized to 3.5 + .2 psi over ambient. Two-way communication between the subject
and the topside test director was provided.

4,1.4.1 Feasibility Test Procedures

The Candidate Task Sequence was reviewed to determine those items about
which reasonable doubt existed concerning the potential performance of the item
by an experimental subject. These items are identified and described below.

a. Restraint Installation

Only in the most fortuitous circumstances can an extravehicular
astronaut expect to perform his work at a site that has pre~installed
restraints. In many situations the first task of the astronaut will be
to install and don his personal restraints and whatever equipment
restraints will be required during the task, The first several minutes
of the M508 Task Sequence, therefore, are devoted to this preparation
of the worksite., Feasibility of this task is questionable because of
the excessive reaches involved, because the task itself is performed in
an unrestrained or, at best, hand-only restraint condition, and because
of the excessive amount of equipment which the astronaut must have
strapped to his person.

The test subject will be positioned perpendicular to the worksite
at the end of a mobility aid.

Using his left hand on the mobility aid to stabilize himself, he
then instails all restraints in the following order:

N

1. Handhold restraint
2, Dutch shoe platform
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4,1.4,1 Feasibility Test Procedures (Continued)

a, Restraint Installation (Continued)

Waist restraint

Install equipment restraint to right of task board, and position
cargo carrier (if used) on this tether,

Install equipment restraint to left of task board.

This order may be varied during feasibility testing if found to be
inferior or unsatisfactory.

For each restraint, the installation process will be the same:

°

®

»

SN W -

°

Release lanyard from attachment point
Attach lanyard to restraint

Release restraint from attachment point
Install restraint

Release lanyard from restraint

Attach lanyard to waist~attachment point

The restraint installaticn procedure will be performed under the
following conditions:

1.
2.

3.

A cargo carrier (12" W x 18" L x 18" H) strapped to the front of
the subject.

A cargo carrier (12" W x 18" L x 18" H) strapped to the right
leg of the subject.

No cargo carrier is used and all restraints are strapped
directly to the subject.

When the cargo carrier is used, it shall contain:

®

A handhold restraint

A platform with the Gemini Dutch Shoes attached

A variable-flexibility tether (if available) to serve as an
equipment restraint

A second variable~flexibility tether (if available), one end of
which is attached to the cargo carrier.

All of these items shall be attached to the inside of the cargo
carrier to prevent floating.

In addition to the above equipment, the subject will have attached
to him, in all three runs, the following:

L3
@

A waist-belt with the variable~flexibility waist restraints
attached
A rope~lanyard, attached at the waist

An umbilical and a safety tether attached at the right side of
the subject

Data will consist of total time to install all restraints, movies
and subjective comments.
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4.1.4,1 Feasibility Test Procedures (Continued)

b.

Force Receiver Positioning

Three positions were specified to obtain force and torque data as a
measure of astronaut performance capability. In the first position,
the force receiver module is located directly in front of the subject’s
right nipple. 1In the second position, the module is located 16" to the
right and 16" above position 1. In the third position the module is
located 12" to the left and 20" below position 1. The installation of
the 12" x 12" x 12" (anticipated) 50 1b. force module in these positions
is expected to be difficult due to the mass of the module, the space-
suited subject’s size and the mobility and geometry restrictions pro-
vided by the restraint systems.

The feasibility test will require the subject to remove the simula=-
ted module from the optimal position, and install it in the non-optimal
positions. The task will be performed under five conditions:

Waist restraint only -~ Subject may not reposition himself
Waist restraint only -~ Subject may reposition himself

Shoe restraint only

Waist and shoe restraints - Subject may not reposition himself
Waist and shoe restraints - Subject may reposition himself

.

° °

LW =
s

Data will consist only of movies and subjective comments.

Repeatability of Positioning

The M508 Task Sequence requires that several fundamental tasks be
performed under varying conditions of suits, subjects, etc. To be able
to compare data across conditions it is essential that each subject
always perform each task in the same relative spatial position. When
using the waist restraints only, it is quite possible that the subject
may not be able to rigidize himself in the same position each time he
performs a task. A feasibility test item will therefore be performed
to obtain scme gross measure of this problem.

The subject will be at the worksite with the waist restraints in=~
stalled but not rigidized. Three telescoping members will be extracted
from the face of the task board and locked into place. These members
will correspond to spots painted on the subject's chest. His objective
will be to rigidize the waist tethers such that the spots and members
are aligned. This will be repeated about three times. Data will con~
sist of a measure of the subject's error, movies and subjective comments.

Access Capability
A major portion of the Candidate Task Sequence involves fine mani-
pulative operations, ome-and two=handed, through an access port at two

different depthc of reach. Currently, the access port is sized at 18" L
x 12" H., The distances from the access port to the work panel are 12"
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4,1.4.,1 Teasibility Test Procedures (Continued)

d.

4.1.4.2

Access Capability (Continued)
and 20", This feasibility test item will investigate these dimensions.

The subject will be restrained in the waist and shoe restraints.

The work panel will contain a two-dimensional mocke-up of the manipula~-
tive task panel, The subject will reach through the access port with
one hand and the technician will vary the access size until the subject
indicates that a near-minimal size is achieved. This will occur when
the subject's visual feedback is, in his opinion, barely sufficient to
complete the task. This will be repeated with both hands through the
access port.

The nature of this test item is such that it does not require
neutral buoyancy simulation to simply determine a nominal access size,
At the same time, the capability of two-way voice communication with
the subject in a pressurized suit is highly desirable. For these
reasons, this test item will be performed in an aire~pressurized suit in
l-g, ‘

Reach Envelope

Basic reach envelope data will be needed throughout the design
of the experiment., Feasibility testing will be used to obtain a gross
evaluation of reach data.

The subject will indicate, using his right arm, the maximum point
on the surface of the worksite bulkhead which he can reach in each of
eight primary directions: + X, + Y, and along the 45° lines, X=Y and
X= =Y. These axes should be indicated on the bulkhead, and intersect
at the midpoint of the subject’s waist. The diving technician will
measure and record the data using a tape measure and notify the two
points (X, Y) necessary to define the location of the subject's right
hand in the outstretched position., This data will be recorded for the
five conditions noted in 2.2,

Feasibility Test Equipment Requirements

Restraint Installation

1, Mobility Aid - Located perpendicular to the bulkhead.

2, Cargo Carrier - One cargo carrier is required. It shall be attach~
able to the front of the subject, about waist-high, and to
the right thigh of the subject. The carrier may be open~
top box, with the shape represented by a framework covered

with a mesh material.

Dimensions of cargo carrier; 1. 12" W x 18" L x 18" H
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4,1.4.2 TFeasibility Test Equipment Requirements (Continued)

a.

b,

d.

Restraint Installation (Continued)

3. D-Handle for Hand Restraint - Installable to bulkhead with positive=
locking mechanism. Attachable to cargo carrier. Accept
lanyard attachment.

4, Gemini Dutch Shoes Mounted on 18" x 14" Platform - Installable to
bulkhead with positive~iocking mechanism. Attachable to
cargo carrier. Accept lanyard attachment,

5, Cube =~ 5,25" on the side., Simulates a mass of 40 lbs. Attachable
to cargo carrier,

6. Two Equipment Restraints - Variable-flexibility tethers preferred
Both restraints attachable to cargo carrier and installable
to bulkhead.

The equipment in 3, 4 and 6 above must also be attachable directly
to the subject.

7. Variable~Flexibility Waist Tether

8. A rope lanyard, 4' long and attachable near subject's waist.

9. An umbilical hose from the surface to provide breathing air,

10, A rope from the surface to represent the astronaut's safety tether,

11. In addition a bulkhead will be required to provide attachment points
for all restraints and tethers,

Force Receiver Positioning

1. A 6.85" cube surrounded by a 12" x 12" x 12" framework will repre~
sent the expected module,

2. The bulkhead must provide three receptacles for the module at
positions noted in 4.1.4.1.b

Repeatability of Positioning

1. Three telescoping members must be extendable from the bulkhead, and
lock into positionm,

Access Capability

1. Access port adjustable in size.

2., A full-scale mock~up of the manipulative task panel.
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4.1.4.2 TFeasibility Test Equipment Requirements (Continued)

e. Reach Envelope

1. Bulkhead must have axes, described in 4.1.4.1l.e, indicated for
measurement references.

f. General

The following equipment will also be needed to conduct the feasibility

tests.
SCUBA gear for 4 divers Air for subject
Water Pressurization Backpack Power for Backpack
Underwater camera and film Slate and grease pencil
Stop~watch
Tape-measure

4.1.4,3 Phase I « Feasibility Test Results and Recommendations

a. Restraint Installation

To the extent possible, task times were recorded during the feasibi=-
lity tests and are listed in Table 4-4. It must be realized that these
times are crude and could hardly be subjected to statistical analysis.
However, they do provide useful information concerning trends and
magnitudes.

The predicted times are listed in Table 4~4 together with the times
actually encountered for each subject. Inspection of the list reveals
that- some items compare favorably (e.g., "Retrieve and Install Handhold")
while other items were poorly estimated (e.g., "Install Waist
Restraint'). But the total times are reasonably close for each subject,
and, more importantly, are significantly less than the predicted time.
From this it may be inferred that the current time estimates for these
items in the preliminary task sequence are at least reasonable, indi~
cating some degree of validity in the M508 experiment time predictiomns.
An important time consideration, however, is rest periods, and this
consideration is not included in either the actual or predicted times
in Table 4-4, It is therefore recommended that the preliminary task
sequence be revised to include rest periods, and the effect of this
inclusion be studied to determine the effect on time consideratiomns.

This item of feasibility testing also revealed the following
specific information:

o Cargo Carrier - The cargo carrier utilized was highly unsatis-~
factory as a restraint container. The subject, using only
the mobility aid as a hand restraint, was unable to remove
from the carrier, and install, the other restraints. It
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4,1,4.3 Phase I - Feasibility Test Results and Recommendations (Continued)

a. Restraint Installation (Continued)

is therefore recommended that the subject have his
restraints comnected to him by rope lanyards, either loose
or on wind-up reels. This was tested and found to be
satisfactory. Other equipment could be carried in a cargo
carrier, but it should be attached to the subject so that
no interference with the process of restraint installation
occurs, (See Figure 4-4)

e Mobility Aid - The subject's mobility aid serves as a hand re-
straint for use in installing other restraints. It must
therefore be located close to the point where the first
restraint is installed,

¢ Lanyards - Rope lanyards, attached to the subject, were used to
transport various restraints. These lanyards, with their
slide-lever connectors, were very satisfactory. The
connector was operated with no difficulty, even with the
pressurized, gloved hand., While no entanglements were
encountered from equipment trailing loosely on the lanyards,
a take-up reel is recommended.

On two occasions subjects forgot to release the
lanyard after the restraint was installed, and this was
concluded to be a training problem,

@ Dutch Shoes - The installation of the Dutch Shoes platform into
the bulkhead proved difficult, Subjects had difficulty
finding the insertion points for the pip pins. 1t is sug-
gested that the pins and their receptacles be conical~
shaped to improve this condition. The retarding mechanism
and the operation of the pip pins was very satisfactory.
Donning the Dutch Shoes was cumbersome, but this was felt
to be partially a training problem. The subject must rely
entirely on tactile cues for this process. ( See Figure
A

e Handhold «~ Installation of the handhold was similar to instal-
lation of the Dutch Shoes. Again, the subject had diffi-
culty aligning the pip pins in the holes. A single pin-
shaped to provide resistance in torsion-or conical=-shaped
pins would improve this situation.

Thought should be given to the possibility of provi=-
ding two handholds, as this significantly aids the process
of donning the Dutch Shoes. Multiple locations for a hand~-
hold should be provided at the work area.



4.,1.4.3 Phase I ~ Feasibility Test Results and Recommendations (Continued)

a,

Restraint Installation (Continued)

e Waist Restraint ~ Vice grips, provided as the distal-~end con~
nector on the waist restraints, were difficult to align
and attach., The subject was entirely dependent on tactile
cues to position the grips. A longer tether length might
allow for increased visual feedback. Once fastened, the
vice-grips provided excellent holding power.

The tension adjustment levers should be restricted to
a 135° arc, starting at a forward, horizontal position and
swinging downward. The rigidity of the tethers was only
fair but it should be noted that the particular tether used
was a prototype model that had been previously damaged.
(Figure 4<5)

Visibility proved to be a problem throughout the feasibility tests.
Subjects were too often entirely dependent upon tactile cues. This
situation is in part caused by the necessity for the subject to wear a
face mask., A larger mask may help. Also, there was some feeling that
the subject may have been too close to the bulkhead, limiting peripheral
vision. The distances involved should be examined to determine the
magnitude of this problem. Finally, in the event that visibility cannot
be improved, more tactile cues should be provided. Subjects reported
that tactile feedback was easily sensed and interpreted, in spite of
the pressurized gloves,

A more detailed evaluation of the vision envelope would be valuable,
Superimposing the vision envelope on the reach envelope would show
prime and secondary work areas.

The procedural order of restraint installation as currently speci=-
fied in the Candidate Task Sequence is Handhold, Shoes, and/or Waist
Tether, It was found that the Dutch Shoes restraint could be installed
utilizing the handhold. However, it was discovered in the Feasibility
Tests that two handholds are necessary for the subject to don the Dutch
Shoes after they have been installed. It was also noted that the waist
tether could not be installed using only a handhold restraint. The con-
clusion drawn is that substantial revision must be made to the concepts
of restraint installation as currently envisioned in the task sequence.
The method of installation for each restraint is feasible, but does not
yet satisfy the criterion of being readily installable anywhere on the
external portion of a spacecraft, The order of restraint installation
is questionable because of the objections noted above.

Force Receiver Positioning

N

Times required for the subject to move the simulated force receiver
module from onme position to another are listed in Table 4~4., Again,
these times are crude, but do provide order-of-magnitude insight. Note
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FIGURE 4-4 INSTALLATION OF SHOE RESTRAINT

FIGURE 4-5  WAIST RESTRAINT
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4.1.4.3 Phase I - Feasibility Test Results and Recommendations (Continued)

b.

Force Receiver Positioning (Continued)

that the experimental times do not include time to release mechanical
fasteners and electrical connectors. Also, rest periods are again
neglected.

In both restraint conditions used, Dutch Shoes and Waist Tether,
the upper right position was excellent (Figure 4-6), indicating that
the positioning and installation of the module was within his reach
capability, In the Dutch Shoe restraint, the center position
(Figure 4-7) was also easily accessible, In the Waist Tether, however,
the center position was very difficult for Subject 1, but not for
Subject 2. This apparently reflects the fact that the subjects were
not restrained in the same spatial relationship relative to the work
area, Subject 1 was apparently positioned too high to see the center
hole. This points out the need to accomplish the test item described
in 4,1,4.1,c above.

The lower left position was very difficult to reach in the Dutch
Shoe restraint, Subjects had to rely on tactile feedback to position
the module. The time data for this item are very inconclusive, since
chance played such a great part in whether or not the module was
successfully positioned. In the waist restraint (Figure 4-8), this
position was impossible to reach., The task sequence must be revised
to reflect this information.

Reach Envelope

The reach envelope data obtained is shown in Figures 4-9 and 4<10.
As with all quantitative data obtained in these tests, the reader is
cautioned to use such data as indicative of trends or magnitude, but
not as absolute value,

Subject 2 indicated a much more restricted left-hand reach than
Subject 1. Subjective comments from Subject 2 revealed that this was
apparently due to a misunderstanding of instructions, so that the
subject, with his left hand, reached only to a comfortable distance
and not to a maximum distance.

General
The following general comments may be made about various phases of

the Feasibility Tests., The recommendations are especially important
to bear in mind for Design Verification Testing.
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FIGURE 4~6 MODULE POSITIONING-UPPER RIGHT
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FIGURE 4~7 MODULE POSITIONING-CENTER POSITION
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FIGURE 4-8 MODULE POSITIONING-LOWER LEFT

4,1.4.3 Phase I — Feasibility Test Results and Recommendations (Continued)

d.

General (Continued)

1.

Simulation Technique

The simulated module exhibited a rotational damping
tendency. While this was not detrimental to this simulation,
a spherical center body would significantly reduce this
tendency.

The Dutch Shoes should be fabricated from an open mesh
material to reduce drag and hydrodynamic moments.

A face mask with a wider field of view is required for
water pressurized suit operations.

From Table 4~4, it was noted that the subjects traversed
the mobility aid at slightly less than .5 ft/sec. without any
instructions regarding the rate of movement. Based on pre-
viovs analysis, the drag effects are estimated to be less than
1 pound, at this rate.
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SUBJECT: 2
SUIT: APOLLO -~ 3 PSI
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4.1,4.3 Phase I ~ Feasibility Test Results and Recommendations (Continued)

d. General (Continued)
2, Training

Subjects should be trained to attach lanyard or equipment
tether to equipment prior to equipment release.

Occasionally, subjects forgot to remove the lanyard from
installed equipment.

As already noted, subjects need training in donning the
Dutch Shoes,

3. Test Planning and Data Taking

Continuous tape recording is vital. A speed of 3-3/4 ips
is adequate.

Two~way communication between the subject and the topside

test director is vital., Communication to underwater personnel
is desirable. Movies should be time coordinated with tape.

4,1.4.4 Phase II Feasibility Test Results and Recommendations

Additional feasibility testing was conducted to complete the test procedures
described in 4.1.4.1 above and to evaluate equipment modifications resulting
from the Phase I testing. The changes involved primarily modifications to the
restraint system, The distal end connectors on the waist restraint were changed
from vice grips to ball-lock pins actuated by a thumb lever (Figure 4-11). The
two ball-lock pins located at the ends of the original handhold were replaced
by one centrally located pin. Other equipment changes included the elimination
of the cargo carrier and the use of lanyards for carrying the restraints and
equipment to the worksite.

Figure 4=~12 presents an overall view of the test hardware, waist restraint
and pressurized space suit used in the Phase IT feasibility testing. The
specific results of this testing effort are presented below,

a., Hardware comments:

1. ZLanyard lengths were too short, A minimum length of 4' on a take-up
reel is recommended. The take~up reels should be mounted on the
front of the waist tether belt when the waist restraint is used,
and on a separate belt when it is not used,

2, The handle on the Dutch Shoe Platform provides very little control,

The handle should be remounted at the front of the shoes, as near as
possible to the attachment pins.
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FIGURE 4-11 WAIST PESTRAINT-MODIFIED

FIGURE 4~12 FEASIBILITY TEST-PHASE 2
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a.

C.

Hardware comments: (Continued)

3.

The distance between the waist restraint mounting locations was
increased approximately 8'" from the positions that had been pre-
viously defined. No noticeable difficulty with the new position
was encountered.

The waist tethers must be longer. A minimum of 3' on each side
is required,

The new module positions are acceptable.

The entire layout of all tasks is acceptable.

The new installation mechanism for the waist tether is acceptable.
The smooth surface on the thumb-depressant resulted in the subject
repeatedly losing control of the mechanism. This surface should

be knurled.

The meter displays for the two-hand eye~hand coordination task will
have to be tilted upward.

Experiment Procedure Comments

1,

Subjects could not reach the position for the handhold installation
while gripping the mobility aid with the left hand. This position
may be lowered slightly or additional handholds will be required.

One handhold in a central position was sufficient to don the shoes.
Both subjects, however, expressed a preference for having two=
handholds.

One subject exhibited a tendency to grasp the operating rod on the
handhold. This could result in accidental release of the handhold.
The problem can probably be solved by training.

In the waist restraint only, the subject cannot be expected to
accurately position himself, If accuracy is to be maintained, the
observer will have to assist the subject in this condition,

Access Panel

An access panel, Figure 4-~13, depth of 10' was found to be acceptable.

Dimensions for the opening panel as selected by each subject are shown
in Figure 4-14, Under these conditions, reach and vision envelopes for
the access tasks were satisfactory.
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FIGURE 4-13  ACCESS PANEL-SIZE DETERMINATION
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FIGURE 4~14  ACCESS PANEL~DIMENSIONSIONS AND LOCATION
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4,2 TASK PANEL DESIGN

This section describes the Task Panel Design in detail. Starting with the
general design features and main frame design, each task/module is discussed in
depth to facilitate an understanding of its design, comstruction and operation.

4,2.1 GENERAL DESIGN CONSIDERATIONS

The results of the Feasibility Tests described above provided information
for major changes to the original concept. Figure 4-15 depicts the final Task
Panel configuration in the deployed configuration. The first of the changes was
a reduction in size of the Force Receiver Module from 12" x 12" x 12" to 10" x
10" x 9,5" deep and a change in location of the two extreme receptacle positions.
The lower-left receptacle was elevated to a position within the main frame,
while the upper-right receptacle was moved toward the center from its originally
conceived position., These changes allowed a reduction in the overall depth of
the Task Panel from 24 to 20 inches. The two other major changes were the re-
location of the Precise Hand Movement Task Module to the upper level and the
Force/Torque Task Cue Panel to a position on top of the main frame, These
changes also meant that there would be an increase in the time required to deploy
and set~up the Task Panel for operation.

Figure 4-16 shows the stowed configuration of the Task Panel with the cover
opened. Inside the cover is the Limited Access Panel (Para. 4.2.8) and the
four adjustable mounting rods. The panel is attached to the cover with four
"Expando-Grip" fasteners, and the rods mount to brackets on the panel door.
The rods are mounted to the Task Panel at the points marked "A'",

Point "B" is the attachment for the Handhold Restraint.

The four main task modules, the Force/Torque Receiver, Precise Hand Movement,
Operational Maintenance and Two Hand Task are located in the upper part of the
Task Panel. This is a direct result of the Feasibility Tests and was done to
optimize the location of each task., The lower portion contains the Cue Panel,
upper~right position receptacle and the observers panels. The position occupied
by the Cue Panel becomes the lower-left receptacle for the Force/Torque Receiver.

1t should be specifically noted that the design of the Task Panel described
here was mainly for use in the four simulation modes; neutral buoyancy, KC-135
Keplerian flights, 6 degree-of-freedom mechanical, and l~g. The requirements
of the first two of these established the environmental design parameters for
models built in this program, That is, the neutral buoyancy mode required that
all electrical and electronic parts and/or connections be sealed or otherwise
operable underwater, and the KC-~135 required structural integrity that would
survive the impact of a crash landing. The results of these requirements can be
partly observed in Figure 4-15. For instance, the Cue Panel is a sealed pre-
ssurized can as is the Force/Torque Receiver Module,
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4.2.1 GENERAL DESIGN CONSIDERATIONS (Continued)

The design also incorporates the concept of using parts of the Task Panel
for more than one purpose. For instance, the cover, while protecting the face
of the Task Panel during non-operating conditions, also serves as a part of the
experiment as described in paragraph 4.2.2, and as noted above, also provides
the stowage for the Limited Access equipment described in paragraph 4.2.8, The
Force Receiver (Para. 4.2.4) serves as the equipment for the Module Removal/
Replacement Task.

The Main Frame is a welded, riveted structure which provides the main load
carrying members of the entire Task Panel including the mounting. Removable
covers are provided on the back, sides, top and bottom, with side covers con-
taining recessed carrying handles. The front face is a sheet metal skin which
is riveted to the main structure.

4,2,2 RESTRAINT INSTALLATION

As stated previously, the restraints used in this program were a Handhold,
Variable Flexibility Waist Tether, and Gemini Dutch Shoes. All three were
designed and/or modified so that the attachment to the worksite was by means of
double=acting ball-lock pins.

4,2.2.1 Handhold Restraint

Figure 4-17 shows the Hand Restraint, and Figure 4-18 shows it mounted in
the Task Panel cover. This is the first restraint to be installed in the Task
Sequence and is used to assist in donning the other restraints. The long thin
rod is used to unlock the pin. After the cover is removed the restraint is
placed on the lower, left side of the Task Panel face, as shown in Figure 4-19,
as an assist to the subject should he need it,

4.2,2.,2 Variable Flexibility Waist Tether

The variable flexibility tether can be varied from a state of ropelike
flexibility to a degree of rigidity that effectively restrains a pressure~
suited astronaut while he is performing any work tasks within his current task
spectrum, Additionally, the tether may be rigidized to an intermediate
"plastic" state to permit minute changes in its configuration. This permits
the astronaut to make precise adjustments in his position relative to his task
site while he is adequately restrained by the partially rigidized tether.

These characteristics are achieved by forming a tether from a number of
ball and socket links strung on a central cable (Figure 4-20), Adjacent links
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FIGURE 4-17 HAND RESTRAINT
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FIGURE 4-18 HAND RESTRAINT MOUNTED IN COVER
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FIGURE 4-19 HAND

RESTRAINT MOUNTED IN TASK PANEL
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FIGURE 4-20 VARIABLE FLEXIBILITY TETHER CONCEPT
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4,2,2,2 Variable Flexibility Waist Tether (Continued)

bear upon one another in compression. The magnitude of this compression force
is a direct function of the central cable tension, which is variable by means

of an actuator. The frictional forces between adjacent link surfaces, which
also vary in direct relation to the compression forces, resist relative motion
between links. Thus, the greater the cable tension, the greater is the tether's
ability to resist deformation. By varying the cable tension from slack to its
working tensile limit, the tether's degree of rigidity may be varied as a con-
tinuous function over a wide range. No change in relative position between any
of the tether links takes place when the cable tension is varied. 1In other
words, the tether will retain its shape as long as there is intralink friction.
Changes in shape can only be effected by externally applied bending moments suf-
ficient to "yield" the tether by overcoming intralink friction. Thus, degree of
restraint and restraint geometry are independently controllable in minute incre-
ments,

The Variable Flexibility Waist Tether used in this program is shown in
Figure 4-21. The mechanism with the handle at the subject's side is the take~
up and release mechanism. Also shown in this picture are the retractable lan-
yards on the subject's waist and wrist used to retain the shoe restraint during
transport and the tools required for the experiment operations, respectively,

4.2,2.3 TFoot Restraint

Figure 4-22 illustrates the foot restraint., The Handle over the toes is
for installation and release. The shoes used were developed to accomodate the
Gemini suit boot and, consequently, fit the A7L suit, However, the boots of the
AES suit did not interface properly, and therefore, it was necessary to remove
the back section of the shoes whenever that suit was utilized.

4,2.3 GAINING ACCESS TO WORK SITE (FRONT COVER)

This part of the Task Sequence consists of removing the cover of the Task
Panel using 2 different tools, a ratchet wrench and a "T" handle wrench, after
the subject has installed and donned his personal restraints. The cover appears
as a smooth surface with a hole in the center and 2 fasteners at each corner
(a hex head and a socket head bolt). The hole in the center is an attachment
point for the hand restraints (See Figure 4-23),

The cover is approximately 4.25" deep and was designed so that the attach~
ment bolts were within the envelope of the cover, hence the '"motched" corners,
Standard bolts were originally utilized with their heads well below the surface.
However, it was soon realized that the subject would not be able to see the
bolts on the left side and have difficulty seeing the bolts at the lower-right
corner, making the cover removal a significantly larger task. To alleviate
this condition, special captive, shoulder.bolts were made so that the heads
would be flush with the surface cover.
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FIGURE 4-23 COVER REMOVAL

4,2.3 GAINING ACCESS TO WORK SITE (FRONT COVER) ~ (Continued)

load carrying capacity during transport and to retain the cover in position
after the corner bolts are released.

The cover also provides a storage place for the Limited Access Panel and
Support Rods (See para., 4.2.7).

