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L. INTRODUCTLON

This document congtitutes Martin Marietta's final contract
report for NASA Contract NAS8-21279, A Study of Tooling Concepts
for Mamufacturing Operations in Space (Serpentuator). The Ser-
pentuator concept discussed in this report represents a unique
approach to space mobility problems. The device consists of'a
number of powered links which can be actuated relative to each
other, such that the Serpentuator tip can be placed anywhere within
s spherical volume, This mechanical linkage can serve as & means
of trangport, guldance, stabilization, and rendezvous for spade
manufacturing operations. The device can be used either internally
in the space cluster (Inserp) or externally (Exserp), and allows
a flexibility not contained in other mobility devices.

During the course of this contract, five majox areas of
interest pertipent to the Serpentuator concept were imvestigated,
These wares 1) application of Serpentuator to AAR related experi-
ments, 2) appllication of Serpentuator to a large class of space
EVA requirements, 3) conceptual design studies, 4) Serpentuator
operational requirements, and 5) space qualification requirements,
These specific areas of investigation depart somewhat from the
original study plan. This was due to the fact that early regults
of this study and other MSFC efforts revealed certain areasz of
special interest. Consequently, direction was supplied by MSFC
to concentrate in these sreas (referemces 1 - 4).

Also, this rveport is organizmed to provide maximmm continuity
between the mission analysis sectioms, rather than to reflect the
chronological order of referemce 1 - 4. In general, Section IIT
applles to referemce 1, Section IV to referemce 3, Section V to
reference 2, Section VI to reference 3, and Section’ VII to
reference 4, Section III discusses Serpentuator application teo
current AAP experiments and presents a brief review of the Com-
patibility Analysis of AIM Experiment Requirements for Serpentuator
application. BSection IV analyzes a large class of orbital EVA
operations, comparing the Serpentuator with other mobility devices.
Tn Section V the Inserp comcept is studied for application to AAP
Experiment M487., A conceptual design for a remote controlled
Exserp, applicable to the dry launched orbital workshop is alsc
pregented, This application was studied for two specific tasks,
Section VI discusses the operational requirements for Serpemtuator
gystem elements. Included in this analysis are structural con-
siderations, detailled joint design considerations, controls
requirements, and umbilical management., Section VII desecribes
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modifications to an existing Serpentuator System End Item Specifi-
cation, presents an End Item Specification for the hinge elbow
joint, and a Test Plan to space qualify a hinge elbow joint, Thus,
. this report presents the results of specifically assigned analysis
tasks rather thad a complete study of the entire system.
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Iz, CONGLUSIONS/ RECOMMENDATLONS

For the AAP program the best application of the Serpentuator
would be on flight 4 for the {ilm cassett removal and replacement,
Although there are actually more EVA tasks on f£light 2, the Ser-
pentuator probably could not be spaceflight qualified in time for
this application. However, since EVA operations for space programs
in general can be anticipated and since the Serpentuator would
provide & very satisfactory mode of transportation (especially
from a safety standpoint) this concept should be pursued early in
a space program. Several possibilities are available: 1) the
Serpentuator could be Included as a part of M-509 and evaluated
similtaneously and competitively with other EVA devices, 2) it
could be uesed in conjunction with M-508,.3) it could be included
(as Inserp, however, the principle is t:he same) as an equipment
transfer device for M-487, 4) it could be established as a separate
experiment, and 5) it could be used for EVA flight 4 for film
cagsett removal. The issue is that the Serpentuator represents an
attractive method for EVA transport and it should be given an
opportunity for astronaut evaluation as soon as possible. This is
especially true if extensive future EVA along the guidelines of
Section IV 1s anticipated,

It appears that the Serpentuator (Exserp): 1) should be about 60
£t long with pitch control at the base (although it may be more
degirable to make Serpentuator longer and remove pitch control at
base), 2) should be pre~programmed for selected points about the
cluster, 3) be capable of automatic retrieval, with manual control
of the tip only and possible manual vernler control of the main
links, and 4) assuming the umbilical requirement remains, the
umbilical should be attached along the Serpentuator, It may be
desirable to include complete manual control as a backup mode in
the event of automatic mode fallure, however, the viewing and dis-
play requirements Increase considerably. Another mode of control
that would minimize computer requirements and operator training
would be a master-slave arrangement where a model of the cluster
with Serpentuator would be used to command the parent Serpentuator
Built in safety features could be easily incorporated in this type
of control,

The Serpentuator link elements appear quite capable of space
qualification; in fact, there are several designs already available
for the elbow hinge joint., The rotary base joint requires further
effort. Some suggested changes to space qualify this element are
included in this report, however, questions remain with this approach
and some initial testing should be conducted.
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The ability of the Serpentuator to perform delicate operations
vemotely requires extensive further study. Conceptually, this
appears feasible, but the ability of the tip adjustments to perform
these tasks is not proven., There seems to be no great difficulty
in placing the Serpentuator tip in the very near vicinity of the
work station. There are several options to provide this capability.

The full capability of the Serpentuator, the accuracy of auto-
mated programming, the’ feasibility of automatic retrieval, the tip
adjustments required, :the requirement for telescoping tips the
delicacy of operations feasible, the manner of manual tip control,
and the requirement for complete manual control, cannot be ascertained
until the control acecuracy and capability is -established. This is
largely dependent on the individual joint capability.

The future efforts required for-the Serpentuator, prior to
space qualification are:

Static Reg_tjiirements

1. Definition of future requirements particularly relative
to tip attachment hardware,

2, ' Definitlon of imposed forces on Serpentuator.

3. Establish restraint requirements and analyze imposed
loads on Serpentuator for rigld attachment

4. Determine Serpentuator stiffness requirement.

5." Conduct trade-off study of weight and stiffness vs.
. ability to realign at work station.

Dynamic Requirements
1. Analyze ability to transport automatically,
a Conduct error analysis.
b. Determine tip and element volumes of uncertainty.
e Determine whether manual tip motion alone can be
used as fine adjustment,

2.A tEsi‘::a.b:l'_f.sl'z sensor requirements.

3. If tip control motlion alone L8 not feasible, examine .
possibility of manual vernier control of individual links.
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4, Determine effects on automatic retrieval,

5. Determine maximum velocity and overshoot characteristics
as a function of stiffness.

6. Conduct complete dynamic analysis with hardware charac-
teristice included.

Guidelines for the above will be greatly enhanced by the
neutral buoyancy tests planned by MSFC, Some of these requirements
vwhich involve extensive analytic treatment may be answered as a
result of the neutral buoyancy testing.
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IIT . AAP MISSION ANALYSIS

A, Introduction

The effort discussed in this section was devoted to identifying
Serpentuator applications for typical space operations related to the
Apollo Applications Program (8AP). Since the Serpentuator was a rather
new concept and would not have been considered in early experiment
planning, it was anticipated that a number of experiments or operationg
could benefit from this system, In addition, this analysis would be
- used to define specific requirements for the Serpentuator elements.
Thus, over 70 proposed AAP experiments were examined; of these 36 were
considered current to the program. Three specific experiments were
then selected and analyzed in detail to illustrate concrete Serpentuator
applications and to provide a basis for general performance and design
criteria. In addition since EVA represented the most general applica-
tion of Exserp for AAP, this application was briefly analyzed. Also
a brief review of a compatibility analysis of ATM éxperiments was con-
ducted.,

The overall results of this effort indicate that the Serpentuator
could most effectively function as a versatile systems concept in
support of a number of tasks rather than to support any particular ex-~
periment. This {8 due‘to the relative simplicity of most individual
operations for AAP experiments on flights 1-4 and thus the great versg-
tility of the Serpentuator is not required for individual experiments,
More specific conclusions are presented at the end of this section.

The results of this study also led to a comprehensive analysis of Ser~
pentuator .applications related to general EVA requirements. This addi~-
tional analysis, directed by MSFC as revised Task G (Ref, 3), is dis-
cussed in Section IV,

B. Exper{ments Analysis
1. General

Over 70 proposed AAP experiments were reviewed for possible utiliza-
tion of a Serpentuator system (AppendixA). This group of experiments
includes those currently (effective 29 July 1968) scheduled for flights
1 through 4 (Table IIX-1), plus additional experiments which either have
not been assigned to a specific flight or were originally scheduled,
but have since been cancelled.

The experiments listed in Table III-1 are listed in order of
priority for each flight., Appendix A presents a summary of all the
AAP related experiments studied except for the three experiments selected
for detailed analysis and discussed in this section. The experiments
in Appendix A are grouped into three categories according to potential
Serpentuator applications; experiments involving positioning or deploy-
ment, experiments requiring EVA, and experiments with no 3erpentuator
applications.
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Table ITI-1
AAP Experiment Listing

(July 29, 1969)

ﬁi’\%ﬁ: Exg;;i::nt Experiment Title
AAP-1
MO052 Bone and Muscle Changes
MO56 Specimen Mass Measurement
3015 Zero~g Single Human Cell
$027 X-Ray Astronomy .
M415 Thermal Control Coatings
1018 Precision Optical Tracking
DO08 Radiation in Spacecraft
AAP-2
MAQ2 Orbital Workshop
MABT Babitability/Crew Quarters
MO51 Cardiovascular Punction Assessment
MO50 Matabolic Activity
M052 Bone and Miscle Changes
MO56 Specimen Mass Measurement
MO58 Human Mass Measurement Device
MO53 Human Vestibular Function
Mo18 Vectorcardiogram
MO55 Time and Motion Study
D019 Suit Donning and Sleep Station Evaluation
D020 Alfernate Restraints Evaluation
T025 Coronagraph Contamination Evaluation
$018 Micrometeorite Collection
T027 ATM Contamination Measurement
M509 Astronaut Maneuvering Equipment
M508 EVA Hardware Evaluation
TO20 Jet Shoes
D021 Expandable Airlock Technology
5065 Multiband Terrain Photography
TOO3 In-Flight Nephelometer
M479 Zero-g Flammability
TO13 Crew-Vehicle Disturbance
TO18 Precision Optical Tracking
3009 Nuclear Emulsion
T004 Prog Otolith Fumction
T023 Surface Adsorbed Materials
T021 Meteoroid Veloelty
TOL7 Meteoroid Impact and Erosion
Do22 Expandable Re-entry Structures
DOL7 Carbon Dioxide Reduction
5019 UV Stellar Astronomy
8020 UY¥/X-Ray Solar Fhotography
M489 Heat Exchanger Service
M493 Electron Beam Welding
MA92 Tube Joining Assemblies
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Table III-1 (Cont'd)

;3;3;%25 Exgs;ézﬁnt Experiment Title
AAP-3A
MAOZR Orbital Workshop
MWB7R Crew Quarters
MOS51R Cardiovascular Function
MOS0R Metabolic Cost of Tasks
M0o52 Bone and Muscle Changes
MO56R Specimen Mass Measurement
MO58 Body Mass Measurement
MO53R Vestibular Function
MOLSR Vectorcardlogram
MO55R Time and Motion Study
M509R Astronaut Maneuvering Equipment
M4T9R Zero-g Flammability
M493R Electron Beam Welding
8027 X~Ray Astronomy
TO18 Precision Optical Tracking
so18 Micrometeorite Collection
SO65R Multiband Terrain Photography
8073 Gegenschein/Zodiacal Light
5072 Circadian Rhythm - Vinegar Fly
SO19R UV Stellar Astronomy
S020R UV/X-Ray Solar Photography
5063 UV Airglow Horizon Photography
5028 Dim Light Fhotography
AAP-3 X
MAO2R Orbital Workshop
MI87R Crew Quarters
MOSIR Cardiovascular Function
MO50R Metabolic Cost of Tasks
MO52R Bone and Muscle Changes
MO56R Specimen Mass Measurement
MOS58R Body Mass Measurement
MO53R Vestibular Function
MO18R Yectorcardiogram
MO55R Time and Motion Study
5061 Potato Respiration
TO18 Precision Optical Tracking
AAY-4
S0554 XUV Spectroheliometer
SO082A XUV Spectroheliograph
S083B XUV Spectrograph
S052 White Light Coronagraph
0354 X-Ray Spectrographic Telescope
8056 X-Ray Telescope
H -afl HCO H - & Telescope/Camera
H-af#2 - A™H-a Telescope
- TOL8 Precision Optical Tracking

‘® - Resupply or liéactivate)
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Of all the experiments studied, nineteen presented possible appli-
cation to aid or replace astronaut EVA, and ten had, presumably, po-
‘tential application to aid in transport and positioning of experiment
equipment, The remainder had no potential Serpentuator application.

The experiments with positioning and deployment requirements are
included in Table 111-2.

Table IIX - 2
Equipment Positioning and Deployment Applications

S019 UV Stellar Astronomy

8063 UV Airglow Horizon Photography
8065 Multiband Terrain Photography
8022 Low Z Cosmic Ray

S023 High Z Cosmic Ray

S049 IR Interferometer Spectrometer
8067 Gamma-Ray and X-Ray Spectroscopy
D020 Alternate Restraints Evdluation
Mh87 Habitability of Grew Quarters '
M508 Astronaut EVA Hardware Evaluation

The first three of these experiments would require Serpentuator
Installation within the Multiple Docking Adapter (MDA) where
limited maneuvéering space makes the Serpentuator impractical. Exper{~
ments 5022 and S023 involve equipment deployment on a boom throughout
the entire'mission, and would require a separate Serpentuator system.
A simple extendable boom should suffice for this function. Experiments
8049 and S067 include sensor deployment and pointing mancuvers that
require reorientation of the entire spacecraft. Although a Serpentua-
tor could easily perform these tasks, the two experiments were not
scheduled for a specific AAP flight; consequently, further analysis
was discontinued. Experiment D020 is essentially the same as M508,
with different work restraints. Experiments M487 and MS508 are dJs-
cussed later in this section.

Of the 19 experiments requiring EVA, the following five from
Table IXI-1 (considered current for AAP) represent reasonably firm
EVA requirements for Flight 2:

D021 Expandable Airlock Technology
D022 Expandable Re-entry Structures
T017 Meteroid Impact and Erosions
T021 Meteroid Velocity

T023 Surface Absorbed Materials
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The only other current EVA requirement for AAP is ATM fllm cassette
removal en Flight 4. The above five experiments as well as the film
cassette removal on Flight 4 are considered in subsection B. Thus,
from the above Lt 1s apparent that the main application of Serpentuator
relative to AAP missions is associated with EVA, Tae three
experiments MA487, M508 and M469 were deemed most applicaole for Serpentusato,
applications for AAP and were selected for detailed analysis to es-
tablish specific Serpentuator task requirements. All three experiments
were originally scheduled for AAP Flight 2, but M469 has since been
cancelled. Presumably a new experiment with similar maintenance and
rapair tasks will involve comparable Serpentuator applications. M487
was selected because it afforded an opportunity to utilize and evaluate
the Serpentuator directly. Also, the "fireman's pole” concept now
scheduled for use in this experiment has become increasingly complex.
Since most of the Serpentuator applications related to AAP were EVA
associated, M508 presented a possibility of evaluating the Serpentuator
for EVA support. M469 was selected as representative of a class of
Serpentuator applications where Exserp would be used directly.

2. Experiment M487  Hsbitability of Crew Quarters

The purpose of this experiment is to evaluate the living quarters
of the S-IVB compared with the cubage and crew appointments of previous
spacecraft, After passivation and activation of the Orbital Work
Shop (OWS), astronauts will transfer experiment packages from the MDA,
stow them in the OWS, and install the crew compartments and related
equipment, As‘part of M:;87, crew members will also transfer and stow
equipment packages for the 13 experiments listed in Table I11-3,

Table III-3
Experiments Transferred to OWS

M018  In-Flight Vectrocardiogram

M050 Metabolic Cost of In-Flight Tasks
MO51  Cardiovascular Function

MD52  Bome and Muscle Change

M053  Human Vestibular Function

MO55  Time and Motion Study

M056  Specimen Mass Measurement

M058 Body Mass Measurement

7013 Crew-Vehicle Disturbance

M508 Astronaut EVA Hardware Evaluation
M509  Astronaut Maneuvering Equipment
DO1Y  Suit Domning and Sleep Station Evaluation
D020 Alternate Restraints Evaluation

A total of 53 packages, totaling approximately 1600 pounds, will
be transported. Individual packages range from 1 to 135 1b in weight
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and 20 in3 to 10 ita"in volume., Completion of this experiment requires
44 man-hours.

A Serpentuator installed in the forward compartment of the OWS
could transport these packages from the MDA to the OWS. Two modes of
operation are available. The first mode would require the Serpentuator
to travel along a programmed trajectory between the two vehicles. One
crew member would attach packages to the Serpentuator inside the MDA,
The Serpentuator would then move out through the Airlock Module (AM) to
the OWS forward compartment and into the crew quarters area., A second
crew member would remove and store the packages in the desired location.
This operation involves only planar motion and would be repeated as
many times as necessary.