4,2.4 FORCE/TORQUE MODULE

The Force/Torque Receiver is a device which will measure forces and torques
applied to it either manually, in the three orthogonal axes or with tools, in
clockwise and counterclockwise directions, Basically the unit consists of an
instrumented shaft capable of accepting either a '"D" shaped handle or tool
adapter, Figure 4~24, The shaft is in two parts, connected by a precision
universal joint. This was done to assure that none of the forces or energy
imparted to the shaft would be required to deflect the shaft, and therefore
all energy is applied directly to the force sensors,
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4.,2,4 TFORCE/TORQUE MODULE (Continued)

Seven quartz~crystal force sensors, Kistler Model 912, are located in-
ternally. One of these measures the +X (push, pull) forces. The other six are
used to measure the +Y (left, right) and +Z (up, down) forces and the CW and CCW
torques, Figure 4-25,

The shaft is inserted in a housing which contains two precision ball
bushings. These bushings guide the shaft movement in the +X and CW and CCW
directions. Although the shaft movement is less than 0.002 inch, it was
necessary to include the bushings because the starting friction of any shaft
movement can be considerable, and result in a significant amount of data error.
The housing also provides the mounting for the force transducers. The single,
4X direction transducer is mounted in the rear end of the housing. The 1Y, -Y,
+Z, ~Z transducers are mounted near the forward end of the housing, at right
angles to the shaft, The transducers measuring the CW and CCW torques are lo-
cated midway between the two bearings on the rear shaft, offset 2.0 inches from
the shaft center. An arm was placed in the shaft at right angles to transmit
the load. Since. the sensors, except for the +X sensor, are located so that the
force vector does not pass directly through the sensor, a conversion factor must
be applied to the output of the transducer. (See Figures 4~26 and 4-27.)

Transducer

Bearings Handle

r=="1 = A4
> ><] <> X)
==7 A

Applied Force

Universal Joint (Y or Z)

R (Transducer)

4;-X2—al
w2

1
Force

FIGURE 4-26  TRANSDUCER ARRANGEMENT
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4,2,4 FORCE/TORQUE MODULE (Continued)

Since there is essentially no movement in the shaft, the forces omn the
load cell can be calculated as follows:

Tu~joint = 0
Applied Force x X, = R X X9

R = X1 (Applied Force)
X

In a similar manner, the output of the transducers measuring the CW and CCW
torques must be adjusted. The offset of torque transducers is 2.0 inches., There-
fore they will be measuring torques one-half as great as are actually applied.
These compensations were readily performed with the Charge Amplifiers by apply-
ing a known load and setting the output accordingly.

Transducer
Resisting F <:A i <::]
Force i !
(Measured) yAl !
} /
’ \—_Jrj
Applied Torque T
T = 2F
F =

T

FIGURE 4-27  TORQUE MEASUREMENT
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4,2,4 TFORCE/TORQUE MODULE (Continued)

One of the problems encountered in measuring forces is the determination
of the actual point of force application, because the errors introduced in the
data are considerable when that point is incorrectly identified.

6,35

|

S——-1

5.50

FIGURE 4-28  HAND PLACEMENT ON HANDLE

In Figure 4-28, it is seen that the correct point of force application
should be through the centerline of the handle. However, should the subject
grasp the handle too low, his fingers will be pressing on the bottom bar,
shifting the point of force application by almost 1.0 inch. To eliminate this
source of error from the data, the handle span was made much larger than
actually required, and then tape was applied to the center portion of the handle.
The subject was instructed to grasp the taped section of the handle.

To enable its reliable use underwater, the Force Receiver was mounted in a
sealed can, and then pressurized to about 4 psi. Other precautions were taken
in the design of this device for underwater use. These include a bladder=type
seal between the shaft and front panel face and potting the cable passage through
the front face. This latter feature represents a compromise with the Task
Sequence since it was originally conceived to have a connector there for the
subject to de~mate and mate when performing the module removal task.

The output of each force transducer was in input to charge amplifiers
mounted outside the force receiver. The output of the charge amplifiers is a
direct analog of the force applied and was recorded directly (See Section 4.2.9).
The Cue Panel, Figure 4~29 which was also made as a sealed pressurized unit,
provides the commands to the test subject for the Force/Torque Tasks, Separate
indicator lights are provided for the three force types (Impulse, Sustain,
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FIGURE 4-29  CUE PANEL

4,2,4 TFORCE/TORQUE MODULE (Continued)

Precise) and the 8 force directions (X, -X, +Y, ~Y, +Z, =Z, CW and CCW). 1In
addition, one light provides a "Ready signal. Two 3~digit numerical displays
are provided for use in the Precise Force/Torque Mode; the upper for the force
quantity commanded; and. the lower for the force quantity emitted. The force or
torque quantity commanded is supplied by the observer thru a 3-digit, thumbwheel
switch., Each switch provides a decimal~to~binary conversion of the numbers

0 thru 9. The output of each switch is conmected directly to its respective
decoder and alpha-numeric display on the cue panel. Thus the same digits can be
used for the Force Task as the Torque Task.

In order to display the force emitted on the Cue Panel, an analog-to~digital
conversion of the force output of the change amplifier is used. The digital work
is decoded to provide the three place digital readout., The decoding is performed
in the Pen-Lite decoder which uses a Fairchild monolithic circuit.

The actual digital-to=~analog conversion is performed using the comparator=
counter approach. In this approach, the analog signal (Charge Amplifier Output)
is the input to an integrator circuit. The output of the integrator is fed to a
comparator which gates the clock signal to the counter. When the integrator
signal is below the reference voltage, the clock signal is being fed to the
counter, When the reference voltage is exceeded, the comparator changes state
and inhibits the transmission of pulses to the decoder. The clock is a 10 KHZ
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4,2 .4 TFORCE/TORQUE MODULE (Continued)

oscillator which means that it requires approximately 100 milliseconds to count
1000 pulses, which is the largest number to be converted., After 100 milliseconds
the number is displayed on the panel, and the counter continues to receive pulses
for 411 milliseconds. At this time the counter and integrator are reset and the
process repeats,

4.2.4.1 Module Removal/Replacement

The Force/Torque Module (FTM) is also used for the Module Removal/Replace~
ment Task. Three receptacles are provided in the Task Panel for the FTM,
Figure 4~15. The center location (position 1) is the stowed location of the
module, and the lower left location (position 3) is the stowage position of the
Cue Panel. The upper right location (position 2) is a specially designed re-
ceptacle which is stowed in the lower right section of the Main Task Panel.

Four captive bolts with 3/8 hex heads were used to fasten the FTM in each
of the 3 positions. These were released and fastened with the ratchet wrench,
The "D" Handle was used to remove and insert the FIM in each of the three
positions. 1In practice, it was found that the releasing and fastening of the
four bolts required more time than was allowed, and therefore, two bolts, at
opposite corners were removed.

4.2.5 PRECISE HAND MOVEMENT

This removable module contains 3 independent negator spring motors, each of
which turns a cable take=~up drum and a potentiometer. A cable attached to each
drum is passed over a series of pulleys and terminates in an eyelet at the front
of the module. The spring temsions were adjusted to give loads of 1l-1/4, 2-1/2
and 5 1lbs.

The front panel, Figure 4-30, of the module is made of plexiglass and is
slotted with a variable width, saw-tooth shaped opening. The widest part of the
opening is located at the side where the eyelets are retained. Separate con=-
ductive surfaces were applied to the top and bottom edges of the saw tooth.

The third part of this task is a conductive probe, with an insulated handle.
At the free end of the probe, the handle is shaped so that it can enter and be
retained in the eyelets. Extending from the insulated handle is the conductive
contactor. A cable attached to the contactor passes out the other end of the
handle into the Task Panel where it terminates in a ground connection.

During the experiment, the subject removes the probe from its receptacle in
the Task Panel and inserts the free end into one of the eyelets, The cable is
pulled out slightly, and the subject touches the probe to a switch located behind
the widest part of the slotted opening. This causes a pair of lights at that

end panel to go on, and at the same time, puts a time mark on the recorder, indi-
cating that the subject is now being timed and turns on a light on the observer
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4,2.5 PRECISE HAND MOVEMENT (Continued)

panel to indicate that the task is underway. The subject then traverses the
slotted opening pulling the spring loaded cable, making sure that it is approxi=-
mately parallel to the front panel, which keeps the conductor-part of the probe
within the slot. Should the probe make contact with either the top or bottom
edge of the slotted opening, a corresponding red light goes on and remains on
until the contact is broken.,

Another switch located at the narrowest part of the saw tooth is contacted
by the probe turning on another pair of white lights. This indicates to the
subject that he has reached the end of the traverse, and he now should start the
return. A time mark is also recorded then. At the conclusion of the return
traverse, the probe is again touched to the first switch turning off all lights.
Thus the time for each part of the traverse is recorded.

The module is retained in the Task Panel by means of two quick=release,
Expando«~Grip fasteners located at opposite corners of the front plate. When the
module is inverted, that is, with the loads coming from the opposite direction,
the fasteners also locate in the opposite holes.

The contact detector circuit, Figure 4-31 of the Precise Hand Movement Task
is designed to prevent arcing when the contact is made (or broken). The circuit
consists of a voltage divider network which puts +41 mv through a 10 K resistor
into the inverting input of a differential amplifier. The non=-inverting input

FIGURE 4-30 PRECISE HAND MOVEMENT TASK
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4.2,5 PRECISE HAND MOVEMENT (Continued)

has a potential of +21 mv applied to it. With the contact open the differential
amplifier is in negative saturation and the voltage at the summing junction
(inverting input) is at 435 mv. The contact is tied to the summing junction
through a 100 resistor. When the contact is grounded the summing junction or
inverting input of the amplifier is pulled to ground potential, and the amplifier
output goes to positive saturation.

The maximum voltage seen at the contact is 35 mv from a source impedance of
approximately 10 K; thus limiting the energy available at the contact to such as
low value that no sparking can occur. Because of the small voltages involved,
the two elements of the contact (probe and surface) should be of the same metal
to prevent false operation due to potentials generated by galvanic action.

4.2.6 TWO-HAND EYE/HAND COORDINATION
The elements of this task are mounted directly into the Task Panel as

opposed to being a separate module, and are located on either side of the
Operational Maintenance Task Module (See Figure 4~15).

Contact # AN\

30.8K (41mv) 10K

+6.2

é Cutput

10K
(21mV) -

103

FIGURE 4-31 SCHEMATIC CONTACT DETECTOR CIRCUIT
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4,2.6 TWO~HAND EYE/HAND COORDINATION (Continued)

The three test points are representative of a male connector pin, a female
connector pin and a solder terminal such as would be found on a printed circuit
board. All three are identical in operation, and each is operated by the closure
of a hermetically sealed miniature switch located within the housing. The
original contact sensor was a Clark Microducer which is an extremely sensitive
force sensor whose impedance changed from several hundred thousand ohms to a
very low value upon the application of a small force. It was intended to compare
this method of contact detection with the method used in the Precise Hand Move~
ment Task (Para. 4.2.4 above), It was determined, however, that the Clark Micro-
ducer while having the proper electrical characteristics, was physically too
delicate and difficult to use in an underwater environment,

The probe used as the contact device approximates the size and shape of a
large test instrument probe, but is a dummy and has a dummy cable which is tied-
off inside the Task Panel. The probe is stored in a receptacle in the Task Panel.

The digital display consists of two decade counters which are subminiature
modules used for counting, decoding, and two 7 segment alpha-numeric readout
devices provide the display. The input command voltage to the subjects digital
display is set by the observer using a two=-digit thumbwheel switch assembly,
Each switch provides a decimal=to=-binary conversion of the numbers O through 9.
The output of each switch is comnected directly to the respective decoder and
alpha-numeric display located in the task panel.

On the other side of the Operational Maintenance Task Module are located
the analog voltmeter and the voltage adjustment pots. The major problem en-
countered with the selection of a suitable voltmeter was the attempt to provide
a sufficiently large scale, while keeping the overall meter size small enough to
fit within the limited space available, Also the meter had to be completely
waterproof to allow its use underwater, and although the supply voltage available
was 5V, the scale had to read to 10. This was because the digital display was
capable of reading to 99, and the experimental design required the use of the
full range. The voltage adjustment consisted of two potsj a 1 turn pot as the
coarse adjustment and a 10 turn pot as the fine adjustment. The adjusted voltage
was also recorded via the telemetry system.

At the conclusion of the task, when the subject feels he has set the voltage
properly, the Task Complete button is pressed, resetting all the circuits to a
zero state and turning off the digital display., This is also indicated on the
telemetry giving the capability to measure the total elapsed time for the task.

4.2,7 OPERATIONAL MAINTENANCE TASK

This module, Figure 4~32, contains a network of pneumatic components,
fittings and tubing arranged in a manner which allows the subject to pressurize
the network manually and remove and replace a particular component upon depres-
surization by the observer, ’
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4,2.7 OPERATIONAL MAINTENANCE TASK (Continued)

Figure 4=33 is a schematic diagram of the network employed in this task.
Upon pressurization, the piston of the cylinder opens a pair of switches. The
pressure is released by the Test Observer pressing a button on his panel opening
the solenoid valve. When this occurs, the piston releases its pressure against
the switches, turning on a 3 c¢ps oscillator which operates the light on the
module at that frequency, and also turning on the buzzer at the same frequency.
The two manual switches on the module are each connected in series with the
switches operated by the piston. The subject opens those switches to turn off
the flashing light and the buzzer, indicating he has recognized the alarms and
will take corrective action.

When the "failure" occurs, the subject uses the open-end wrench to remove
the nut that connects the cylinder to the rest of the circuit, and the T~handle
wrench to remove 2 socket-head cap screws that hold the cylinder to the front
panel.

The Hand Pump is a single acting, spring loaded, air cylinder which was
fitted with a knob on the piston to allow the subject to pressurize the circuit
during the initial test set-up, and also after he has completed the repair with~
out relying on outside sources,

The Snorkel Connector shown in the schematic was used to enable the network
to be air pressurized during the Neutral Buoyancy Simulation Tests,

4,2,8 LIMITED ACCESS

The Limited Access Panel provides a restricted opening for the test subjects
reach and visual access to the Task Panel (See Figures 4-34 and 4-35).

It was determined, during the Feasibility Tests para. 4.1.3, that the
opening in the panel should be approximately 20 inches wide by 11.5 inches high,
and should be positioned in the upper left of the Task Panel so that the opening
exposes the Precise Hand Movement and Two-Hand Tasks. To be representative of
a real limited access situation, this Panel need be more than a simple frame re-
stricting reach access only., It must also prevent the subject from seeing his
task by looking over or around. The requirement to stow this panel inside the
cover also was considered. These resulted in an overall size of 26,88 wide x
20.88 high with the opening centered in the panel as noted above. The opening
in the panel is normally closed with a plate which is removed for operation by
releasing four quick release fasteners,

The Limited Access Panel is attached to the Task Panel by means of 4 tele-
scoping rods., The telescoping feature allows the Limited Access Panel distance
from the Task Panel to be adjusted between 8 and 12 inches., The attachment to
the Task Panel is by means of threaded ends of the rods, while attachment of the
Limited Access Panel is by means of snap-in type pins. The telescoping rods are
stowed on the panel when not in use (See Figure 4-16).

4102



FIGURE 4-32, OPERATIONAL TASK MODULE

Bulkhead

Snorkel
![ Conn
——
Vent < i —s- @

Solenoid

Valve Gage
Bulkhead Check
Connector Valve

===+ EfH)

Check
Valve Bulkhead
Connector Hand Pump

Switches
Cylinder

FIGURE 4-33  SCHEMATIC-OPERATIONAL MAINTENANCE TASK
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FIGURE 4~35  LIMITED ACCESS PANEL

4,2.,9 ELECTRONICS PACKAGE

An exception was made to the Task Panel volume limitations, noted in section
4,1.3, with the electronics packaged separately, Figure 4=36, This was done for
several reasons:

1.

4,

The cost and time required to package the electronics within the Task
Panel envelope would have been prohibitive. This would have entailed
the use of flight hardware design and manufacturing techniques; specifi-
cally the use of multilayer printed circuit boards and cordwood modules,

Checkout, maintenance and repair time and costs are significantly lower
with the configuration utilized.

Modifications, when and if required, are much simpler.

The design of sealed, waterproof packages would have been required in-
curring additional costs and schedule delays.

However, sufficient volume was retained inside the Task Panel to allow the
2lectronics to be packaged therein to satisfy the volumetric requirements as
stated above.
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FIGURE 4-36  ELECTRONICS BOX

4,2.9 ELECTRONICS PACKAGE (Continued)

Figures 4=-37 and 4-38 are typical of the digital and analog circuit boards
used in this configuration. The digital circuit boards are standard printed
circuit boards capable of mounting six 1l4-lead flat~sacks or 6 TO-5 cans. The
analog circuit boards are commercially available pre-punched boards with printed
surfaces to mate with connectors.

Figure 4-39 is a typical power comsumption profile for 1 experimental ses-
sion. The total energy consumption was approximately 16.7 watt-hrs./session.
Momentary peaks of 18.2 watts were reached during the Precise Hand Movement Task
when contacts are made. During the Force/Torque Task peaks of approximately 42
watts were reached when the Forces or Torques are applied (2, 4 or 6 sec. each).
The total accumulated time for the forces and torques is & minutes/session.

This has been accounted for in the total energy calculations. The dumping of th
pressure in the Operational Maintenance Task causes a spike of about 27 watts,
but the duration of the signal is less than 1 second.
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FIGURE 4-38 TYPICAL ANALOG CIRCUIT BOARDS
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4.,2.9 ELECTRONICS PACKAGE (Continued)

The electronics package, contains all of the power supplies, command logic,
control and signal processing circuits associated with the Task Panel. The input
power to the Task Panel was specified in the AAP Experiment General Requirements
Specification as 28 VDC unregulated, ranging from 24 to 32 volts, This input
voltage is reduced to ~15V, +5V, +3V with solid state power supplies for use in
the system, thus keeping well under the lowest point of the input supply
tolerance, and independent of primary power variations. The only components
using the raw input power were selected to operate over a wide range of voltage
so an additional power supply is not required. Each task module has its own
circuitry i.e. power supplies, command logic, and output signal processing.
Thus, a failure in one will not preclude operation, and thus, data collection
from the others.

Typical of the command circuits is the Two~Hand Task Test Point Command
Logic Schematic Diagram shown in Figure 4-40. This circuit allows the observer
to select a specific Test Point (Male or Female Commector Pin or Solder Terminal),
and then start the task when the subject's ready. Also included in the circuit
is a reset capability to allow the observer to change the Test Point Selection
before starting the task, The specific test point selected is also identified
in the data output.

4,2.9.1 Data Qutput Signal Characteristics

Twenty~four separate signals were generated by the electronics package for
use in data analysis. Several of these signals turned out to be redundant, but
to be certain of including all necessary information no attempt was made to
eliminate 'such signals until testing was conducted to determine the most easily
read and most reliable. All 24 signals are listed in Table 4-5, together with
their functional operation and electrical characteristics., All signals are DC.

4.2,10 OBSERVER'S PANEL

The Observer's Panel Figure 4-41 contains the controls to provide command
inputs and cues to the test subject. The panel was made in 2 sections to demon-
strate the storage concept, Figure 4~16, One section contains the controls for
the Force/Torque Task, while the other section contains the controls for the
other tasks plus the timer. The controls are lighted push-button switches using
2 incandescent lamps each. The redundant lighting was done to prevent shut—down
of a test in progress in the event of a lamp failure.
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SCHEMATIC-TEST POINT COMMAND LOGIC
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FIGURE 4=41 OBSERVER'S PANEL

4,2,11 AAP VEHICLE AND OTHER EXPERIMENTS INTEGRATION

Early in the Task Panel development phase of the program, efforts were under-
taken to identify and define the requirements for integrating the Task Panel
into the AAP OWS, There were two areas of consideration; stowage for launch in
the MDA, and deployment for operation in the experiments area of the Workshop.
Since there was no planned use of the Task Panel in the MDA, the interfaces to
be considered the re were weight, volume, mounting, and environmentally induced
loads. The interfaces to be considered for operations in the Workshop were
those mentioned above, and in addition, Input Power, Data Output signal
characteristics, (interface with vehicle data system), test subject work envelopes
lighting, etc. It was determined that the only interface requirements that could
be satisfied within the scope of the program were the stowed (MDA) volume,
mounting dimensions and the input power requirements. The information obtained
on the other interface requirements was not lost, since the knowledge of these
requirements and the known capabilities and limitation of the Task Panel have
suggested various methods of satisfying the vehicle interface requirements.

Coupled with the efforts to establish the Task Panel/Vehicle interface re-

quirements, efforts were instituted to integrate the requirements of several
experiments so that a single Task Panel could be used for all.
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4,2,11 AAP VEHICLE AND OTHER EXPERIMENTS INTEGRATION (Continued)

Experiment D020, Alternate Restraints Evaluation, was being planned to
utilize the entire Task Panel, and it was a requirement on this program to insure
the compatibility of the Task Panel with the D020 tool kit and to insure that
the Task Panel could be easily re~located to the D020 Work Station.

Experiment M171, Metabolic Costs of Inflight Tasks, had a requirement for
2 tasks. The first was a maintenance task requiring the use of hand tools and
of 10-15 minute duration, The second was a Constant Work Task Requiring the
test subject to exercise against a known load for about 5 minutes, For the
first task, the Operational Maintenance Task Module was suggested as a suitable
device. The module is constructed with several fittings and readily lends itself
to disassembly. It was established that while the task is suitable, several
changes in construction were required. Those changes were noted and plans made
to incorporate them at a later date.

The Experiment M171 Constant Work Task differs from the M508 Force/Torque
Emission Task in that the latter is essentially a static force emission, that
there is little or no arm movement during the force emission, while the former
required large arm movements, In addition, the Experiment MLl71 requires a
subject pacing signal, such as a metronome, which is not available in the current
Task Panel. While the Task Panel did not appear capable of satisfying these
requirements, it was suggested that the stud on the face of the Force Receiver be
used to mount the '"D" handle and tool adapter be used as a mounting point for
the Constant Work Device. This suggestion was accepted. It was also suggested
that the Force Receiver instrumentation be used to obtain quantifiable force
profiles especially rise times, but this was not considered appropriate for that
experiment.

Experiment M507, Gravity Substitute Work Bench had a requirement for an
object that can be disassembled into small parts which would be temporarily
stored on the Work Bench, and then reassembled, The Operational Maintenance
Task Module was suggested as a candidate object especially when it was demon=
strated that the back cover of the module could be removed exposing additional
small components for disassembly. This suggestion was accepted.

Experiment M151, Time and Motion Study, in the source of motion picture
data in the Work Shop., Since motion pictures are an important data source for
M508, an effort was initiated to integrate the requirements and capabilities of
M508 and M151. Camera locations in the OWS were established and film require~
ments were defined.
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SECTION 5

EXPERIMENT DESCRIPTION

This section describes in detail the experiment which was outlined in
Section 3.6 and modified by the Feasibility Tests described in Section 4.1.4.
Step~by-step procedures for experimental subjects, variables which were manipu-
lated within each task, and the data to be taken for each task are presented.
The descriptions contained here refer to the conceptual Experimental Task Sequence
presented in Table 3-11. During the ground-based data collection portions of this
program, certain changes in this sequence were necessary. These changes will be
noted as they are encountered.

5.1 MAJOR EXPERIMENTAL CONDITIONS

5.1.1 RESTRAINT CONDITIONS

The entire experimental sequence is performed under three major restraint
conditions. In the first case, a platform with the Gemini Dutch Shoes mounted ou
it provides a foot—anchoring restraint. The second restraint is a mechanically-
operated, variable flexibility waist tether. The tethers are installed to the
bulkhead by thumb-activated tapered pins on the distal end. (A prototype of the
manually-operated unit was used for ground-based data collection.) The third
restraint condition consists of a combination of the waist and shoe restraints.

An additional restraint is utilized in the experiment, but not as a major
independent variable., A handhold is provided for use by the subject during
installation of other restraints, removal of the task board cover and at wvarious
times during other tasks. The handhold contains a squeeze mechanism to activate
attachment pins, which are installed in holes on the task board cover and on the
Task Panel itself after the cover is removed.

5.1.2 PRESSURE SUIT CONDITIONS

The entire experiment sequence, including restraint installation, is per-
formed under three suit conditions. They are the Apollo A7L (Block II) Suit, the
Advanced Extra-Vehicular Suit (AES), and a no-suit (shirtsleeve) condition for IVA
comparisons.

5.2 RESTRAINT INSTALLATION

5.2.1 PROCEDURE

An experiment session begins with the subject positioned in front of the work-
site. All restraints are attached to the subject by lanyards--small cables on
take-up devices. At a given signal, the subject proceeds through the following
steps (assuming a waist and shoe restraint condition):

Remove handhold from suit tie-down with right hand.

Position, insert, and lock handhold in center of task pamel cover.
Release lanyard from handhold and rewind. .

Grasp handhold in left hand.

Release shoe restraint from suit tie-~down,

Position and install shoe restraint on bulkhead.

e ©
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5.2.,1 PROCEDURE (Continued)

7. Release lanyard from shoe restraint and rewind.

8. Grasp handhold with both hands.

9. Don shoes.

10. Release right-~hand end of waist tether from suit tie-down.
11. Attach to right panel receptacle.
12, Release left~hand end of waist tether from suit tie-down.
13. Attach to left panel receptacle.
1l4. Position and tighten tethers.

The procedure for the waist-only or shoe-only restraint conditions is simply a
portion of the above steps.

In addition to his personal restraints, analysis leading to the definition
of the task sequence indicated a need for equipment restraints to anchor tools,
replacement parts, etc. Thus, this part of the sequence included installation of
two equipment tethers, similar in procedure to installation of the waist tethers.
Due to the unavailability of such equipment, however, this task was not performed
during the ground-based data collection program.

5.2.2 MEASURES

Data taken during this task consists mainly of part task times, subjective
and physiological data. Part task times taken are as follows:

. Install handhold - steps 1 to 3 above

. Install shoe restraint - steps 4 to 7 above

. Don shoe restraint - steps 8 and 9 above

. Install and don waist restraint - steps 10 to 14 above

Subjective data is accumulated by means of a post-test Questionnaire Rating Form,
a copy of which is provided in Table 5-1. Physiological data (not taken for any
tasks during the ground-based data collection effort) consists of such measures
as EKG, respiration rate, 0 consumption, CO, production, and body temperature.

5.3 GAIN ACCESS TASK

5.3.1 PROCEDURE

Having secured himself at the worksite, the subject now proceeds to remove
and stow the protective cover on the task panel. The steps involved are as
follows:

1. Grasp free end of left equipment tether,

2. Loosen tether.

3. Move tether in contact with cover.

4., Attach to cover.

5. Grasp free end of lanyard on right wrist with left hand.
6. Reel out lanyard. .

7. Attach lanyard to ratchet wrench¥,

*Tools (ratchet wrench, T-handle wrench, open-end wrench, sockets and extensions)
were placed in a small holder atop the task board during ground-based data
collection. Alternatively, the subject should be expected to carry a tool kit
to the worksite,
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TABLE 5-1

QUESTIONNAIRE RATING FORM NAME =

DATE:

PRESSURE SUIT:
RESTRAINT(S):
SIMULATION:

This form has been designed to obtain your opinion of the suits, restraints,
tools, etc. This data is of extreme importance in obtaining your personal
ratings of the items listed. Each question deals with a particular aspect of
the total experiment and the answers are in the form of a subjective rating of
each element. The rating scale is based on a numerical score of 1 to 7. Low
numbers indicate the item possesses little or none of the particular quality
indicated. High numbers indicate the item possessed a great deal of the qual-
iﬁy indicated. Each numerical selection represents your subjective opinion of
the item.

Example: How do you rate the driver's seat of your automobile
in terms of comfort?

Circle One Number

1 2 3 4 5 6 7

The selection of 1 would indicate the seat had little
or no comfort while 7 would indicate the seat was ex-
tremely comfortable., Values in between would be essen-
tially your opinion of the degree of comfort which the
seat afforded.

After each question a space has been left for any com-
ments you may wish to add to the answer.

Circle One Numbevr

A. Suit Evaluations: (Based on comparisons with other suits you
have worn.)

1. How do you rate the pressure suit in terms of physical comfort?
1 2 3 4 5 6 7
COMMENTS :
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Low Mobility

2D

TABLE 5-1
QUESTIONNAIRE RATING FORM (Continued)
How do you rate the mobility of the suit for each of the
following parts of the body?
a. Hands

1 2 3 4 5 6 7
COMMENTS :

b. Arms
1 2 3 4 5 6 7
COMMENTS :

c. Legs
1 2 3 4 5 6 7
COMMENTS:

d. Torso
1 2 3 4 5 6 7
COMMENTS:

e. Head-Neck Area
1 2 3 4 5 6 7
COMMENTS:

High Mobility



Low Visibility

Very Con-
straining

3.

How do you rate the visibility of items in the sectors listed
when looking through the helmet?

a“

How do you rate the suit in relation to the ability to place
your arms/hands in the access port for performing restricted

TABLE 5-1

QUESTIONNAIRE RATING FORM (Continued)

Straight Ahead
1 2 3 4
COMMENTS::

Extreme Left-Right
1 2 3 4
COMMENTS :

Extreme Up
1 2 3 4
COMMENTS :

Extreme Down
1 2 3 4
COMMENTS :

access measurements?

1 2 3 4
COMMENTS:

High Visibility

Not at all
Constraining



TABLE 5-1

QUESTIONNAIRE RATING FORM (Continued)

5. How do you rate the dexterity of the suit when manjpulating small

items?
Low Dexterity 1 2 3 4 5 6 7 High Dexterity
COMMENTS :

6. How do you rate the tactile feedback afforded by the suit
gloves?

Low 12 3 4 5 6 7 High
COMMENTS :

7. Rate the suit in terms of effort required to overcome the
incumberance of the suit.

Little Effort 1 2 3 4 5 6 7 High Degree

of Effort
COMMENTS:

8. Please comment brietly.
a. In your opinion, what advantages did the suit have?

COMMENT:

b. In your opinion, what disadvantages did the suit have?

COMMENT :
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Low Comfort

Low Comfort

.ittle Effort

dttle Effort

asy

TABLE 5-1

QUESTIONNAIRE RATING FORM (Continued)

Personal Restraint(s) Evaluation: (Exclude handhold from con-
sideration unless specifically identified; if hand and shoes
were used in this session, evaluate the combination).

How do you rate the restraint(s) in tevms of physical comfort
during force task performance?

12 3 4 5 6 7 High Comfort
COMMENTS :

How do you rate the restraint(s) in terms of physical comfort
during fine manipulative task performance?

1 2 3 4 5 6 7 High Comfort
COMMENTS:

Rate the restraint in terms of overall effort required to
perform force emission tasks while utilizing the restraint(s).

1 2 3 4 5 6 7 High Degree

of Effort
COMMENTS:

Rate the restraint in terms of overall effort required to
perform fine manipulative tasks while utilizing the restraint(s).

12 3 4 5 6 7 ' High Degree

of Effort
COMMENTS:

Rate the ease of restraint installation for the restraints used
in this session.

Hand Difficult
12 3 4 5 6 7



Easy

Easy

Low Utility

Low Utility

Low Utility

5.

TABLE 5-1

QUESTIONNAIRE RATING FORM (Continued)

Rate the ease of restraint installation for the restraints used
in this session. (Continued)

Waist Difficult
1 2 3 4 5 6 7
Shoes Difficult

COMMENTS :

Rate the handhold in terms of its utility as a restraint for
body control and installing additional restraints.

1 2 3 4 5 6 7
COMMENTS:

High Utilit

Tool Evaluations:

Rate the utility of the T-Handle used to install the force
receiver bolts.

1 2 3 4 5 6 7 High Utilit

COMMENTS:

Rate the utility of the socket-wrench used to install the
force receiver bolts,

1 2 3 4 5 6 7
COMMENTS :

High Utilit
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Low Utility

Low Utility

Poor

Poor

Low Utility

TABLE 5~1

QUESTIONNAIRE RATING FORM (Continued)

Rate the utility of the squeeze-clamps used to tighten
equipment tethers.

1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the D-Handle as a means for removing
and replacing modules.

1 2 3 4 5 6 7
COMMENTS :

Rate the T-Handle as a tool for performing clockwise and
counterclockwise force emissions,

1 2 3 4 5 6 7
COMMENTS:

Rate the ratchet wrench as a tool for performing clockwise
and counterclockwise force emissions,

1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the open end wrench used in the opera-
tional maintenance task.

1 2 3 4 5 6 7
COMMENTS:

High UtiTity

High Utility

Excellent

Excellent

High Utility



TABLE 5-1

QUESTIONNAIRE RATING FORM (Continued)

D. Fasteners, Connectors, and Switch Evaluations:

1. Rate the utility of the cam lever lock fasteners used to
secure the access panel,

Low Utility 1 2 3 4 5 6 7 High Utility
COMMENTS::

2. Rate the utility of the fastener used to connect the
equipment tether to the task board cover.

Low UtiTity 1 2 3 4 5 6 7 High Utility
COMMENTS:

3. Rate the utility of the fasteners used to connect
lanyards to hand tools.

Low Utility 12 3 4 5 6 7 High Utility
COMMENTS ;

4, Rate the utility of the external hex fasteners used
to secure the cover to the task panel.

Low Utility 1 2 3 4 5 6 7 High Utility
COMMENTS:
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ow UtiTity

.ow UtiTity

ow Utility

ow Utility

TABLE 5~1

QUESTIONNAIRE RATING FORM (Continued)

Rate the utility of the internal hex fasteners used
to secure the cover to the task panel.

1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the two position toggle switches
used on the task panel,

1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the pushbuttons used on the task
panel.

1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the rotary gang tuner used to set
in meter values.

1 2 3 4 5 6 7
COMMENTS :

511
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High Utility

High Utility



Low Utitity

Low Utility

Low Utility

Low Utility

TABLE 5-~1

QUESTIONNAIRE RATING FORM (Continued)

Rate the utility of the captive bolts used to mechanically
connect the force receiver to the panel.

1 2 3 4 5 6 7
COMMENTS:

Miscellaneous Evaluations:

Rate the utility of the wrist lanyards.
1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the waist lanyards.
1 2 3 4 5 6 7
COMMENTS:

Rate the utility of the suit tiedowns used to secure
equipment to the suit.

1 2 3 4 5 6 7
COMMENTS:

General Comments:

In the space provided, add any other comments yoﬁ may have
concerning the suits, restraints, equipment, etc.
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5.3.1 PROCEDURE (Continued)

8.

9.
10,
11.
12.
13.
14,
15.
16.
17.
18,
19.
20.
21.
22,
23.
24,
25,
26.
27.
28.
29,
30.
31.
32.
33.
34,
35,

36,
37.
38.
39.
40.
41,

During the ground-based data collection effort, it was

Attach wrench to 3/8" socket.
Remove from tool kit.

Position wrench at top right cover fastener (external hex).

Loosen external hex fastener.

Position wrench at top left cover fastener.
Loosen fastener.

Position wrench at lower left cover fastener.
Loosen fastener.

Position wrench at lower right cover fastener.
Loosen fastener.

Return 3/8" socket to tool kit,

Return wrench to tool kit.

Release lanyard from wrench.

Attach lanyard to T-handle wrench.

Remove T-handle from tool kit.

Position wrench at top right cover fastener.
Loosen fastener (internal hex).

Position wrench at top left cover fastener.
Loosen fastener.

Position wrench at lower left cover fastener.
Loosen fastener.

Position wrench at lower right cover fastener.
Loosen fastener.

Return wrench to tool kit.

Secure wrench in tool kit.

Detach lanyard and allow it to reel up.

Grasp cover using handhold.

Transfer cover to position at left side of task panel in
position.

Tighten tether.

Reel out lanyard from left sleeve.

Attach to handhold.

Remove handhold from cover.

Install handhold at left of task board.
Release lanyard and allow to reel up.

out—-of-way

discovered that the

use of two different fasteners on the cover was superfluous and of marginal infor-

mational value,
saving of approximately 3-5 minutes.

Steps 21 through 32 were therefore deleted, resulting in a time
Also, since equipment tethers were not

available, the subject simply handed the cover to an experiment technician.

5.3.2 MEASURES

As in the restraint installation task, the data collected during this task
consists mainly of part-task times, subjective and physiological data. Part-task
times taken are as follows:

]

N

Release cover fasteners - Steps 7-20

@ Remove cover - Steps 34-41
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5.3.2 MEASURES (Continued)

Subjective data is accumulated via the questionnaire in Table 5-1, and physio-
logical data would consist of the measures noted in Section 5.2,2.

5.4 INSPECTION, ACTIVATION AND CHECKOUT

The task sequence developed in Section 3.0 included a task to be represen-
tative of various inspection and checkout procedures commonly encountered. A task
was detailed which included calibration of various modules (including the force/
torque emission receiver), operational checkout of all electrical functions, status
of operational maintenance task, and other steps. Ultimately, however, this task
was eliminated from the experiment sequence for three reasons:

1. The nature of the equipment was such that frequent calibration was not
required. Most electrical functions were simply on/off types and hence

checkout was an intuitively simplistic task.

2. No objective, quantifiable measures other than time could be identified
for this task. Hence, the informational return was of low value.

3. Performance of the task would inflict a serious time penalty on the total
session time.

5.5 TWO-HAND EYE/HAND COORDINATION TASK

5.5.1 PROCEDURE

This task requires the subject to perform steps representative of electronic
equipment checkout and associated tasks. The subject uses a probe and, upon
command, places it on one of three test points, which are designed to resemble a
male electrical connector contact, a female electrical connector contact, and a
printed circuit board solder joint. When contact is made, a digital display
device displays a two-digit number. The subject must then set the analog device
to the displayed number using coarse and fine potentiometers.

The specific steps are as follows:

Remove test probe from panel with left hand.

Place left and right thumbs on ready position pushbuttons.

Observe cue light.

Upon illumination of cue light, release pushbuttons and place probe on

contact point commanded.

5. Observe digital readout while maintaining probe on contact point.

6. With right hand, enter digital value into analog meter by setting
potentiometer.

7. Press task complete pushbutton when satisfied with setting.

8. Return analog meter to zero.

E VLN S o]

These steps are repeated a total of nine times, so that each point is pre-
sented three times. The two-digit numbers are randomly selected subject to two
conditions:

5-14



5.5.1 PROCEDURE (Continued)

1. the numbers must be odd, so that the subject is required to make an
interpolation on the analog meter which is scored at even-numbered
intervals;

2, the numbers must be such that task-time comparisons across contact points
are valid. This is accomplished by requiring that, for any succession of
three trials on the same test point, the three numbers will total to 149.
This corresponds to a total of 1-1/2 sweeps over the entire range of the
analog meter.

One additional parameter is altered during this task: access condition.
Nine trials are performed with no access restrictions, as described above. A
limiting-access panel is then installed which restricts the subject's visual field
and arm movements. Nine trials are then performed exactly as described above,

In all trials for this task, the subject is expected to maintain a firm con-
tact with the test point. Broken contacts are indicated by an auditory signal.

5.5.2 MEASURES

The data taken for this task provide measures of speed and accuracy. Trial
time is the elapsed time from steps 4~7 above. As noted, trial time is significant
only when the times for three successive trials of the same test point are combined.

A measure of response time is also taken. Response time is here defined as
the time from the onset of the cue light to the first contact with the test point.

Two measures of accuracy are recorded. The first notes the ability of the
subject to maintain a firm contact with the test point by counting the number of
times contact is broken. The second compares the two—-digit command value with the
value set on the analog meter. The absolute value of setting error is computed.

All of these measures are computed and displayed such that comparisons, by
test point,; can be made across access conditions, restraints, suits, subjects, and
simulation modes. Figure 5-1 shows the combination of conditions to be evaluated
in the two hand task.

Subjective data is accumulated via the Questionnaire Rating Form in Table 5-1
and physiological measures, such as those listed in Section 5.2.2, may also be
recorded.

5.6 PRECISE HAND MOVEMENT TASK

5.6.1 PROCEDURE

The Precise Hand Movement Task requires the subject to perform precise hand
movements with varying degrees of difficulty and force emission requirements.
This task does not directly simulate a spacecraft operational procedure but it
does require the subject to perform a precise dynamic hand movement at different
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SIMULATION MODE:

SUIT ADVANCED EV APOLLO IVA
ONDITION SUIT BLOCK II SUIT SHIRTSLEEVE
RESTRAINT LIMITED FREE | LIMITED FREE | LIMITED FREE

ACCESS ACCESS| ACCESS ACCESS | ACCESS ACCESS

DUTCH SHOES

VARIABLE
FLEXIBILITY
WAIST RESTRAINT

VARIABLE
FLEXIBILITY
WAIST RESTRAINT

& DUTCH SHOES

FIGURE 5-~1 TWO HAND TASK DATA MATRIX

5.,6.1 PROCEDURE (Continued)

force emission levels. This type of task is inherent in many of the spacecraft
EVA/IVA operational procedures and provides an excellent method for reliable and
quantitative evaluation of restraint capabilities, suit performance characteristics
and access envelopes.

The task consists of tracing an irregular, sawtooth path with three different
tension loads on the probe -~ 1.25, 2,50 and 5.00 1lbs. Constant tension loads are
provided by the use of Negator Springs. As the path is traced, the tension cable
also causes a signal to be generated which is proportional to the distance traced.
A separate contact circuit between the path and the probe is provided for the top
portion of the path and the bottom portion. Thus, it is possible to record not
only the number of contacts made, but also precisely where each contact is made.

Since response time is not measured on this task, no "start" cue lights are
provided on the panel. Lights are provided for the following purposes:

® To indicate to the subject that he has begun the task and a timer is now
running (activated by having the subject touch a defined point with the
probe).

¢ To indicate to the subject that he is in contact with the path, either on
the top edge or the bottom edge.
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5,6,1 PROCEDURE (Continued)

@ To indicate to the subject that he has reached the far end of the path
(activated by having the subject touch a defined point with the probe.)

® To indicate completion of the task (activated by having the subject touch
a defined point with the probe).

An auditory signal is also used to indicate to the subject that he is in contact
with the path edges.

The specific steps performed by the subject are as follows:

. Remove stylus from stowed location.

Insert stylus in Negator Spring ring #1.

Press probe to switch #1.

Note illumination of light which indicates timing of trial has commenced.

. Trace path from left to right as quickly and accurately as possible.
Illumination of contact light and auditory signal indicates probe in
contact with sides.

6. At end of path, press switch #2 and note illumination of right hand light

indicating automatic time mark.

7. Immediately trace path to left as quickly and accurately as possible.

8. At end of path, press switch #1, resetting all lights.

9. Remove probe from static ring #1 and insert in Negator Spring ring #2.

2

[ R VoI S

The above steps are repeated for all three spring loads. When this is completed,
a module removal and replacement task is performed by reversing the orientation
of the precise hand movement module:

. Reel out lanyard from left sleeve.

. Attach lanyard to panel at right side eye hook.

. Lift cam lever lock fasteners up.

.  Remove panel, rotate in clockwise direction and replace in panel,
. Close cam lever lock fasteners.

U W

The Precise Hand Movement Task is now repeated with the module in the new
orientation. that is, with the springs at the subject's right. At the conclusion
of these three trials, the module is reversed again to its original position.

Finally, all of the above procedures are repeated with the limiting access
panel in place. Thus both the Two Hand Task and the Precise Hand Movement Task
are performed under free and restricted access conditions.

5.6.2 MEASURES

As with the Two-Hand Task, the data recorded for this task provides measures
of speed and accuracy. The basic parameters recorded are as follows:

o Trial Time, split into two segments: steps-.4~6 in the tracing procedure
above, and steps 6-8. This permits time comparisons for the very
different psychomotor operations of pulling the spring out versus allowing
the spring to pull the arm back.
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5.6,2 MEASURES (Continued)

@ Position Profile of Contacts - profile depicts where in the path a con-
tact occurs, whether it is on the top or bottom edge, and how long the
contacts last.

These parameters permit several computations leading to significant measures.
First, trial time per se is a meaningful indicator of degradation due to the
limiting access envelope, as well as suit and restraint differences. Second, the
absolute number of contacts occurring during a trial provides a direct measure of
subject accuracy. In addition, calculation of the time spent in contact as a
percentage of total traverse time provides a measure of accuracy relative to
subject speed. This permits the non-restricting introduction to the subject of
"traverse the path as quickly and as accurately as possible".

All of these measures provide quantitative, objective, and reliable indica-
tions of differences across the major experimental variables, as summarized in
Figure 5-2.

The only measurement taken during the module removal/replacement aspect of
this task is time, measured from step 1 to step 5 in the replacement sequence above.

Subjective data from the Questionnaire Rating Form in Table 5-1 and physiologica
data (similar to the measures in 5.2.2) may also be taken.

SIMULATION MODE:

SUIT ADVANCED EV APOLLO IVA
CONDITION SUIT BLOCK II SUIT SHIRTSLEEVE
ACCESS LIMITED FREE |LIMITED FREE | LIMITED FREE

COND. ACCESS ACCESS JACCESS ACCESS | ACCESS ACCESS
MODULE

ORIENTATION#* 1 2 1 211 2 1 211 2 1 2
RESTRAINT

DUTCH SHOES

VARIABLE
FLEXIBILITY
WAIST RESTRAINT

VARIABLE
FLEXIBILITY
WAIST RESTRAINT
& DUTCH SHOES

* Module Orientation: 1 = Springs on subject's left.

2

Springs on subject’s right.

FIGURE 5-2 PRECISE HAND MOVEMENT TASK DATA MATRIX
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5.7 FORCE EMISSION AND MODULE REPLACEMENT TASK

5.7.1 PROCEDURE

This task is designed to evaluate and quantify man's ability to generate
impulsive, sustained and precise forces under various conditions of restraint,
type of suit and force receiver location.

The three types of forces are defined as follows:

Sustained - Subject exerts maximum force he can sustain from cue-signal ON
to cue-signal OFF (4 seconds).
Impulse - Subject exerts maximum possible instantaneous force upon receipt
of cue-signal (signal remains ON for 2 seconds).
Precise - Subject is required to match a commanded force value and maintain
that value until cue-signal OFF (6 seconds).

Yorces are applied through a D-handle mounted vertically on the shaft of
the force receiver module. Forces are exerted in six directions: +X (Pull);
~X (Push); +Y (Left); -Y (Right); +Z (Up); and -Z (Down). A panel directly in
front of the subject provides cue indications. Twelve sustained and impulsive
forces are presented in a randomized fashion. For each trial, the subject must
perceive the cue, decide upon the force type and force direction, and exert the
proper force. The cues are presented in this manner in order to provide a task
in the sequence requiring a cognitive decision making analysis and response.

Precise forces are presented in separate blocks of six trials each and are
random only with respect to direction. When a precise force is commanded, the
subject 1is also given a force value which he must match. Two digital readouts
-- one for the commanded value and one for the required force output —- provide
a means of comparison. The commanded force values are given in Table 5-2. These
values were selected from analysis of the results of previous force emission
studies, in particular the Study for the Collection of Human Engineering Data
for Maintenance and Repair of Advanced Space Systems (General Electric Co.,
December 31, 1967). The values were selected to meaningfully tax subject
capabilities, yet still be within the range of feasibility.

The specific steps for conducting these 18 force trials are as follows:

o

Reel out lanyard from right wrist.

Attach D-handle to lanyard from stowed location.

Transfer handle to force receiver.

Attach handle to force receiver stud.

Disconnect lanyard.

Request force receiver and cue panel power on.

Grasp D-handle and prepare for cue.

Perform force emissions of type and direction as indicated. Ready light
will indicate cue panel lights will provide information in 2-4 seconds.
When cue lights go out, trial is complete.

')

o © %

o~ BN

°
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TABLE 5-2 COMMANDED PRECISE FORCE VALUES

DIRECTION

RESTRAINT: WAIST SHOE WAIST & SHOE

Push 15.0 1bs 5.0 18.0
Pull 15.0 5.0 18.0
Left 11.0 11.0 11.0
Right 11.0 11.0 11.0
Up 11.0 20.0 24.0
Down 11.0 20.0 24.0

5,7.1 PROCEDURE (Continued)

At the conclusion of these steps, the force receiver is moved to a new
position in the upper right quadrant of the subject's reach envelope. This task
constitutes a module removal/replacement task. The steps are:

s o

s

~NoNUE LN

o

8.
9

a

10.

11.
12.
13.
14,

Request panel power off.

Attach lanyard to D-handle.

Reel out lanyard from left wrist.

Transfer to tool kit and attach to ratchet wrench.

Connect wrench to socket.

Transfer wrench to force receiver.

Remove captive bolts in each corner starting at top right and going
clockwise.

Pull out module and transfer to upper right location.

Install module and insert captive bolts by hand starting at top right
and going clockwise.

Using wrench, tighten bolts in each cormer starting at top right and
going clockwise.

Restrain wrench at left tie-down on suit sleeve.

Disconnect lanyard from D-handle and allow lanyard to reel up.
Request panel power omn.

Grasp D~handle and prepare for cue.

The force emission task is now repeated at this new location. Thus, the
force emission task comprises three force types and six force directions per-
formed in two separate positions across the major experiment variables.
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5.7.2 MEASURES

Analog profiles of the forces exerted in all directions are recorded for
every trial. These profiles are used to define several measures which describe
the subject's force emission capability. For sustained-type forces, two parameters
are calculated. MIN describes the minimum force which the subject exerts over the
last two seconds of the four-second sustained force signal., Analysis of the force
exerted over the last two seconds of the trial insures that the subject has had
sufficient time to reach his maximum force output level. Therefore, a MIN reading
during the rise time of the force profile is precluded. FIN describes the force
value which the subject is maintaining at the instant the cue signal goes out, or
after 4 seconds of maximum force emission. Both of these parameters provide
different interpretations of a subject's ability to "sustain” a force.

For impulse~type forces, MAX desctribes the maximum force which the subject
emits in response to the two-second impulsive force cue signal. 1In addition
the two seconds following the cue signal will be analyzed to insure reading the
maximum force for the slower responses.

When reducing precise force data, six readings over the last 2.5 seconds of
the 6-sec., profile are taken. These readings are averaged, and the mean is com-
pared to the commanded value. The absolute value of the deviation from the
command provides the desired measure of accuracy.

Two time measures are also used to describe the force emission process. The
first is a response time which is calculated by determining the time from cue-
signal ON until an increase in force profile of 3 pounds is noted for both the
impulse and sustained force case. The second is the time at which the peak force
occurs in the impulse type force trials.

Figure 5-3 presents the combination of conditioms to be evaluated.

The only measure taken during the force receiver module removal/replacement
is task time, which is measured from steps 3 to 12 in the replacement sequence
above.

Subjective data from the Questionnaire Rating Form in Table 5-1 and
physiological data (similar to the measures in 5.2.2) may also be taken.

5.8 TORQUE EMISSION TASK

5.8.1 PROCEDURE

During spaceflight maintenance and repair operations, man will be required
to use tools to exert forces of various magnitudes. This task is designed to
evaluate and quantify man’s ability to generate impulsive and sustained forces
utilizing tools under various conditions of restraint, type of suit and location
of force receiver.

The conditions evaluated are similar to those in the Force Emission Task

and Figure 5-3 also summarizes the conditions for this task. The torque types
are sustained, impulse and precise and are defined as before. Two positions are
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SIMULATION MODE:

SUIT EV CONSTANT APOLLO IVA
CONDITIONS VOIL., SUIT BLOCK II SUIT SHIRTSLEEVE
MODULE MODULE | MODULE MODULE MODULE MODULE
RESTRAINT POS. #1 i POS. #2{ PoS. #1{ PoS. #2| P0oS. #1 | Pos. #2
DUTCH
SHOES
VARIABLE
FLEXIBILITY
WALIST RESTRAINT
VARIABLE
FLEXIBILITY
WAIST RESTRAINT
AND DUTCH SHOQES
FIGURE 5~3 TFORCE EMISSION TASK DATA MATRIX
5.8.1 PROCEDURE {(Continued)
again evaluated -— a center position and a position in the lower left portion of

the subject’s reach envelope. Only two torque directions are evaluated--clock-
wise and counterclockwise about the force receiver center shaft.

Two different tools are used for torque emissions. One is an L-handle
wrench which allows the subject to exert a true torquing force. The other is a
T-handle wrench which requires the subject to exert a torsion-like motion.

Precise torques are performed similar to precise forces. The commanded
values used are presented in Table 5-3.

The step-by-step procedure used for the torque emission task is as follows:

s

Reel out lanyard from right wrist.

Attach lanyard to L~handle wrench.

Attach L-handle wrench to force receiver socket.

Transfer to force receiver and connect socket/wrench to stud.
Grasp wrench and observe cue panel for force information.
Upon onset of go light exert torque as specified.

7. Repeat for a total of 6 trials,

8. Disconnect wrench and socket from force receiver.

9. Return to tool box.

10. Disconnect lanyard from wrench and attach to T-handle.

N

*

@ @
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TABLE 5-3 COMMANDED PRECISE TORQUE VALUES

RESTRAINT WAIST SHOE WAIST & SHOES

TOOL
T-HANDLE

CW 25.0 In.-Lb. 25.0 25.0

CcCwW 25.0 25.0 25.0
RATCHET

CW 60.0 In.-Lb. 120.0 144.0

CCW 60.0 120.0 144.0

5.8.1 PROCEDURE (Continued)

11. Transfer to force receiver.

12. Attach T-handle to force receiver stud.

13, Grasp T-handle and observe cue panel for force information.
14, Upon onset of cue light exert force as specified.

15. Repeat for a total of 6 times.

5.8.2 MEASURES

Measures for the torque emission task are basically the same as those
recorded for the force emission task and described in 5.7.2 above. The only
difference is that response time is not computed for the torque task.

5.8.3 TFORCE/TORQUE EMISSION TASKS PROTOCOL

Figure 5-4 presents a copy of a computer generated procedure for performing
the force and torque emission task. This print-out is presented here because
it reflects important procedural steps that cannot be discussed within either
task separately.

The force and torque protocol is the result of random combinations of the
task parameters. The two tasks, force and torque tasks, are performed ran-
domly insofar as is possible without adding serious time penalties to the overall
task sequence. This constraint results in several limitations upon the process
of randomization. First, only two sequences of force/torque combinations are
acceptable. These sequences are as follows:
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FIGURE 5-4.

FORCE/TORQUE TASK PROTOCOL
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5.8.3 FORCE/TORQUE EMISSION TASKS PROTOCOL (Continued)

SEQUENCE 1 SEQUENCE 2
Task Position Task Position
Forces Center Torques Center
Torques Center Forces Center
Forces Upper Right Torques Lower Left
Torques Lower Left Forces Upper Right

These sequences minimize force receiver module movements and also prevent
fatigue effects resulting from back-to-back force (on torque) emissions at two
different positions. Note that both forces and torques are performed at the
center position, but in the upper right position only forces are performed and
in the lower left position only torques are performed. Ideally, of course, one
would like to evaluate forces and torques in various positions in the reach
envelope, but time comstraints limit evaluation to the current structure.

Additional constraints on randomization of variables also exist within the
force task and within the torque task. During force emissions, response time
is measured for sustained and impulse force trials, Thus, precise forces are
performed in a block independent of the sustained and impulse trials, and may
occur, with equal probability, either at the beginning or the end of a series
of force trials. During torque trials, since response time is not recorded,
the sustained, impulse and precise trials are randomly combined. However, the
two different tools are split into blocks of six trials each, since it would
not be practical to change tools on every trial. The L-handle or the T-handle
wrench may occur first, at a given position, with equal probability.

Force receiver module removal/replacement is accomplished when it is
necessary to change the module from one position to another for a new series

of trials.

5.9 OPERATIONAL MAINTENANCE TASK

5.9.1 PROCEDURE

The Operational Maintenance Task requires the subject to remove and replace
a component from a gas plumbing system when the assembly has '"failed". The task
is activated by a control switch on the observer's panel. This switch causes a
solenoid valve on the task panel to operate which results in dumping the pressure
in the system. A meter on the panel will indicate the pressure drop, and a
warning signal - consisting of a flashing light and an auditory alarm - will be
activated. The subject is expected to recognize the failure and proceed with
the corrective action.

The specific steps required are as follows:
1. Observe onset of flashing light and audio alarm.