In the second mode of operation, an astronaut would manually
control the Serpentuator to transfer and position equipment for storage
in the OWS forward compartment. The Serpentuator could function either
as an IVA ald, with the astronaut carrying the package and controlling
motion from the tip, or as an equipment positioning ald, with the astro-
naut controlling motion from the base., The type of cperations would
depend on the complexity of the operation required at the tip.

The equipment packages to be transported in this experiment are
listed sequentially in Table III-4. Dimensions weights, and intended
OWS location are given where available. Details of the necessary
Serpentuator motion are discussed in Section V.

Table III-4
Experiment M487 - Equipment to be Moved from MDA to OWS
Location
Size Weight Forward Crew
Description {Inches) (Pounds) Compartment Quarters

Intercom Stations and Connectors 12x12x24 40.0 X X
Fecal Dryer 24%15x30 20.0 X
Vacuum Valve Tool 1x2x10 1.6 X
Fecal Collector 24x20x30 47.0 X
M052 Equipment 12%15x18 18.0 X
MO56 Equipment 6xix S 14.0 b4
Waste Management Storage Con-

tainer . 20x30x12 15.0 X
Personal Hyglene Containers

for WMA 11x11x33 30.0 X
Personal Hygiene Containers

for FMA 1Ix11x33 30.0 X
Shower 32x32x14 30,0 b4
Tissue Dispenser for WMA Sx7%5 3.0 X
Vacuum 8x10x12 8.0 X
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Table III-4 (Cont'd)

Location
Degcription Size Weight Forward Crew
(Inches) (Pounds) Compartment Quarters

Food Preparation Module 35,0 X
Food Preparation Water Tanks(2) 18x13Dia. 18.0 X
Shower Water Tank 18x13Dia. 9.0 X
Food Serving Trays 22.16.3 3.0 X
Nominal Food Module 10.0 X
Experimental Food Module 10.0 X
Experimental Food Module 10.0 X
Experimental Food Module 10.0 X
Nominal Food Module 10.0 X
Nominal Food Module 10.0 X
Nominal Food Module 10.0 X
Nominal Food Module 10.0 X
Nominal Food Module 10.0 X
Nominal Food Module 10.0 X
M056 Equipment 6x9x%9 14,0 X
Stools (2) 3.0 X
Personal Equipment Stowage,
Sleep restraints,.medical kits  24x38x20 60.0 X
Entertainment Equipment 7.0 X
Suit Donning/Drying/Stowage
Rack 15.0 X
- D019 Equipment 12x20x22 25,0 X
D019 Equipment 20x24x38 45,0 X
Entertainment Equipment 7.0 X
MO050 Equipment 12x12x24 48,0 X
MO50 Equipment 12x12x30 30.0 X
M050 Equipment 10x18x24 8.0 X
.Experiment’ Support System 31x15x20 100.0 X
M053 Equipment 16x22x22 68.0 X
MO53 Equipment 10x22x26 50.0 X
M053 Equipment 11x16x25 28.0 X
M051~M018-M050 Equipment 20x24x30 38.0 X
M058 Equispment 22x24x28 38.0 X
Film Repository 24x%22x5 X
D020 Equipment 20x24%36 55.0 X
D020 Equipment 18x246x%28 42.0 X
M509 Equipment 14x28x34 115.0 X
M509 Equipment 12x12x38 135.0 X
M509 Equipment 8x13x18 24,0 X
M508 Equipment X
M508 Equipment X
Irash Disposal Containers and
Crew Quarters Soft Hatch Cover 12x18x18 27.0 X
T013 Equipment 20x20x40 85.0 X
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3. Experiment M508 Astronaut EVA Hardware Evaluation

This experiment 1s a series of simulated EVA tasks to test EVA
hardware within the safe confines of the OWS forward compartment,
Various tools, restraint systems, and crew/equipment transfer devices
will be evaluated as EVA aids. All tasks will be performed in both
the Apollo Block II suit and Litton Hard Suit to determine the effect
of suit mobility on EVA performance, Two astronauts are required for
this experiment, one serving as the test subject while the other assists,
observes, and records data., Each set of tasks requires approximately
one hour to prepare, two hours to perform, and one hour to stow.
Eight test sessions are planned, totalling 64 man-hours.

The following equipment will be tested in experiment M508:
1. Crew/Equipment Transfer Devices:

a, Extravehicular Crew Transfer Device (EVCTD): A manu~-
ally-operated, extendable boom (similar to the Gemini antenna) capable
of transferring astronauts or equipment to distances of 50 ft.

b. Wire Gun: A hand-held unit that dispenses a piece
of wire as far as 100 feet with a hand-hold at the end to rescue a
stranded astronaut,

2. Universal Tool Kit:

a. Powexr Tool: A hand-held, reactionless, battery-
operated drill that will produce a maximum torque of 45 ft-1b. Battery’
will be rechargeable, Maximum operating time per battery will be
eight to ten minutes.

b. Manual Tools: Various tools for wrenching and torqu-
ing, which will be used to evaluate effectiveness of conventioral tools
versus reactionless power tools. ’

3. Restraints and Tether Systems:

a. Variable Flexible Restraint: A restraint system with
variable flexibility~rigidity, under operator control for use as a
crew restraint to permit effective work.

b. Tubular Restraint: A restraint system which extends
or retracts like a telescope to form a rigid two-point attachment
system., The booms are mounted on the sides of a waist belt, with
attachment points on the free end of the boom.

- Capsular Adhesive System: A dispensing unit which
is either attached.to the end of a restrains system or carried as
a separate unit, By a selection lever on the dispenser, an adhesive
pad is positioned for activation., When pressure is applied to the
pad, the capsule ruptures and allows intimate contact between pad
and adherent, thus providing a restraint attachment point.
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d. Nylon Web Restraint: A flexible restraint with a large
hook at the free end for attachment to various tether rings, Restraint
system will be similar to that used during Gemini XII EVA,

e, TFoot Restraint: Molded foot restraints similar to those
used in the Adapter section during CGemini XIT EVA. Pilot evaluatlon
indicated that these restraints permit duplication of one-g task
proficiency.

’ £. Tension Reel Tether: This system is designed so that
the EVA sstronaut can control the length of his tether line., During
the Gemini missions, tether contrel was performed by the Conmand
Pllot., However, an EVA astronaut should be able to control his own
tether, especially when out of sight of another astronaut.

4, Space Sults:

a, Litton Hard Suit
b. Flight suit or backup flight suit.

A Serpentuator {Inserp) installed in the OWS forward compartment
could be evaluated as an EVA mobility aid in conjunction with this
experiment. The Serpentuator could replace the Unidirectional Extra-
vehicular Crew Transfer Device end the wire gun for astronaut retrieval.
The Serpentuator could also be evaluated as a work restraint or plat-
form. In this manner, the transporting and positioning capabilities
of the Serpentuator, as well as.the effects of task performance on the
Serpentuator, could be evaluated, Effectively, this application involves
the ugse of the Serpentuator as experiment equipment, with the objective
of evaluation of the Serpentuator, whereas the previous application
(Experiment M487), involves the use of the Serpentuator as operational
hardware. Conceivably, the qualification requirements could be reduced
for this application since a Serpentuator fallure would not jeopardize
completion of the mission.

4,  Experiment M469 - ST-124 Removal and Disassembly

The purpose of this experiment is to gain experience in orbital
asgembly, disassembly, maintenance, and repair operations. In addi-
tion to testing reactionless space tools and conventional hand tools,
maintenance snd repair techniques will be evaluated by performing
actual tasks. Tool analysis will provide relative efficiency compari-
sons and detect possible performance degradation during operation.
Component removal from the ST-124 will involve removal of bolts, fluid

couplings, electrical cables and modules, as well as manipulation of a
medium-size mass.

An astronaut carrying tool kits, lights, and camera will leave
the airlock on an umbilical and traverse to the ST-124 location at
the Instrument Unit (IU) of the S+IVB. After installing the camera
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and 1ights on.a trusq over the ST-124, he will electrically de-energ%zg
.the unit, bleed off pressure, disconnect water-methanol lines on the’
outer cover, and finally remove the cover, wedging balsa blocks in
place to prevent movement. He will then remove one gyro from the
-platform :and ‘trangport it, along with camera, lights, and tools, back |
to the airlock. Successful completion of thisg task will verify astro-
naut capability for the majority of maiﬁtenance tasks.

A:Serpentuator mounted external to -the spacecraft (Exserp) would
be a significant aid in this type of operation. The Exserp would
transfer the ‘astronaut to the ST-124 location and position him to
perform the necessary tasks. It could also carry the tools, lights,
‘and camera, as well as @ case for the parts ‘to be returned. A re-
straint would be required at the worksite to prevent the astronaut

from exerting large forces that would move the Serpentuator away from
the site.

The possible use of Serpentuator to eliminate EVA in this experi-
ment was dlso investigated. In this mode of operation, the Serpentuator
would be controlled by an astronaut from within the spacecraft. A TV -
camera and lights mounted on the tip would monitor and record the acti-
vity. The last link in the Serpentuator would have three degrees of
freedom to permit the necessary motion, Five controllable working arnis
attached to the Serpentuator would contain:

1. Awrench adjustable from 9/16,to 11/16 inches;

2, Clamp ghell-type to hold or move objects and remove quick-
disconnect 1ine§‘

3. Sock head screwdriver;
4,  Diagonal cutters;
5., Adjustable Allen hex driver.

These working arms would be mounted in a rotating drum at the
end of the Serpentuator. Each arm would extend or retract for opera-
ting in confined spaces. Individual drive motors would rotate and open
or close the arms., An astronaut would position the Serpentuator tip
at the ST-124 area from within the spacecraft, and remove the various
items by selecting the proper working arm.

A number of unknown factors are associated with use of the Setaﬁ
pentustor in this manner. Actuator accuracy, repeatsbility, control '
system ‘capability, attachment design, and astronaut training time are
-a few of the areas that need further study. A significant effort would
be required to justify this complex mode of operationm. T
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c. GEVKQRequi§ements for AAP Migsiong’

1. “General

/The current trend in AAP operations: planning is to avoid experi-
'mentg that’ require exténsive astronaut EVA, since it is not only times
consuming but also involves many unknown safety factors. The EVA
presently scheduled is limited to AAP flights 2 and 4, essentially
for data retrieval, Maintenance and repair requirements have not yet:
been established.

A previous Martin Marietta study, Crew Safety Analysis for Clustér
AAP Plight.2 (Ref.6 ), discusged the hazards associated with certain’
experiments’ and manned EVA in general, Reéiewing this study, no Ser-.
pentuator applications for alleviating specific experiment hazards
were found, However, the entire group of experiments involving EVA
present common hazards that could be significantly reduced by using
the Serpentuator as the prime mode of EVA transport, This application
is discussed more completely in section IV,

2, Exsexp Integration Requirement

- From the preliminary studies of the 70 experiments certain guide~
lires were -established concerning Serpentuator location and integration
with the spacecraft to support the EVA requirements for AAP missions
2 and 4. 1In general, three major criteria for the Exserp system must
be considered: 1) It must cover as much surface area of the CSM and
S~TV-B as possible; 2) It must be compactly stored during launch;
and 3) The eight-link system must be easily deployed in orbit,

Four of the five experiments involving EVA on AAP flight - 2

(D021, D022, TO17, TO21),require activity on the AM structures near

the hatch., The fifth experiment (T023) is performed in the vicinity
of the IU on the S-1VB, EVA on flight 4 1s limited to film retrieval
from the ATM. To accomplish the film retrieval alone the Exserp could
be mounted on the side of the ATM. From this location it could easily
; transport an astronaut from the AM hatch to worksites on the ATM. How-
" éver, this would permit Serpentuator operation on flight 4 only, since
‘the ATM is not launched until flight 4.

- To support EVA requirements on both flights 2 and 4 oae alternative
is to locate the Exserp base on the MDA between the docking devices and
. thefs-‘m.’.interface,' at a point where the limbs will not interfere N
- with the 'ATM., This position would allow coverage. of most of the desired
surface area. For launch, the Serpentuator could be wrapped around
(and rigidly attached to) the circumference of the MDA and would be @
protected by the shroud during ascent. 1In orbit, the attachment couyld
be released automatically, making the system available for immediate use.
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. As the Serpentuator is presently designed, the base link has tw.
degrees of freedom - yaw and roll. If the Exserp ia ‘located .as described
‘gbove, potential surface’coverage will be a function of ATM position.
Mueh of the surface over 150° on eilther side of the base will not be
covered. If the basa is within 90° of the ATM docked position, surface.

areas on the othet side of the docking collar will not be accessible.- |
Figure. ITI-2 Lllustrates the locus of attainable points.

. Huch greater surface coverage is possible if the Serpentuator is.
relocated and the base link is given freedom of motion in the pitch
‘plane, This would place the base on the MDA dirvectly behind the ATM
docking adapter. With pitch freedom the ‘Serpentuator now has complete

_ motion symmetry on elther side of the spacecraft and covers & maximum
area, as shown Iin PigurelIl-2,The main advantage of this mounting lo-
cation, combined with pitch freedom, is that a single Exserp could
~satisfy all the ATM EVA requirements as well as those on the main body
of the spacecraft, ’

o illistrate thése advantages, let the Serpemtuator bage be . -
mounted ‘as shown‘in Figure I;'I-Z. If the base link has yaw and roll free~
. idom only, it would-be :impossible to locate the Serpentuator tip at Point’
‘A and avoid the ATM structure. Howéver, with pitch motion added to the
base the Serﬁpentua‘ﬁ’or tip could easily redch point & while avoiding
. the ATM structurég. Similarly, Point B, which is 180° from point A on
the CSM, is accessible by the tip only if pitch freedom is allowed at the
. base, otherwise the CSM structure blocks the plane of motion.

- Now consider the Serpentuator located as shown in Figure III-2. Foint
A in that figure is accessible but Point B is not, In the latter casé
the MDA and CSM obstruct the links. With pitch motion at the base,
Point B would be attainable. Pcints C and D (top view) are inaccessible
because the Serpentuator is not long encugh to reach the top of the ATM,
A base with pitch motion mounted as shown in Figure III-2 would allow the
Serpentustor tip to xeach both € and D.

3, ATM Time Line Study

A Martin Marietta report, Compatability Analysis of ATM Experiments
Requirements,. was reviewed to determine if the Serpentuatdr system could
Teduce overall mission timé. This analysis was essentially a time line
study to determine whether total mission time could be reduced by per- .
forming certain experiments simultaneously. The ablility to operate thege
experiments  simultaneously, however, is determined by the pointing re~,
guirements for each experiment, and not by any particular astronaut dutles.
The! astropsuts participation is limited to swtiching knobs monitoring meters,
atc.

II¥-12


http:located.as

The most effective Serpentuator application in these experiments would
be to aid or eliminate astronaut EVA for f£ilm retrieval and replacement,
The four-day period now allotted for this task could be significantly
reduced, especially with a remote-controlled Serpentuator to eliminate

‘EVA entirely. One of the major drawbacks of astropaut EVA arises from
the scclimation time necessary to change from & nitrogen-oxygen to
pure oxygen atmosphere (about 3 hours) and back again. Even if the
astronaut were attached to the tip of the Serpentuator, a significant
problem of umbilical management could possibly be avoided.by attaching
the umbilical along the Serpentuator,
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IV, - EVA ANAI'.YSIS

A.' Introddction

. 3 - .
Iitlddditi’on to the AAP experiments analyses, EVA requirements
-zvz & large class of 'experiments were evaluated for Serpentuator
application. The Serpentuator was then compared to other EVA
translational devices for these applications. This effort was
verformed as revised Task C, as directed by MSFC (Ref 3).

There aie many disadvantages associated with the present EVA
-technique utilized on AAP, both from an operational and safety ’
standpoint, Significant problems have been encountered with the
management of the umbillicals to prevent them from becoming
entangled with spacecraft structures and the present method does
not permit quick or convenient rescue of a stranded astronaut.
The astronaut is attached to the spacecraft only by a tether or
wmbilical, neither of which is suitable for rescue except at very
cloge ranges. Thus, retrieval must be conducted by a second
agtronaut,

Essentially there are three major-problem areas related to
EVA, These are: 1) the time intervals required for EVA preparationm,
pressurization and depressurization, 2) umbilical management, and .
3) rescue, The Serpentuator concept canvot solve the first problem
but it can assist in umbilical manasgement and rescue operations.
It can also eliminate some of the EVA requirements. Two significant
advantages of the Serpentuator for rescue operations are: a) in -
the event of transportation equipment failure, the Serpentuator
could still be used 2z a handrail; and b) in the event of 1ife
support system failure or astronaut incapacitation automatic
retrieval is possible.

B, NAR Study Summary and Preliminary EVA Analysis

A major reference source for this effort was a study by North
American Rockwell Corporation (NAR), Extravehicular Engineering
Activities Frogram Requirements Study (Ref 8), This comprehensive
study covers a broed spectrum of experiments in order to define
the EVA necessary to support earth~orbital scilentific and technical

- programs, from 1968 to 1980, with emphasis on the 1971-1974 period,
Over half (746) of the 1212 experiments examined in the study require
EVA to some extent, In the above studles sixteen experiments were
selected by NAR as representative of the entire spectrum of EVA
requirements for the early manned missions (1971-1974) including the



first flights of the dry workshop. Of the 1212 experiments, 70%
are possible candidates for this period, including 77% of the 746
experiments requiring EVA'support. Therefore the 16 experiments
represent 4 majority of the entire group of experiments studied,

Thése 16 vepresentative experiments were examined in detail
to establish EVA requirements in terms of task attributes, trans-
lational distances, mags and time requirements, ete.

For these experiments 74 separate EVA excursioms, involving
93 EVA tasks aré required, Of these, 49 tasks are identified
as flrm requirements, while 44 are potential requirements. The
translational distances necessary to accomplish these tasks are
shown in Table IV-1,

Table IV-l EVA Translation Digtances

Firm Potent:ial Total

Digtance Kumber_‘P—ercentage Number FPercentage Number Percentage
0 =~ 20 £t, 2 - 45% 10 23% 32 34%
20 = 40 ft, 6 "33% 19 43% 35 38%
-40, - 60 £r, 6 12% .9 20% 15 16%
60 - 80 ft, 1 2% 3 7% 4 4%
80'- 100'£e, 3 6% 3 % 6 7
‘Gver 100 £t, 1 2 0 o% 1 1%

The time durations involved in the 74 EVA excursions are given
in Table IV~2, In addition to .astronaut transfer, 82 of .thes 93
tasks require equipment transport. In most cases this equipment
is ‘transported along with the astromaut and is either used at the
worksite or retrieved from the worksite, These equipment masses
are listed in Table IV.3,

: Froriig Table IV~1l and .IV-3 a 60-ft Serpentuator, capable of
trangporting a 60-1b mass in addizion to the astronaut, would
‘satisfy approximately 90% of the EVA requirements. If the range
were reduced tp 40-ft from the point of egress, the Serpentuator
could still support 70% of ‘these tasks,
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Table IV-2 EVA Time Durations

Requirements
Time Duration Number ~  Percentage
1 - 2 hours 7 9%
2 -~ 3 hours 35 7%
3 = 4 hours 30 41%
Over 4 hours 2 3%

Table IV-3 Mass Transfer Requirements

Transfer Requirements

Mass Number Percentage
0 - 20 Ibm 47 57%
20 - 40 1bm 17 21%
40 = 60 1bm 7 9%
60 ~ 80 1bm 4 5%
80 « 100 1bm 4 5%
Over 100 1bm 3 3%

C.  Serpentuator Versus Other EVA Mobility Devices

The 16 representative experiments were further analyzed in a
trade-off study to establish specific areas where a Serpentuator
would be superior to other EVA mobility devices, such as hand-
rails, extendable booms, and powered maneuvering units. Tasks
performed both by EVA and remote control were comsidered. As
directed, the mobility devices were evaluated on the basis of the
following performance parameters:

a. EVA task categories versus range distance;

b,  EVA task categories versus mumber of sorties;

c.  EVA task categorles versus 1) man required, 2) man or
remote control, 3) remote control onlyj
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d, - Cargo mass and volume versug positional aceuracyj

e, Tagk performance time versus total sortie times .
f. Propellant or power consumption versus total sortie time;
.8...'Time to store/service versus total sortie times

h,” ' Crew safety versus mobility device reliability,

Initial apalysis indicated that 11 of the 16 representative experi-
ments were sultable for Serpentuator application. These 11 experi-
ments are conducted Iin conjunction with the OWS cluster or dry
workshop ‘configuration, Of the remaining 5 experiments, 2 are
operated in synchronous orbit with the CSM only, and 2 experiments
are operated as separate subsatellites in the vicinity of the work-
shop. These latter 2 experiments are launched with the CSM, After
orbit 1s attained, the CSM is used to deploy the experiment sub-
satellite in a separate orbit near the workshop, The CSM then
docks with the MDA, The experiment package is not docked to the
workshop at any time, The fifth experiment involves deployment

of a large structure. This experiment Is docked to the CSM,

near the workshop, Thus, these five experiments do not appear
appropriate to this study and were eliminated.

For the xp.if:.;pose of comparing the mobility aids with.the Ser-
pentuator system, EVA functlons were grouped into four general
task categoriless )

a. Equipment operation (including deployment and installati
- of experiment equipment);

b,  Observation and inspection;

c. Data retrievalj

d. Malntenance and repair,

The 11 experiments analyzed involve 59 different tasks in these
four categories, requiring 8 total of 53 EVA excursions.

Figure IV-l illustrates the translational distances required
for each task category. As previously discussed, approximately
90% of these tasks involve distances less tham 60 ft. Manual trange
lation is currently planmed for all but one of these tasks,

The number of EVA excursions required in each task categoxy ig
illustrated In Figure IV-2, The majority of excursions are con-
cerned with either equipment operation or maintenance and repair,

Six of f;he 59 tasks could be performed remotely by Serpentuator,

'e1iminating the need for EVA, Five of these involve observation
and inspection while the sixth requires operation of small sensors.
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Four addftional tasks, involving data retrieval, could be per formed
remotely with the aid of a special tip device to remove and replace
data packages. Without the tip attachment, EVA i necessary, None
-of these 10 tasks could be accomplished remotely with STEM systems
or extendable trusses, since the device must maneuver to various
locations and perform manipulative operations. The remaining 49
tagks mist be performed iIn the EVA mode. This indicates that the
major Serpentuator application would be as a means of astronaut
EVA transport, These results are illustrated in Figure IVa3,

. In addition to transporting the astronaut, 55 of the 59 EVA
tasks require transport of cargo, including experiment equipment
or tools to be used at the worksite. The graph in Figure IV-4
compares cargo transfer distances and the accuracy with which
the cargo must be positioned. Gross positional accuracy is defined
as linear accuracy of 0 to 1 ft and angular accuracy of 0 to 30°,
Fine positional accuracy is defined as linear accuracy of 0 to 2
inches and angular accuracy of 0 to 5°,

About 90% of the tasks involve transport of 60<1b or less.
Of these, 807% require fine positloning accuracy. Data concerning
.cargo volume ig not available.

The EVA mobility aids selected for comparison with Serpentuator
include handrails, stowable tubular extendable membexr (STEM) systems,
hgnd-held maneuvering unit (HEMU), backpack-type astronaut maneuvers
ing unit (AMU) and space taxi. Pertinent operational parameters of
the HHMU, AMU, and Serpentuator are listed in Table IV-4 for ref-
erence, The listed parameters are very gross estimates based on
preliminary designs.

Table TV-4  EVA Mobility Devices

Welght Volume Range Stabllization Veloeity

Serpentuator 250 1bs. 40 £e° 60 £t Mamual or 2 fps
automatic

o] 168 1bs. 1.3 ££° 200 £t Automatic 1 fps

HEMD © 7.51 1bs. 0.5 ft° 25 f& Nome 0.5 fps

) In many cases,. graphical comparison on the basis of each parameter
wag not practical, These devices range from the simplest handrail
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system to the most .sophisticated automatic maneuvering device with
a self-contained 1ife supported system, In general, the Astronaut
Maneuvering Unit (AMU) is most useful for tasks involving relatively
large distances. The HHMU presents significant stability problems,
since 1t provides no automatic stabilization,.” Extendable booms
such ag ‘STEM, are generally capable of moving in one direction
only, ahd avea one for one comparison basis are not sufficiently
versatile for a large varlety of tasks, Space Taxi's would be
suitable only where large digtances and times are {nvolved, and
from the preceding this involves a very small number of applica-
tions. Since the Serpentuator would be designed for 60 ft or

lesa, these were not considered competing devices.

In summary then the EVA requirements and the basis for the
comparisons of Serpentuator, HHMU, AMU, STEM and mamual are for
distances of 60 ft or less, with cargo of 60 1b or less, positional .
aceuracies of 2 inches or less, time durations per excursion of
2-4 hours, and & large number of excursions.

- a. Excursion Time - Most of the EVA excursion time 13 con-
cerned with actual performance of the work task, rather than trans-
lation to the worksite, Therefore, the potential time reductions
using any of the poyered devices do not appear significant, since
translational distances are relatively short, For example, a
translation distance of 60 £t (120 ft round trip) requires 1
minute with Serpentudtor, based on a tip veloeity of 2 fps, The.
time required for handrall translation 1z 6 minutes, based on an
average velocity of 1/3 fps, EVA excursions for the 11 experiments
range from 2 to 4 hours, with approximately 30 minutes allowed for
egress/ingress operations. Thus, the time saving with Serpentuator
amounts. to sbout 5 minutes out of a minimum of 90 minutes, or a maxi-
‘mum reduction of 6%, The greatest distance astronauts must travel,
within a 60-ft radius sphere, is 430 ft, With handrails, this
would require 24 minutes of the total 4~hour task time, Using the
Serpentuator, this time is reduced to 4 minutes, resulting in a
total advantage of 8%, This maximum distance fs for one task
only, whereas the next greatest: distance 18,200 ft, With other
powered units, translation times for such distances would be similarly
reduced. The AMU, for example, will travel at an average velocity
of 1 fpsy and the HHMJ, an average velocity of 0,5 fps is expected,
Obviously aince the translational time involved 1s a very small per-
‘centage of the total time this parameter is not an important con~
alderation, - i :

b. . Energy Copsiderations - The energy gaving with Serpentuator
is also not presented in graphical form, since this factor is in-
significant for such ghort translational distances, Considering
& rvound-trip distance 'of 120 ft, the astronaut would expend an
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average 150 BIU (44 wattwhr) translating to and from the worksite
with a handrail, With Serpentuator, this translation would require
a total epmergy of.7 wattwhour, 5 for the astromaut and 2 to drive
the Serpentuator. These are approximate figures only, based on
metsbolic rates of 1500 BTU/Hx for handraill translation and 950
BIU/Hr for a stationary astronaut, and an estimated 100 watts of
electrical energy required to drive the Serpentuator. The astro-~
naut would save 550 BTU (160 watts) using Serpentuator translation,
with 100 watts required for the Serpentuator. Thus, the total
power saving amounts to 60 watks,

The results of & Martin simmlation study (Ref 7} were used
to determine the endrgy consumption of the AMJ and HIMU, 'Two
separate maneuvers were designed to evaluate the translational
capabilities of these unita, TIn the first, the test subject
started from rest, established a velocity vector toward the taxget,
and then coasted to the target. In the second maneuver, the sub-
ject wag.given an initial velocity vector and was required. to arrest
his approach tp.attain a stabilized holdlng pattern at the target,
The total distance travelled in these two maneuvers was about 40 ft.

Usthg the AMJ, the avexage total impulse needed to complete
the two maneuvers was 56 lb-sec, The. average velocity artained
was 0.9 fps for the firet maneuver, and the initial velocity for
the second part of the maveuver was 1 fps, With the HMU, the
average total lmpulse required was 1L lb-sec, The average velocity
attained was 0,6 fps for the first part of the maneuver, &nd the
initial veloeity for the second part of the maneuver was 1 fpa.

The simmlation indicated that training time 18 a significant
factor in task performance. During the simulation, three test
subjects performed each maneuver three times, The totel impulse,
as well as the total time required to complete the maneuver, varied
conglderably for each run., For example, in the first maneuver,
the total impulse for the AMU varied from 12 to 28 lb-sec; and
the total time variled from 27 to 47 seconds, Using & Serpentuator
with programmed trajectories to specified worksites, tyraining time
would be significantly reduced.

. Time to store and service does not vary significantly among
the different devices. Assuming no equipment fallures, the Ser-
pentuator merely returns to stand-by configuration by a programmed
trajectory. The other powered maneuvering umits-are stoxed inside
the spacecraft, The propellant for thsse units mist be replaced
periodically, but this only involves imsertion of a new tank,
Neither storage nor propellant resupply requires & significant
amount of time.
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e. Crew Safety - The most important advantage of using a
Serpentuator verses the HHMJ, #MU, and memmal translation is
gréater astronaut safety. This safety advantage results largely
from Serpentuator characteristics in the event of system fallure,
rather than from increased reliability of the system itself,

AAP presently requires a system reliability of .995. Any EVA
mobility device for the program must meet this requirement. Con~
sequently, a safety rellability comparison 1s reduced to determining
which- device can most easily meet or exceed this standard, We are
as: yet unable to estimate this for any of the candidate systems,
since they are still in the preliminary design stage,

As 2 systems concept, the Serpentuator shows significant ad-
vantages for crew safety problems. In the event of a difficulty
such ag astropaut incapacitation due to vigor fogging or temporary
blackout, the Serpentuator would be superloxr to the other powered
techniques currently available. With the other techniques, a
second astronaut would be required to go EVA, using either mamuial
translation or some other maneuvering unit. This rescue would be
slow and tedious, since the disabled astronaut would have to be
both stabilized and transported by the second astronaut. The
Serpentuator could be returned automatically, If the failure
‘occurred in the life support system,.time becomes & critical
factor. A limited 30-minutes oxygen supply is available for
emergency sltuations. Consequently, the astronaut must return,
‘Ingress, and pressurize the alrlogk within 30 minutes, Agsuming
a minimm of 10 minutes for ingress and pressurization, the astro-
mnaut has only 20 minutes to detach any work restraints and translate
to the airlock, This allows little margln for error if he is more
than a few feat from the airlock and restrained to the worksite,

With Serpentuator as the prime mode of EVA transport, rescue
becomes both rapid and automatic., A second astronaut would be
needed only to aid ingress operations. The Serpentuator tip could
return to the airlock in less than two minutes from any possible
configuratlon, Thus, although this system does not provide signi-
ficant time reductions in normal operation, it offers clear advantages
under emergency conditions.

Assuming a translational equipment failure for the Serpentuator,
the astronaut would be attached to the spacecraft by at least a semi-
rigid boom. He could return to the airlock by manual translation
using the Serpentudtor as a hamdrail. This would require installatdon
of & handrail from the Serpentuator base to the airlock. In contrast,
fallure of an AMJ 6x HHMU would require either rescue by a second
astronaut or translation using available handrails. But if the
astronaut is in a free-flying mode of operation, it is doubtful that -
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he could reach & handrail. Another alternative would be to reel in
the stranded astronaut using the tether, but this is impractical
at distances over 25 feet, due to the build~up of angular momentum,

A previous Martin Marietts study (Ref 11) investigated the
difficulties assoclated with the tether. While this study was
primarily concerned with the problem of maintaining two orbiting

. bodies (subject to differential drag acceleration) in close
proximity using a nermally slack tether, the problem of retrieving
a tethered object was also studied, FEven for the simple cases
studied, it was found that direct reel-in of the tethered body
resulted In a gpiraling trajectory and high tangential velocities
at close range. . Retrieval could be accomplished only under limited
conditions by applying a sequence of tugs to the body, with the
tether remaining slack the rest of the time (with the obvicus
possibility of becoming entangled). The study suggested the
possibility of extending the retrieval technique to more general

cages by attaching the tether to the spacecraft through a pivoting
boom,

Using the Serpentuator as thig boom, astromaut retxieval with
the tether becomes more practical. If the astronaut is not close
enough for direct pickup by the Serpentuator, two retrieval tech-
niques are pogsible. Neglecting the effect of differential drag
- acceleration, which ig path dependent:, the increase in angular
momentum ie proportional to the square of the difference between
initial and final radial distance from the spacecraft, If the
initial angular momentum and separation distance are not too
laxge, the tether could be used to pull the astromaut within range
of the Serpentuator. Then the Serpentuatqr would simply pick him
. up and return him to the spacecraft,

' For high initial angular momentum or separation distance, the
tether would-be attached to the Serpemtuator tip. By proper posi-
tioning of the Serpentuator and a sequence of tugs (or direct
reel-in) the astromaut could be brought within range of the tip.