2. Turn off light and alarm.
3. Reel out lanyard from right wrist and attach to T-handle.
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5.9,1 PROCEDURE (Continued)

4, Obtain T-handle wrench from tool kit.
5. Reel out lanyard from left wrist.
6. Attach to component,
7. Release allen-head nuts that hold component in place.
8. Allow T-handle wrench lanyard to reel up.
9. Reel out lanyard from waist and attach to open-end wrench in tool kit.
10. Remove open-end wrench from tool kit.
11. Release hex fastener on component.
12. Remove component.
13. Return to tool kit,
14. Release lanyard.
15. Attach lanyard to new component.
16. Remove new component from tool kit.
17. Using wrench tighten nuts,
18. Restrain wrench temporarily at suit tie-down.
19. Pressurize system to 10 psig using manual pump.
20. Return wrenches to tool kit.
21. Disconnect lanyard from component to allow to reel up.
22. Disconnect tool lanyards and allow to reel up.

5.9.2 MEASURES
The basic measure accumulated in this task is task time from steps 7 to 19
above. Subjective data from the Questionnaire Rating Form in Table 5-1 and

physiological data (such as the measures of 5.2.2) may also be collected.

5.10 CONCLUDING TASK

The remainder of the task sequence was designed to simulate required operations
that would successfully conclude any EVA/IVA task. Thus, the subject is required
to return the cover to the Task Panel and install it. When this is completed, the
subject removes his personal restraints, fastens them to lanyards and to suit tie-
down, and leaves the worksite.

These tasks were found to be especially time consuming and were performed
only in 1-G and in parts of the 6 DOF simulation.
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SECTION 6

DATA COLLECTION ACTIVITIES

Four ground-based simulation techniques were utilized to collect the data
required to satisfy the objectives of the experiment. These techniques involved
three zero-gravity simulation methods as well as performance of the experiment
in the one-gravity environment. TFor ease of writing, the one-gravity data
collection is also considered to be a ground-based simulation technique.

The one~g and neutral buoyancy simulations were performed at the Controlled
Buoyancy Facility, located at the General Electric Space Division Complex at
King of Prussia, Pennsylvania. The 6 Degree-of~Freedom mechanical simulations
were performed at the NASA, Marshall Space Flight Center utilizing the. Action-
Reaction Free Fall Simulator. The final mode of zero-gravity simulation was the
Keplerian Trajectories performed in the KC-135 aircraft supplied by the Aeronauti-
cal Systems Division at Wright-Patterson Air Force Base, Dayton, Ohio.

The following paragraphs in this section describe the details of the data
collection activities and instrumentation and data recording equipment associated
with each of the simulation modes.

6.1 INSTRUMENTATION AND DATA RECORDING

The instrumentation for the ground-based data collection effort was designed
to provide a permanent record of the data gathered during the test programs and
provide the capability for data reduction and analysis on a non-real time basis.
Figure 6-1 illustrates the test set-up used in all four simulation test modes.

The signal conditioning equipment contained in the Electronics Box was
described in Section 4.2,9. The equipment described here provided the interface
between the Electronics Box and the data collection and recording equipment.

An eijght-channel oscillographic recorder (Brush Mark 200) was used for data
recording, since no more than eight signals were necessary for display or recording
during any one task. Depending on the rask being performed, the test director
changed the signal inputs to the recorder by using small patch boards which could
quickly and easily be changed during subject rest periods. The recorder was
situated in close proximity to the test director to provide a real-time display
of the operational status of all telemetry signals,

The Brush Mark 200 recorder was not suitable for use aboard the KC-135 O-g
aircraft. Hence, for that mode only, a GFE, 24~channel Visicorder was used.

Since that recorder tends to overlap signals, all redundant signals were eliminated
from the display.

Figures 6~2 through 6-6 illustrate typical traces of the telemetry signals
obtained for all tasks, The last three figures only show examples of force task
telemetry. The torque task signals are exactly the same except that the clockwise
4nd counterclockwise signals are displayed instead of the X, Y, and +Z outputs,

Figure 6~2, describes the data collected for the Two-Hand Task., Six channels
were utilized for recording the subjects performance. Channel 1 provided a 0-5
volt signal whose magnitude identified which test point was used and whose dura-
tion determined total trial time. Channel 2 provided a 0-5 volt signal whose

6=l



YITI0OHE

dOLHES ISHIL NOILDHETIOD VIVA T-9 HINOId

.

(ONISSHO0Ed
JMSYL_ONVH 2 VIVa)
! N
aavod — X049
HOIVd WHA [SOINOYIDATH
\
F0Y04 /2N0I0L

(ONISSEI0Ed ANVWHOD)

— ]

TINVd Xog TANVd
JSVL SOINOYLDATH SYIATISTO
A A A
SASVL YAWIL SANVIINOD

SNOIIVAYHSLO
TWIL 3 HOIOA

P JOILOHIIA

SANVWNOD B 1STL

SANVWWOD HOTOA

6-2



TRIAL START (BY OBSERVER)
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FIGURE 6-2 TWO-HAND COORDINATION TASK TELEMETRY
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6.1 INSTRUMENTATION AND DATA RECORDING (Continued)

magnitude identified the value of the two-digit (0-99) input to be displayed to
and matched by the test subject. Channel 3 provided a 0-5 volt trace history of
the subjects matching of the digitally displayed value on the vernier display.
Channel 4 provided a 15 volt signal whenever the subject broke contact with the
test point during the conduct of a trial, Channel 5 provided a 0-5 volt signal,
whose slope was 2.5 volts/second, used to record the contact break time., Channel
6 provided a 15 volt signal which was used to record the duratiom of the trial,

Figure 6-3 describes the data collected for the Precise Hand Movement Task,
Eight channels were utilized for recording the data. Channels 1, 2 and 3 provided
a 0~5 volt trace, for each of the three spring tensions, whose slope and magnitude
indicated the subjects' traversal rate and location on the path, respectively.
Channel 4 provided a 0-5 volt full-scale pulse during traversal time in one direc-
tion and a half full scale pulse during traversal time back to the starting point.
Channels 5 and 7 provided full scale, 0-15 volt, pulse whenever a contact was
made with the top or bottom edge of the traversal path. Channels 6 and 8 provided
0-5 volt traces whose magnitude and slope indicated the top and bottom contact
durations, respectively.

Figures 6-4, 6-5, and 6-6 describe the data collected for the Force/Torque
Emission Task Sustained, Impulse and Precise force trials respectively. Channel
1 in all cases provided a 0-5 volt signal whose magnitude identified the required
force direction and whose duration identified the force type. Channel 2 provided
a 0-5 volt signal whose magnitude identified the value of the commanded precise
force to be matched by the subject. This channel was inactive during the sustained
and impulsive forces. Channels 3 through 8 provided a 0-5 volt trace of the force
profile in each of the six possible directions of +X, +Y and +Z. The magnitude of
the force profiles indicated the amount and the duration of the force being exerted
in the commanded direction.

6.2 ONE-G DATA COLLECTION ACTIVITIES

The one-g test series was conducted at the GE Valley Forge Facility. In order
to utilize the same instrumentation and recording equipment as the neutral buoyancy
tests, the one-g testing was done adjacent to the Controlled Buoyancy Facility.

The task panel was attached to an adaptor plate which was mounted to a structural
I-beam in the wall. The foot restraint was attached in a similar fashion by using
a platform as shown on Figure 6-7.

The total experiment required the performance of 36 sessions to complete the
condition egmbinations of restraints, suits, subjects and replications. The one-g
testing reduced the 36 sessions to 24 because the waist restraint only condition
was impossible in this mode. The 24 remaining sessions evaluated two restraint
conditions (shoes only and waist and shoes), 3 suited conditions(Shirtsleeve,
Apollo Suit, and Litton (AES) suit), and 2 subjects with each condition replicated.
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FIGURE 6-7 ONE-G TEST SETUP

6.2 ONE-G DATA COLLECTION ACTIVITIES (Continued)

The testing deviated from the actual EVA condition in that the following
items were not available for evaluation in the suited condition:

EVVA (Extravehicular Visor Assembly)
EV Gloves

PLSS (Portable Life Support System)
LCG (Liquid Cooling Garment)

O 0O O o

The suits used were an A6L, Medium Long and an A7L, Large Long. The Litton
Advanced Extravehicular Suit was comparable in size to the Apollo, Large Long
and had enough built in adjustment capability to accommodate the subject who wore
the A6L suit,

The pressurization system for the suited operations is shown on Figure 6-8
and consists of the airbank, 2 stage regulator and AAP controller which varies the
pressure and flow rate within the suit. During testing the pressure was main-
tained at 3.5 psi and the flow rate at 10 cfm minimum.

Two-way communication between the test director and the subject was available
by utilizing the communications carrier in the suited condition and a headset in
the shirtsleeve condition. A buzzer was also connected between the task panel and
the subject, It would indicate when contact was broken on the Two-Hand Task, when
contact was made with the path of the Precise Hand Movement Task or when a pres-—
sure drop developed in the Operational Maintenance Task.

6-9
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6.2 ONE~G DATA COLLECTION ACTIVITIES (Continued)

Data collection during the one~g testing was accomplished by recording the
outputs of the task panel as described in para, 6.1. Comments applicable to the
test were identified on the chart paper, and also logged in the session instruc—
tion sheets. Photographic data was collected using a Mauer 16 mm camera at 8
frames/sec,

Support personnel assisting in the experiment included a suit technician and
nurse., The suit technician was responsible for assisting the subject in donning
and doffing the suits, and also, monitoring the pressurization system during the
test sessions, As a safety precaution, a nurse trained in hyperbaric medicine
was on—-site during all pressure suited operations, and a hyperbaric chamber was
available at the facility.

6.3 ACTION-REACTION FREE-FALL SIMULATOR (6 DEGREES—QF-FREEDOM)

This test series was performed at the Marshall Space Flight Center, Huntsville,
Alabama. The action~reaction free-fall simulator (Figure 6-~9) was developed by
the Manufacturing Engineering Laboratory at MSFC for the purpose of determining
the design integrity of space-oriented equipment. Naturally, this simulator cannot
prevent the test subject from feeling the gravitational pull as it forces him
against the harness straps. In order to simulate a believable zero gravity condi-
tion, the test subject and the simulator must be considered as one entity. In this
way, the six degree-of-freedom, action-reaction, zero gravity phenomena can be
observed,

The Task Panel and the Foot Restraint platform were mounted to a frame struc-
ture made available at the facility, Although this structure required little
modification to accommodate the task panel, which at the time was expedient, it
would have been desirable to have a more rigid, stable mounting platform.

The number of tests planned in the 6 Degree-of-Freedom mode was minimized by
eliminating the replication of each session. This effectively reduced the test
plan from 36 to 18 sessions, thus collecting data on 2 subjects across 3 suits
across 3 restraints., Further reduction of the test plan was later realized when
the AES suit would not conform to the simulator harness assembly (Figure 6-10).
The major problem area was the cycle seat, which would not permit the legs to
come together, thereby eliminating the opportunity to utilize the shoe restraint
(Figure 6-11)., Further attempts at trying to collect data in the waist restraint
only condition were aborted because of the risk of damaging the suit, In additionm,
the full potential of the suit could not be realized because of the harness and
waist restraint restricting the suit mobility as shown in Figures 6-12 and 6-13.

The effect of gravitational forces on peripheral equipment such as the force
receiver, foot restraint, hand restraint and cover affected the balance of the
system and tended to tilt the subjects. Therefore, this equipment had to be
handled by an assistant.
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FIGURE 6-~13 SHOULDER MOBILITY RESTRICTION

6.3 ACTION-REACTION FREE-FALL SIMULATOR (6 DEGREE-OF-FREEDOM) (Continued)

During this test series, a Liquid Cooling Garment (LCG) was used in all the
pressure suited sessions and was a definite factor in reducing fatigue and adding
to the comfort of the subjects.

The pressurization system was essentially the same as in the one~g mode with
the exception of the air source. The air was tapped from the shop air supply, and
then filtered until it was certified as breathing air.

The communication system utilized the communication carrier in the pressure
suited mode, but in the shirtsleeve mode the subjects were required to wear pro-
tective helmets that would not accommodate the headset used in the one-g test
series. Although this eliminated the interconnecting warning buzzer, voice com-
munication between Test Director and subject was audible and no difficulty was
encountered in conducting the test,

Data collection and film coverage during this series was identical to the
one~g simulation,

Support personnel included a suit technician to assist the test subject, a
simulator technician to aid in adjusting, balancing and operating the simulator
and a medical office representative who was present, or on call, during the pres-
surized suit tests,
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6.4 NEUTRAL BUOYANCY

The facility used for the conduct of the neutral buoyancy simulation portion
of the experiments is a part of the General Electric Space Division Complex
located at King of Prussia, Pennsylvania, The facility is designated the Con-
trolled Buoyancy Facility and consists of the pool area, locker and shower rooms,
experiment preparation area, pressure suit storage and drying area, experiment
control area, medical/first aid area, and peripheral pool support equipment and
shops.

The pool area, Figure 6~14, is in an environmentally controlled room which
maintains ambient temperature at 85°F + 1°F, The pool is 60 ft. long, 28 ft.
wide, and 25 ft. deep throughout. Two 25 foot ladders afford personnel access to
the pool with a 4 ft, by 6 ft. entrance platform located at one end adjacent to a
ladder at 4 feet below the water surface., At approximately 15 ft. below surface,
another 10 ft. by 12 ft. platform is located for conducting experiments which do
not require the full 25 foot depth. The pool water can be controlled at any
temperature between 60°F and 100°F. The water is continuously filtered by a
diatomaceous earth filter system and purified by a chlorinel bromine system which
maintains pool clarity and purity at an extremely high degree. The basic concept
of neutral buoyancy involves the establishment of a buoyant force equal to the
weight of the subject (plus pressure suit), with the center of buoyancy coincidin;
with the center of gravity to preclude or reduce any orientational bias. When
this state is achieved, a reasonable simulation of zero-g reaction dynamics is
possible,

FIGURE 6~14 CONTROLLED BUOYANCY FACILITY
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6.4 NEUTRAL BUOYANCY (Continued)

The Task Panel was mounted on a 12° x 12° panel that was installed in the
pool via a track which was affixed to the side of the pool. An overhead hoist
was used to lower the panel into the water or remove it. The task panel was in-
stalled in the pool at a depth of 10 ft. below the water surface level, Figure
6-15,

The test plan for the neutral buoyancy testing was revised in the following
manner., By eliminating the Apollo A7L suit, from the underwater activities, the
neutral buoyancy test plan was reduced from 36 sessions to 24 sessions, Further
reduction in the test plan resulted from delays associated with equipment and
pressure suit failures and subject illness during the underwater portion of the
program. The Task Panel is the most intricate equipment ever operated in the
G.E. underwater facility, consequently, unforeseen problems developed which were
resolved but without undue loss of valuable testing time. One of the two subjects
used throughout the test program developed an ear infection and was restricted
from underwater activities for several days. The failure of the Advanced Extra-
Vehicular Suit resulted from a leak in the connector of the suit electrical harness,
Upon investigation, it was evident that the wrong O-ring was used in sealing the
connector to the suit torso. A total of 15 sessions were completed in the under-
water neutral buoyancy mode before terminating the program.

FIGURE 6-15 NEUTRAL BUOYANCY SIMULATION TEST SETUP
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6.4 NEUTRAL BUOYANCY (Continued)

The pressurization system (Figure 6~16) for the neutral buoyancy simulation
program consisted of the air bank, 2 stage regulator, backpack, surface flowmeter,
and pressure gage. The backpack was originally designed and developed by the
General Electric Company as a water pressurization device to be used in conjunction
with a specially designed quick-disconnect helmet. This system proved to be safe,
reliable and efficient in previous test programs conducted by General Electric.
(See HEMAR, NAS8-18117, 31 December 1967, HECMAR, NAS8-21429, 15 June 1969.)

The backpack was easily modified to be used as an air pressurization device with-
out destroying its capability for water pressurization. The backpack compensates
for pressure differentials as the subject descends to working depth. However, the
pressure could also be controlled manually by the safety diver to assist the
subject’s ingress and egress. The air flow rate and pressure were maintained at
10 cfm and 3.5 psi (gage) respectively and continually monitored on the surface

to insure the safety of the subject.

Each subject was neutrally buoyed at the start of each experiment session.
Lead weights were added as required to the weight harness, Figure 6~17, to adjust
for the individual subject'’s weight and center of gravity. The weight harness,
approximately 130 pounds, not only compromised the mobility of the suit, but also
had a very fatiguing effect on the subjects during ingress, egress, weight attach-
ment and neutrally buoying,

fhe shirtsleeve sessions utilized a standard scuba regulator attached to a
hookah line. A simple back-mounted harness consisting of a shoulder harness worn
over the thorax was used to maintain the regulator hose at a fixed position.
Neutral buoyancy was obtained by adding weights or flotation material to the sub-
ject prior to each experimental session,

The communication system available to the test director included the communi-
cations carrier in the suited mode (director to subject only) and one way voice
communication (surface to subsurface) to instruct underwater personnel and direct
operations., The latter was the only means of communication utilized in the shirt-
sleeve mode. An underwater TV system was also used throughout the testing program
to assure the test director that proper experimental protocol and safety measures
were being followed.

Photographic coverage consisted of motion picture films and stills. Data
collection for the neutral buoyancy simulation consisted of recording data outputs
on an 8 channel brush recorder as described in Paragraph 6.2, Support personnel
required for the underwater testing included a safety diver, 2 underwater technicians,
photographer, and surface technician. These personnel were required to maintain
rigid adherence to safety and diving protocols along with their specific duties
associated with the data collection program.

Subject availability was lost on several occasions as a result of ear inflam—

mations., While no pathogenic analyses were taken to delineate the infectious
organisms involved, it is felt that the problem may have been due to the tendency

6-18
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6.4 NEUTRAL BUOYANCY (Continued)

of the subjects to fail to adequately clean and dry their ears following continued
extended diving procedures. This provided a warm moist environment that caused
ambient pathogens to flourish and create the inflammation. Continuous water sam—
ples indicated an almost sterile water condition with no detectable toxins. As a
result, the probability of water introduced pathogens or irritants seems remote.

6.5 KC-135 ZERO GRAVITY

This portion of the test program was performed at Wright-Patterson Air Force
Base with the support of the Aeronautical Systems Division (ASD). The testing
was conducted during weightless simulation flights using the Air Force KC-135
Zero-G test aircraft. In these flights, the aircraft followed a ballistic tra-
jectory so that objects inside the aircraft were in a state of free-fall, thus
being effectively weightless. The period of weightlessness produced was nominally
25 seconds. The degree of accuracy was + .01G and depended primarily on pilot
profiency and prevailing weather conditions. The zero-gravity maneuver is shown
on Figure 6~18.

All GE personnel engaged in the test flights were required to meet the
following qualifications:

1. Establish proper security clearance att Wright-Patterson Air Force Base,
2., Successfully pass a Class III flight physical,
3. Complete physiological training which consisted of:
a, Altitude chamber indoctrination.
b. Explosive decompression
4, Complete survival training.

The Task Panel and foot restraint support were mounted to a frame structure
that was specifically designed to meet the interface requirements of the aircraft.
All test equipment was mounted to the floor of the aircraft on a 20-in., grid
pattern which straddled the aircraft centerline.

The test plan for this portion of the program had to be drastically modified
to accommodate the limited time available aboard the aircraft. In order to
accomplish this, the number of sessions and the time required for each session had
to be reduced. The test plan of 36 sessions was reduced to 18 by eliminating each
replication, and the time~line for each session was reduced by eliminating the
following tasks:

Foot restraint installation
Cover removal

Installation of access panel
« Removal of access panel

. Cover replacement

®

2

bW
L

Seven reduced time-line sessions requiring approximately 55 parabolas per
session were completed during the 2 weeks in which the aircraft was available
for the program., The aircraft made 8 flights and accumulated a total of 375
parabolas.,
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6.5 KC-135 ZERO GRAVITY (Continued)

The suit pressurization system was identieal to the one-g system, utilizing
an air bank and the AAP controller.

Communications during the KC-135 testing utilized the aircraft's inter-comm

for the shirtsleeve mode.

Documentary photography (motion pictures and slides)

was provided by an Air Force photographer throughout the KC-135 testing.

Complete recalibration of the output circuitry in the electronics was required
to use the Visicorder available on the aircraft.
recording instrument that utilizes light sensitive paper rather than ink and it is
not affected by the zero~gravity maneuver,

The Visicorder is a 24 channel

Support personnel required aboard the aircraft exclusive of the crew and ASD
representative included a G.E. test technician, NASA suit technicians, and an
Air Force photographer,

1lg >2bo 0g ﬂt‘(—f/zg ér& 1g
!
6-8 25 Sec. L8100 |
Sec. " Sec, ;
|
| I
| %
| |
—T T TN §
ACCELERATE TO e ~ l ;
525 KNOTS / HOLD Og i
TRUE AIRSPEED / TO 509 DIVE * End at
N ’ 24,000-26,000 Ft.
PUSH OVER
TO Og
Start at INITIATE 2kg 2g PULLOUT
24,000 Ft, PULLUP TO 50°

CLIMB ANGLE

FIGURE 6-18 ZERO-GRAVITY MANEUVER

6-22



SECTION 7

DATA ANALYSIS AND RESULTS

7.1 DATA REDUCTION

This section describes the technique utilized to convert the raw data
resulting from the data collection activities described in Section 6 into the
measures defined in Section 5. All voltage data was read and manually converted
to engineering units. The converted data was then tabulated on computer-compatible
formats, illustrated in Figure 7-1, and discussed below. Five basic task divisions
were identified: Two-~Hand Data, Precise Hand Movement Data, Precise Force Data,
Impulse and Sustained Force Data and Torque Data., The sixth format illustrated
was used to tabulate task-time data. These divisions were established mainly for
ease of analysis and consistency of computational techniques required. For each
of the five categories, a computer program was written to permit analysis on the
GE-605 Desk-Side Time-Shared (DSTS) computer system., This method of analysis
allows the experimenter to use the data bank in a "conversational mode", combining
various data points in ways that permit comparisons about performance parameters
across different combinations of experimental conditions,

7.1,1 DATA PREPARATION

The first six columns of the data formats (Figure 7-1) contain the same
descriptive and identification data for all tasks. These columns contain integer
digits which indicate the experimental conditions under which the associated data
point was collected, Table 7-1 presents the information and corresponding codes
used in these columns.

TABLE 7-1 EXPERIMENTAL CONDITION DESCRIPTIVE CODES

EXPERIMENTAL
COLUMN CONDITION CODES USED
1 Simulation Mode 1 = One-G
2 = KC~135
3 = Neutral Buoyancy
4 = 6 Degree—of-Freedom
2-3 Session Number 01 to 36, corresponding to
session protocols
4 Subject 1 = Subject 1
2 = Subject 2
5 Suit 1 = Shirtsleeve
2 = Apollo Block IT (A7L)
3 = Advanced Extravehicular
Suit (AES)
6 Restraint 1 = Waist Tether
2 = Dutch Shoes
3 = Waist and Shoes
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7.1.1 DATA PREPARATION (Continued)

Thus, every data point collected in the program is identified by its corresponding
experiment conditions and can be readily traced to its originating session.

The next five columns of the data formats contain additional identifying
information that is applicable to a particular task. Thus column 7 contains a
digit identifying the data as belonging to one of the five major task divisions
identified above., Columns 8 through 11 (not all of which are always used) iden-
tify such experimental conditions as access condition, force receiver position,
etc. Table 7-2 presents the information and coding used for these columms,

The remaining columns contain the actual values of the data entries. The
mechanics of obtaining these entries are described below for each of the six
format sheets.

7.1.1,1 Two-Hand Task

The Two-~Hand Task is always performed in a block of nine trials - 3 trials
for each test point. Thus, the data format in Figure 7-1A was structured so that
each line contained data from the three trials of a particular test point. The
test point was identified in columns 12, 31, and 50 by a one-digit number, where
"1" was used for the male test point, "2" for the female test point, and "3" for
the solder point. The remaining entries for each test point were obtained from
the traces of Figure 6-2 in Section 6 as follows:

DVM INPUT - Determined from the amplitude of signal 2.

ANALOG SETITING - Determined from the amplitude of signal 3.

RESPONSE TIME - Determined from the difference in duration of signals 1 and 6,

TRIAL TIME -~ Determined from the duration of signal 1.

NUMBER OF BREAKS -~ Determined by counting the pulses of signal 4.

Approximately 1050 trials were recorded for the Two-Hand Task,

7.1.1.2 Precise Hand Movement

In the original experiment definition, measures for the Precise Hand Move-
ment Task included a position profile indicating where contacts occurred. However,
due to technical difficulties with the spring displacement signals during neutral
buoyancy and KC-135 testing, this data was available for only two modes. Thus,
contact data was recorded only by totals, using the format of Figure 7-1B. The

entries in columns 12 through 30 were obtained from the traces of Figure 6-3 as
follows:



TASK

All

Two~Hand~Task

Precise Hand
Movement

Precise TForce

Sustained,
Impulse Force

Torque

TABLE 7-2 TASK CONDITION DESCRIPTIVE CODES

COLUMN EXPERIMENT CONDITION
7 Task Name
8 Access Condition
8 Access Condition
9 Module Orientation

10 Spring Tension

11 Traverse Direction
8 Force Receiver Position
8 Force Receiver Positiim
8 Force Receiver Position
9 Tool

T4

NS W N N
I

o=

N =

CODES USED

Two Hand Task
Precise Hand Movement
Task

Precise Force Task
Sustained and Impulse
Force Task

Torque Task

Free Access
Limited Access

= Free Access
= Limited Access

Springs Left
Springs Right

5 lbs.

= 1.2
2,50 1bs.
5.0

0 1bs.

First Half

= Second Half

Center
Upper Right

Center
Upper Right

Center
Lower Left

L-Handle
T-Handle



7.1.1.2 Precise Hand Movement (Continued)

TRAVERSE TIME - Duration of 5V-signal and duration of 2.5V signal, from
signal 4, depending upon traverse direction.

TOTAL TOP CONTACTS - Determined by counting the pulses of signal 5.

TOTAL TIME (TOP) - Determining by measuring and adding widths of pulses
of signal 5.

TOTAL BOTTOM CONTACTS - Determined by counting the pulses of signal 7.

TOTAL TIME (BOTTOM) - Determined by measuring and adding widths of pulses
of signal 7.

Approximately 1300 trials were recorded for the Precise Hand Movement Task

7.1.1.3 Precise Forces

Figure 7-1C shows the format used to record data for Precise Force Trials.
Column 12 contains a redundant identifier indicating a Precise-type force.
Column 13 is used to indicate the direction of the force according to the code
of Table 7-3, The remaining data entries are determined from the traces of

Figure 6-6:
PRECISE COMMAND - Determined from the amplitude of signal 2.

PRECISE FORCE AVERAGE ~ An average of six points taken every .5 seconds,
over the last 2.5 seconds of the commanded direction force output.

PRECISE FORCE RANGE - The highest and lowest of the six points included in
the Precise Force Average.

Approximately 650 Precise Force trials were recorded.




TABLE 7-~3

FORCE/TORQUE TYPE AND DIRECTION CODES

Force/Torque Type (Column 12) CODE
Impulse 1
Sustained 2
Precise 3

Force Direction (Column 13) CODE
+X Pull 1
=X Push 2
+Y Right 3
=Y Left 4
+Z Up 5
~Z Down 6

Torque Direction (Column 13) CODE
Clockwise 1
Counterclockwise 2



7,1.1.4 Sustained and Impulse Forces

Sustained and Impulse Forces were combined on one data sheet because of the
similarity of computational techniques and because a computer and programming
savings results from the combination. Figure 7-1D illustrates the format used.
Columns 12 and 13 designate the force type and direction being recorded as de~
scribed in Table 7-3. The remaining column entries are as follows:

MAX (I) =~ In the case of impulse forces, a time-slice is taken through the
commanded direction and two error axes at a point in time when the
maximum force in the commanded direction occurs. The commanded
direction is scanned for four seconds to find the peak =~ the
2-second command pulse plus an additional 2-seconds.,

Forces are recorded, at this point, for three directions in
columns 14«43,

FIN (S) = In the case of sustained forces, a slice is taken through the
commanded direction and two error axes at the point in time when
the cue=-signal is extinguished. Forces are recorded, at this
point, for three directions in columns 14~43, Note that the same
columns are being used here as for MAX (I), but the code in

column 12 will indicate whether the entries are for sustained or
impulse forces.