The astronaut's angular momentum could be transferred to the space~
craft by matching tip velocity to astromaut velocity for acquisition,
and then gradually slowing the Serpentuator. The Serpentuator would
then pick up the astronaut and return him to the spacecraft.



v. CONCEPTUAL. DESIGNS

A, Introduction

The conceptual design effort consisted of three separate study
areas:

1. Conceptual design of the Inserp relative to Experiment M487;

2. Conceptual design for a remote~controlled Exserp for Saturn
V Dry Workshop;

3. Conceptual designs for Exserp ﬁermetically sealed joints.

The Inserp application for M487 was examined for feasibility then
compared to the present "fireman's pole" method. The Exserp was studied
for two specific tasks and examined methods to gulde, stabilize, trans-
late and rendezvous by remote control. The hermetically sealed joints
were examined to determine if the bellows could be eliminated, ‘

B. Inserp Conceptual Design

The conceptual design for an intravehicular Serpentuator (Inserp)

- was based on the cargo transport requirements for Experiment M487,
Habitability of Crew Quarters. As described in Section III, this ex-
periment involves transferring equipment packages from the MDA, through
the AM, and into the OWS crew quarters area. The Inserp would be lo-
cated in the forward compartment of the OWS. Equations of motion des-
cribing Serpentuator tip location have been programmed for the digital
computer to determine the actual movement required for this application,

The model used in this analysis consisted of five links, each 3.75
ft long, with a 3.75 ft rigid extension from the tip joint to the
center of the package. The tip yaw joint was limited to an angular
movement of + 100°.  Elbow joints were restricted to 45° angular move-~
ment in one direction. This restriction was imposed to determine
whether the same basic elbow joint of the Exserp could be used for this
Inserp application. Thus, the basic Exserp configuration would be
tested, This was not a significant restriction, however, and did not
influence the results.

1. Programmed Motion

‘In its initial position, the Serpentuator and gttached package were
located inside the MDA.. The package was then moved out through the AM
‘tunnel by repeatedly stepping the individual joint angles, keeping the
package centér within four inches of the center line of the tunnel,
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The sizes of these angular steps were determined using the digital
computer,

The computer was programmed to increment each angle and solve for-
the joint and tip positions, The first angle Iincremented is elbow
" joint #3. When-the off-center deviation reaches Four inches, the
base angle is automatically incremented to move the tip four inches
off cénter in the ,opposite direction. The angle of joint #3 is again
incremented and the process is repeated until this angle reacheg 459,
Then the angles of joint #4 and the base joint are incremented in the
same manner, moving the package into the OWS forward compartment.

Once inside the OWS, the package is positioned abave the entrance
‘hatch to the crew quarters area. It is moved through the hatch by
again incrementing individual joint angles. Figure V-1 {llustrates the
different Serpentuator positions when the package is located 1) Inside
the MDA, 2) In the OWS forward compartment, and 3) In the crew quarter:
area. The entire process requires a total of 70 steps. This large
number of steps 18 needed to achieve the essentially astraight-line
movement for the package, since angular motion of any joint results in
package movement glong an arc.

‘Further analysis is necessary to determine the actuator accuracy
required for the described motion, and to determine the effects of
.dynamic loads on the Serpentiiator. Such analysis may indicate that it
is impossible to move the packages through the hatches without impact-
ing the sides. 1In this event, Serpentuator motion would be limited to
moving packages acress the OWS forward compartment, with astronauts
manually transporting them through the AM, and into the crew quarters
area.

2. Inserp-ETD Comparison

i This equipment transfer is currently planned with the Equipment
Transfer Device (ETD), which resembles a ''skateboard" that rides on
& rail. The six-sided rail, or "fireman's pole,' extends from the
MDA, through the AM, across the OWS Fforward compartment, and into
the crevw quarters area. ‘The section of the rail that passes through
the OWS is launched inside the $-IVB tank, and must be installed by the
crew, The rest of the rail is launched in sections within the MDA,
These sections must be mounted on pre~-ingtalled brackets in the MDA
and AM, and joined with the OWS section. The ETD itself consists of

i platf&fm for package attachment and a set of eight ball-bearing
wheels that ride on the rail. The wheels are arranged to ride on
four -sides of the rail, preventing the ETD from tilting or twisting,

ﬁsing thisg debice,‘the astronaut attacﬁés a package to the ETD

platform and pulls himself and the ETD along the rail. "Once the ETD
4s moving, he may simply ride along with it, stabilizing his motion
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by holding onto the platform. The ETD is equipped with a hand-
operated brake, permitting the astronaut to stop at any desired-lo-
cation, .He will move through the hatches' either by pushing the ETD
ahegd -of him or by pulling it through after him. As the astronaut
gains experience operating the ETD in zero-g conditfons, he may be
.able to pass through the hatches riding on the platform. This woulc

depend on the size of the package and the skill of the astronaut,

Neutral buoyancy and zero-g tests in a KC-135 aircraft flying
parabolic trajectorlies have evaluated the astronaut's ability to move
‘a package along a handrail without mechanical aids (Ref. 8). In
‘these tests the subject would grasp the fireman's pole in one hand,
the package in the other, and lock his legs lightly around the pole
for stability. The subjects were able to safely and accurately trans-
fer 60 to 80 lb packages, and suggested ghat a 90 to 100 1b load maxi-
mum appears reasonable for one-man manual transfer. 1In the KC-135
tests, the subject’'s:legs tended to involuntarily unlock and float
-apart, resultidg-in a loss of directional stability, Further tests
were,recommendedﬁto completely verify the concept.

Using the ETD,:an astronaut does not have a positive restraint to
control his motion while transporting and installing the equipment
backagesl It is presently felt that he 'should be in complete control
at all times while performing these tasks, Consequently, another trang-
fer device, which restrains the astronaut to the pole and extends out

to the walls for equipment installation, is currently under study by
AAP personnel.

The Experiment M487 Task Analysis (8 July 1968) by Martin Marietta
AAP personnel indicates that 51 round trips between the MDA and OWS
are planned, requiring 5 of the total 44 man-hours allotted to this
experiment. After all equipment packages have been transferred to the.
OWS, the fireman's pole must be removed from the AM tunmel and hatches
to permit depressurization for EVA tasks.

A Serpentuator could reduce the time required to transfer these
packages by approximately two man-hours (40%) or the total time allotted
‘to the experiment by 5%. It would also provide a restraint for packages
to be installed in the OWS forward compartment., The Serpentuator would
position the package at the proper mounting location, where a restrained
astronaut would remove and install the equipment. For installation tasks
in the crew quarters area, the Serpentuator would transfer equipment to
an astronaut inside the hateh, using pre-programmed motion. This as-
-tronaut would be equipped with a movable restraint system, allowing
him to control his movement' to the storage location, In this mannmer,
he would maintain complete control at all times, eliminating objections
to the present mode of equipment transfer. Metabolic costs would also"
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be reduced, since, the astronaut would not have to manually move packages
out of the MDA into the OWS area.

In addition, Serpentuator installation in the OWS would allow
operational testing of the Exserp concept as an EVA mobility aid, with-
in the safe confines of the workshop. .This testing could be performed
in conjunction with experiment M508, which evaluates other EVA equipment
and mobility aids.,

C. Exserp Conceptual Design for Dry Workshop Application

This segment of the report describes conceptual design considera~
tions for a remote controlled Exserp for two specific applications;
1) To move a cargo container which will fit in a section of the CSM and
2) To make a hose connection at this location, This was broken down
into two considerations., The first was the basic method of gulding
the Serpentuator tip to the immediate vieinity of the work station
and the second was the tip manipulator requirements to remove the
payload,

1. Guldance and Control

To establish the remote guidance and control method, 1t was assumed
that the operator would probably not be able to view the entire Serpen-
tuator at any time since the viewing port in relation to the roll orien-
tation of the CSM is undefined. Eliminating visual guidance, several
other modes were considered., The first possibility was television moni-
toring of the Serpentuator as it traverses between work stations, The
points that should be observed at all times include the individual seg-
ments, the tip, and any objects within the Serpentuator line of motion.
Obviously this mode would require a large number of monitoring units to
cover all possible Serpentuator configurations, and the display require-
ments alone would seem to rule out this mode of guldance,

An alternate method of Exserp guidance would involve sensors loca-
ted in the joints to measure their angular deflection. With a miniature
model of the OWS cluster and attached Exserp, 1t vwould be possible to
drive the Serpentuator model relative to the cluster model, and thus
display the parent system movement. The operator could then use this
model display to guide the Exserp to work locations while avoiding space-~
craft structures. Comnversely, this miniature model could also serve as
a working control system to provide command signals to the parent Ser-
pentuator. Thus the model would provide both the command signals and
visual display. This technique offers interesting possibilities since
it would provide the flexibility of being able to move the tip arbi-
trarily from one point to another, and built-in safety features could
be easily incorporated by merely increasing the boundaries of the
cluster. In addition, the computer requirements would be minimal. A
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TV cameras on the tip would still be-éghuired.

The most feasible control wethod appears to be automatic guidance
to the worksite with pre-programmed motion for each Serpentuator mission.
The operator would merely select the correct trajectory from & card
library, for example, and insert it into a reader that translates this
information into coptrol commands. The Exserp would be guided ro the
worksite but would not dock asutomstically, This sequence of sutomatic
maneuvers would place the Serpentuator tip at the worksite, within the
error limits of the sensors and joints, To return, the outbound sequence
would be merely reverged.

With the aid of TV monitors at the tip, the operator would manually
provide final vernier correction to reach the target and perform tasks,
The change In control modes can be made at his discretion when the work-
site is within range of the TV monitors, The effective range of the
monitors will depend on illumination of the worksite. Artificial light~
ing provided by the manipulator system would be focused to avoid glare.

The complexity of the rendemvous and docking maneuvers results from
the non-rigid nature of the Serpentuator, Clutch slippage permits the
Serpentuator shape to change when small loads are applied. Consequently,
the Exserp tip would tend to move away from the docking site., Slow exe-
cution of maneuvers should minimize these loads and prevent excessive
movement. Also, brakes of the main links could be used to keep these
links rigid and thus only the tip would move. This would make automa-
tic retrieval of the payload much easier. Solution of this stabllity
problem’ requires further definition of the docking device, tip load
coupling to the spacecraft and the resulting loads. However, it is ob-
vious that some type of rigid attachment of the tip to the cluster is
required for stabilization.

2. Tip Manipulation System

The tip manipulator system of the Serpentuator must allow adequate
information feedback between the operator and the worksite, It should
be easily controlled to give the operator as much feel as possible for
the operations being performed. Figure V-2 illustrates the general
design for this manipulator system. Unsurprisingly, the system is
anthropometric, designed to give the operator sowe physical feeling
of control. The manipulator “hands'" contain piezoelectric grip sensors
on the surface used to grasp materials, These sensors provide electric
signals that can be visually displayed in terms of force on the grasping
surface,

Figure shows three different views of this manipulator system,
Arrows at the joints indicate the motion of the stabilizing bars and
manipulator arms. The tip of each stabilizing bar is equipped with a
ring device which attaches to a pin at the worksite for stabilization.
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The manipulator hand cam grip like a vise and rotate about an axis
defined by the centerline of the lower arm cylinder, The horizontal
camera is a secondary monitoring unit to give the operator a different
view of the work area, Over head lights illuminate the target so that
one of the two TV cameras has a clear view at all times, The primary
television camera 1s mounted on top of the manipulator box and can move
as shown by the arrows in Figure V-2,

3. Cargo Transfer

For the AAP program the interior of the Service Module (SM) has

been modified considerably from the SM desinged for lunar flights, A
" cross sectional view shows that the module is divided into six ple~

shaped compartments. At the center is a 1-5/6 foot diameter cylinder.
At this writing, it appears that bay #6 is the only one available for
use in cargo transport. However, this section has a Reaction Control
System (RCS) unit mounted on the outside and explosive removal of the
spacecraft skin would damage the unit, - Bay #1 (adjoining Bay #6) con-
tains equipment 'and storage tanks that could be intexrchanged with the
tank in the lower 'gection of Bay #6. This would leave two-thirds of

- Bay #1 open for cargo and would possibly allow explosive removal of the
protective skin.

There are no definite plans for breakdown of the cargo compartment
into sections and as yet, no specific designs for fastening these
sections to the CSM. The compartment in Bay #1 would be about 5.5 ft
wide at the outside, tapering back to the central cylinder wall. Con-
celvably, this bay could be divided into eight drawers, each 2 by 2.25
ft at the outside. These drawers could be easily handled by the mani-
pulator. Each drawer would be fastened to the bay by two lever-released
bolts, which could be freed without applying any force to the vehicle,
Each drawer would have handles for the manipulator hands to grasp., If
larger cargo modules are needed, the eight-drawer sygtem can be modified
to make drawers of greater width or length, but the depth is fixed at
four feet. If the cargb is to be taken inside the OWS through the AM,
it must fit through the 40-inch hatch between the AM and the OWS.

For thiose cargo packages which do not go immediately inside the ovs,
a platform with the same shape as the drawer could be mounted on the
struts near the AM hatch. The cargo drawer could be placed flush to
the platform and secured with hydraulically actuated side clamps. It
does not seem logical, however, to use this device for cargo to be :
transported through the AM. It would be much more practical to trans-
fer the drawer directly to the hatch and immediately take it inside the
spacecraft, If the cargo box is too large to enter the AM, EVA would
be required to transfer its contents inside, This EVA is not needed
for direct transfer of cargo into the AM. An auxiliary television
camera could be mounted on a strut near the AM to aid in securing the
cargo package.
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A cargo transfer from the CSM to the OWS would be accomplished by
a sequence of operator-selected events. With the Serpentuator in its
stowed position, the operator selects a programmed routine to guide
the tip to the cargo section of the SM;, As the tip approaches the cargo
storage bay, the operator provides manual control with the aid of the
TV monitor, Using the vernier control board he positions the manipu-
lator to dock with the first cargo drawer. The stabilizing bars are
connected and electronic sensing informs the operator when both bars
are securely docked, The overhead camera and lights are fooused to
allow viewing as the menipulator arms begin to remove the drawer.
The two levers are released separately without applying force to the
spacecraft, Next, the manipulator arms grip the two handles to pull
the free drawer out of the SM. At the same time the stabilizing bars
are discommected.

The second phase begins with selection of the return control mode.
The Serpentuator reverses its programmed motion and moves toward the AM.
As it approaches, the operator switches to vernier control and visually
executes the rendezvous maneuver. If the drawer is to be taken into the
OWS, the operator maneuvers the tip to the AM hatch where the drawer is
taken inside. If the drawer is to be left outside, the manipulator can
be docked with the securing platform. In either case the auxiliary tele-
vision system can aid the operator.

4, Liquid Hydrogen Transfer

.. Replenishment of the fuel cell hydrogen storage tank in the OWS
will be required intermittently. The Serpentuator manipulator system
designed for cargo retrieval could make the hose conmnections between
the CSM and OWS storage tanks. However, the locations and equipment

‘to perform this fuel transfer need further definition.

Liquid hydrogen willl be stored in three spherical tanks in the CSM.
Each tank is paired with a similar liquid oxygen tank. These tandem tanks
are located in Bays #1, 3 and 5. The tanks in Bay #1 would be moved to
Bay #6 if the cargo compartment is designed as previously described.

The location of the fuel cell storage tank within the dry work-
shop has not been specified. To use the Serpentuator in wmaking hose
connections for hydrogen transfer, the inlets to the OWS tanks rest be
within range of the Exserp. A convenient location for the iniet valve
would be just below the IU on the S-IVB, on the circumfercence whrre access
Bays 1, 3, 5 would not be obstructed by the AIM,

The hose must be protected during launch but quickly deployed in
orbit, It could be conveniently stored on the AM near the S-IVB inter~
face, The hose connection must also be easily handled by the manipulator
system, Such a connection must be attached to the tank inlet with both
hands so that no torque -is applied to the vehicle. It could be disconnected
quickly by a push-pull device that releases the attachment,
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This sequence of maneuvers would be initiated with a command for
the Serpentuator to go to the AM to pick up the hose end. A programmed
trajectory transfers the tip to the inlet valve on the S-IVB. The
manipulator is deocked visually using lthe stabilizer bars to secure it
to the spacecraft. The manipulator hands connect the hose to the inlet
valve, one hand halding the valve as the other twists the hose fitting
to the inlet. The Serpentuator then returns to the AM to pick up the
other hose end., A new trajectory directs the manipulator to the storage
tank outlet on the service module. Again, the hose connection is made
as described above,

When hydrogen transfer is completed, the manipulator disconnects
the hose by holding the SM outlet valve with one hand and pulling the
hose fitting free. This action requires very little force and applies
negligible force to the spacecraft., A similar disconnect is performed
at the S-IVB inlet after the manipulator is guided automatically from
the SM to the OWS.

D. Hermetically Sealed Joints

This part of Task B was concerned with the design of two types of
hexmetically sealed joints: an elbow joint capable of 45° rotation,
and a rotary joint capable of + 200° rotation. From investigations of
the various actuators, seals, and lubricants compatible with Serpentua-
tor operatijonal and envirommental requirements for the rotary and elbow
joints, it was concluded that the design criteria can probably be met
without resorting to metal bellows. This is desirable since the metal
bellows restricts the angular capability of the elbow joints and in-
creases the weight and stowage area, In addition, a suitable metal
rotary bellows to accommodate + 200  rotation is not available. Metal
bellows do prevent lubricant outgassing and contamination, however.

One approach for the rotary joint would utilize United Shoe's
hermetically-sealed harmonic drive unit with enclosed torque motor and
clutch, and a wet lubricating process similar to Ball Brothers Vac Kote
would be applied to the bearings, wave generator, and torque motor brushes.
This process involves a very thin film of organic lubricant and shows
very little weight loss in vacuum. A dry lubricant similar to the Vac Kote
(M0S9) would be applied to the {lex-spine, circular spline, and bearing
outboard. The weight loss of this "dry'" lubricant is unmeasurable, A
dynamic seal such as the Aeroquip "Omiseal", type AR10110, would still
be necessary to prevent contamination during peutral-buoyancy tests and
during launch and would serve as a hermetic seal. The rotating surface
of this seal would be dry-lubricated the same as the flex-spline, Since
the dry lubricant is not suitable for neutral-buoyancy tests, a protec-
tive cover would be required for this environment. This problem is
considered again in section VI and a slightly different approach and
more specific recommendations are provided in section VI and Appendix B,
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There appears to be no difficulty in acquiring a metal bellows
for eithexr the single-pivot or three-pivet elbow joints. The most
reliable approach seems to be a harmonic drive similar to the one
described above, driving a ball-screw mechanism enclosed in a bellows.
The harmonic drive would be hermetically sealed with torque motor
and elutech enclosed, A 'wet lubricant would be applisd prior to assembly
and run-in, The flex-spline, external bearing, and ball screw would
be dry-lubricated and enclosed in a bellows to prevent entrance of
foreign matter during launch. Thus, even if the bellcws failed during
operation the Serpentuator could continue to function and no outgassing
or contamination would result.
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VI, OPERATIONAL REQUIREMENTS

A. Introduction

This effort involved definition of the orbital operational require-
ments for a Serpentuator system. The guidelines for this analysis
were our previous studies, general system requirements (as outlined in
Ref 3 ), and additional specifications furnished by NASA. The main ob-
jective of this effort was to establish requirements for the preliminary
design of flight-prototype link and rotary actuators. Various aspects
of the existing design were analyzed to determine the changes necessary
to flight qualify these actuators.

In addition to the design considerations related to the Serpentuator
joints and assembly, several other areas were investigated to determine
operational requirements of the Serpentuator. These included environ-
mental considerations, preliminary error analysis, a preliminary investi-
gation of control modes, safety requirements, and umbilical management.
In all cases, these investigations were of a preliminary nature and were
intended to specify gross requirements only.

B. Detailed Joint Design Recommendations

This section includes comments relative to the details of the

base roll and elbow joint designs to qualify the existing Serpentuator
(MSFC P/N 500227) for flight.

In general, it was found that all standard elastimer seals fail
to meet elther the temperature requirements or are only marginal in the
hard vacuum of space. Lubricants also create a problem at the tempera-
ture extremes. The neoprene bellows is not feasible from both vacuum and
temperature considerations. Since the exlsting torque motors and brakes
are rated at only ~40°, they (as well as the lubricants) would require
further testing or incorporation of either a heater or insulation., Space
qualified motors, if available, should be specified. The internal tempersa-~
ture of the Serpentuator structure could be held fairly constant (within
+ 20°F) using insulating material on the exterior of the structure. This
would reduce problems with thermal expansion, motor operation, and lubri-
cation. However, the insulation would also retain heat generated by the
motors thus presenting another possible problem area. A method for re-
moving this internal heat would have to be provided if a significant tem-
perature increase occurred. Also, the use of insulating material would
increase the weight and volume of the Serpentuator.

In general, certain lubricants and anti-friction treatments currently -
used on space hardware appear feasible for the Serpentuator elbow joint
pivot points and bushings, as well as the bearings. Two such lubricants
are resin-bonded dispersions with teflon, specifically Emralon 310 and
Emralon 315 (produced by Acheson Colloids Co., Port Huron, Michigan).
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Both lubricants provide a low-friction, corrosion resigtant film, with
a bearing load capacity in the order of 20,000 to 30,000 psi. Emralon
310 shows better adhesion characteristics, while Emralon 315 is

better at higher temperatures (AOOOF).

Outlined in Appendix B are our recommendations to gpace qualify tl
existing hardware, These changes refer to specific drawings of the
existing hardware supplied by NASA. In addition, two drawings illustr:
ting the recommended. changes are included.

C. Structural Design Considerations

Structural aspects of the existing Serpentuator design were inves
tigated for changes necessary to obtain a flight-qualified item. Desi
factors were evaluated for both the Serpentuator assembly and specifie
joints, with emphasis on the Jjoint design requirements for the antici-
pated space environment, This analysis was based on the design criteri
of the preliminary detail specifications document CPOO3MOO0L8 and the
Joint drawings furnished by NASA,

Specific comments and recommendations on each item affecting the
structural design are reported in Appendix » These are divided into
two sections: 1) those affecting only the Serpentuator joint as define
in the NASA drawings, and 2) those pertaining to the Serpentuator assen
Comments are coded to the paragraph numbers of the specification docume
CPOO3MO0018 and are restricted to those elements affecting structural
design,

The conclusions were that the individual Joints of the present
design are sufficiently strong and no structural problems would be
anticipated., The Serpentuator tip velocity should be limited to

.5 ft/sec and the jogging control mode could possibly excite the Tes-
onant bending mode.

D. Preliminary Error Analysis

This effort involved investigation of Serpentuator accuracy re-
quirements and resulting implications for the control mode and indivi-
dual joint assemblies. Accuracy limits are essential for deternining
system control requirements, such as the nature of tip sensors (i.e.,
wide~angle versus narrow-angle). This is especially important for un-
manned, remote operation, The control requirements can be approached
from two directioms, either by estimating accuracy capabilities on i
the basis of existing control and Joint design criteria, or by estab-
lishing accuracy requirements to be achieved by these designs. The
method presented.is general and gives tip position and accuraev for

arbitrary inputs. The example used here appears to be a ‘worst-case
condition,
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Considering an n-segment Serpentuator with base roll, and yaw only
at the tip, the tip position is given by

n k
X nee O
k=1 3=1
n k
Y = cos¢2 Rksin(ZWj)
k=1 =1
n k
z = sinﬂz R sin(E §6j)
T k=l - 3=1

where ¢ is the base roll angle, Ek is the yaw angle at joint k, and Rk,
is the length of segment k.

The partial derivatives of these equationa are given by

—% =0
k
g{);k - 8Xk+1 - R, sin (g&éj)
n k
% = -sin@iZRk sin(zvfj)
k=1 i=
k
%k = g;kH + Rk cosﬁcos(%}ﬁj)

VI-2



B / {AW, PITCH, AOLL GIMBAL
Yoo 03 8,

|§,QI =431 gt

"':;’Rapl= 5.04 ft

Figure VI-1 - Nomenclature Used To Describe Serpentuator

VI-4



. i 13
%% = co'sﬁi‘ZY_‘lRk sin@ﬁj)

k=1 3=1

k
o¥, ¥y R Siwcos(jz:;wj)

The approximate tip errors are then given by the Jacobian Matrix:
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These equations were programmed for the digital computer., Thus
the tip position errors for any Serpentuator configuration can be
determined for a given joint accuracy. Conversely, the allowable
joint angle errors can be determined for any given positioning accuracy.

Yor example, consider an eight segment, 40-ft Serpenmtuator,

assuming equal angle errors {AY) at each yaw joint and the f[ollowing
segment lengths.

R, = 4,31 £t

R2 thru RB = 5,04 ft



Considering first the position error in the Y-direction due to yaw-
angle errors, it can be seen that this error will be a max imum with
all of the angles at the zero position. The error in the Y-dirzction
ig then given by

8
AY = A!JZKRk

k=1
which, for the given dimensions is
AY = 180.7148%

if a positloning .accuracy of + 2 inches is desired (the fine posi~
tioning accduracy requirement in section IV) the resulting maximum allow-
sble error in the yaw joint angle is approximately 0,05 Identical
results are obtaimed for the X-direction, if ﬂ equals -90° and ﬁ

thru ﬁg equal Oo, and for the Z-direction if ¢ equals 90° and ”1 thru

¥, equal 0°. This meximum error is a worst-case condition based on
a particular Serpentuator position, with equal errors at all jointa
and the same direction for all errors. Assuming the probability of
a positive error equals the probability of a negative error, the pro-
bability (P) of all eight angle errors being in the same direction is

p=& ° = o0.00:1

or the probability that all eight angle errors will not be in the same
direction is

1-P - 0,996



- eepuang LUE SETPENtuator to tnis Worst-case error condition would be
extremely conservative, since it assumes maximum allowable error at
all joints, and the same direction for all errors,

Position‘error is a function off the individual joint angles, and
.varies for different Serpentuator positions, For example, for ATM
£ilm retrieval, which was gsimulated in a separate Martin Marietta
study (Ref 9), the worst-case position error for the 13 steps lnvolved
is 19.3 inches per degree of angle error, asguming equal magnitude
errors at each joint, including the base roll joint, With an angular

error of 0.05 degrees, the resulting worst~case position error is
0.96 inches.

 The problem of achieving a joint..accuracy of 0.05 degrees has not
been "{nvestigated and as discussed previously, would be unduly harsh.
However, it does illustrate the difficulty of achieving the fine posi-
tional accuracy requirement of section IV. Even with closed loop control
this requirement appears severe. A joint aceuracy of 1/3.degree would
allow a worst-tase positioning error of one foot, which appears reasonable
The ability of,current designs to achieve this accuracy, considering
motor transients, on-off command umcertainty, joint tolerances, etec..,
has not yet been investipated. Empirical data for existing hardware
designs would greatly facilitate this analysis.

E. Controls Effort

The Serpentuator control mode which has been considered sllows. the
movewent of only one joint at a time, Both manual control-with the as-
tronaut selecting the joint motion, and programmed control-with the

Serpentuator moving along a predetermined trajectory, have been inves~
tigated,

There are numerous problems associated with the manual control mode.
A significant problem results from the fact that an astronaut riding on
the tip cannot see the extended links behind him., Thus he has no
knowledge of the Serpentuator position other than his memory of
motion, and would have trouble preventing the Serpentuator from striking
the spacecraft, Except for the base roll, gross translation is accom-
plished by a yaw rotatlon. Thus, a major portion of the tip motion is
in the plane of the Tinks. Since the astromaut cannot see the links
beliind him, he has no knowledge of the location of this plane. Thus,
a yaw wmotion commanded by the astronaut may not produce the desired
direction of travel. This was illustrated by the simulation effort
discussed later. Similar problems would exist with control commanded
at the base of the Serpentuator with the links out of view, Also, the
sensor and display requirements for this operation are considerable.

the
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A more attractive manual control mode is the model command technique
discussed in section V. In this technique the operator manually places
the Serpentuator model relative to the é¢luster model to the desired
location. The angular deflections are then read from a potentiometer
ete.,, and then commands the parent Serpentuator to the same relative
work station dn the actual cluster. Built-in safety features can be
incorporated bf merely increasing the cluster boundaries. Further-
more, the flexibility of moving arbitrarily from one point to another
* is inherent. Any TV sensors located on the parent Serpentuator would
be for observation only and the display requirements would not be
intimate to the actual control (Final vernier tip placement excluded}
Computer requirements would be minimal,

‘Other options Lnvolve the use of @ computer in conjunction with
the Serpentuator to calculate trajectories to the desired work arcas.
Using the cowputer, the control system could possibly be designed
s0 the astronaut would effectively have "stick" control of the Ser-
pentuator., That is, pushing the stick forward would drive him for-
ward, pulling the stick back would drive him back, and similar contro:
for left, right, up and down, The other possible control mode with
the computer would involve direct computation of trajectories to the
desired tip location. With this technique, the astronaut would set
in the desired final.tip location and the computer would calculate
the trajectory and supply the required: command signals. Both of
these computer comnected techniques would be complex, due to the number
of joints to move, and the constraints imposed by the spacecraft struc-
ture. The size of computer required,ahd the calculation time involved,
would make this type of control system extremely complex and impractical.

A control mode which appears practical is the use of pre-programmed
trajectories to place the Serpentuator tip in a given location, To
allow complete tip coverage within a 40 ft radius sphere, approximately
250 pre-programmed trajectories would be required and would provide
positioning of Lhe tip within a 10 ft cube, This number could be re-
duced when the Serpentuator base mounting location is specified, since
the above includes points which are inside the spacecraft. To change
from one cubic area to another, the Serpentuator tip would first return
to the neutral position and then travel to the second area. This limits
the required trajectories to be equal to the number of areas covered.

To allow arbitrary translation from one point to another would require
approximately 32,000 trajectories, and thus, is impractical.

. ‘After the ‘pre-programmed trajectoyy has placed the tip within the
"10.cubic ft area, the astronaut would use manual vernier control to
ad just his position at the worksite. The manual control would pre-
ferably move just the tip joint, although if more motion is required,
vernler control of the main joints may be considered, The pre-programmed
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.“trajettories would be calculated to rehult in & minimum of final adjust-
‘ ment at the specified worksites, thus requiring only small ad justment
, of the Serpentuatorn Joint angles, The adjusted joint angles would be
’returned to their pre-programmed positions prior to reversal of the
trajectory for return to the spacecraft. This would be accomplished
‘elther automatically, using a memory, or manually, using a null indicator.
“The'manual null is preferable, since then it is not necessary to re-
’peat each step that a particular angle was moved. This could be sig-

‘nificant if a joint was moved back and forth in achieving the final tip
Location.

The ﬁte-programmed trajectories also allow rapid retrieval of the

- Serpentuator, which is not available with manual control, unless the .

computer techniques are being used., With manual control, retrieval
"‘would be accomplished either manually, or with memory circults to re-

verse the deployment sequence. In either case, the retrieval would not
- necessarily be rapid, since it would essentially be a reversal of a
“-non-optimum deployment sequence. If the astronaut spent 10 minutes

ad justing- the joints. for deployment, it is reasonable to expect that

retrieval ¢ould also require 10 minutes. The pre-programmed trajectories
-would be optimized prior to flight, and thus would allow much faster

deployment and retrieval.

. A very brief simulation of the Serpentuator was conducted by

_Martin Marietta Corporation in relation to another effort (Ref 9),
using the fixed base, servo-powered Space Operations Simulator, which
is controlled by a hybrid computer. The purpose of this simulation
was to investigate Serpentuator type control problems and to simulate
actual motion, so that various control .approaches could be tested .
with man in the loop. Either a pre-programmed trajectory or a manual
mode of operation could be selected in the simulation.

The test subject was allowed approximately two hours to become

familiar with the simulator controls. At the end of this training

time, the Serpentuator was put in a known orientation, and the test
subject flew to a prescribed location with a given orientation. No
constraints were imposed, such as minimlizing time or avoiding obstacles.
Even without restraints, maneuvers requiring the use of more than tip
control were difficult to perform. Thus, due to the difficulties in-
volved, manual control does not appear to be a desirable mode of opera-
tion, The manual mode could possibly be used as a backup mode in the
~event of failure of the automatic mode.
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F. Systens Considerations

From ‘safety considerations, it is essential that the astronaut
remain attached to the Serpentuator at ‘all times and for automatic
retrieval it is desirable for the Serpentuator to remain rigid while -
the astronaut is performing tasks, If the Serpentuator were not rigid,
and a joint slipped; the position of tie Serpentuator would not be known
unless monitored in some manner and motion reversal would not automatically
return the astronaut to the airlock.

i This implies that it is necegsary «to provide restraints at the
worksite, so that loads created in the work task would not be transmitted
to the Serpentuator, This would reduce the capability for performance
of tasks at nonscheduled work areas, but would be satisfactory for the
majority of the EVA tasks.