RESPONSE TIME - For both sustained and impulse forces, the time from

command signal "ON'" until a 3 1lb, force is exerted in the commanded
direction is recorded as response time in colummns 4447,

MAX TIME - For impulse forces, the time from command signal "ON'" until the
maximum force occurs is recorded in columns 48-51,

MAX FORCE - For impulse forces, the value of the maximum force in the com-
manded direction is recorded in columns 52«56, (This value is
actually already recorded somewhere in columms 14-43, Repeating
it here provides a programming simplification).

MIN TIME - For sustained forces, the commanded direction force profile is
scanned over the last 2 seconds of the 4~second command signal to
find the minimum force which occurs during that time. The time

(from command signal '"ON") when that force occurs is recorded in
columns 57-60,

MIN FORCE = For sustained forces, the minimum force which occurs during the

last two seconds of the 4~second sustained force command signal
is recorded in columns 61=65.

FIN FORCE ~ For sustained forces, the force in the commanded direction at
command signal "OFF" is recorded in columms 66-70. (This value
is actually already recorded somewhere in columns 14~43., Re-
peating it here provides a programming simplification,)

=T



7.1,1.4 Sustained and Impulse Forces (Continued)

Approximately 1400 sustained and impulse force trials were recorded.

7.1.1.5 Precise, Sustained and Impulse Torques

Figure 7-1E illustrates the data format for the Torque Task. Because less
information is recorded here than for the force task, all three types of torques
can be recorded on one sheet. Columms 12 and 13 identify the torque type and
direction via the code of Table 7-3, The interpretation of entries in the re=-
maining columns is similar to the definitions given for the force task, Since
only two directions are dealt with, no error data is recorded. Approximately
1400 Torque Trials were recorded.

7.1.1.,6 Task=Time Data

Figure 7-1F illustrates the final data sheet which was utilized to record
time data. This information was manually noted by the test director on the
session protocols during performance of the experiment. The data was then trans-
formed to the data sheet.

Columns 1=6 contain identification of experimental conditions in the same
manner as all the data sheets., The remaining columns contain time data relevant
to the tasks noted in the column headings.

Since the amount of data was relatively small, analysis of task-time data

was performed manually.

7.2 COMPUTATION PROCEDURES

Conversion of the information contained on the data sheets to useful per-
formance measures was accomplished by writing separate computer programs for
each of the five data divisions, plus a sixth routine which is used to set input
conditions for the analysis. The data was transferred to punched cards and then
to permanent disc storage on the GE-605 Desk=Side Time-Sharing System. The
programs provide the analyst with the capability to select the desired task and
to average data points across different combinations of subjects or simulation
modes or other experiment variables.

Regardless of the task being analyzed, the user is always first asked to set
the condition for selection of data points. Table 7«4 illustrates a typical
"conversation" between the 605 computer and the user. The system requests the
necessary input and the user responds with a single code (responses are under-
lined in Table 7=4)., This input is used to indicate to the program what data
points are to be averaged together.



TABLE 7-4

ANALYSIS PROGRAM-INPUT ROUTINE

TASK NO., TASK NAME = 5, TORQTASK(R)
NO. MODES, MODES = 4,1,2,3,4(R)

NO. SUBJECTS, SUBJECTS = 2,1,2(R)

NO. SUITs, SUITS = 2,1,2,3(R)

NO. RESTRAINTS, RESTRAINTS = 3,1,2,3(R)

(R) - teletype carriage return

7.2 COMPUTATION PROCEDURES (Continued)

In the example shown, the user is requesting analysis of data collected in
the Torque Emission Task., He has chosed to average all data for this task,
combining across all four simulation modes, both subjects, all three suit con~
ditions, and all three restraint conditions.

The program will continue by requesting additiomal input information per=~
tinent only to the Torque Emission Task., The measures defined in Section 5.8.2
for this task will be computed and printed for study. The system then will
permit the user to change any number of input conditions to new values and print
the results. In this way, the analyst could for example, study differences in
performance parameters as a function of different simulation modes, or suits, or
some other condition.

The special input needed and the output provided for each task are discussed
below.

7.2,1 TWO HAND TASK

The only additional parameter needed for analysis of Two Hand Task data is
definition of the desired access condition -~ free access or limited access.
These choices are mutually exclusive in that data from one access condition
cannot be averaged with data from the other condition. The user does have the
option, however, of specifying that both access conditions be computed and
printed, rather than specifying one condition, waiting, and then specifying the
second condition.

A sample printout for this task is given in Figure 7-2, The first six
lines indicate request for input. The output begins with a header identifying
the conditions that describe the data presented. Measures are listed by test
point type (™", "F", or "S"), and include the means, ranges and number of data
points found. "TRIAL TIMES" indicate the total time to perform three trials on

-9



TASK NC.>TASKNAME=1, THDTASK
NO. MODESsMODES=%,1
NOs SUBJECTS»SUBJECTS=2,1,2
NO. SUITS, SUITS=1,2
NOs RESTRAINTS,RESTRAINTS=1,3

ACCESS CONDITION=0

MODE t 1=G »
SUBJECT & 1,2,
SUIT 3 ATLs

]

RESTRAINT: W&S,

ACCESS CONDITION: FREE
TRIAL TIMES RESPONSE TIMES SETTING ERRORS
MEAN RANGE N  MEAN RANGE N MEAN RANGE N ZEROES
M 3944 34.51=50.35 4 3e46 2018~ 515 T B.53 Bo <1.6 12 2
F 37.98 36.40-58.53 4 323 185~ 6065 9 $.52 €. ~1.80 12 !
S 42:50 32:10-53.50 4 3022 158> 5.35 12 054 G0 ~2.0 12 3
MODE 8 1-6 »
SUBJECT ¢ 12
SUIT 2 ATLs
RESTRAINT: WaS,
ACCESS CONDITION: LIMITED
TRIAL TIMES RESPONSE TIMES SETTING ERRORS
MEAN RANGE N MEAN RANGE N MEAN RANGE N ZEROES
5] 39092 '36#8@‘”4@96'5 3 3.88 228~ 670 3 B.48 Ge =105 9 . 3
F 44.73 38,53-51:95 5 4041 260~ 8:65 14 B.41 @ =1.0 15 4
S 44:21 38.28-55.25 3 3:93 2:.85- 5.3%5 8 B.52 8. ~1.5 9 2
WISH TO CHANGE CONDITIONS? YES OR NO=NO

FIGURE /-2 SAMPLE PRINTOUT - TWO-HAND TASK
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7.2.1 TWO HAND TASK (CONTINUED)

one test point, whereas "RESPONSE TIMES" are recorded individually by test point.
All time values are in seconds, "SETTING ERRORS" computes the absolute value of
the difference between the analog setting and the digital command., Means and
ranges of these errors are computed and displayed. The column marked "ZEROES"
indicates the number of times the subject exactly matched the command value.

If the analyst should desire to compute additional information, he may
answer the request "WISH TO CHANGE CONDITIONS? YES OR NO=" with "YES'". The
program will then allow the user to change whatever input conditions he desires.

7.2.2 PRECISE HAND MOVEMENT TASK

Two additional inputs are required for computation of data collected from
the Precise Hand Movement Task. As in the Two Hand Task, the access condition
must be specified. 1In addition, the module orientation (springs left vs. springs
right) must be dictated. It is not possible to average data across these
variables., It is possible, however, to command the program to automatically
cycle through all combinations of these conditions, thereby eliminating the need
for supplying new input for every desired rum.

Figure 7-3 presents typical output for this task. Data are listed by
spring type and by direction of traversal. Direction 1 implies movement from
the start of the trial to the far end of the path. Direction 2 implies move-
ment from the far end back to the beginning of the path., Traverse times (in
seconds) and contact data (absolute number of contacts and time spent in contact
as a percentage of traverse time) are presented by spring direction and also for
the total trial,

7.2.3 PRECISE FORCE TASK

When analyzing the Precise Force Task, the user must specify the desired
position (center or upper right). Once again, the option of selecting both
positions exists. Figure 7-4 illustrates typical output for this task where
this option has been exercised,

Data consists of the mean absolute deviation from the command value, com=
puted by comparing the average force emitted with the command value. The range
of force values presents the lowest and highest force values that went into the
computation of the average force. This range is not the range of average forces.
All data are in pounds.
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TASK NO»>TASKNAME=2:PHMTASK
NQ. MODES-MODES=1.4

NQs SUBJECTS.SUBJECTS=2:1:2
NJ. SUITS, SUITS=1.1i

NO. RESTRAINTS:RESTRAINTS=1s1
ACCESS CONDITION=B

ORIENTATION=6

MODE 3 6DOF 2
SUBJECT ¢ 152
SUIT 3 S8 »

RESTRAINT: W

ACCESS CONDITION: FREE

ORIENTATION ¢ SPRINGS LEFT
TRAVERSE TIME
SPRING
TENSION:LBS DIRN MEAN RANGE
1.25 1 5.90 Sedb- 635
‘025 2 4995 4275~ 5915
1.25 TOTAL 18.85
2.50 1 5:65 4.55= 675
2.58 2 469 4:24= 5415
2658 TOTAL 18:34
5.8 i 6987 625~ 795@
5.08 2 520 Sag@" 5. 40
5.89 TOTAL 12.07
MODE 5 6DOF »
SUBJECT ¢ 1s2-
SUIT 5 S8 »

RESTRAINT: W

ACCESS CONDITION: FREE

ORIENTATION $ SPRINGS RIGHT
TRAVERSE TIME
SPRING
TENSION-LBS DIRN MEAN RANGE

§:25 H 5427 368~ 6:95
1.25 2 472 4055~ 4.90
125 TOTAL 10.80
2+50 3 5.75 5:20= 6.30
2:50 2 4. 45 40 48= 4.50
2.50 TOTAL 16.28
5.9 i 630 6.98~ 6.60
5.08 2 4:98 4,75~ 5.85
5.80 TOTAL 11.28

(VIR AV I \v] noNZ

N o

TOP
MEAN
NO. OF
1.58
1.58
3.08

D50
1.008
1.58

1.00
3.50
4450

TOP
MEAN
NO. OF
@.50
1.00
§1.50

1.58
1.50
3:88

2.00
2.00
4.00

CONTACTS

% TIME MEAN

IN CON. NO. OF
636 1.08
3.03 2.08
4084 3.00
177 3.08
7+ 45 1.50
4635 4050
145 2.59
18.88 1.59
8.61 4.00

CONTACTS

%z TIME MEAN

IN CON«. NOs OF
@57 350
9.18 2+50
4:68 600
339 150
14.04 3.009
8.04 456
2:76 2.80
15:61 B.50
8+35 2.50

FIGURE 7-3 SAMPLE PRINTOUT - PRECISE HAND MOVEMENT TASK

T=12

BOT
% TIME
IN CONe.
3-.98
15.76
2.35

8.76
11040
2.96

473
16.38
T.16

BOT
% TIME
IN CONs
967
8+57
9.15

1.13
1990
5.00

4485
BTl
2.59



TASK NO.:TASKNAME=3,PFTASK
NO» MODES:MODES=2:1»4

HCe SUBJECTS-,SUBJECTS=2:1,2
MO. SUITS, SUITS=1s1

MO« RESTRAINTS.RESTRAINTS=§:3

POSITION NQ.=6

MODE § =G 26DOF.
SUBJECT ¢ 1.8
SUIT 3 ‘88 -

RESTRAINT: W&S,
FORCE RECEIVER POSITION: CENTER
MEAN ABS. DEV.

COMMAND FROM CMD. ]

PULL 18 4:98 6
PUSH ig 2:15 &
RTs L] 1786 )
LEFT i3 8.85 &
uep 24 1.5% é
DOWN 24 1657 é
MODE ¢ 1-G »6DCF.

SUBJECT t 1.2»

SULT $ S8 .

RESTRAINT: WeS.,
FORCE RECEIVER POSITION: UPPER RIGHT

MEAN ABS. DEV.

COMMAND FROM CHMD. N
PULL i8 .47 6
PUSH i8 4045 6
RTe £ 3.32 6
LEFT L] BsT7 &
up 24 §.48 ]
pown 24 §o47 %

RANGE OF
FORCE VALUES

Holb=
Tale
8265~
Deobhe
(1B~
3?9@”

217
276
152
14.9
25.4
294

RANGE OF.
FORCE YALUES

WISH TO CHANGE CONDITIONS? YES OR MOsYES

FIGURE 7-4 SAMPLE PRINTOUT - PRECISE FORCE TASK

T-13
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7.2.3 PRECISE FORCE TASK (CONTINUED)

Although data from more than one restraint condition may be averaged to-
gether, the resulting printout may be very suspicious because different restraints
had different command values associated with them., For example, if data from
the shoe restraint and from the waist and shoe restraint conditions were averaged,
the following result could occur for the Pull direction:

MEAN ABS. DEV, RANGE OF
COMMAND FROM CMD. N FORCE VALUES
PULL 5 3.21 12 2,2-24,3

The high value of force (24.3 1lbs,) appears highly unreasonable for a com-
mand of 5 1bs. The problem arises from the fact that 5 lbs. is the command
value for the shoe restraint, whereas the command value for the waist and shoe
combination is 18 1bs, The value "24.3" was associated with this higher command.
As long as the analyst is aware of this problem, interpretation of the results
is straightforward,

7.2.4 SUSTAINED AND IMPULSE FORCE TASK

The output for this task is illustrated in Figure 7-5. Data consists of the
means and ranges of three force measures as defined in section 7.1l.1.4. 1In
addition, the time at which the maximum impulsive force occurs and the response
time are presented.

All force data is in pounds, all time data in seconds.

7.2.,5 TORQUE TASK

The Torque Emission Task requires two additional inputs: position of torque
receiver module (center or lower left) and tool (L-~handle or T~handle). The
program will, on command, cycle through the four combinations of these conditioms.

The data output (Figure 7-6) consists of the same measures computed for the

Precise, Sustained and Impulse force emissions. All torque data is in in~lbs.,
all time data in seconds,

7.3 RESULTS AND CONCLUSIONS

The performance measures which resulted from the computation program were
analyzed with three specific objectives. First, it was desired to analyze each
task to determine whether or not it reliably and meaningfully differentiated between
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TASK NOs-» TASKNAME=4,SIFTASK
NO-. MODES-MODES=1-1

NCs SUBJECTS, SUBJECTS=2s1,2
NOs SUITSs SUITS=1.3

NO. RESTRAINTS-RESTRAINTS=1.3

POSITION NO.=8

MODE 8 1-G 5
SUBJECT ¢ 1.2»
SUIT ¢ AES,
RESTRAINTS W&S»

FORCE RECEIVER POSITION: CENTER

SUSTAINED
MIN FIN
MEAN RANGE MEAN RANGE
PULL 2845 T8~ 43.4 48677 279> 55.8
PUSH 12.5 de = 31-3 4362 372~ 49.6
RT 18-8 4.7 32.6 463 4D+ 3~ 561
LEFT 44:3 22.6= 574 608 44.08~ T7.8
Up S4.8 35:6- T1.9 668 360~ 87.8
DOWN 39.8 3401~ 49.9 7261 41+5-1085.4

MEAN RANGE N
RESPONSE TIME: 1+34 0:60-2.69 48
MODE § 1-G »
SUBJECT 3 1.2,
SUIT ¢ AESs

RESTRAINT: W&S,
FORCE RECEIVER POSITION: UPPER RIGHT

SUSTAINED
MIN FIN
MEAN RANGE MEAN RANGE
PULL 70 Bs = 1823 115 3= 214
PUSH 8.4 B. = 15.2 25.9 22.0~ 33:8
RT» 176 BT~ 26-4 29-9 2604~ 33.8
LEFT 36+3 23.9> 485 56+8 45.8- 694
up 378 28,5 473 468 35:3= 56,1
DOWN 779 55:2= 99,2 952 55.5-133.3

MEAN RANGE N
RESPONSE TIMEz 1:47 B8:78-2.50 48

WISH TO CHANGE CONDITIONS? YES OR NO=NO

N

FOSI - A N

FON S

MEAN
1235
82.8
53.9
i18.1
973
163.9

MEAN
116.2
8745
737
12455
6041
112.7

IMPULSE
MAX
RANGE
81.2-167-4
787> 99-2
35.7~ 83+4
68:5-145-1
B2:2=114+7
83:4-127.4

IMPULSE
MAX
RANGE
Tis3=161-2
69:2-183-1
36+6-111:6
9558« 1457
5568~ 6944
83:1-143+8

TIME
139
1.58
1.94
1.73
1:.54
1.88

TIME
139
1.40
1,97
176
1.70
1.79

FIGURE 7-5 SAMPLE PRINTOUT - SUSTAINED & IMPULSE FORCE TASK
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M ODE § i=G 2KC sNBS 6DCOF»
SUBJECT ¢t 12,

SUIT 2 8S SATL-AESS
RESTRAINT: S &

FORCE RECEIVER POSITIOM: CENTER
TOOL: L-HANDLE

SUSTAINED IMPULSE
MIN FIN . MAX

MEAN RANGE . MEAN RANGE M MEAN RANGE
cHW: 1957 15:9-4@5:80 2878 7588178 25 429:.3 278.9-725.8
CC¥W 1772 Be =3%6.08 2768 11755008 25 3186 95.0~515.9

PRECISE
MEAN ABS. DEV. RANGE OF

COMMAND FROM CMDe. N TORQUE VALUES
cW 126 - 831 25 T5:8=-198.6
ooy 129 8.69 28 32:5=172:5
MODE 8 §1=G £KC :NBS 6D0OF.
SUBJECT 8 1225
SUIT ¢ 85 SATLsAES:

RESTRAINT: §

FORCE RECEIVER POSITIONs CENTER
TOOLS T~HANDLE

_ SUSTAINED IMPULSE
MIN Fin . - MaX
MEAN = RANGE MEANM RANGE K. HMEAN RANGE
CW 1123 15:8=187+6 129«9 18:6-218.0 24 168.6 6032608
CCW  117.5 Be ~287:5 1316 Be ~232:8 25 159.4 Ge =248.0
PRECISE _
MEAN ABS. DEV. RANGE OF
COMMAND FROM GCMD- N TORQUE VALUES
CY 28 §a36 2% 168 580
cCu 25 BeT4 22 22.5« 62.5%

FIGURE 7-6 SAMPLE PRINTOUT -~ TORQUE EMISSION TASK

7-16
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7.3 RESULTS AND CONCLUSIONS (Continued)

major experimental conditions. Second, performance measures were studied to dis~
cover any meaningful trends which, even without actual flight validation, provided
useful information about the experimental conditions., Finally, performance measures
were studied to discover design data suitable for inclusion in a handbook of human
performance data.

To properly assess the significance of the results, the data were subjected
to a statistical analysis. Non-parametric techniques were utilized for the
analysis because of the small sample size involved, and because of the inability
to make accurate predictions about the nature of the distributions underlying the
data. The primary requirements for non-parametric analyses are that the observa-
tions be independent and that the variables have some underlying continuity. In
such cases Siegel, 1956, recommends two tests of significance which were useful
here, The Wilcoxon Matched Pairs Signed Ranks Test is applicable where observa-
tions corresponding to two levels of an independent variable have been collected
(such as in testing whether there is a significant difference in performance
between two subjects)., The Friedman Two-Way Analysis of Variance is applicable
where there are observations corresponding to three or more levels of an independent
variable.,

The main disadvantage of the above tests is that they are not influenced by
the magnitude or the direction of different performances. They do not, for example,
indicate whether subject 1 consistently performed "better' than subject 2, but only
that the two subjects' performance was different. Subjective interpretation of
performance means must therefore be used to determine the physical importance of
performance differences.

Each task and its associated measures are analyzed below utilizing these tech-
niques.,

7.3.1 PRECISE HAND MOVEMENT TASK

Table 7-5 summarizes the results obtained for the Precise Hand Movement Task.
The numerical entries in the table are mean scores across all experimental variables
other than the variables of interest, Thus the entries under '"MODES" represent
averages for the different spring tensions, access conditions, orientations, sub-
jects, and so forth.

The only measures listed in Table 7-5 are traverse time and number of contacts.
Percentage time spent in contact did not provide any significant information in
addition to the information provided by these two measures.

The significance of the results is summarized below for each variable:

MODES -~ Statistically significant different performances occurred across
the four simulation modes for both the time measure (significant at the
.005 level) and the accuracy measure (.01 level). The KC-135 simulation
resulted in a much faster time than the other modes, a "hurry-up” phenome-
non which occurred consistently across all tasks. Paradoxically, however,
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TABLE 7-5

RESULTS SUMMARY - PRECISE HAND MOVEMENT

VARTABLE TRAVERSE TIMES NO. OF CONTACTS

MODES 1-G 14,2 Sec. 10.06
NBS i2.5 *

6 DOF 12,3 9,49

KC-135 9.6 8.50

SUITS ss 11.74 18,36

A7L 13.34 10.56

AES 14.36 10.38

RESTRAINTS W 12.08 10,70

S 13.05 9.00

W&S 12.96 10.06

ACCESS Free 12.59 6.84

Lmtd., 12.94 9.86

ORIENTATION Left 12.94 8.44

Right 12.54 8.25

SPRINGS 1.25 Lb, 12.23 7.44

2,50 Lb. 12,64 8.42

5,00 Lb. 13.41 9,15

LOCATION OF CONTACTS Top 3.67

Bottom 4,68

* Data not recorded.
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7.3.1 PRECISE HAND MOVEMENT TASK (Continued)

MODES (Continued) - the fewest number of contacts also occurred in the KC
mode. This contradicts expectations, which imply that accuracy and
traverse time should be inversely related. The results listed imply a
direct relationship. The l-g mode results were consistently slower and
less accurate than the three 0~G simulation modes. This implies that the
ability to exert precisely controlled hand movements is enhanced by the
zero gravity environment when restrained at a worksite,

SUITS - Performance scores for both measures were statistically different at
a .005 level of significance. Suited performance was 18% slower and
25% more inaccurate than shirtsleeve performance, representing a compari-
son of IVA vs. EVA performance of a dynamic, precision task. Differences

in performance scores between the two suits were not large enough to be
meaningful.

RESTRAINTS ~ Restraint differences were significant at a .05 level for tra-
verse times and a .005 level for contacts. However, for both measures,
the magnitude of the difference is less than 10%. This probably results
from the fact that when the limited access panel is in place, subjects
had to use the handhold for support. They were, therefore, instructed
to use the handhold when the access condition was free(to permit compari-
son). As a result the restraints here are not really waist, shoes, and

waist and shoes, but hand and waist, hand and shoes, and hand, waist and
shoes,

ACCESS - Performance differences between the two access conditions were signi-
ficant at the .05 level., For traverse time, the magnitude of the differ-
ence was less than 3%. But in terms of accuracy, a 43% degradation
occurred when the access was restricteds This implies a serious problem

in terms of precision when an astronaut is expected to work through a
small access port.

ORIENTATION -~ Differences in performance for the two module orientations
were small (less than 3%) and considered to be not meaningful.

SPRINGS - Although a statistically significant difference in performances
occurred for the three springs, the differences seem completely attri-
butable to the increase in spring tension. No particularly meaningful
information is provided by these differences.

LOCATION OF CONTACTS - More contacts occurred on the bottom of the path than
on the top. This is probably simply a result of the geometry of the

situation - the subject's hand blocked his view of the bottom edge - and
is not considered important,

In summary, the Precise Hand Movement Task differentiated significantly and
importantly between different simulation modes and between shirtsleeve and suited

conditions.  In addition, an important problem associated with restricted access
tasks was discovered.
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7.3.1 PRECISE HAND MOVEMENT TASK (Continued)
Task Recommendations: The task procedure may be simplified by

e Using only one module orientation
e Using only one spring tension

The task telemetry may be reduced to only

® Total traverse time
¢ Total number of contacts

Contact location or duration need not be recorded,

7.3.2 TWO-HAND TASK

Table 7-6 summarizes the results obtained for the Two-Hand Task. Again, the
table entries are mean scores across all variables other than the variable of
interest. The significance of the results is summarized below for each variable:

MODES -~ All three performance measures exhibited statistically significant
differences across modes at the .005 level. As in the Precise Hand Move-
ment Task, trial times differed greatly in the different simulation modes.
The KC~135 aircraft simulation total time was not the fastest, but it was
about 20%Z faster than either the l-g or 6 DOF results., The differences
in response times and setting errors, though large in some instances,
were not felt to be of any intrinsic value. The important conclusion is
that a simulation effect upon performance does. exist and this task, as
measured by total trial time, will denote this effect.

SUITS - Performance differences across suit conditions were statistically
significant at the .0l level for trial times and setting errors and the
.005 level for response times. Moving from a shirtsleeve (IVA) to a
suited (EVA) condition increased trial time 30% and response time 40%.
In addition, this task indicated a 10% increase in trial time and a 15%
increase in response time when wearing the AES suit as opposed to the
A7L suit,.*

The 65% increase in the magnitude of the setting errors between the AES
and the two other suit conditions reflects an important visual problem
noted by the subjects. Viewing through the AES suit helmet at the down~
ward angle required to see the voltage meter, a small visual distortion
was noted by both subjects and confirmed by this data. This problem is
further substantiated if this data is broken out for the two access con-
ditions: the difference is smaller in the limited access condition (where
the subject looks through the opening and therefore at a more horizontal
viewing angle) than in the free access condition (where the subject looks
down at about a 30-45 degree angle).

*It is important to realize that these tasks, limited only to performance at a

worksite, do not really constitute a suit evaluation. Nevertheless, important
performance differences that were noted deserve special mention,
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TABLE 7-6

RESULTS SUMMARY - TWO-HAND TASK

VARTABLE TRIAL TIMES RESPONSE TIMES SETTING ERRORS*
MODES 1-G 36.7 Sec, 3.39 Sec, .77
NBS 21.9 2,32 1.09
6 DOF 35.8 3.41 1.28
KC-135 29,1 2,96 .65
SUITS 5S 28.6 2,56 .80
A7L 35.6 3.32 .77
AES 38.3 3.89 1.29
RESTRAINTS W 32.7 3.21 1.11
S 33.6 3.21 .93
W&S 32.3 3.05 .83
ACCESS Free 32.2 3.09 .97
Lmtd, 33.4 3.21 .84
TEST POINTS M 31.0 3.01 .88
F 33.1 3.35 .90
S 35.0 3.09 .95

#Mean absolute deviation from command.
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7.3.2 TWO-HAND TASK (Continued)

RESTRAINTS - The three measures noted did not reveal any important differences
regarding the three restraint conditions., Apparently, for a static task
of this nature, any relatively stable, one-point restraint is satisfactory.

ACCESS - No important performance differences were noted for this variable,
The limited access condition did not degrade performance for this static
test of accuracy as it did in the dynamic accuracy required by the Pre-
cise Hand Movement Task,

TEST POINTS - Some minor performance differences can be noted for the three
different test points, but they were not felt to be of any important
value.

In summary, the Two-Hand Task differentiated significantly and importantly
between different simulation modes and between shirtsleeve (IVA) and suited (EVA)
conditions, In addition, for a precision, static task, it was discovered that a
relatively stable one-point restraint of any type is satisfactory, and that the
existence of a restricted access (similar to the restriction used in this experi-
ment) does not degrade performance of such a task.

Task Recommendations: The experiment procedure may be simplified by:
e Using only one test point.

Although further simplification can be gained by using only one restraint
condition and one access condition, it is recommended that these variables be
retained, They are necessary for other tasks and therefore represent no real
increase in complexity for this task. The time savings in their deletion would
be small (only about 1 minute per session) and their retention would allow a
chance to confirm the findings here concerning performance of static, precision
tasks.

The task telemetry may be simplified by eliminating:

® Number of broken contacts.
® Duration of broken contacts.

These measures provided no meaningful information.

7:3.3 PRECISE FORCE TASK

Table 7-7 summarizes the results of the Precise Force Task. The table entries
have the usual interpretation and represent the mean absolute deviation of the
average force exerted from the commanded force.