In order to deterinine the loads a Eerpentuator must handle without
slippage and when restraints are not used, it is necessary to determine
the loads which are created by the astronaut on the tip. No data is
available concerning the forces produced by an astronaut performing
work tasks in a zero-g environment. This data must be generated before
an accurate determination of the Serpentuator load capability can be
established. Data is.available, however, concerning the forces pro-
duced by .an astronaut due to limb movement (Ref 5). This data indicates
that the ‘maximum forces produced by normal arm or leg movements is less
than 5 pounds, Therefore, the Serpentuator must be capable of handling
a 5 pound force and the resulting moments at the joints, 1f it is to
remain rigid even during translations. If a 60-ft Serpentuator is used,
a moment of 300 ft-lbs could be produced at the base joint due to astronaut
movements. These moments would be produced by an astronaut moving his
arms or legs to accomplish the specified work task (or moving while the
Serpentuatoxr translation isg occurring). The moments would be cyclic in
nature, with an average frequency of less than one cycle per second, and
would therefore, not be applied to the Serpertuator over an extended
period of time.

The loads produced by the performance of work tasks will proubabliy
be 'somewhat higher than those produced by limb motions. Thesc loads
should be determined either by mneutral buoyancy simulation of the
Serpentuator system, or by a separate simulation of typical work tasks.
These loads would determine the joint requirements if restraints were
not used at the worksite. If the Serpentuator cannot handle a minimum
5-g force at the tip, its shape would necessarily change, compounding
the control problem., Thus it seems the Serpentuator must be designed
to handle this minimum force at the tip without moving, or else the
system should be designed so that only the tip moves due to tip forces.
In this manner, the tip could be returned to its initial position
(preferably manually, with a null indicator) prior to initiation of
the return trajectory. '
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§, Umbilical Considerations

It is necesgary to attach and retain the umbilical along the length
of the Serpentuator to remove the umbilical management problem. In this
manner, the unbilical would be completely controlled by the Serpentuator
and would be continuously availeble, The attachment must be desigred
so that the umbilical can be easily removed by the astronaut, and

in the event of an emergency the Serpentuator could be used as a hand-
rail.

The problems associated with extended exposure of the umbilical to
the space environment were briefly investigated. Apparently the major
problem with a soft umbilical is deterioration due to ultraviolet radia-
tion from the sun. This problem could be solved by shielding the umbili-
cal with metallic braid, or by using flexible metal hose for the umbilical,
The higher pressure drop in a flexible metal hose would probably require
a larger diameter hose, since the pressure drop is inversely proportional
to the FLfth power of the diameter, Therefore, & small increase in
diameter significantly reduces the pressure drop. A complete trade-off
study is necessary to determine the requirements (welght, volume, shield-
ing or insulation, power for circulating pumps, etc.) for each type of
umbilical- line and to select the best type for this application. 1In
either case, the concept appears feasible.
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VIT - SPACE QUALIFICATION OF HINGE JOINT

+ A, Introduction

_This section (in direct response to Reference 4) presents an end
item specification for the Serpentuator elbow hinge assembly, modifi-
cation to the Serpentuator aystem end item gpecification {(under separate
cover) and a test plan to space-quallfy the elbow hinge assembly.

B. Serpentuator System End Item Specification

Although we did not delete the requirement in the specification,
the desirability of manual control appears questionable. A brief
simulation on our six-degree-of-freedom moving-base simulator indicated
that the manual control mode may involve considerable operator diffi-
culties and a great deal of training, Although automatic retrieval
after a sequence ‘of manual operations could be accomplished either by -
reversing all sequences or by automatic&lly computing a return trajectory,
neither alternative is particularly desirable. The first requires
wasted motion and .emergy, while the second adds considerable complexity
and problems of development and reliability. The question esgentially
involves the necesslty of including a manual mode. Although this mode
might be desirable for going from one arbitrary point to another
(assuming the operator could satisfactorily accomplish this), pre-
programmed ‘trajectories to specified locations achieve the same result.
Manual control could very possibly then be required only for fimal tip
adjustment., The tip adjustment control requirement would then depend
upon-the accuracy and repeatability of the main control lemgths. This
could be accomplished either with a men on the tip or remotely. A great
deal of effort is required in this area to adequately determine the
main’ length accuracy and repeatability, the feasibility of tip manual
control only, the nature of tip sensors required for remote operations,
the ability of an astronaut maneuver successfully to a desired point
using tip control only, ete. The present neutral buoyance testing
program for Exserp should provide extremely good data toward resolving
these questions. Other than this item, the contract End Item Specifi-
cation is quite complete and only minor modifications were required.
Principally, our studies showed that a jogging control may be undesir-
able,for the designated design,and velocity should be restricted to a
low level, The other modifications were: 1) Updating the applicadle
documents, 2) Ad&ing gsystem interface requirements and 3) Adding the
launch environments for the ATM. The revised specification is included'
under separate cover,
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C. Serpentuator Hinge Joint Specification

This item was required as a separate document since the test plan
requested was orlented specifically to the hinge joint. This specifi-
cation was oriented along the lines of the system specification and
follows that specification quite closely. It does, however, provide
a specific control document for the hinge joint and could easily be
modified to provide a specification for a different hinge joint design.

D.  Test Plan for Hinge Joint Assembly

The Test Plan presents the tests required for the development,
qualification and acceptance test phases and provides the definition
of the test objectives'and procedures to demonstrate these requirements.,

The testing concept complies with the NASA philosophy of testing
at the highest hardware level consistent with a good technical test
approach., Thus testing of the hinge joint will be primarily accomplished
at the subsystem level. Component level testing is required only for
the bellows. This 1s due to the hermetically sealed qualities of the
design and since the bellows is critical to this concept a high level
of testing of this element is required to ensure this capability.

It is anticipated that no major testing will be required in the
materials area, assuming that the temperature requirements are firmly
established and the system is designed for this. The temperature re-
quirements listed ip the test plan are rather severe, and, from our
very brief, analysis may not be required. This requirement depends
solely on the application., In any event, this does not appear to pre-
sent a limitation. Contact with several vendors indicated that although
their lubricants had not been tested to the very severe environment,
they did not anticipate difficulty in achieving satisfactory operation
at these extremes. Piece parts selection from the AAP qualified parts
list and materials selection per the latest bi-weekly non-metallics
materials limiting should be sufficient to satisfy individual compo-
nent requirements without extensive testing,
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FOREWORD

This End Item specification for the Serpentuator hinge joint
assembly is based on the existing Exgerp neutral buoyaney model and
the hermetically sealed concept.
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1.0  SCOPE

Thig part of this specification establishes the requirements
for performance, design, test and qualification of one type of
equipment ldentifled as the Serpentustor Hinge Assembly, a gub-
assembly of EL #003018, Serpentuator, for Apollo Applications
Program AAP-4,

This gpecification requires that the Serpentuator Hinge
Agsembly, as a part of and in conjunction with the zssembled Ser-
pentuator, function as a method of transporting an astronaut and .
his equipment from an EVA hatch to an external cluster work stationm,
The Hinge Assembly shall be designed to operate within the mission
requirements of NASA Program Directive No. 5 for AAP-3/AAP-4,
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2,0  APPLICABLE DOCUMENTS

The following documents of the exact issue shown, form a part
of this specification to the extent specified herein. In the event
of conflict between documents referenced here and other detail con-
tent of Sections 3, 4, 5, and 10 to follow, the detall content of
Sections 3, 4, 5, and 10 ghall be congidered a superseding require-
ment.

Specifications:

Military
MIL~C~50150 Connectors, Electric, Type ANj February 4, 1965

MILI-W-5086A Wire, Electrieal, 600-Volt, Copper, Aircraft; April
6, 1962

MIL~E-6051C Electrical~electronic System Compatibility and
Interference Control Requirements for Aeronautical
Weapon Systemsj September 10, 1964

MILnI-ﬁlSiD Interfgtence Control Requirements, Alrcraft Equipment;
with Ch 3 June 1, 1962

MIL-B-7883 Brazing of Steals, Copper, Copper Alloys, and Nickel
© Alloys; Jamuary 23, 1954

MIL.P~116F Preservation, Methods ofj November 1, 1966
MIL.V-173B Varnish, Moisture- and Fungus-Resistant (For the
Treatment of Communications, Electronics, #nd

Associsted Electrical Equipment); January 19, 1961

MIL-T-85008 Interchangability and Replacability of Compoment
Parts for Adrcraft and Missiles

MIL~C-26482D  Conmector, Electric, Circular, ¥iniature, Quick
Disconnect (Mavy); May 10, 1966

‘George 'C, Marshall Space Flight Center

'MSFG-SPEC-135 Welding, Fusion, Specification for

MSFC-SPEC-219A Conmectors, Flat Conductor Flexible Electrical
Cabley May 5, 1966
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MSFC~SPEC~2208

MSFC=SPEC~250
(Amendment 1)

MSFC-SPEC-259A

10M32447

Standardss:

Militaxy
MIL~STD-810B
MIL~STD-1308
(with Ch 1)

MIL~STD-143A

MS~33586A

Cable, Flat Conductor, Flexible, Electrical, Coppery
January 28, 1966

Protective Finishes for Space Vehicle Structures and
Associated Flight Equipment, General Specification
fory February 28, 1963 (February 28, 1964)

Radlographic Inspection, Soundness Requirements for
Fusion Welds Iin .25 Inch and Thicker Aluminum and
Magnesium Plate Material, Specification for;

April 9, 1965

Human Engineering Design Constraints for AAP
Experiments

Envirommental Test Methods for Aerospace and Ground
Equipmenty June 15, 1967

Identification and Marking of US Military Property;
April 24, 1962

Speclfications and Standards, Order and Precedence
for Selection of; May 14, 1963

Metals, Definition of Dissimilar; December 16, 1958

George C, Marshall Space Flight Centexr

MSFC-STD~343 -
(Suppl. 1)

Preservation, Packaging, Packing, Handling, and
Shipping of Space Vehicle Supplies and Associated

(w/Detall Spec)Equipment, Geperal Standaxrd for

MSFC-STD-154

MSFC-STD-267A

MSFC~STD-271A

MSFC~STD~421

Printed Circult Design and Construction, Standard for;
Maxch 29, 1963

Human Engineering Design Criteria, Standard for;
September 23, 1966

Fabrication of Welded Electronic Modules, Standard
for; October 29, 1964

Electrical Support Equipment, General Design Re-
quirements for; August 18, 1964
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Drawings:

Geoxge C, Marshall Space Flieght Center

500227
10M30111A

10M09302

40M39526A/ 2
40M39513
50M02435
50M024.25

50M1.2725
50M02417

Publications:
NASA

NPC 2002
NPC 200-4A

NASA SP-6001

™ X-~53139
™ X-53328

TM X~53521

Asgembly, Serpentuator..

Failure~Effects Analysis, Procedure for Performing

- Preservation, Packing,‘and Packaging of Parts, Speci~

flcation fory May 16, 1960

‘Cables, Electrical, Shielded; June 1967

Wire, Electrical, Hook~ups Revision A, April 25, 1966
ATM Logistics Plan; Jaduary 10, 1968
Checkout Requirénients Document

ATM Electromagnetic Compatibility Contxol Plang
February 15, 1967

Performance and Design Requirements, Apollo Tele-
scope Mount (ATM) System, General Specification for

Quality Program Provisions for Space System Con~
tractorsj April 20, 1962

Quelity Requirements for Hand Soldering of Electrical
Conpections; August 1964

Apollo Terminology; August 1963

Reference Atmosphere for Patrick AFB, Floridaj
(Anmual)

Terrestrial Enviromment Criteria Guldelines for Use
in Space Vehicle Development; February 1, 1967 .

Space Environment Criteria Guidelines for Use in
Space Vehicle Development; 1967 Rev,
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3200,.059 ' Program Directive No, 5 ‘Flight Mission Directive
for AAP-3/AAP-4

SEHOOS‘OOI“ Project Apollo Coordina.ﬁe System Sténdard

ASD~QA~09-67~1 Apollo and Apollo, Applications Safety Progtam
Planj dated May 1967

George C; :Marsﬁall Spgce Flight Center

MSFC-PPD<600 .Préfarred Parts Listing, Electrical, Vol I & XX

MSFC-TLS=488 * Technical Specifications Listing

13M06634’ - Launch Vehicle to Spaceeraft Functional Launch
Requirements, AAP-4
50M024.084 Envivonmental Design and Qualification Criterin
for ATM Componentsj February 1, 1968
50M02411A° ATM Configuration Management Plan; November lf; 1967
Handbooks

NHB 5300,5 Apollo Applications Reliability and Quality Assurance
: Program Plan; May, 1967

MHB 8080, 3 Apollo Application Test Requirementsj October 13,
1967
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3.0 REQUIREMENTS |

The “Serpentuator Hinge Assembly shall meet the performance,
definitlon, design and construction requirements specified in thisg
section. The performangce requirements specified in 3.1 establish

. the capability of the Hinge Assembly., Definition requirements
specified in 3.2 establish the mechanical and functional relation-
ship of the Hinge Assembly to other equipment and facilities,
Design and construction requirements are specified in 3,3,

3.1 Perxformance ~ The Serpentuator Hinge Assembly shall be designed";
to accomplish the performance requirements of this specification,

The performance requirements are specified in terms of functional
characteristics and operability requirements.

3.1.1 Serpentustor Hinge Assembly Functional Charactexistics

3,1.1.1 Primary Performance Characteristics - The Serpentuator
Hinge Assembly, & sub-assembly of EIL #003018, Serpentuator, shall
contain the means to provide movement, independently and in & common

‘ plane, to adjoining sub-assemblies of the Serpentuator., It shall,
ag & part of and In conjunction with, d1l1 assembled Serpentuator
sub-gystems and components be capable of supporting and transport-
ing an astronaut and his cargo to and from an EVA hatch to a
specified extérnal work station. The Serpentuator shall be in-
stalled and checked out on the launch vehicle assigned for flight
miggion AAP-4,

3.1.1, 1.1 Preflisht

3,L.1.1.1.1 Stand-by Time - The Serpentuator Hinge Assembly shall
be capable of successful operation after exposure for TBD hours

to the enviromment encountered during loading the Saturn IB vehicle
propellant tanks.

3.1.1.1.1.2 Checkout - The Serpentuator Hinge Assembly shall be
capable of undergolng checkout procedures during test, prelaunch
and launch operations to verify operational capability, Checkout
requirements are defined in MSFC Document 3002425, ATM Checkout
Requirements Document.

" 3.1.1.1.1.3 Prel&u'ixch Loads ~ During prelsunch operations, the

" Serpentuator Hinge Assembly shall meet the requirements of the
applicable loads and factors of safety specified in 3.1.2.4.1
and 3.1.2.8.1.
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3.1,1.2 Secondary Rerformance Characteristié_g

3.'1‘.’1.2‘.1 External Profile - The Serpentuator Hinge Assembly shall
conform to the external profile and envelope dimensions given in
~Figure TBD,

3’1 i.2.2 Yoternal Profile - The internal profile of the Seri:e"ntua
tor Hinge Assembly shall be & product of design which shall incor-
"porate the requirements of this document.

3.1,1,2,3 Elight Loads » During launch and flight. operations the
* Sexpentuator Hinge Assembly shall be capable of meeting the re-
quirements specified in 3,1.2,8.2, 3,1,2.8.3 and 10,2,

3..1.1. 2,4 Mechanical/Structural System

. 3,1.1,2,4,1 Genexal Configuration -~ The Serpentuator Hinge Assewbly
- ghall conaigt of the following major components: electric torque
motor, brake, gearing, limit switch cams, mechanical stops and an
sctuator arm (driver) to drive the elbow hinge (driven). The pivot
shall be hermetically sealed in a metal bellows. All other internal
parts and mechanisms will be hermetically senled at each flange end
of the hinge assembly, All Internsl mechanisms shall be self-
Iubricating. (Ref, MSFC Drawings TED)

3,1.1.2.4,2 Welght - The total weight of the Serpentuatér Hinge
Assembly shall not exeead TIBD pounds, ’

3.1.1.2.4.3 Operational Loads, Structural - The Serpentuator Hinge
Asgembly shall be capable of meeting the following operational
loads requirements: (See Fig, 'TBD)

a, Maximom torque cutput (driving torque imposed onr hinge by
motor) - TBD Ft Lbs, .

b. Axial Loads ~ TBD Lbs,

c. Shear Loads at flanges (in any direction) - TBD Lbs.

d, Bending Moments (in any plane) - TBD Ft Lbs.

e, Twisting Torques (in any plane) - TBD Ft Lbs,

£, Deflections (in any plane) - TBD Inches.

g. Internal Pressure - IBD PSI,

3,1,1.2, 4.4 Hinge Assembly Movement -~ The Serpentuator Hinge
Asgembly shall be pogitioned by electric motors, The assembly
motior shall incorporate a braking system capable of stopping and
holding the driven leg in any intermediate position. The assembly
shall be.deslgred to provide a wovement of from 0° -~ 45° in the
yaw plane. in the driven leg.
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3.1.1.2.4.4.1 Gepring - Gearing shall be gelected such that the
maxdimum 1isted angular velocity and aceelexation are mot exceeded
when the hinge assewbly 1s activated by the maximum speed control
motor (3.1,1.2.4.4.2). GCears shall bé degigned - for a minimum of
TBD operations. :

" a. Maximm Angular Veloeity - TBD,
b, Maximum Apgular Acceleration - YBD,

3,1.1.2.4.4.2 Torque Motor - The motor ghall be selected to match
the gearing (3.1.1.2.4.4.1) such that the maximum angular velocity
and acceleration are not exceeded. The maximum rate of motor
torque buildup permitted is TBD. (Ref, Fig. TBD). The motor shall.
be designed for a minimum of IBD hours.