There is a critical assumption that should be noted when data from different

restraint conditions and different force directions are averaged together., Since
the commanded value for these different conditions vary, it is assumed that the
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MODES

SUITS

RESTRAINTS

POSITIONS

TABLE 7-7

RESULTS SUMMARY - PRECISE FORCE TASK

VARTABLE

1-G
NBS
6 DOF
KC-135

S8
A7L
AES

W
S
W&S

Center
Upper Rt.
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7.3.3 PRECISE FORCE TASK (Continued)

three commands present about the same level of stress and complexity to the sub-
jects, This is a reasonable assumption, since the values were selected from
previously-collected force emission data using the same selection criteria for

each combination of restraint and force direction. The assumption, of course, can
not really be verified.

The results are summarized below for each major experimental condition:

MODES - Performance differences were statistically significant at a very
high level (,005). There was a very large degradation (3 to 1) in
precision force emission capability in the KC simulation compared to
the 1-G simulation.

SUITS ~ No statistical or practical differences occurred across the different
suit conditions.,

RESTRAINTS -~ Restraint differences were significant at a .05 level. More
importantly, this task indicated a phenomenon that occurred in all tasks
where the restraint was critical to task performance. As expected, the
waist restraint was not as good a restraint as either the shoe or waist
and shoe combinations, But, perhaps surprisingly, the waist and the shoe
combination restraint degraded performance., That is, the scores with the
waist and shoe combination restraint deviated more from the commanded
value than they did for the shoe only restraint. This is not an isolated
effect, as it occurred in all force and torque tasks. The conclusion to
be drawn is that a shoe-only restraint is more effective than when it is
combined with this particular waist restraint, even though the latter
represents a two-point body~anchoring system.

POSITIONS - A 207 performance degradation occurred when the force receiver
was moved from the center to the upper right position. While this alone
is not indicative of any problems with the major experimental variables,
it does provide objective quantification of a useful performance parameter.

Interestingly, the performance degradation was well over 20% in the waist
and waist and shoe restraint conditions, but almost negligible in the shoe
restraint only condition.

In summary, the Precise Force Task differentiated significantly and meaning-
fully between the different simulation and restraint conditions. Once again, a
simulation effect is definitely influencing performance. The inadequacy of the
particular waist restraint used showed up clearly (as it will in other tasks).

Task Recommendations: No changes are recommended for this task.

7.3.4 SUSTAINED AND IMPULSE FORCE TASK

Table 7-8 summarizes the results of the sustained and impulse force task.
Note that no data is reported for the KC simulation. During data analysis, the
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TABLE

7-8

RESULTS SUMMARY - SUSTAINED, IMPULSE FORCE TASK

VARIABLE

MODES

SUITS

RESTRAINTS

POSITIONS

1-G
NBS
6 DOF
KC~135

SS
A7L
AES

W
S
W&S

Center
Upper Rt.

SUSTAINED (FIN)

7-25

53.4 Lbs.
26.0
29,2

IMPULSE (MAX)

89.1 Lbs.
86.4
66,6



7.3.4 SUSTAINED AND IMPULSE FORCE TASK (Continued)

average forces for this mode were discovered to be 50% higher than for the 1-G
mode (inconsistent with the pattern displayed by the other modes) and almost
twice as high as the average forces recorded in the other zero-g simulations.
Although it could not be checked, the data were rejected on the assumption that
the flight recorder was not functioning properly. It is entirely plausible to
assume that this data is unreliable while still accepting the data for the precise
force trials and for the torque trials (which were not at all consistent with the
behavior of this data)., In these cases, the force and torque emissions would
correspond to the lower 1/3 of the 5-volt telemetry signal range. But in the
sustained and impulse force trials the signals would correspond to the upper 1/3
of the telemetry range, If the difficulty in this task were associated with
recorder malfunction at the higher voltages, it would be noticed only in this
task, Most other telemetry consists of the "ON-OFF" type of signal where the
height of the signal is of no concern.

Because of the value of force emission data to spacecraft designers and
mission planners, the force data is presented in Figure 7-7,

The results are summarized below for each major experimental condition:

MODES - Performance differences across simulation modes were statistically
significant at the .005 level for Sustained forces and the .01 level
for Impulse forces. As should be expected, the degradation for sus-
tained forces was much more serious than for impulse forces. The simu-~
lated zero~g modes(NBS and 6 DOF) displayed approximately a 50% reduc-
tion from the one-g sustained force emission capability. However, the
degradation of impulsive force generating capability as a function of
going from the one-g to the simulated zero-g mode was not nearly so
severe. The almost 2-1/2 to 1 increased capability to exert impulse
forces over sustained forces in the NBS and 6 DOF simulations is con-
sistent with test results obtained from previous studies.

This task pointed out an interesting difficulty with 6 DOF simulation.
Unlike other simulation modes, when the subject's body reacted to a
force emission, not only was it necessary for him to regain control

of his body, but he also had to stop the movement of the entire free-
swinging 6 DOF rig. The momentum of this rig can make regaining con-
trol a difficult task, The potential result is that some part of the
subject’s body or the rig may collide with the supporting structure,
either injuring the subject or damaging the equipment. The hypothesis
here is that this potential is apparent to the subject and causes him
to ease up in his task performance. Support for the hypothesis is
found in a direction-by-direction comparison of impulse forces. In the
right, left, up and down directions force emissions were much greater
(20-50%) in NBS than in 6 DOF, In the Push~Pull directions(where body
reaction is straight back and forth and where the waist restraint essen-
tially stops backward reaction to a push force) the effect is not as
noticeable. In sustained forces, where body reaction is not so violent,
the effect is also not as noticeable.
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INSTRUCTIONS FOR USE OF FIGURE 7-7

The next six pages contain summary data of the sustained and impulse force
task, The data are presented for the one-g case and for a simulated O-g case
which consists of the average of data from the 6 DOF and Neutral Buoyancy simu-
lations. It was deemed necessary to present average data for these two simula-
tions since neither case alone is necessarily representative of the true O-g
situation.

The data are presented using a vertical bar-graph format, which is interpreted
as follows:

FORCE RECEIVER POSITION

Center. Upper Right

~

Maximum force recorded =& @ @@= Maximum force recorded

Average force recorded %= Ayerage force recorded

g

Minimum force recorded ==& e Minimum force recorded

"Center" refers to a position where the force receiver handle is located
directly in front of the subject's right nipple; "upper right" locates the handle
about 15" above and 6" to the right of the center position. All other experimental
conditions are clearly labeled on the chart.
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7.3.4 SUSTAINED AND IMPULSE FORCE TASK (Continued)
SUITS - Different suit conditions did not affect force emission capability.

RESTRAINTS - Performance differences were statistically significant at the
.01 level for sustained forces, but not significant for impulse forces.
The practical significance of these differences again indicated that
the waist restraint combined with the shoe restraint results in a
degradation of performance. This result did not appear in the impulse
forces, where, as the statistical test shows, restraint conditions did
not really affect performance.

POSITIONS - As in precise forces, a consistent performance degradation was
noted when the force receiver was moved to the upper right position.
These measures quantify this degradation as an astronaut works in a
less—than-optimal position in the reach envelope.

In summary, this task presented further substantiation of simulation and
restraint effects upon performance. An additional conclusion noted from this
task was the existence of much slower (30%) response times in zero-g simulations
than in the 1l-g case,

Task Recommendations: No major changes are recommended for this task, It is
suggested, however, that FIN (for sustained forces), MAX (for impulse forces),
and response time are the only necessary measures, as other measures present only
redundant or superfluous information.

7.3.5 PRECISE TORQUE TASK
The results for the Precise Torque Task are summarized in Table 7-9 and below:

MODES - Performance differences across modes were not statistically signifi-
cant. However, large differences in magnitude were noted with 25 to
100%Z increase in deviations when going from the 1-G to the simulated
zero-g modes,

SUITS ~ Performance differences across suits were statistically significant
at the ,05 level, The differences are large, but no strong conclusions
can be drawn, particularly since the differences were not consistent
with those found in the Precise Force Task., However, it should be noted
that the mean deviations increased approximately 40% when going from the
shirtsleeve to the suited conditioms.

RESTRAINTS -~ Performance differences across restraint conditions were mnot
statistically significant., However, once again, it is noted that the
shoe restraint alone is better than the waist and shoe combination,
both of which are better than the waist restraint only,
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TABLE 7-9

RESULTS SUMMARY - PRECISE TORQUE TASK

et ey et e T SR

VARIABLE MEAN ABS, DEV, FROM CMD,

MODES 1-G 7.5 In-Lbs.

NBS 14.8

6 DOF 9.4

KC-135 10.3
SUITS SS 7.8

A7L 11.4

AES 10.5
RESTRAINTS w 11.0

S 8.5

W&S 9.9
POSITIONS Center 8,6

Lower Left 10,5
TOOLS L-Handle 11.1

T-Handle 8.0
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7.3.5 PRECISE TORQUE TASK (Continued)

POSITIONS -~ A degradation in precise torquing performance is noted when
the force receiver is moved from the center to the lower left position.
This difference could not be tested statistically using the tests
described previously. The large difference (approximately 20%) is
probably due in part to the fact that the precise readout meter is no
longer directly in front of the subject,

TOOLS - The different performance for the two tool conditions also could
not be tested statistically. However, the results are not unlike what
should be expected for these conditions and indicate a 40% degradation
in exerting precisely controlled torques when going from a T-handle to
an L-handle lever arm,

In summary, this task presented some meaningful results, However, these
results add nothing to those already found in the Precise Force Task and in the
other tasks. All of the experimental conditions evaluated here are evaluated
elsewhere and with better reliability than this task offered.

Task Recommendations: As a result of this analysis, it is recommended that
this task be dropped. This presents no hardware or telemetry savings, It reduces
the experiment procedures and performance time-line by a slight amount.

7.3.6 SUSTAINED AND IMPULSE TORQUE TASK

The results of the Sustained and Impulse Torque emissions are summarized in
Table 7-10, The comparative findings essentially confirm the results of the
Sustained and Impulse Force Task. Data collected in both these tasks is valuable,
however, first because it increases confidence in conclusions about the major
experimental conditions, and second because both torque and force data are inher-
ently valuable to spacecraft designers and mission planners. Because of this value,
torque emission data is summarized in Figure 7-8.

The significance of the results for this task is discussed below:

MODES -~ Performance differences across simulation modes were statistically
significant at the ,01 level for sustained torques and the .005 level
for impulse torques. As in the force task, 6 DOF performance was con-
sistently much lower than performance in the other 0-G simulation modes,
lending further credence to the hypothesis that subjects tend to allow
their performance to be affected by the potential dangers involved in
6 DOF simulation. It should also be noted that impulsive torquing capa-
bility is approximately 50% greater than sustained torquing capability.
This finding is all the more interesting since previous studies and
results have demonstrated almost a 2-1/2 to 1 ratio in favor of impul-~
sive vs. sustained forces. Suggested here is the result that an astro-
naut can more closely sustain his maximum torquing capability than he
can his maximum force producing capability. An additional finding is
that sustained and impulsive torquing capability are relatively insen-
sitive to different simulation modes(less than 15% variation from l-g to
the simulated O-g modes when the 6 DOF simulation is ignored).
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INSTRUCTIONS FOR USE OF FIGURE 7-8

The next six pages contain summary data of the sustained and impulse torque
task. The data are presented for the one~g and for a simulated 0-g case which
consists of the average of data from the KC-135, 6 DOF and Neutral Buoyancy simu-
lations. It was deemed necessary to present average data for these three simula-
tions since no single case is necessarily representative of the true O-g situation,.

The data are presented using a vertical bar-graph format, which is interpreted

as follows:

FORCE RECELVER POSITION

Center Lower Left
‘\\‘ “,/’

Maximum force recorded @ Maximum force recorded
Average force recorded @®== Average force recorded

Minimum force recorded

@ Minimum force recorded

"Center" refers to a position where the force receiver handle is located
directly in front of the subject's right nipple; "lower left" locates the handle
about 12" below and 15" to the left of the center position. All other experi-
mental conditions are clearly labeled on the chart.
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VARTABLE

MODES

SUITS

RESTRAINTS

POSITIONS

TOOLS

1-G
NBS
6 DOF
KC-~135

SS
ATL
AES

W
S
W&S

Center
Lower Left

L-Handle
T-Handle

TABLE 7~10

SUSTAINED (FIN)

T~k

241,.7 In-Lb.
212,5
163.0
223.5

218.3
208.7
220.3

140.9
231.4
228.7

193.7
238,3

283.9
148,2

RESULTS SUMMARY - SUSTAINED, IMPULSE TORQUE TASK

IMPULSE (MAX)

352,5 In~Lb.
369.3
242.0
352,0

334.7
319.1
344.6

298.7
347.0
329.8

266.9
398.9

470.9
194.8



7.3.6 SUSTAINED AND IMPULSE TORQUE TASK (Continued)

SULITS - As with force emission capability, different suit conditions did not
differentially affect torque emission capability. However, the 50%
improvement in impulsive torquing ability over sustained torquing ability
ability continued to be evident.

RESTRAINTS - The results of restraint conditions also duplicated force task
results. Performance differences were significant at the .005 level for
sustained torques but not significant for impulsive torques. The inef-
fectiveness of the waist restraint for sustained torque emission is again
exemplified as well as the impulsive vs. sustained relationship noted
above.

POSITIONS ~ The lower left position permitted much greater torque emission than
the center position. This reflects that in the center position, only arm
muscles can be used for torquing; with the receiver in the lower left
position, all the back and shoulder muscles are brought into use,

TOOLS - The direction of the difference in torque emission capability as a
function of tools is as expected. The task, however, provides objective
quantification of the magnitude of this difference.

In summary, this task provided confirmation of the results of the force emis-
sion task. In addition, it provides useful design data relevent to the magnitude
of the torques that can be generated and sustained under specific combinations of
conditions.

Task Recommendations: No major recommendations are made for this task. The
measures "MIN" and "MAX TIME" may be deleted, but this represents no changes for
the telemetry list.

7.3.7 TIME DATA RESULTS

Several elements of the experimental sequence were evaluated only by the time
required to perform them. The main significance of such results was related to
suit and simulation conditions.

Removal of the Task Panel cover (Gain Access Task) took twice as long in the
AES suit and three times as long in the A7L suit as did the shirtsleeve condition,
Similarly, force receiver module removal/replacement took twice as long in the AES
suit and 2.2 times as long in the A7L as did the shirtsleeve condition. The
removal/replacement of the Precise Hand Movement module revealed no significant
conclusions across any experimental variables,

No significant conclusions could be drawn from the restraint installacion and
removal tasks. Basically, this type of task is too dependent upon the specific
nature of the equipment being used to permit extrapolation of any general conclu-
sions.
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7.3.7 TIME DATA RESULTS (Continued)

The time results of the Operational Maintenance Task indicated a two-to-one
ratio between performance in a suited condition vs, a shirtsleeve condition. No
differences, however, were noted between the two different suits., The only other
important result from this task confirmed the existence of a simulation effect
upon performance, with the KC simulation resulting in the fastest task time.

7.3.8 QUESTIONNAIRE DATA RESULTS

The questionnaires, presented in Table 5-1, were analyzed to discover any
additional important results or conclusions., No statistically significant response
differences were noted across simulation modes or across restraint conditions.
However, a strong preference for the AES suit over the A7L suit (significant at
the .01 level) was noted in the 1-G simulation. It cannot be inferred, of course,
that this preference will carry over into the zero-~g conditiom,

7.3.9 SUMMARY RESULTS

All of the tasks evaluated ahove were found to meaningfully differentiate
between simulation modes. Generally, the KC~135 simulation caused subjects to
hurry through their tasks, It was also found that 6 DOF simulation caused subjects
to be conservative in their force and torque emissions., Without flight validation
data, however, it is impossible to conclude which simulation mode (if any) best
represents the true zero-g condition, The important conclusion here is that there
is an effect upon performance due to the nmature of the simulation technique and
this experiment is capable of detecting that effect.

Suit differences were noted mainly from the Two-Hand Task and the Precise
Hand Movement Task. Although some of these results were clearly important, it is
apparent that a total suit evaluation objective cannot really be satisfied omnly
by performing worksite-limited tasks., It is recommended that some non-worksite
tasks be devised to improve this capability.

The force and torque emission tasks provided reliable and important conclu~-
sions regarding the restraint systems used. It is important to note that the
waist restraint performed quite poorly, but the model used was a prototype and not
the electrically operated unit originally intended for this experiment. Also, the
Dutch Shoes should be redesigned to better accommodate the AES suit,

The Two-Hand Task indicated that, of the restraints evaluated, no important
performance differences arose. Negative conclusions such as these are of value,
since this indicates that the nature of the restraint is not a prime consideration
for performance of a relatively static two~hand coordination task. Again, the
important conclusion is that the tasks are capable of evaluating the effectiveness
of alternative restraint systems,

In conclusion, the implementation of the recommendations contained throughout

Section 7 will definitely result in an efficient and effective Experiment M508
which will indeed evaluate the selected pieces of EVA hardware (especially suits
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7.3.9 SUMMARY RESULTS (Continued)

and restraints), satisfy the objectives of the Simulation Technique Evaluation
Program, and provide useful design data on EVA/IVA performance capabilities in

the zero-gravity environment.
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SECTION 8

HANDBOOK OF HUMAN ENGINEERING DESIGN DATA
FOR REDUCED GRAVITY CONDITIONS

The handbook contained in Volume III of this report was prepared as a "level
of effort" development in conjunction with the experimental design and implemen-
tation phases of this study program. The primary purpose was to develop a hand-
book of human engineering data for the use of engineers, designers, and human
factors specialists during the developmental and detail design phases of manned
spacecraft programs. The following goals were selected to guide the development
of the structure, presentation format, material selection and data content of the
final product:

@ To collect in a single volume the best "state~of-the-art" quanti-
fiable data pertinent to Human Engineering Design for Reduced
Gravity Conditioms.

e To express this data in a format which could be readily utilized
by the largest possible cross-section of various professional and
lay specialties that have some role in designing for man in the
extraterrestrial environment.

@ To minimize descriptive prose to those areas where finite oper-

ational processes or definitions are involved rather than quan-
tified data.

8.1 HANDBOOK DEVELOPMENT

In the process of defining the probable usage of this text, it was determined
that the basic handbook would not only be used as an authoritative reference
source for individual designers in respect to establishing specifications and
requirements for physical man/machine interfaces, but could also provide the
basis for standarization of operational protocol development, The publication
and common use of authoritative absolute descriptors of the various needs, capa-
bilities and tolerances of crewmen might also provide the basis for the establish-
ment of standarized levels of capabilities for describing crew selection and
training criteria in respect to the designation of specific maintainability tasks
to individual crewman., With this in mind, it was decided to follow the precedents
set by such documents as the Handbook of Chemistry and Physics, Biology Data
Book, etc., i.e., the selected format for the document should consist of a repos-
itory of detailed, quantified data in tabular or graphic form whenever possible.

A secondary purpose was also identified, namely, a need to provide a single
and comprehensive document for use in manned EVA design activities by the neophyte
or newcomer to the field in order that he might be made aware of those areas where
the presence of a human worker could and should influence the design of orbital
hardware or processes. The final document, therefore, must provide readily acces-
sible detailed data describing all pertinent functional or survival-critical
interactions between man, his working environment, his vehicle and support hard-
wares.

While, as previously stated, it is hoped that widespread utilization of the
text material will permit standarization of design practice in respect to vehicle,
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8.1 HANDBOOK DEVELOPMENT (Continued)

equipment, and operations, the document must also be capable of providing custom-—
tailored specifications for unique mission/equipment/environment interactions,

8.2 DATA COLLECTION

Literature searches were requested from the National Aeronautics and Space
Administration’s Scientific and Technical Information Division as well as the
Defense Documentation Center (DDC) regarding human performance in a reduced grav-
ity environment. These searches were reviewed, and those items that appeared to
contain required human performance data were ordered for review. The services of
the Tufts University Human Engineering Information and Analysis Service (HEIAS)
were also utilized during this effort., Volumes I and IT of the HEIAS bibliogra-
phies were searched for space-related categories most relevant to the task. As
a result of this search, a printout of approximately 500 references was developed.
Items to be entered into the upcoming Volume III of the HEIAS Bibliography were
also reviewed for relevancy. The NASA and DDC searches were arranged in ascending
"AD" "STAR" accession numbers, respectively, when they were received. The basic
HEIAS system carries the titles and abstracts of documents by accession number
but cross~indexes the accession numbers of the documents by an alphabetical
listing of primary categories relevant to human factors interests. In order to
eliminate title duplication and facilitate the location of titles and abstracts,
the HEIAS system was utilized as the basic collation system.

The fact that the DDC, NASA, and HEIAS information sources had different
cutoff dates was considered, and an effort to complement the searches insofar as
possible was made. This could not be accomplished until nearly all the major work
of the search was completed and a three~-way cross—reference system established
between DDC, STAR and HEIAS accession numbers. An informal check from approxi-
mately a 50 percent samnling of STAR accession numbers indicated that routine
acquisition of NASA reports was fairly complete and current for HEIAS., An item-
by-item check against DDC search was undertaken, and items which were either
missing from, or possibly not yet processed through, the HEIAS system were ordered
and examined,

A basic review of currently available documentation was initiated, and basic
data regarding human operator performance was collected. In this effort, the
goal was to primarily gather empirical or experimental data generated in an actual
or simulated reduced gravity environment.

8.3 DATA APPLICATION

It was felt that a document of this type should permit deliberate and detailed
data to be available for four basic tasks that are currently deemed necessary when
designing for maintainability in a manned orbiting system. For optimum maintain-
ability potential, the following discrete tasks must be accomplished:



8.3 DATA APPLICATION (Continued)

Task A, The vehicle and all its subsystem housekeeping, structural, and
mission~related hardwares must be deliberately analyzed in respect
to the possibility of needing in-orbit maintenance. In those
instances where maintenance during orbital operations is deemed
both possible and feasible, specific efforts must be expended in
order to ensure ease of diagnostics, access, institution of cor-
rective procedures, and checkout capabilities. These hardware
designs shall also consider packaging and general corrective pro-
cesses involved in respect to minimizing "unique" technological
skills, special tooling, instrumentation, facilities, and man-hours
necessary to effect the repairs while maximizing the safety and
efficiency of access to the work site.

Task B, The designer shall detail all crew support facilities and equipments
necessary to accomplish the transport, restraint/tethering of the
crewman and his materials at the work sites, as well as to provide
an environment that is conducive to both work and survival,

Task C. The responsible system designers shall develop specifications
necessary to describe the physical and functional characteristics
of the maintenance interface including sizing, configuration, and
information flows across the man/machine interfaces at the various
potential work stations.

Task D, The designers must, as part of their maintainability tradeoffs,
consider the capabilities of man in light of the constraints im-
posed by the system and the environment in the design and assign-
ment of maintenance roles to the "orbital man".

To reiterate, the large preponderance of material selected for this document
is expressed in graphic and/or tabular form with prose commentary limited to ex~
planations of techniques utilized in the application of specific data. Prose is
also utilized in "term definition'" as indicated.

8.4 HANDBOOK ORGANIZATION

In selecting the basic generic headings for Human Engineering Handbook, heavy
emphasis was placed on potential usage. Section 1 contains that information
related to the description of human characteristics, Provisions are made for
information which will permit allowances for man's physical and functional dimen-
sional requirements as well as descriptors of his general motor, sensory, and
cognitive performance capability. Information regarding his tolerance to various
forms of physical, emotional, and environmental stressors are also provided in
this section.

Section 2 has provisions for absolute value data which describes the composi-

tion and the various phenomena present in the orbital intravehicular and extrave-
hicular environment. Data in this area involves discussions concerning the design
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8.4 HANDBOOK ORGANIZATION (Continued)

requirements for the intravehicular enviromment related to atmospheric control,
illumination levels, rotational dynamics and habitability. Extravehicular environ-
mental considerations involve data on space hazards, effects of weightlessness,
radiation levels, temperature extremes and illumination factors.

Section 3 has provisions for data which will describe the minimal and/or op-
timal physical and functional characteristics of hardware design where it might
interface with man and modify his performance., Data in this area includes sizing,
configurational, operational, and dynamic considerations for the vehicle and all
its facilities including unique mission equipments, packaging and access,

Due to the "Level of Effort" nature necessitated by modified funding avail-
ability during mid~contract, it was decided to attempt to maximize the factual
content of the document (in order to be truly representative of the literature
available as of the cutoff date of June, 1969) rather than complete the glossary
or index section. It is hoped that these shortcomings can be rectified during
subsequent update efforts.

8.5 RESULTS AND RECOMMENDATIONS

The results of the effort to develop a Handbook of Human Engineering Design
Data for Reduced Gravity Conditions are presented in Volume III of this report
under the above title. This unique, 550 page document provides detailed and
diverse quantified data on man’s capabilities and tolerances for survival and pro-
ductive effort in the extraterrestrial environment. It also provides quantified
data and information on the space environment man will work and live in as well
as the characteristics of the vehicular or residential environment he will need.
A detailed, topical Table of Contents has been developed to provide easy and
efficient access to the data to encourage the utilization of the document among
technical and professional specialists involved in the design and construction of
manned spacecraft.

Due to modifications to costs and funding levels, it was decided late in the
program to sacrifice the development of an index and glossary rather than modify
the depth and breadth of the data presented. At this time, it was also decided
to increase the detailed structure and completeness of the Table of Contents to
minimize the effect of the absence of an index,

Further savings in funding for use in data collection and presentation were
made by minimizing publication costs via the use of secretarial typing time,
direct reproduction of graphic and tabular material rather than redrafting for
common format, and the common listing of references rather than the original con-
tiguous foot note referencing originally contemplated.

Because of the above noted modifications and the significant amount of new
and updated information published annually, it is recommended that a yearly adden-
dum be published and distributed to document holders and a revised edition be con~-
sidered every two(2) years,



SECTION 9

EXPERIMENT 84 A' & B

9.1 INTRODUCTION

This experiment was performed to provide one-g and zero-g shirtsleeve base-
lines for the force emission data collected during Experiment 84A which was per-
formed at the Marshall Space Flight Center Neutral Buoyancy Facility in Huntsville,
Alabama, under Contract NAS8-18117. In that experiment, "Force Application in
Simulated Zero Gravity'", the effects of restraint, force receiver angle, force
receiver distance, and handle orientation on force emission capability in the
pressure suited condition were evaluated. In order to increase the validity of
extrapolation from 84A, two sampling experiments were performed during this con-
tract in a format allowing statistical comparison with 84A, These experiments
were called experiments 84A° and 84B. The experimental design of 84A was used
as the baseline for the design of the follow-on studies.

The resultant data from the original experiment was of special importance
to spacecraft designers since it provided the answers to two essential questions:

a. Given a force generation requirement, what are the accessibility and
restraint criteria which must be imposed on the workspace envelope?

b. Given a specific workspace envelope and restraint, what are the force
generation capabilities of an astronaut?

The two experiments in the current program were intended to provide the
answer to two additional questions:

a. What is the effect on man'’s l-g baseline force emission capability
as a result of the zero gravity environment?

b. What is the effect on man'’s shirtsleeve baseline force emission
capability as a result of a pressurized space suit,

9.2 OBJECTIVES

Measurement of the maximum impulsive and sustained force generation capabi-
lity of man as a function of the systematic variation of restraint conditions
will provide the spacecraft designer with comparative data on the relative
values of specific types of restraint systems. By varying the orientation and
location of the force receiver, it is also possible to provide comparative data
to evaluate the relative effects of accessibility and variations of the work
envelope on man’s force application capabilities. While the restraint conditions
selected for testing are not all applicable to present day spacecraft, these
experiments were designed to generate sufficient information to assist the
designer in specifying and designing new and better restraint systems than those
presently available. The design of an optimum restraint when a desired force
emission capability is required will be possible on a quantitative basis if the
appropriate data are available. Also, since the astronaut will be provided with
a restraint system which controls and/or limits his movements, the availability
of force emission capability data as a function of force receiver location and
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9.2 OBJECTIVES (Continued)

orientation will assist the designer in the solution of the man/machine inter=-
face problems. Therefore, the major objectives of these experiments are to:

a. Broaden the force emission capability baseline data to permit extra-
polation from the shirtsleeve to the pressurized space suit environment.,

b. Broaden the force emission capability baseline data to permit extra-
polation f£rom the l-g to the O-g environment.