3.1.1,2,4.4.2.1 Brake ~ The maximum rate of braking torque onset
18 TBD (Ref, Fig. 'IBD;. .

‘. 4 . . -
3.1.1.2.4.4.3 Hinge Asserbly Rigidity « The Hinge Asgerbly shall
be mechanically restrained in position after removal of power.
When not in operation, the asgsembly must present & rigidity approach-
ing the permanent deformation torqie of the structure but not ex-
ceed the slip torque of the brake which is TBD Ft~Lbs.

3.1.1.2.5 Electrical System ~ The Serpentuater Hinge Agsembly
shall be designed to operate om 28 -+ 2 VDC source of power. The
power required to opevate the gagembly shall not exceed 150 W.

All cabling shall be protected to eliminate damage., Wires shall

be ghielded where required. The electrical system shall comply with
the eriteria listed in 10,1, The Hinge Assembly shall be grounded
to the ATM xack structuxe.

3.1.2 Opersbility

3.1,2.7 Relisbility - The overall relimbility of the Hinge
Assembly shall be greater than TBD for a period of TBD.

3.1.2.1.1 Failure Effects Analysis - A failure effects analysis
in acecordance with MSFC Drawing 10M30111A shall be conducted to
determine the effect of all potential Hinge Assembly fallure modes
ox the ATM Mission. No single failure mode of any mechanical or
-eléctromechanical component shall causé the loss of amy £light or
ground-erew member, prevent the contimuation of the mission ox,
in the event of a second failure in the same area, prevent a
successful abort of AAP-4 primary mission.
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3.1.2.1.2 Ground Support Equipment (GSE) Reliability - Reliabilicy
of maintepance equipment and other GSE shall be such as to not
degrade the overall reliability of the Hinge Asgembly,

3.1.2,2 Maintainability - The following prelaunch maintainability
requirements shall be consldered in Hinge Assembly design:

a. Accessibility to all critical components shall be assured.

b. Maintenmance action shall be performed in a minimum of
time with minimum disturbance to other systems and adjacent equip-
ment. ’

¢. Maximm interchangability of equipment shall be & design
goal.

d. Replacement of defective components rather than replace~
ment of an entire module where feasible,

3.1.2.2.1 Maintenance Requirements - The Hinge Assembly shall be
designed for prelaunch maintenance actions which include removal
and replacement operatlons requiring a minimim of testing to verify
gystem integrity. All mechanisms must be self~-lubricating and
gealed so as to require no maintenance in space. A method for
detection of defects/malfunctions, both prior to and during system
operation, shall be provided.

3.1.2.2.2 Maintensnce and Repaix Cycle - Not applicable.

3.1.2.3 Design Useful Life - The predicted operational life of the
Hinge Assembly shall be based on a duty cycle that includes:

a. All testing prior to and following delivery.

b. Nominal elapsed time for ATM sygtem ground operations
(transportation to KSC, checkout, assembly of space vehicle,
launch preparations) of 120 days.

c. ATM mission, orbital operational period of 56 days.

4. Orbital storage period of 6 months.

e, The predicted number of EVA film removal,replacement
operational cycles shall be 4 with a meximum duration of 3.0 hours.

3.1.2.3.1 Shelf Life - The Hinge Assembly shall funmction in accord~
ance with the requirements of this specification after storage for
up to one year im a protected environment.

3.1.2.4 Ratural Fnviromment - The natural enyironmental extremes
specified in 3.1,2.4.1 thru 3.1.2.4.4 shall be used in the design
and analysis for the Hinge Agssemwbly, The Hinge Assembly will be

exposed to the enviromments contalned within the SILA during pre~

1aunch and launch operations. Only those environmental extremes

encountered by the Hinge Assembly shall be used in its design.
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3.1.2.4,1 Ground Environment - The Hinge Assembly shall be designed
to withstand, without damage, the emvironmental conditions and
prelaunch loads specified in applicable portions of TM X-53328
during transportation, ground handling, tesit and checkout. DPre-
launch envirvonments internal to the SLA shall be as defined by

MSFC Drawing 13MO66 34,

3,1.2.4.2 Atmospheric Flight - The Hinge Assembly shall be designed
to withstand environmental conditions specified in applicable portions
of NASA TM X-53139,

3.1.2.4.3 Orbital Environments - The Hinge Assembly shall be
capable of withstanding and operating with a space environment

of the AAP-4 ATM/IM'orbit. This enviromment shall include vacuum,
radiation, mlcrometeoroid, temperature and other applicable condi-
tions ag speeified in ™ X-53521.

3.1.2.4.4 Thermal ~ The Hinge Assembly shall be designed to with-
stand thermal stresses and thermal shock resulting from atmospheric
conditions defined in TM X-53328, T X-53139, T™™ X-53521 and as
defined herein.

a. Thermal Envirommental Extremes

Vehicle External Environment
-3 o

Condition Tmax (°F) Tmin (°F)

Ground hold and TBD TBD

ascent flight

Orbitasl coast/storage TBD TBD

Active mode TBD 8D

3.1.2.5 TIrenmsportability - Provisions shall be made for protection
of the Hinge Assembly during normal handling, transit, and storage
by preservation processes thet comply with MIL-P-116E, and MSY¥(-
STD-343, Provisions shall be made in the Hinge Assembly structure
for tie-down, 1ift, and ettachment polnts, All handling and trans-
portation equipment shall be compatible with structural and envir-
onmental limits defined for the respective areas encountered.

3.1.2.6 Human Performance ~ The Hinge Assembly shall be designed
in accordance with the human engineering requirements of MSFC-STD-
267A and MSFC 10M32447. In addition, the design shall consider
the following:
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- The Hinge Assembly shall be painted an optimum color.
The selection of color and type of paint shall comsider factors
of reflectance, delineation treatment, thermal absorption and
1ilumination levels.

3.1.2,7 Bafety ~ Requirements for the Hinge Asgembly necessary teo
preclude or to limit hazards to persomnel and equipment shall be
as specifled herein.

3.1.2,7.1 Ground Personnel Safety - The Hinge Assembly shall be
designed to ensure that every reasonable precaution is exercised
to limit, or tc eliminate, where possible, hazards to personnel
whe are engaged in manufacture, test, transport, storage, opera-~
tion, or maintenance, Standard Industrial and NASA Persomnel
safety practices and regulations shall prevail insofar as they
exist, Any personnel hazard that is peculiar to the Hinge Assembly
shall be covered by a speclal regulation or procedure,

3.1.2.7.2 @Mission Personnel and Equipment Safety - The design of

the Hinge Assembly shall incorporate all feasible methods of re~
ducing hazards and accidents during activities of the AAP-3/4 and

5 missions and shall include, but not to be limited to, the following:

a, Safety shields or covers shall be provided to preclude
tearing of astropaut suits which may come Into contact with any
sharp edges,

b.  Equipment and structures shall be designed with a mini-

mum of projections. Frotuberances and sharp edges shall be eliminatred
or minimizad.

3.1.2.8 Iunduced Enviromment - The Hinge Assembly shall be designed
to withstand any Induced enviromment or combination of induced
enviromments specified herein,

3.1.2.8.1 Groupnd Handling and Transportation Loads - Handling of
cthe Hinge Assembly frowm checkout to finsl installation on the
launch vehicle at K8C shall not exceed the following load enviromment.

Hoisting - wvertical acceleration of 2,0 g.

Jacking - vertical acceleration’ of 2,0 g in combination
with a horizontal acceleration of 0.5 g (any axis) for
all jacking operations.

Transportation - support equipment shall be provided

to transport the Hinge Assembly from one location to
another,
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The Hinge Assembly shall be designed to withstand transportation
loads of 2 g's in the axial or lateral direction and any resulting
combination.

3.1.2.8,2 Launch Enviropments - The Hinge Assembly shall operate
ir nccordance with lts performan:e specifications aiter being sub-
jected (during boost phase) to the launch vehicle induced envison-
ments defined in Appendix 10.2 of this documeunt.

©3.1.2.8.3 Orbital Operationsg ~ The Hinge Assembly shall be designed
to withstand iunduced emvironments (i.e., docking loads, maneuver
loads, etec.) resulting from orbiltal operations as defined herein.

3.1.2.8.3.1 Orbital Docking Loads -~ The Hinge Assembly shall be
compatible with docking loads based on the parameters in 3.1.2.8.3.1.1,

3.1.2.8.3.1.1 Impact Velocities - Maximum. impact velocities encountered

during docking shall be:
a, Axial Velocity 0 .

b.” Lateral Veloclty 0

.c. Apgular Velocity 0

.1 to 1.0 feet per second
.0 to 0.5 feet per second
.0 to 1.0 degree/second about any axis

3.2 CEI Definition

3.2.1 Interface Requirements ~ The Hinge Assembly shall be designed
to interface with other systems and components of the EI #(03018,
Serpentuator. Detail interface requirements will be defined in
individual Intezrface Control Documents (ICD).

3.2,1.1 Detatled Ynterface Definition - Detailed interiace defi-
nitiong shall be defived in the following ICDs.

a. Uings Assembly to TBD Physical, Functiopal and Pro-
cedural ICD No, TBD,

3.2,2 Component Identification -~ TBD

"3,2.2,1 Government Furnished Propexrty List - TBD

3.2.2.2 Engineerin;g Critical Components List - TBD

3,2,2,3 Logistic Critfcal Components List -~ TBD

3.2.3 Technical Manuals ~ TBD
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3.3 Désign and Construction

3.3,1 Geperal Design Features - The Hinge Asgembly general design
features shall be in accordance with requircments specified herein.
Complete structural analyses shall be conducted on all items, com-
ponents, and sub-systems giving speclal consideration to vibration
amplification, shock factors, allowable deflection, surge phenomena,
acceleration factors, and thermal conditions. These analytical
investigations and test results shall verify a safety factox on

all items, components, and sub-systems equal to or greater than
those listed in 3.3.1.1.

3.3.1.1 TFactors of Safety and Strength Allowable - The factors of
safety listed below are minimum values and shall be applied (in
addition to shock, "G" load, and vibration factors):

a, General Structure

Yield factor of safety 1.10
Ultimate factor of safety 1,50

b. Pregsure Spheres

Proof pressure 1.5 times limit pressure
Burst pressure 2.5 times limilt pressure

c. Prneumatic Systems

Flexible hose, tubing, ducts, and fittings less than
1.5 inch diameter:

Proof pressure 2,00 times limit pressure
Burst pressure 4,00 times limlt pressure

Flexible hose, tubing, ducts, and fittings of 1.5
inch dizmeter or greater:

Proof pressure 1.50 times limit pressure
Burst pressure 2.50 times limit pressure

Actuating cylinders, valves, filters, and switches:

Proof preésure 1,50 times limit pressure
Burat pressure 2,50 times limit pressure
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Regervoirs:

Proof pressure "1,50 times limlt pressure
Yield pressure 1,10 times limit pressure
Burst pressure 2.00 times limit pressure

3.3.1,2 Electrical - Electrical engineering practices and pro-
cedures shall be in sccordance with Standard MSFC-STD-421, and
Appendix 10,1 of ATIM General Systems Specificatiom, 50M02417,

3.3.1.2.1 Harnesses und Cables ~ Wiring shall comsist of cable
harnesses where practicable. ¥lat cable in accordance with speci-
fication MSFC~SPEC~220 shall be used for harnesses which cross
gimbals. Harnesses expected to be exposed to high temperatures
shall be- flexible armor, Wire used in harnesses shall conform to
gpecification MIL-W-.5086, with MSFC Drawings 40M39513, and
40M39526. Interconnecting cables between experiment instruments
shall be suitably shielded against electromagnetic interference
in accordance with MSFC Drawing 50M12725,

3.3.1.2.2 Connectorg - Electrical connectors shall cenform to
MIL-C-5015 and MIL-C-26482. Flat cable comnectors shall conform
to MSFC~SREC-219,

3.3.1.2.3 RBondine and Grounding ~ Electrical bonding and ground-
ing shall be in accordance with MSFC Drawilng 350M12725,

3,3.1.2,4 Switches - Switches used in the Hinge Assewbly shall
conform.to the following requirements:

a. Compovnent position switches shall be kept to the minimum
consistent with checkout requirements. Sequencing shall not be
dependent on proper operation of position switches,

b, Switches shall be hermetically sealed,

3.3.1.2.5 Modules apnd Printed Circuits -~ Fabrication of welded
electronic modules shall conform to the requirements of Standar
MSFC-STD-271, Printed clrcuits shall be in accordance %ith
Standard MSFC-STD-154,

3.3.1.2.6 Brazing, Soldering and Welding - Brazing and soldering
shall be in accordance with specification MIL-B-7883 and NASA
Publication NPC 200-4, Fusion welding shall be in accordance

with Specification MSFC-SPEC-135 and fusion welds shall be subjected
to inspection in accordance with Specification MSFC-SPEC-259.

VII-21


http:conform.to

3.3.1.2,7 Electromagnetic Intexferenmce - Electrical and electromic
equipment shall be designed and installed so as to limlt electro-
magretic and electrostatic interference as specified in Specifica-
tion MIL-I1-6181 and MIL-E-6051, Control plans and tests for electro-
magnetlic interference ghall conform to MSFC document 312725,

3.3.1.2.8 Vacuum Welding ~ The design of the Hinge Assembly shall
consider vacuum welding and incorporate methods of preventing bond-
ing of surfaces requiring relative motion.

3.3.2 Selection of Specifications and Standards - Specifications
and standards not specilfied herein, but necessary for the control
and development of the Hinge Assembly shall be selected from
MSFC-~TSL-488, When specificatlions cammot be selected from the
sbove index, Standard MIL-STD-143 shall be used as a guide in
selecting specifications. However, approval of the procuring
activity shall be obtained prior to use of selected specificatioms.

3.3.2,1 Drawings - The Hinge Assembly drawings shall be in accordance
with the MSFC 50M02411,

3.3.3 Materials, Parts and Processes - Materials, parts and pro-
cesses for the Hinge Asgembly shall be gelected in accordance with
the requirements of paragraph 3.2 of Specification 50M02417 and

the requirements of the specifications and standards chosen in
accordance with paragraph 3.3.2 above, Compliance with the require-
ments of applicable specifications or standards shall be_demonstrated
by test data or analysis.

3.3.4 Standard and Commercial Parts - MS, AN, and MIL Standard
parts, components, and assemblies shall be used whenever practicable.
Commercially available parts, components, and assemblies fabricated
or procured in sccordance with or in conformance to, the Marshall
Space Flight Center's PPD-600, volumes 1 and 2, may be used pro-
viding standard parts, components, and assemblies are not readily
avallable and the parts be of sufficient quality to meet the per-
formance, enviroomental, and reliability requirements imposed
herein. Commercial urility parts such as screws, bolts, nuis,
cotter pins, etc., shall not be subject to the foregoing provisions
but must be replaceable with standaxd parts without alteration to
component oOr structure.

3.3,5 Moisture and Fungus Resistance ~ Except as otherwise required
by detall design considerations, only materials which resist the
corrosive action of salt alr and damage from moisture and fungus
shall be used. The use of materials which are nutrients for fungus
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shall not be prohibited in hermetically sealed assemblies, Suit-
able protective coatings which will not lose their protective
characteristics during the normal course of inspection, maintenance,
and testing may be used. Applications of moisture and fungus
reslsting varnish shall conform to specification MIL-V-173. The
treated surface must pass the ‘wmius tests specified in MIL-STD-810B,

3.3,6 Corrosion of Metal Partg - Metalllc materials used in con-
struction of the Hinge Assembly shall be chosen for their corrosion
resistance characteristics, Metal parts shall be protected from
corrosion by stress relieving, plating, anodizing, chemical coat-
ings, organic finishes, and combinations thereof, as required.

3,3.6.1 Dissimllar Metals - The Hinge Assembly shall be so designed
as to avoid the use of dissimilaer metals In contact with one another,
Diggimilar metals, as defined in MS33586, shall not be used in
combination unless they are sultably coated to prevent electrolytic
corroslon.