9.2.1 EXPERIMENT 84A' NON-~PRESSURE SUITED EXPERIMENT

The first of the new experiments, 84A', used the non=-pressure suited or
shirtsleeve zero gravity environment to provide a baseline with which to evaluate
the force emission capability loss due to pressure suit restrictions, Also,
since intravehicular activity (IVA) may be assumed to be more common than extra-
vehicular activity (EVA), and since more difficult activities may be scheduled
IVA because of the less restricting and less hostile environment, quantified data
concerning force emission capability in the shirtsleeve zero gravity environment
may be of greater use and application than the data collected already for EVA.
The design of the shirtsleeve experiment was greatly simplified compared to the
84A experiment because the results from 84A have been used to delete variables
or levels of variables which were found to be non=-significant with respect to
astronaut force producing capability. The conduct of the experiment and the
data reduction are simplified by the use of techniques, computer programs, and
scheduling criterion available from 84A,

9.2.2 EXPERIMENT 84B ONE~G BASELINE EXPERIMENT

The second of the experiments, 84B, was designed to study the effect of
gravity on force producing capability. Performance of the same conditions used
in 84A, where possible, in a 1-g environment will allow a quantified comparison
which may result in a conversion factor or series of conversion factors for
gathering zero gravity data in a one-gravity environment. A simplified version
of the 84A protocol was used, dropping the variables found non=-significant in
84A and also the variables which could not be simulated in l-g (ex: no
restraint).

9.3 EXPERIMENT DESCRIPTION

9.3.1 GENERAL DESCRIPTION

This experiment was concerned with determining the effects of zero-gravity
on the force-producing capabilities of subjects as a function of the type of
restraint and simulated conditions of accessibility. 1In this study, the



9.3.1 GENERAL DESCRIPTION (Continued)

restraints were varied in the number and location of the energy sinks provided
to the subject. Additionally, the accessibility conditions were evaluated by
changing the location and orientation of the force receiver with respect to the
subject.

The subjects performed the tasks in one of two suit modes: Gemini G4C
suit, pressurized to 3.5 psi or shirtsleeve. Zero gravity was simulated by the
technique of neutral buoyancy submergence.

The experimental apparatus, Figure 9~1, was designed to provide efficient
selection of the experimental condition combinations by an underwater technician.
The experimental condition combinations consisted of eight types of restraint
(including no restraint), two force receiver distances, and two force receiver
angles., Maximum impulse and sustained forces were obtained from each of two
subjects for each experimental condition. Impulsive forces were defined as the
peak forces exerted during a 1.0 second interval, while sustained forces are
defined as the minimum force maintained over a 4~second interval., The required
forces were applied in push, pull, left, right, up, and down directions, at all
force receiver locatioms.

Prior to each experimental run, the subject was attached to one of the
restraint systems and stabilized in front of the force receiver handle. The
handle had been previously set at one of the experimental distances and angles.
When all personnel were ready, the test director initiated signals which dis=~
played on the subject’s cue panel the required direction and type of force to be
exerted, After a 2-second cue time, a "go'" signal was displayed to the subject,
who was instructed to exert the appropriate force until the "go" signal ex~
tinguished. After a suitable rest period, new cue signals were displayed to the
subject, and the above procedure repeated. After performing 12 trials of
required force exertions (sustained and impulse forces in all six directions),
the handle orientation and/or distance was changed, and a new sequence of 12
trials begun. An experimental session consisted of 96 trials and the experiment
required 12 sessions to complete the data collection across all experimental
conditions.

9.3.2 EXPERIMENT VARIABLES

The ability of an astronaut to exert forces in a zero~g environment is in-
fluenced by several factors, some of which are:

a, Type of restraint system
b. Location and number of restraint attachment points

¢, Position and location of the body relative to the force receiver
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9.3.2 EXPERIMENT VARIABLES (Continued)

d. Manual or tool assisted force requirements

e. Type of force required - impulse or sustained

f. Direction of force application

g. Location and orientation of force receiver

h. Type of spacesuit

i, Physical size of subjects

j. Suit pressurization method

However, evaluating the effects of all parameters of these variables was
beyond the scope of this experiment. The variables selected for investigation
in this experiment were:

a. Type of restraint system

b. Receiver angle

c. Receiver distance

d. Force direction

e, Force type

f. Subject differences

g. Suit condition

The ranges of the variables used in this experiment were selected with the
intention of establishing the parameters of the principal factors affecting
force-emission capability in zero-gravity. The same experimental conditions
were used in these experiments as were used in 84A with certain exceptions as
described below.
9.3.3 TYPE OF RESTRAINT SYSTEM

Restraint is perhaps the most important variable affecting force~emission
capability in zero=gravity. The effectiveness of any given restraint is due to
its efficiency as an energy sink and stabilizer in resisting the effects of the
force emitted by the subject in any given direction. The restraints selected

for this experiment were those which appear to be most representative of the
current thinking on probable types and combinations, and include:
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9.3.3 TYPE OF RESTRAINT SYSTEM (Continued)

Use in 1-G

a, None (no restraint) No
b. Handhold only No
c. Waist only (2 point, rigid) No
d., Gemini Dutch shoes only Yes
e. Handhold and waist No
f. Handhold and shoes Yes
g. Waist and shoes Yes
h. Handhold, waist, and shoes Yes

Note that in the 1=G condition only those combinations of restraints
involving the shoes were utilized., The implementation of each of the restraint
conditions is described below,

9.3.3.1 No Restraint

In this condition, the subject used the left handhold and the force
receiver handle to position himself properly in the apparatus. The proper
position required that the subject stabilize himself vertically with his right
nipple in the plane of the vertical restraint support members facing forward
toward the cue panel, level with the center of the force receiver handle.
Immediately prior to the application of force (during the 2~-second cue time),
the subject released the left handhold and maintained contact with the force
receiver with only the right hand. The safetymen were positioned so that they
could prevent the subject from colliding with the apparatus and helped the
subject get back into position for the next force application. This assistance
from safety persomnel in preventing injury to the subject is an integral part
of this test condition, since without such aid, the reaction to the forces
exerted could have caused injury to the subject or damage to the space suit.

9.3.3.2 Handhold Only

In the handhold-only restraint condition, as in the no-restraint condition,
protection by safetymen was required. The handhold restraint was located 19
inches forward of the subject's left shoulder, and its center was at the same
height as the center of the foxce receiver handle.
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9.3.3.3 Waist Only

The waist restraint consisted of a wide fabric belt attached to telescoping
metal bars extending from the sides of the support structure. The telescoping
bars permitted the positioning of the swivel plates against the side of the
pressure suit to prevent rotation around the sagittal axis (yaw)., The swivel
plates permitted the subject to pitch freely, fore and aft, around the axis
formed by the support bars. 1In the case of "pull” forces which pitched the
subject toward the apparatus, the safetymen prevented him from colliding with
the apparatus. The height of the waist restraint was adjusted for each subject
such that the center of the force receiver handle was level with his right
nipple. The waist restraint is shown in Figure 9-1.

9.3.3.4 Gemini Dutch Shoes Only

The shoe restraint used in this study was the Gemini Dutch Shoes, shown in
Figure 9~1. The shoes effectively immobilized the subject against up and down
movements and provided a pivot point for left, right, push and pull forces. The
height of the shoe restraint was varied such that the center of the force receiver
handle was at the level of the subject's right nipple.

9.3.3.5 Handhold and Waist

This restraint was a combination of the handhold and waist restraints and
represented a two=-point energy sink.

9.3.3.6 Handhold and Shoes

This restraint was a combination of the handhold and Dutch Shoe restraints
and represented a two=point energy sink.

9.3.3.,7 Waist and Shoes

This restraint was a combination of the waist and shoe restraints and repre-
sented a two~point energy sink that freed both hands for use at a work site,

9.3.3.8 Handhold, Waist, and Shoes

This restraint was a combination of the handhold, waist, and shoe restraints
and represented a three~-point energy sink,



9.3.4 RECEIVER ANGLE

The location of the force receiver in the subject’s reach envelope is a
major determinant of force emission capability. However, the extremely high
number of possible locations prohibits an all~inclusive study of the effects of
location. One aspect of location selected for investigation was the horizontal
angle subtended by the location of the force receiver with respect to a fixed
point on the subject’s frontal plane, assuming the subject to be oriented
vertically. The origin in this case uses the reference point of the right
shoulder, with the arm held straight out being zero degrees. All of the angles
used were in the plane which was perpendicular to the sagittal axis and inter-
sect the subject's right nipple. The statistical analysis of the 84A data
indicated that there was no significant difference between the 0° and the =-15°
receiver angles, Closer inspection of the data revealed some small trends
associated with particular experimental condition combinations, however, these
were not deemed to be of sufficient intensity to warrant further investigation
at this time. It was decided to use only the =15° and the 45° receiver angles
in this experiment. The =15° was chosen over 0° because the -15° to 45° allows
a test over a greater experimental range, encompasses the 0° point and therefore,
permits greater generalization of the data.

9.3.5 RECEIVER DISTANCE

Another aspect of accessibility investigated in this experiment was the
distance from the subject to the force receiver. The intent to bracket the
range of possible distances can be seen in the theoretical definitions of the
three receiver distances chosen for inclusion in the original 84A experiment.
The distances, called near, medium, and far, were determined to sample the reach
envelope.

In the statistical analysis, receiver distance was not found to be signifi~
cant, but "near" and "far' had individual advantages in certain force directions.
"Near" was determined to be 15 inches forward of the shoulder reference point and,
was defined as the closest position that could practically be reached while
wearing a pressurized space suit., This distance resulted in an elbow angle of
approximately 90 degrees. "Far'" was determined to be 24 inches forward of the
shoulder reference point, and was defined as the farthest position that could
practically be reached, resulting in an elbow angle of approximately 180 degrees.
The actual distance in inches varies slightly between subjects and was restricted
slightly by equipment limitations.,

9.3.6 HANDLE ORIENTATION

Statistical analysis of the 84A data also showed no significant difference
between vertical and horizontal handle orientations; however, the vertical
orientation appeared to be slightly better., For this reason the horizontal
orientation was dropped and only the vertical handle orientation was used in
this experiment.
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9.3.7 FORCE DIRECTION

Since force-producing capability varies greatly with the intended direction
of force application, subjects in this experiment were asked to generate forces
in both directions of the three orthogonal axes defining the location of the
force receiver. The directions of force application were:

a. Push
b. Pull
c. Left
@, Right
e. Up

£. Down

9.3.8 FORCE TYPE

Two types of data concerning force~emission capability are especially use~
ful to the designer of advanced space systems. These are impulse and sustained
forces, with the former defined as the peak force that is exerted during a
l-second interval, and the latter defined as the maximum force capable of being
maintained during a 4-~second interval. Quantitative data for these two types
of emission will allow the equipment designer to answer the questions:

a, What is the peak force which the astronaut can be depended on to
produce in a given condition combination?

b. What force can the astronaut maintain for a reasonable amount of
time?

In this experiment, the subject was instructed to exert maximum force in
the direction indicated on the cue panel, and to hold this force as long as
possible, or until the "go' signal extinguished. The cue panel communicated
the force type by presenting either the word "impulse" or "sustained" at the
same time the instruction for force direction was presented. After the 2-second
illuminated cue period, the "go'" signal appeared and was maintained one second
for impulse trials and 4 seconds for sustained trials., The instruction or cue
signal also remained on until the termination of the "'go" signal.

9.3.9 SUBJECT DIFFERENCES
One of the primary questions requiring an answer early in the analysis of

the data is concerned with the "sameness" or difference between the subjects used
in the original 84A and the current 84A" and 84B experiments. If the subjects
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9.3.9 SUBJECT DIFFERENCES (Continued)

used in the two experiments differ significantly with respect to their force
emission capability, then the ability to extrapolate from the 84A data will be
questionable at best.

9.3.10 SUIT CONDITION

Two parameters of the suit condition variable were evaluated in this experi-
ment. The shirtsleeve mode (not wearing a pressure suit) was used in both the
1-g and O-g simulation. The pressurized suit (Gemini G4C spacesuit) was utilized
in the l-g and O-g simulation. The Gemini G4C suit was selected as being most
comparable to the Apollo State-of-the-Art suits used in the original experiment
and available for use in the current program. The suit was water pressurized to
3.5 psia by a system developed by GE and described in detail in the study report
on Contract NAS8-18117.

9.4 EXPERIMENT SET-UP

The 84A°' and 84B experiments were performed at General Electric's Controlled
Buoyancy Facility at Valley Forge, Penna. The hardware is described in detail in
the study report on Contract NAS8-18117 and need not be repeated here.

During the conduct of the experimental sessions two-way voice communication
was maintained between the test director and the subject. Closed-circuit TV pro-
vided video observation of the subject during neutral buoyancy testing. Force
receiver signal outputs were recorded on a Brush Mark 200 oscillographic recorder.
Four channels were recorded-three containing the positive and negative deflections
for each particular axis and one to depict the various commands being given to
the subject.

9.5 DATA ANALYSIS AND RESULTS

9.5.1 DATA REDUCTION

All data collected from this experiment were manually transformed to a
coded sheet, illustrated in Figure 9-2. The coding system identified each data
point according to the variables in effect when it was collected. The computa-
tions performed with this data were similar to those performed on the M508 data.
A time-shared computer program permits various combinations of data to be
averaged and printed out in a format compatible with the 84A data formats for
comparison. A sample printout is shown in Figure 9-3,

The measures computed are similar to those computed for the 84A experiment
and are as followss
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MODE t§-G»NBS,

SUBJECT 281:25
SUIT $SS 5G4Cs
RESTRAINT N oH 25 2 W sH&S +WES sHEW HW&S,

RECEIVER ANGLE $=15s 45
RECEIVER DISTANCE:NEARsFAR »

SUSTAINED IMPULSE
MIN MAX
MEAN RANGE N MEAN RANGE N

PHLL 53.0 Bs =175.0 127 89.5 Ge =175.0 127
PUSH 389 Bs = 75.8 124 35.9 l@g@" 786.8 128

Up 32.7 D =125:0 126 48 .4 5.8-193.8 127
DOWN 29.3 G = T30 125 36+9 2.0~ 68.0 128
RTe 28 .7 d. =123%5.9 123 4464 5.0-120.6 127
LEFT 225 B = FBaB 127 29.7 14.3~ 50.8 125

WISH TO CHANGE CONDITIONS? YES OR NO=NO

FIGURE 9-3 EXPERIMENT 84A' & B DATA SAMPLE PRINTOUT
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9.5.1 DATA REDUCTION (Continued)

MIN - The minimum force that occurs in the commanded direction during the
last 3 seconds of the 4~-second command for sustained forces.

MAX - The maximum impulsive force that occurs during the l-second the GO-
light is on and the 1 second afterwards.

The mean, range and number of points found for these measures were computed
and displayed for subsequent data analysis.

9.5.2 RESULTS

Figure 9-3, which contains the sample computer program printout, represents
averaging of all data points collected in this program. When compared with the
84A data a rather unfortunate result was noted. A difference in magnitude of
approximately 2:1 exists for each of the paired directions of a given axis. The
effect is most obvious in the range of MAX forces. The largest force in the PULL
direction is 175.0 1b; in the PUSH direction it &s only 78.0 1b. The other two
axes exhibit similar behavior.

This effect was not at all noticeable in the 84A data and there is no plau-
sible reason to suspect such an effect here. A study was made of the distribu-
tion of data collected here and ultimately it was decided that, for the PUSH, LEFT
and DOWN directions (all of which were characterised by negative voltage outputs),
the recorder was being operated near saturation in the 50-70 1b, region. Thus ’
the problem could not be spotted during experiment operations. The daily cali~
bration procedure utilized a fish scale to exert known forces. Using this tech-
nique only forces up to about 50 or 60 pounds could be reliably maintained.

Thus, it went completely unnoticed that forces of perhaps 100 or 120 1lbs. were
being damped at 60 or 70 1bs. The magni ude of linear deviation on the recorder
was such that this damping would not readily be noticeable. As a result of this
problem, it was deemed necessary to eliminate the LEFT, PUSH and DOWN direction
from consideration and utilize only the RIGHT, PULL and UP directions for compar-
ison with 84A,

The following paragraphs describe the results of the data analysis and com-
parisons conducted to evaluate the capability of extrapolating from the original
Experiment 84A O-g pressure suited data to the 1-g and O-g shirtsleeve conditionms.
The statistical analysis performed on the data was the same as described in
detail in the Contract NAS8-18117 Final Report. The two non-parametric statistics
used were the Wilcoxon Matched-Pairs, Signed Ranks Test and the Friedman Two-Way
Analysis of Variance,

9.5.2.1 Mean Forces Across Subjects

The first comparison evaluated the subjects utilized in the current experi-
mental program against those utilized in the original Experiment 84A. The
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9.5.2.1 Mean Forces Across Subjects (Continued)

comparisons involved the mean of the MINS and the mean of the MAXS for the neutral
buoyancy simulation case in the new data (84A') and the old (84A) data., The
results indicated there were no significant differences between the current sub-
jects and the original subjects in terms of their ability to exert sustained or
impulsive forces.

9.5.2.2 1~G Versus 0-G Force Emission Means

The next analysis compared the mean force emission capability in a 1-g en-
vironment with the mean force emission capability in the neutral buoyancy simu-
lated zero-g environment., Results of this analysis indicated that sustained
force emission capability differed significantly at the .05 level across the O-g
and l-g environments, The same result (a significant difference at the .05
level) was found when comparing the mean impulsive force emission capability
across the 2 gravity conditions. In spite of the statistical significance of the
difference in impulsive force emission capability, it appears that the magnitude
of the real difference is not very important. The zero-g means differed from the
1-g means by only 2 to 12 1lbs, representing a 3 to 20 percent variation. In all
cases, the l-g mean fell within the range of the zero-g means., The 20% difference
in the means was found in the Up direction only and indicated a difference that is
later confirmed by the suited vs. shirtsleeve analysis in which there appears to
be a suit restriction in the capability to exert Up forces, In the case of sus-
tained forces, there appears to be an increased force emitting capability in the
l-g mode that is 2.4 to 2.8 times as great as the zero-g force emission capability.
These results indicated that impulsive force emission is relatively uneffected by
changes in gravity conditions and that sustained force emission capability is
approximately 2-1/2 times as great in the l-g environment than in the zero-g.

9.5.2.3 Shirtsleeve Vs. Pressure Suited Force Emission Means

Results of the statistical analysis of the mean force emission capability
between shirtsleeve and pressure suited conditions indicated no significant dif-
ference between impulsive or sustained force emission capability. However, in
both the impulsive and sustained forces in the Up direction, the shirtsleeve
mean force capability was approximately 407 greater than the pressure suited
force emission capability. This was especially evident since all other direc~—
tions indicated approximate equality in mean force producing capability between
the suited and shirtsleeve modes,

9.5.2,4 Mean Forces Across Receiver Angles

Results of the statistical analysis of the mean force capability across
different receiver angles indicated no significant difference in either the im-
pulsive or sustained force cases. This finding is consistent with the results
of the analysis of the original 84A Experiment and visual inspection of the data
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9.5.2.4 Mean Forces Across Receiver Angles (Continued)

indicate relatively the same trend with respect to receiver angle and direction
interactions. The capability to exert sustained and impulsive Push/Pull forces
tends to increase as the force receiver is moved away from directly in front

of the subject. However, this tendency appears to reverse for the other direc~
tions, That is, the Up/Down and Left/Right force emission capability tends to

decrease as the force receiver is moved laterally from in front of the subject.

9.5.2,5 Mean Forces Across Receiver Distances

Results of the statistical analysis across the receiver distances indicated
no significant differences for either the impulsive or sustained force emission
capabilities., It appears from the data that the ability to exert pull forces is
slightly enhanced as the force receiver distance is increased, and that the
ability to exert up and right forces is diminished as the force receiver distance
increases.

9.5.2.,6 Mean Forces Across Restraints

A statistical analysis of the mean force emission capability across various
restraint conditions indicated a significant difference at the ,005 level for
both sustained and impulsive forces. This finding is also consistent with the
previous study results,

9.5.3 CONCLUSIONS

The conclusions that can be drawn from the above data analysis and results
are as follows:

a. The force emission capabilities of the subjects used in the original
Experiment 84A and the current Experiment 84A' and 84B did not differ
significantly.

b. Impulsive force emission capability is not significantly affected by
varying the gravitational field from zero to l-g.

¢, Sustained force emission capabilities in the l-g environment appear
to be approximately 2-1/2 times as great as sustained force emission
capabilities in the simulated zero-g environment.

d. Sustained and impulsive force emission capabilities are relatively
unaffected by the pressurized space suit except in the Up direction

for the suits used in this program (Gemini G4C).

e, The data graphs summarizing the pressure suited force emission
capability data collected in the original Experiment 84A are
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9.5.3 CONCLUSIONS (Continued)

e. presentéd in Figure 9-4, Charts 1 through 12, and can be used in the
following manner:

& The mean impulsive forces can be used to represent the l-g
and zero-g, shirtsleeve and pressure suited impulsive force
emission capability.

@ The mean sustained force graphs can be used to represent the

1~g shirtsleeve and pressurized suited force emission capa-
bility by multiplying the means by a factor of 2-1/2,
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FIGURE 9-4 TFORCE EMISSION SUMMARY DATA CHARTS

The following graphs present the means and ranges of forces resulting from
the investigation of force producing capability under various conditions of
gravity, restraint and worksite geometry. The Sustained mean forces presented
on the graphs represent the simulated zero gravity, shirtsleeve and pressure suited
capabilities., To obtain a close approximation of the one-g shirtsleeve and pres-
sure suited Sustained mean force capability, multiply the Sustain means by 2.5.

The Impulse mean forces presented on the graphs represent the one-g and simulated
zero gravity, shirtsleeve and pressure suited capabilities.
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The data on this chart represents the sustained force emission capability for shirtsleeve and pressure

suited zero gravity conditions.

To determine the approximate sustained force emission capability for

the shirtsleeve and pressure suited one-g conditions, multiply the O-g mean values by 2.5.
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The data on this chart represents the sustained force emission capability for shirtsleeve and pressure

To determine the approximate sustained force emission capability for

the shirtsleeve and pressure suited one-g conditions, multiply the O-g mean values by 2.5.
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SECTION 10

PROGRAM CONCLUSIONS AND RECOMMENDATIONS

10.1 INTRODUCTION

This section provides a brief review and summary of the major accomplishments,
conclusions and recommendations that resulted from the conduct of the Astronaut
Zero Gravity Performance Evaluation Program.

10.2 CONCLUSIONS

Experiment M508 was initially conceived to provide information relative to
the performance of selected pieces of EVA hardware. At a later date, it was
realized that the experiment could serve as a means of evaluating the various
ground-based zero-g simulations currently used for astronaut training as well as
for physiological and psychomotor performance studies. Finally, it was also
realized that the experiment could provide valuable zero-gravity human performance
design data. The most important conclusion to be drawn from the work reported
here is that all of these objectives are well satisfied by the experiment which
was designed and performed for this contract.

Given that the program objectives remain as EVA hardware evaluation, simula-
tion technique evaluation and the generation of design data, the importance of
utilizing the experiment which results from execution of the individual task
recommendations in Section 7 cannot be overstressed. It is worthwhile to review
here the results which dictate the inclusion or deletion of certain tasks and/or
experiment variables.

The Precise Hand Movement Task indicated important performance differences
across simulation modes and between suited (EVA) and shirtsleeve (IVA) conditions,
In addition, it was noted that the existence of a limiting access port seriously
degrades one's ability to accurately perform a dynamic task. This type of infor-
mation is directly relatable, for example, to the removal and replacement of small
film cassettes, where precision alignment is required. ‘

In the Two-Hand Task (a static test of accuracy) it was found that the access
condition did not affect the accuracy of performance. It was also found that any
relatively stable one-point restraint is suitable for such a task. This type of
information would be useful in designing an astronaut function involving a task
such as sensor alignment. This task also proved capable of differentiating between
simulation modes and between suited and shirtsleeve conditions.

The Precise Force Task provided important results -concerning simulation modes
and restraints. The Precise Torque Task tended to confirm these results, but
because it did not provide any conclusions or results that were new or different,
this task was recommended for deletiom.

The Sustained and Impulse Force and Torque Tasks also tended to confirm each
other, But each of these tasks provides inherently valuable design data on a
basic human performance capability and should therefore be retained. Two of the
most important results found in these tasks were the existence of inhibited per~
formance.in the 6 DOF simulation and the ineffectiveness of the variable-flexibility
waist tether utilized in this experiment. Design data was enhanced by being col-
lected at various reach envelope locations, using different tools, etc.
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10.2 CONCLUSIONS (Continued)

The Operational Maintenance Task, Restraint Installation Task and the Gain
Access Task were all found to be too specific in nature to provide meaningful
results, These tasks were recommended for deletion, resulting in a time savings
to the experiment of approximately one-fourth the total experiment time.

It was stated in Section 7 that the experiment did note several important
differences in performance resulting from the nature of the A7L and the AES suits.
The experiment was more effective, however, for quantifying differences in an
IVA (shirtsleeve) condition vs. an EVA (suited) condition. It is therefore
recommended that only one suit be kept for the flight experiment. As an alterna-
tive, the "worksite only" restriction can be removed, allowing additional experi-
mental tasks which would provide a more complete suit evaluation,

With regard to the other major experimental condition -~ restraints - it is
recommended that the experiment utilize at least two different restraint conditionms.
The manually operated waist tether, however, should either be greatly improved or
replaced prior to inclusion in the flight program. The Dutch Shoes must also be
modified to fit the AES suit boots (if that suit is retained in the program).

The important point to bear in mind, of course, is that the experiment can and
will denote performance differences which result from the utilization of any
restraints,

One of the most significant conclusions from this program has been the demon-
strated value of utilizing representative tasks to provide objective, quantifiable
data rather than real operational tasks that provide only subjective or qualita-
tive data of a "Go-No Go" nature. The technique which resulted in the design of
these tasks (Section 3,0) is a sound one, To some, they have seemed irrelevant
and inappropriate. The technique and resultant experimental tasks are based
upon consideration of the psychomotor capabilities required of astronauts to per-
form the experiments planned for the next decade of manned space flight. 1In
addition, the experiment program reported here illustrates well how the represent-
ative tasks do in fact satisfy the objectives of the M508 Experiment.

10.3 RECOMMENDATIONS

The most important recommendation that can be made to NASA is that the flight
validation data on this experiment be collected consistent with the experiment
design as it now exists. The result of the flight experiment will literally be
a human performance data bank providing evaluations and comparisons never before
available., These evaluations could utilize computer programs and techniques al-
ready existing from this contract with virtually no changes. For the first time,
analysts could objectively determine the most effective means for simulating
zero-gravity for different tasks. It is not extreme to conceive of a situation
in the future where a spacecraft designer or mission planner requires the perform-
ance of a particular task; with suitable reflection, he decides (for example) that
force emission is not important to performance of the task, but an ability to
accurately perform a dynamic manipulation is. Consulting the Precise Hand
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10.3 RECOMMENDATIONS (Continued)

Movement Task data bank, he could determine the proper restraint to recommend for
task performance, the proper simulation technique to use for astronaut training,
etc. He could even trade-off the time savings that might result from modifying
an EVA task design to permit its performance in an IVA mode vs. the potential
equipment ramifications of such a redesign.

The work reported in this document confirms the existence of a potential
to satisfy the M508 program objectives. Flight performance of -this experiment in
the near future will capitalize on this potential and provide significant know~
ledge on the problems of human performance in zero-gravity,
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API-11 (1)

I, EXPERIMENT DESCRIPTION

Because of the length of the original experiment description and because
the information is included in the body of the Detailed Technical Report, the
reader is directed to Sections 3 and 5 of Volume II for answers to specific
experiment description questions,



API-11 (II)

IT, FACILITIES AND SUPPORT EQUIPMENT REQUIREMENTS SPECIFICATION

1.0 INTRODUCTION

This specification defines the requirements for the facilities and
support operations required for the Astronaut Performance Program (M508)
Design Verification Tests. These tests are to be conducted under simu-
lated zero-gravity conditions, including neutral buoyancy, Keplerian
flights and 6 Degree-of-Freedom mechanical simulations and a 1-g walk-
through.

The 1-g walkthrough and neutral buoyancy simulations are to be conducted
in General Electric facilities, the Keplerian flight is to be conducted on
a KC-135 aircraft based at Wright-Patterson AFB, and the 6 Degree-of-Freedom
mechanical simulation will use the facility Tocated at the MSFC, Huntsville,
Alabama.

Also defined in this specification are the interface requirements for

the simulation facility/M508 equipments and the operations necessary for the
conduct of the test programs.

2.0 NEUTRAL BUOYANCY SIMULATIONS

The neutral buoyancy simulation phase of the Design Verification Tests
will be conducted in the General Electric facility at Valley Forge, Pa.
(See Figure 1).

2.1 ENVIROMMENTAL CONDITIONS
2.1.1 MWater

The water temperature in the facility shall be controlled to 85° + 5°F,

The water shall be kept clean and free of all debris and measurable
bacteria. Visibility in the water shall be such that a person underwater
at the side of the pool can see clearly across to the opposite side. A per-
son standing on the walkway shall be able to see the bottom clearly.
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2,1.2 Water Surroundings

The pool enclosure shall be maintained within 5°F of the water
temperature and shall be free from drafts. A1l entrances to the pool
area shall be protected with curtains or double doors so that there
will be no drafts when outside doors are opened.

2.2 PERSONNEL ACCOMMODATIONS

A dressing room shall be provided for those persons participating
in water operations. This room will also provide lockers for storing
clothing and other personal belongings. The dressing room should also
provide a shower for the personnel. As personal SCUBA gear shall also
be stored here, wash down facilities for these equipments will be re-
quired. The dressing room shall be maintained at the same temperature
as the pool area.

2.3 INSTRUMENTATION AND DATA RECORDING

2.3.1 Underwater Photography

There shall be two cameras for underwater use each having remote
focus and zoom controls. The cameras shall be mounted on remotely con-
trolled tilt and pan units., A separate monitor will be required for
each camera.

Adequate underwater lighting shall be provided to the extent that

the data films are of the highest quality attainable with the particu~
lar equipment used.

2.3.2 Audio Recording

A means shall be provided for recording voice comments during the
conduct of each experimental session. The voice channel/recorder shall
be capable of at least one hour of continuous operation.
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2.3.3 Control Station

ATl experiment controls, communications and photographic equipment
will be operated from a single control station located in the vicinity
of the pool. The control station shall be designed and constructed in
a manner such that one person (the test director) can operate the required
switching circuits and controls during the conduct of the experiment.
The control station shall contain, as a minimum, the following:
o TV Controls and Monitors
o Experiment Cue Controls
o Data Recording Controls
o Communication Links

0 Table Space

2.3.4 Backup Equipment

There shall be sufficient backup equipment available so that a
failure in any experimental equipment will not cause excessive delays
in the experimental operations.

2.4 ELECTRICAL POWER REQUIREMENTS

The power required to operate the experiment equipment is 28VDC
(unregulated), 40 watts continuous.

2,5 SUPPORT EQUIPMENT

2.5.1 Backpack & Helmet

The suit pressurization system and special underwater helmet shall
be supplied for the duration of the test program. Electrical power and
breathing air for the backpack and subject shall be supplied by the facility.



2.5.2 SCUBA Equipment

SCUBA equipment shall be provided for all personnel participating
in underwater activities. The amount of equipment to be provided is
as follows:

o Experiment Installation, Set-Up and Checkout Operations

o b5 regulators, masks, fins, etc.
0 20 tanks per day

o Training Operations

o 8 regulators, masks, fins, etc.
0 20 tanks per day

0 Experiment Conduct

o 6 regulators, masks, fins, etc.
o 20 tanks per day

The tanks should be filled overnight and be ready for operations at
7:30 A.M. each morning. Provisions shall be available to allow the
SCUBA equipment to be washed at the end of each day’'s use and stored
in the dressing room.

2.5.3 Hookah Equipment

Four operating Hookah lines will be supplied in the water at all
times. These will be considered as the prime breathing apparatus for
the safety man and experiment technician while they are underwater.

The remainder will be available to the subject and topside safety
man for emergencies.

2.5.4 Communications

Communications shall he provided in the following modes:
o Test director to all persons in pool and surrounding area
0 Safety man to test director

-

o Subject to safety man and test director



2.6 EXPERIMENT EQUIPMENT/FACILITY INTERFACE

2,6.1 Mounting Interface

The experiment equipment shall be mounted to a support structure
which in turn will be attached to the wall of the facility. This
attachment shall be through existing mounting points. The location and
dimensions of the support structure mounting points shall be supplied
at a later date.

2.6.2 Electrical Interface

The following electrical signals shall interface with the under-
water experiment eguipment.

0 28 VDC supply, unregulated, 40 watts
o DC return |
52 Data Qutputs
- Analog signals 0-5 VDC
- Bilevel (Digital) Signals 15 VDC
2.7 REPAIR AND MAINTENANCE

Facilities shall be provided for maintenance and repair of the ex-
perimental equipment and instrumentation. This facility shall be equipped
with standard hand tools and the following test equipment as a minimum:

o Oscilloscope
0 DC Power Supply: 0 to 25 v

o Vacuum Tube Voltmeter



3.0 KEPLERIAN FLIGHT SIMULATIONS

The Keplerian Flight simulation test will utilize a KC-135 air-
craft based at Wright-Patterson AFB.

Two basic facilities are required for the Design Verification Tests.
These are the KC-135 aircraft and a ground facility. The KC-135 air-
craft as defined herein includes the flight crew and all other equipment
and personnel required to make the aircraft an operational testbed.

The ground facility shall consist of a laboratory/workshop type
room with work benches, desks and power source (110V, 60 hz) to be

utilized as a storage and maintenance area for the General Electric
experimental equipment.

3.1 TEST EQUIPMENT IDENTIFICATION

General Electric shall supply the following equipment required to
perform the test operations in the KC-135 aircraft other than described
above in Paragraph 3.0. This equipment shall include:

a. Task Panel

b. Restraints

¢. Task Panel Support Structure

d. Ancillary Equipment Support Structure

e. Cables

f. Miscellaneous Tools, spare parts and test equipment necessary

for the maintenance of the test setup.

3.2 ENVIRONMENTAL CONDITIONS

3.2.1 Acceleration (Shock) Loads

The equipment (mounted) shall be capable of withstanding the loads
shown in the diagram below.
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4g
Forward Aft
16g - 1.5¢
Impact acceleration

4g
8g

3.2.2 Vibration

The experiment equipment shall be capable of withstanding the vibra-
tion environment shown below. ‘

.036 DA 5 - 10 Hz
.02 DA 10 - 45 Hz
+ 2g 45 - 500 Hz

3.3 PERSONNEL REQUIREMENTS & ACCOMMODATION

3.3.1 Personnel Requirements

A1l General Electric personnel engaged in the test flights shall
meet the following qualifications:

1. Establish the proper security clearance at Wright-Patterson AFB.

2. Successfully pass a Class III flight physical.
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3. Complete physiological training which consists of -

a. Altitude chamber indoctrination.
b, Explosive decompression.

4, Complete survival training.

3.3.2 Test Subject Dressing Room

The ground laboratory shall serve as the dressing room for the test
subject,

3.4 ELECTRICAL POWER

3.4.1 KC~135 Aircraft

The aircraft shall supply.

a. 28 VDC (unregulated) 40 watts

b. 30 400 hz (Power to be supplied later)

The aircraft shall supply mating pairs of all connectors. The experi-

ment and test equipment shall supply unended cables 20 ft. long.

3.4.2 Ground Facility

The ground facility shall supply =
110V, 60 hz (Power to be supplied later)

3.5 SUIT PRESSURIZATION

The aircraft shall supply air for suit pressurization and umbilicals
sufficiently long to reach the work area. Suit-umbilical connectors shall
be supplied by General Electric.
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3.6 EXPERIMENT EQUIPMENT/KC-135 INTERFACE

3.6.1 Mounting Interface

A11 equipment support structures will be mounted to the floor of the
aircraft. Tie-down points are arranged on a 20-inch grid pattern on the
aircraft floor. The grid pattern straddles the aircraft centerline. The
tie~-down points will accept a 3/8 dia. bolt.

3.6.2 Electrical Interface

The power connections described in Paragraph 3.4 above represent the
total electrical interface with the aircraft.

4.0 6 DEGREE-OF-FREEDOM MECHANICAL SIMULATION

The 6 Degree-of-Freedom Mechanical simulation shall utilize the
facility at the Marshall Space Flight Center, Huntsville, Ala.

Two basic facilities are required for the Design Verification Tests.
These are the mechanical simulator and a maintenance laboratory facility.
The mechanical simulator as defined herein includes all other equipment and
personnel required to make the simulator an operational testbed.

The laboratory facility shall consist of a laboratory/workshop type
room with workbenches, desks and power source (110V, 60 hz) to be utilized

as a storage and maintenance area for the General Electric experiment sup-
port equipments.

4.1 TEST EQUIPMENT IDENTIFICATION

General Electric shall supply all equipment required to perform the
test operations other than described above in Paragraph 4.0. This equip-
ment shall include:

a. Task Panel

b. Restraints

¢, Task Panel Support Structure

d. Ancillary Equipment Support Structure
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e. Cables
f. Miscellaneous tools, spare parts and test equipment necessary
for the maintenance of the test setup.

4.2 ENVIRONMENTAL CONDITIONS

Since the test facility is located in an environmentally controlled
building, no special environmental considerations or provisions need be
made,

4.3 PERSONNEL REQUIREMENTS AND ACCOMMODATIONS

4.3,1 Personnel Requirements - To be determined.

4,3.2 Test Subject Dressing Room

The laboratory shall serve as the dressing room for the test subject.
4.4 ELECTRICAL POWER

The facility shall supply
110V, 60 hz {Power to be supplied later)

4.5 SUIT PRESSURIZATION

The MSFC facility shall supply air for suit pressurization and umbilicals
sufficiently long to reach the work area. Suit-umbilical connectors shall be
supplied by Geneval Electric.

4.6 EXPERIMENT EQUIPMENT/SIMULATOR INTERFACE

4,6.1 Mounting Interface ~ To be determined.
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4,6.,2 Electrical Interface

The interfaces/vequirements described in Paragraph 2.6.2 above repre-
sent the total electrical interface with the MSFC facility.

5.0 1-G_WALKTHROUGH

The 1-g walkthrough test shall use the area immediately adjacent to the
neutral buoyancy facility described in Section 2. Therefore, all requirements
of that section apply here with the exception of those items directly relating
to the underwater operations.

A1k



API-11 (III)

TII. EXPERIMEMT SCHEDULES AND PROCEDURES

1.0 SCHEDULES
1.1 Program Schedules

This section presents the program-level and daily schedules for
conduct of the Design Verification Tests.

Figure 1.1 contains the phasing of the various simulations for
DVT and is predicated on a follow-on contract go-ahead of 1 March 1969,
The main portion of testing will be conducted beginning 5 May 1969. The
one~g walkthrough will be performed first in order to simplify simulation-
inherent complexities while procedures and hardware are still in the early
phases of operation. At the conclusion of one-g testing, a week has been
allocated for any procedural or design modifications that may be required.

The one-g simulation effort will be followed in turn by neutral
buoyancy, 6 DOF air-bearing, and KC-135 simulations. An additional week
of KC-~135 testing is scheduled to begin on 28 April 1969 to permit initial
checkout of all test equipment and personnel.

The schedules of Figure 1.1 have been prepared to allow use of the
same subjects throughout the program,

1.2 Daily Schedules

Daily schedules for each phase of simulation testing are presented in
Figures 1.2 through 1.5, The daily schedules are based on the following:

One-G Walkthrough -~ 36 sessions total - 6 sessions per day -

each subject performs 3 sessions per day

6 DOF - 36 sessions total - 4 sessions per day -
each subject performs 2 sessions per day

NBS - 36 sessions total - 4 sessions per day -
each subject performs 2 sessions per day

KC-135 - 18 sessions total - 1 session per day
(requiring two flights per day) - each
subjects performs 1/2 session per day

SESSION TIME: Approximately 45 minutes
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2.0 EXPERIMENT PROCEDURES

A sample of the abbreviated experimental session document follows. Subject
and Observer(Test Director) tasks are listed and are correlated with the task
sequence items shown in Section 3 of Volume II, Detailed Technical Report. A
timeline, showing session times for each major task is also included, as well as
a Remarks column for Observer comments.

A total of 126 abbreviated session documents (36 each for one-g walk-through,
NBS, and 6 DOF, and 18 for KC-135) will be provided, in a computerized format,
for conducting all sessions,

3.0 DATA HANDLING PROCEDURES

Special care must be taken to clearly indicate the contents of data con-
tainers collected during a session. Each session will generate the following:

0 One-400 ft. roll of color film

0 One roll of multi-channel magnetic tape, containing voice and
other data

0 Experiment Procedures document containing written comments
o Subjective questionnaires

A1l magnetic tape will be processed by the General Electric Co. at Valley
Forge, Pa. A1l film will be processed at NASA's Manned Spacecraft Center in
Houston, Texas. During one-g and neutral buoyancy testing, it shall be the
responsibility of the test director to see that the above four items generated
during a session are properly delivered for processing. During the other tests,
which are conducted at field locations, these four items will either be mailed
to Valley Forge for processing or hand-carried back at the conclusion of a period
of tests. The choice is Teft to the discretion of the test director and should
depend on the expected duration of a test period.

The experiment procedures documents and subjective questionnaires will
include spaces for the identification of session number and the experimental cond-
ditions. Rolls of film and magnetic tape shall be stored in individual containers
and labeled as foltows:
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EXPERIMENT M508
DESIGN VERIFICATION TESTS
SIMULATION MODE: DATE:

SESSION NUMBER: (1-36 for 1-g, NBS, and 6 DOF; 1-18 for KC-135)
SUBJECT (1 or 2)

SUIT (SS, Apollo Block II, or EV Constant Volume)

RESTRAINT (Shoes, Waist or Waist and Shoes)

LOCATION:

TEST DIRECTOR'S SIGNATURE
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EXPERIMENT SESSION PROCEDURES

SIMULATION MODL ; DATE ;

SESSTON NUMIBETR: l

SUBICT: &2

St S wirtsleewe

RESIRAINT: Swoes

P PLICATION: A TEST DIRECTOR:
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IV. REQUIREMENTS SPECIFICATIONS FOR EXPERIMENTAL PERSONNEL

1.0 SCOPE

This specification delineates the qualifications and skills required
of the experimental test subjects and support personnel for the conduct
of the Design Verification Tests. It is to be utilized for personnel
selection and does not include any information, qualifications, or proce-
dures that will be covered during the experiment training program. The
qualifications specified in this document must first be demonstrated by
the appropriate personnel prior to the initiation of the experiment
training program. The roles or areas of qualification are:

Subjects

Test Directors

Data Recording Equipment Technician
Suit Technician

Photographer

Experiment Technician/Safety Man

Medical Personnel
1.1 EXPERIMENTAL SUBJECT REQUIREMENTS

1.1.1 Physical Qualifications

Age: The experimental subjects will be between 21 and 40 years of age. This

requirement may be waived at the discretion of the test director.

General Physical Condition: Each subject will have (or be able to pass) an
FAA Class III physical rating or equivalent. Special attention will
be given to ensure that no subject be selected with a history of
diabetes, inner ear malfunctioning, cardiovascular anomaly, or severe
airsickness.
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Vision: A1l subjects will have vision correctable to 20/20 and no worse
than 20/30 uncorrected.

Hearing: A1l subjects will have normal hearing ability. For this experi-
mental program, normal hearing is defined as hearing ability suffi-
cient to carry on normal listening functions without noticeable loss
of comprehension.

1.1.2 Experimental Qualifications

Swimming: A11 subjects will exhibit ease and proficiency in the water.
Tﬁey will be capable of swimming 150 meters on the surface, 25 meters
underwater, and of treading water for 5 minutes.

Skin Diving: Al11 subjects will have exhibited proficiency in the use of
skin diving equipment including face mask, snorkel and fins.

Pressure Suit/Chamber Indoctrination: A1l subjects will have successfully
completed a pressure suit indoctrination course to familiarize them
with the operational characteristics of pressure suits. Additionally,
it is desirable that all subjects be given exposure to high altitude
chamber operation and explosive decompression.

General Educational and Vocational Background: A1l test subjects will be
high school graduates (or equivalent) and be presently working in the
aerospace field. This requirement may be waived if candidates exhibit
high motivational qualities and general background and experience
necessary to understand the purposes of the research and be able to
comment adequately on the test results.,

1.2 TEST DIRECTIONS

1.2.1 General Physical Condition

A1l underwater support personnel will have a current FAA Class III
physical rating or equivalent. Special attention will be given to ensure
that no persons be selected with a history of diabetes, inner ear malfunc-
tion, cardiovascular anomaly, or severe airsickness.
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1.2.2 Experimental Qualifications

Underwater Experience: A1l test directors will have demonstrated proficiency
in the use of skin diving and SCUBA diving equipment.

General Educational and Vocational Background: A1l test directors will have
college degrees and have had experience in the design, conduct and
analysis of human engineering experiments.

1.3 DATA RECORDING EQUIPMENT TECHNICIAN

1.3.1 General Physical Condition

A1l technicians will have passed a current employee physical examin-
ation.

1.3.2 Experimental Qualifications

General Educational and Vocational Background: The technician will have ex-
tensive training and experience in electrical technology with some
background in data reduction of analog recordings.

1.4 SUIT TECHNICIAN

1.4.1 General Physical Condition

Same as Paragraph 1.2.1 above.

1.4.2 General Educational and Vocational Background

The suit technician will be thoroughly familiar with the.use, care,
maintenance and repair of the Apollo Block II suit and EV Constant Volume
suit,
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1.5 PHOTOGRAPHER

1.5.1 General Physical Condition

Same as Paragraph 1.2.1 above.

1.5.2 Experimental Qualifications

SCUBA Diving: The photographer will have demonstrated proficiency in the
use of skin and SCUBA diving equipment to the satisfaction of the
test director.

Photography Experience: The photographer will have had training and
experience in all areas of photography including underwater photo-
graphy.

1.6 EXPERIMENT TECHNICIAN/SAFETY MAN

1.6.1 General Physical Condition

Same as Paragraph 1.2.1 above,

1.6.2 Experimental Qualifications

Swimming: A1l underwater support personnel will exhibit ease and profi-
ciency in the water, They will be capable of swimming 150 meters on
the surface and 25 meters underwater, and treading water for 5 minutes.
In addition, the safety men and underwater experiment technicians will
be qualified safety instructors or life savers, or will demonstrate
equivalent ability.

Skin Diving: A1l underwater support personnel will have passed a course in
skin diving and will have exhibited proficiency in the use of skin
diving equipment, Proficiency will be demonstrated to the satisfaction
of the test director.

SCUBA Diving: A1l underwater support personnel will have passed a course in
SCUBA diving and will have demonstrated proficiency in the use of a SCUBA
tank regulator and hookah. Proficiency will be demonstrated to the sat-
isfaction of the test director.
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1.7 MEDICAL PERSONNEL

1.7.1 General Physical Conditions

Same as Paragraph 1.3.1 above,

1.7.2 General Educational and Vocational Background

A11 medical personnel will have received at least a Registered Nurse
qualification and will have background knowledge and experience in the medi-
cal hazards of pressurized suit and underwater operations.

1.8 GENERAL

It is highly desirable that individuals selected for the qualifications
defined above be capable of serving in more than one capacity. Thus, personnel
selection will be conducted with the intention of finding Test Directors who
go*]d serve as Suit Technicians, Data Recording Technicians with diving capa-

ilities, etc.
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V. EXPERIMENT TRAINING PROGRAM

1.0 INTRODUCTION

The basic experiment training program for the Astronaut Performance
Program Design Verification Testing will consist of comprehensive training
in: (a) the various simulation techniques to be utilized; (b) the experi-
mental equipment to be used; and (c) the experimental procedures., The
training will consist of both classroom instruction and operational training
on the test equipment where applicable. Insofar as possible, the same indi-
viduals will be used for each respective operational responsibility through-
out the phases of the Design Verification testing. The personnel trained
will include at least one back-up person for each critical test position.

Subjects to be used for each simulation will be the same individuals
unless unforeseen events preclude this possibility. At least one back-up
subject will be trained. Training of the subjects on each of the specific
Design Verification Tests will be continued until the subject has achieved
asymptotic performance. Asymptotic performance will be determined by the
test director when the subject has passed the interior level and no longer
shows noticeable improvement in performance.

Training sessions for each of the simulations will be conducted using
the "shirtsleeve" condition, the Apollo Block II suit and the EV Constant
Volume Joint suit. Training in each suit and restraint combination will be
performed for the specific simulation operations and experiment procedures.

2.0 SIMULATION OPERATIONS

2.1 Normal Gravity Test Training

A11 of the procedures indicated in the Functional Flow Block Diagram
(FFBD) in Volume I, Section 2.0 will be initially trained in 1 "G". The
measures to be taken as performance indicators are the same as those delineated
in Volume I, Sections 3.1, 3.3 and 3.4, The 1 "G" training will be performed
at the General Electric Company Facility at Valley Forge. Trained safety and
medical personnel will be present during all training sessions in addition to
the required experimental test and support personnel. In addition, all test
subjects will be experienced in the specific pressure suits and pressure suit
conditions to be used for design verification testing. It is envisioned that

Akl



Page 2

the training period will be quite extensive in order to familiarize all
personnel involved in the experiment. This first training operation will
not only acquaint subjects and procedures, but will also provide the initial
exposure of prime and support equipment to technicians and other support
personnel. Subsequent training periods, assuming consistent utilization of
personnel, should require significantly less training time.

2.2 NEUTRAL BUOYANCY UNDERWATER SIMULATION

The procedures for neutral buoyancy underwater simulation for the
design verification testing are provided in Volume III, Section 2.0. As
indicated previously, training of subjects will be performed to asymptotic
performance for the underwater neutral buoyancy simulation. The measures
to be taken as performance indicators are the same as those delineated in
Volume I, Sections 3.1, 3.3 and 3.4.

The neutral buoyancy training will be performed at the Controlled
Buoyancy Facility of the General Electric Company at Valley Forge. Safety
personnel, specially trained in neutral buoyancy pressure suit operations,
and medical personnel will be present during all neutral buoyancy operations
in addition to the required experiment support personnel.

Training in the neutral buoyancy techniques, both in suited and unsuited
modes will be minimal since all test personnel to be used will be experienced
in the underwater operational and safety procedures.

2.3 SIX DEGREE-OF-FREEDOM MECHANICAL SIMULATION

Test subjects will be trained in the procedures indicated in the FFBD
in Yolume I, Section 2.0 on the MSFC Six Degree-of-Freedom Mechanical Simu-
lator. The measures to be taken as performance indicators are the same as
those delineated in Volume I, Sections 3.1, 3.3 and 3.4. Trained safety and
medical personnel provided by MSFC will be present during all simulation
operations in addition to the required GE experiment support personnel.

Classroom instruction with demonstrations will be provided for the MSFC

personnel to familiarize them with the experiment equipment, sequences and
operations.
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2.4 KEPLERIAN FLIGHT ZERO GRAVITY SIMULATIONS

Test subjects will be trained in the test procedures indicated in
the FFBD in Volume I, Section 2.0 during Keplerian Zero Gravity Simula-
tion. Training will be conducted on Keplerian Flights at Wright-Patterson
Air Force Base. The performance measures to be taken are delineated in
Volume I, Sections 3.1, 3.3 and 3.4, Trained safety and medical personnel
from Wright-Patterson, experienced in Keplerian Flights, will be present
during all simulation operation in addition to the required GE experiment
support personnel.

Classroom instruction with demonstrations will be provided for the

Wright-Patterson personnel to familiarize them with the experiment equipment,
sequences and operations.

3.0 EXPERIMENT PROCEDURE TRAINING

Subjects to be used for the Design Verification Testing will be pro-
vided by GE., These subjects will be personnel who have been closely asso-
ciated with the M508 program and therefore will be familiar with the experi-
ment equipment,

The test subjects will be given brief classroom instructions and be
thoroughly trained in all experiment operations given in detail in Volume I,
Section 3.1 and Volume III, Section 2.0. Training in the specific tasks
such as precise hand movement, the eye-hand coordination task, the opera-
tional maintenance task and the force emission tasks will be intensive.
Asymptotic performance, as detevmined by statistical methods, will be re-
quired on each specific task and each simulation mode prior to testing.

The test director and observers will also be intensively trained in the
experiment procedures. Practice sessions for the director and observers will
be conducted to insure that data collection, reduction and evaluation techni-
ques are efficient and adequate,

4,0 SCHEDULE/PHASING

Figure 1 indicates the number of days allotted to training for the
various simulation modes., One-g training, which initiates exposure of the
experiment to all personnel, will require 10 days. Neutral buoyancy training
will only require 3 days, since all personnel involved are experienced in
neutral buoyancy operations and will, at that point, be experienced in ex-
periment procedures. Six DOF simulation training will be primarily devoted
to familiarization with the air-bearing simulator. Finally, KC-135 training
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will simply involve practice in experiment procedures in the part-task mode
imposed by Keplerian flight simulation. Not shown on the KC-135 training
schedule is an orientation flight for all General Electric experiment per-
sonnel prior to the actual training program.
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VI. EXPERIMENT EQUIPMENT LIST

1.0 INTRODUCTION

This document provides a listing of the equipments required to support
the Design Verification Tests to be performed on the Astronaut Performance
Program.,

1.1 EXPERIMENT HARDWARE

1 Task Board:

Cover

Access Panel

Cue Panel

Force/Torque Module

Precise Hand Movement Module
Operational Maintenance Module
Electronics C/0 Module

1 Observer's Panel

1 Handhold Restraint

1 Gemini Dutch Shoes Restraint (GFE)

1 Variable Flexibility Waist Restraint (GFE)
4 Lanyards and Take-Up Reels

Apollo Block II Space Suit and Helmet (GFE)
EV Constant Volume Spacesuit and Helmet (GFE)

2 Variable Flexibility Equipment Tethers
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Set
1

1

1
AR
AR
AR
AR

Tool Kit:
Ratchet Wrench
3/8" Socket for Ratchet Wrench
5/32" Hex-Drive on T-Handle
Open-end wrench
Force Module Calibration Equipment
Precise Hand Movement Tension-Check Device
Plumbing Component Spare
Mobility Aid
Power Supplies
Suit Pressurization System & Suit Interfaces

Support Structure

Electrical Cables

DATA RECORDING EQUIPMENT

AR

AR

AR

AR
AR

Motion Picture Camera (6 frames/sec) (GFE)

Film for Above (GFE)

14 Ch, (Estimated) Magnetic Tape Recorder (GFE)
Tape for Above

8 Ch. Oscillographic Recorder (GFE)

Paper for Above

Bio-medical Recorder (GFE)

Tape for Above

Amplifiers

Power Supplies

AT

Page 2



3.0

3.1

3.2

3.3
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SIMULATION SUPPORT EQUIPMENT

GENERAL

Supplemental Lighting

Communications: Two-Way - Subject/Test Director (with recording
capability)

Test Director to Simulation Facility Work Area
Repair and Maintenance Equipment:
Electrical Test and Diagnostic Instruments
Tools

Spare Parts
KC-135
Power Conversion Equipment

NEUTRAL BUOYANCY SIMULATIONM
2 TV Cameras
2 Monitors
Subject's Hookah
SCUBA Equipment:
Fins
Masks
Snorkels
Air Bottles

Regulators
Wet Suits
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