3.3,6.2 Finish ~ The finish of the Hinge Assewbly shall be in
accordance with MSFC-STPEC~250.

3,3,7 Interchangability dnd Replacability - The Hinge Assembly
shall be designed for ease of manufacture, assembly, inspection,
and maintenance. The parts shall be interchangable or replacable
in accordance with MIL-I-8300,

3,3,8 Workmanship - The Hinge Assembly shall be designmed, comstructed,
and finished in a quality manner. Defective plating, machine screw
assemblage, welding, brazing, de-burring, cleaning and defective
marking of parts shall be cause for rejection. Areas not covered

by this paragraph shall be in accovdance with mamufacturing practices
that will produce equipment free of defects.

3.3.9 Identification ~ Identification and marking of the Hinze

Assembly and parts requiring identificationm shall be in accordance
with MIL-STD-120,
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4,0 TEST REQUIREMENTS

4,1 Performance/Design Requirements Verification Matrix -~ The
performance/design requirements verlfication matrix for the CEL
'is shown in Table VII-1 herein.

4.2 Test Assessment -~ The following are the requirements for
verification of the deslgn CEI, This verification shall determine
acceptance of the Contractors design and development engineering.
Successful completion of these inspections, demonstrations and
test shall constitute qualification of this CEL,

4,2,1 Phase I Test/Verification

4,2,1.1 Engipeering Test and Evaluation - The following require-
ments of Section 3 shall be verified by engineerim, development
tests and evaluation:

3,1.1.2.3 3.1.1.2.4.4.2.1
3.1,1.2.4.3 3.1.1.2.4.4.3
3.1.1.2.4.4 3.1,1.2.5
3,1.1.2.4,4.1 3.3.1.1
3.1,1.2 4,4.2

4,2,1.3 Formal Qualification Tests - The following subparagraphs
specilfy the requ requirements for and method of verifying that e each
requirement of Section 3 has been satisfied.

4,2.1.3.1 Inspection - The following requirements of Section 3
shall be verified by inspection of the CEI;

3.1.1.2.1 3.3.2
3.1.1.2.2 3.3.2.1
3.1.1.2.4.1 3.3.3
3.1.1.2.4.2 3.3.4
3.2,1.1 3.3.5
3.3.1.2 3.3.6
3.3.1.2.1 3.3.6.1
3.3.1.2.2 3.3.6.2
3.3.1.2.3 3.3.7
3.3.1.2.4 3.3.8
3.3.1.2.5 3.3.9
3.3.1.2.6
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4,2,1.3,2 Apalysis -~ The fellowing requirements of Section 3
shall be verified by review of the CRI drawings and/or analytical
datas

3.1.1.2.5 312,72
3.1.2.1 3.1,2.8.1
3.1.2.L.1 3.1.2.8.3.1
3.1.2.1.2 3.%1.2.8.5.1.1
3,L.2.2 3.2.1
3,1.2,2.1 3.3.%.1
3,1.2,3 3.3.3
3.1.2.3.1 3.3.4
3.1,2,4,1 3.3.5
3.1.2,5 3.3.86
3,1,2.6 3.3.6,1
3.L.2.7 3.3.7
3.1.2,7.1

4,2,1.3.3 Tegts ~ The following requirements of Section 3 shall
be verified by tests:

3,1.1.2.3 3,1,2.3
3.1,1.2,4.3 3. 1,2.4.2
3.1.1.2,4.4 3,1.2..83
3,1,1.2.4,4.1 3,1,2.4.4
3.1.1,2.4.4.2 3.1.2.8.2
3.1,1.2.4,4.2.1 3.3.1.1
3.1.1.2.4.4,3 3,3.1.2.7
3.1.1.2.5

4,2, 1,4 Reliability Test and Analvysis - The following requirements
of Section 3 shall be wverified by reliability analysis:

KN S i X 3.1.2,2.1
32,12 3.1.2.3
3.1.2.2.2 3.1.2.31

4.2.1.5 Enpgineering Critical Cowpoment Qualification - Nom-
metallic materials used fuo the design of the CEL will be selricted
and quallfied in accordance with MSC-KA-D-67-13,
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Table VII-1 Verification Requirements

CEIL Section 3,0 Verification Method
Requirement Ref Develop Qual Accept, Verification Method
3,1.1.1, 1 Pre~-£light NA NA NA 1., Test
1.1 2b 2b RA 2, Assessment
1.2 2b 2b NA a. Similarity
1.3 RA NA NA b, Analysis
c. Inmspection
3,1.1.2 See Performance NA NA NA d. Demonstration
2,1 2¢ Zc 2c e. Validation of
2,2 2c 2c 2e Records
2.2 x ﬁ ﬁ N/A Not Applicable
2.4,1 2¢ 2c 2c
2.4.2 2c 2e 2c
2.4.3 i 1 2b
2.4.4 1 1 1
2.4.4.1 1 1 1
2.4.4.2 1 1 1
2,4.4.2.1 1 1 1
2.4.4.3 1 1 NA
2.5 1 1 1
3.1,2 Operebilit: A NA NA
2.1 2b 2b NA
2.1,1 2b 2b WA
2,1.2 2b 2b NA
2.2 2b 2b NA
2,2.1 2b 2b NA
2.2,2 NA NA NA
2.3 25 2b WA
2.3, L 2b 2b NA
2.4 NA NA NA.
2,41 2b 2b WA
2,4,2 1 1 1
2.4.3 1 1 1
2.4.4 i i 1
2.5 2b 2b NA
2.6 b 2b HA
2.7 b 2b NA
2.7 NA

=
N
o
[
o
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CET Ffaction 3.0 Verification Method

Reguirement Ref Develop Gual Accept.
3.1.2.7.2 2b 2b NA
2.8 NA NA NA
2,81 2b 2b B
2.8.2 % i NA
2,8.3 NA MA NA
2.8.3.1 2h Z2b NA,
2.8.3.1.1 25 b NA
3.2 CEI Definirion NA NA NA
3,2.1 Interface Req. TRD TBD ‘TBD
3.2.1.1 TRD TBD TBD
2.2.1 TBD TBD ‘TBD
2.2,2 TED TBD TBD
2.2,3 TBD TBD TBD
2.0 Design & Construction NA NA NA
3.3.1 NA NA NA
3.3.1. % 1 1 1
1.2 NA - 2¢ 2c
1,21 NA Zc 2c
1.2.2 2b 2c 2¢c
1.2.3 2Ze 2c 2c
1.2.4 2¢ 2¢ 2e
1.2.5 2¢ 2c 2¢
- 1,2.6 e 2¢ 2c
1.2.7 2b 1 1
1.2.8 2b 2b NA
3.3.2 NA 2¢ 2¢
3.3.2,1 NA 2¢ 2c
3.3.3 2b 2e 2e
3.3.4 2b 2c 2c
3.3.5 2b 2c 2¢
3.3.6 - 2 2c 2¢
32.3.6.1 2b 2c 2c
3.3,6.2 NA 2¢ 2e
3.3.7 25 2c 2e
3.3.8 A 2c 2ec
3.3.9. NA 2c 2¢
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5.0 PREPARATION FOR DELIVERY

5,1 Protection from Natural Environment - The Hinge Assembly and
its cowponents shall be protected from natural environmental
extremes which exceed the design requirements specified in Section
3. Envirommental extremes specified in NASA TM X-53328 and

TM X-53139 shall be used as a basis for providing protection to
the Hinge Assembly,

5.2 Preservation, Packaging, and Packing - Preservation, packag-
ing, and packing methods shall be as specified in Drawing 1OMO9302,
Components and spare parts shall be packaged in accordance with
Level A, Packing shall be designed to Level B. Protection shall
be provided against damage from repeated handling. Containers such
as cleated panel boxes, open slat crates, and cartons shall be
used as applicable.

5.2.1 Repair Parts - Repair parts listed on the loose equipment
1ist shall be shipped separately from the Hinge Assembly. The
following criteria shall be used in preparing the loose items
shipmwent lists:

a., Facllitate economical shipment.
b. Prevent damage to critieal parts,
. e, Permlt installation of envirommental contrel devices
used during shipment.

The loose item equipment list shall be approved by the procuring
agency prior to implementation.

5.2.2 Package Comstruction - Packages shall be constructed with
provisions to permit unpacking for periodic inspection and re-
packing of the inspected items in the original container. Packages
shall also be constructed to immobilize and cushion the items
against: damage during shipping and handling.

5.2.3 Protective Devices - Provisions shall be made to install
protective devices on the Hinge Assewbly, as required, to prevent
damage during shipment.

5.4 Shipping ~ Adequate provisions shall be eastablished for safely

transporting the Hine Assembly with the load limits specified in
3.1.2.8.1, Shipping shall be in accordance with MSFC 5002435,
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10,0  APPENDIX

10,1 Electrical Degisn Criterisa - The electrical design eriteria
specified herein shall apply to all ATMS electrical systems, sub-
systems, dnd components except the following:

a, EBxperiments.

b. Where the requirements of this Appendix conflict with
the detaill requirements of Section 3 of thils document, the require
ments of Section 3 shall take precedence,

10.1.1 Zrassient Voltages ~ No temporary or permanent damage ox
degraded performance shall be experienced in any equipment when a
positive or negative 50 volt pulse of 1lO0-microseconds maximum time
width iz injected onto the 28 volt {(nominal) DC supply lead or
{ts return.

.10.1;'2 Rivple Tolerance -~ Equipment must operate satisfactorily
when the input power includes ripple of 400-millivolts peak-to-peak
at any frequency between 10 Hz and 20 KHz,

10,1.3 Input Voltage ~ The voltage level at the input to each
electrical component shall be 24 to 32 VDC (28 VDC nominal),

10.1.4 Circult Protection - Circuit protection shall be included
as part of the Hinge Assembly networks to interrupt power if the
component should draw excessive current.

10,1.5 Electromegnetic Compatibility - Bonding, shielding, and
electromagnetic compatibility are defined by MSFC Drawing 50M12725.

10,1.6 DC Return ~ Bach electrical component shall have the ATM

28 VDC power xeturn and ATM 53 VDC return isolated by one megohm
resistance frow cach other and from struecturc ground. Any doviarions
shall have the concurrence of thls office. These tvo roturns shall
be combined ovly at the ATM system single~point ;round.

-10.1.7 Component Resistancn - Electrical components shall have a
minimum of 50 megohms resistance between conuector pins and ground
(with all internal switches open) at an applied voltage of 500

VDG, No component switch or relay shall have a resistance exceed~
ing 0,05 ohm, Electrical components shall have sufficlent dielectric
strength to prevent current leakage exceeding 1000 microamperes
‘through any comnector pin to ground when subject to 1000 volts

rms 60 Hz for 1 mimute.
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;10,2 Lauch Vehicle Induced Environments

10,2.1 Launch Vehicle Loads - The Hinge Assembly shall be capable
of withstanding the launch vehicle induced loads defined herein
or resulting -from the accelerations defined herein, The Load Sign
Conventlon and Pitch and Yaw Planes for the ATM payload module are
defined in Figure 10, 2-1,

10,2.1.1 Log'gitudinal Loads -~ The maximum longitudinal loads en-
. countered by the Hinge Assembly are specified in Figure 10,2-2,

10.2.1.2 Liftoff Accelerations ~ The balanced accelerations en-
countered by the Hinge Assembly at LV liftoff are speclfied in
Figures 10,2+3 and 10,2-4.,

10.2.1.3 Max Q-Alpha - The balanced accelerations experienced by
the Hinge Assembly at Max Q-Alpha are specified in Figure 10, 2-5.

10.2.1.4 IECO ~ The maximum balanced accelerations experienced by
the Hinge Assembly at S-IB stage inboard engine cutoff (IECO) are
specified in Figure 10.2-6.

10,2.2 Moments of Inmertis - The moments of {nertia encountered
by the Hinge Assembly are specified in Figure 10,2~7.

10,2.3 Vibration and Acoustics - The Hinge Assembly shall with-
gtand the vibration environment defined in MSFC Document 50402408
and the acoustic environments defined in Figures 10,2-8 and 10,2-9.
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Figure 10.2-1
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(2) Lateral g at Jistance d from a node = € (g/irn) x &
3.2-1)

(3) Yaw plane is defined by LV X and Y axes (Fig. 1 /,/”
Z
ATY Payload Module ° ox
Balanced Accelerations in Yaw Plane
Lift-0ff Conditions

Pigure 10.2-3 ¥



e -11A

£

X ¥ 25

.5 . M i
veh. sta.) X (@ ; Y (g z (g} ‘ 8y (3/in) ,’ 8, {g/1a) i MAX. LOAD CONDITION
: j | o
= ; | ! |
| {-.345)+2.92 +0.139 #0.053 ¢ £,0003 ©4.0016 1 LONG. ACC. X (g)
i +1,56 Do41,420 : +0.606 i +.0030 i +.0059 . LAT. ACC. ¥ (g}
1885 : +1.32 _ #Lale | Foosiz ! %.0028 b Yooess LAT. ACC. Z (g}
+1.55 | $0.798 . 30,290 +.0050 Y £.0021 ROT. ACC. 8y (g/in)
+1.44 i 40,098 +0.188 ; +.0007 . % +.0161 ! ROT. acc. &, (g/in)
N t 1
i . 1 i
i 42,20 (.07 , | *0.018 | +.00004 °  +.00068 ' LONG. ACC. X (g)
! +1,32 . 10,784 ; =0.320 +.0013 +.0638 . LaT. AcC. Y (g)
1782 +1.3C To#G.783 . +0,320 +.0012 P .0037 LAT. ACC. 2 (g)
+1.75 +.133 ¢ 0,029 %.0039 , #0114 ROT. ACC. 8 (g/in)
+1.47 . #u.118 +0.012 +.003¢9 ‘ +.0116 f ROT. AcCC. 9§ (g/in)
1(-2.11)+4.68  +0.628 +0,216 +.0021 ©+.0053 " LoNG. ACC. X (g)
1 {~.655)+43 28 =0.68% +0.237 +.0013 ' +.0037 . LAT. acc. ¥ (3)
1750 +2.36 #0058 +3.281 f +.0012 +.0043 LAT, ACC. Z {g)
+3.71 #0236 x0.076 |  +.0083 +.0147 . ROT. ACC. &, {g/in;
+1.61 | +0.337 +0.106 ‘ +.0057 ¢ +.027% i ROT. ACC, 8, (g/ir)
i i
NOTES:
N . 2 4 X
(1) Concentrated moment at a node = 6 (g/in} » I1{lb-1n") )
{2y ‘rarterzl g at cistance d from a node = B (g/in) x d {
{3} Fitch plane 18 cafined by LV X and 2 axes Tz, 10,2-0) — i -
ATH Payload Module 92 / ! \x &Y
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Balanced Accelerations
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TEST PLAN
FOR

SERPENTUATOR HINGE JOINT ASSEMBLY
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FOREWORD

This test plan for the Serpentuator Hinge Joint Assembly was
devised to flight qualify the exlsting design. If only the basic
linkage mechanism itself should change only minor modiFications
to this test plan would be required, If, however, the hermetic
seal concept should change then this test plan is inadequate,

-since additional qualification of individual components would be
required.
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1.0  INTRODUCTION

L1 Purpose - This test plan presents the Development Qualification
-and Acceptance Test Programs required for the Serpentuator link
hinged joint, a sub-assembly of the EI #00318, Serpentuator, for
Apollo Applications Program; AAP-4,

‘The development and qualification test programs shall establish

by demonstrdtion that the Serpentuator hinge joint deslgn will
perform its specified mission Ffunction when exposed to flight

and design margin limits of functional and envirommental require-
ments, The acceptance test program shall establish by demonstra-
tidn that each unit meets a required operational level of functional
and environmental test requirements prior to acceptance of an

. approved flight article.

¥ .

1.2 Scope = Section 4.0 of this test-plan defines the test acti-
, vitles required for development of the Serpentuator hinge joint
and in particular, details the functional test that must be con-~
ducted to demonstrate the end ltem.

1.3 Hardware Description - The Sei‘pentuator link hinge joint is
a Category I hardware irem as defined by Apollo Test Requirements
NHB 8080.1. The Serpentuator hinge joint, as a part of and in
conjunction with the assembled Serpentuator, functions as a method
of transporting an astronaut and his equipment from an EVA hatch
to an external spacecraft work station. The hinge joint assembly
“is designed to operate within the mission requirements of NASA
Program Directive No. 5 for AAP-3/AAP-4,
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2.1

2.2

2.0

Mitary

MIL-STD-453
Chenge Notlee L

MIL~STD-161

MIL-STD-BL0B (USAF)

NASA

M-DE 8020.008B

MBC-KA-D-6T-13

NEC 200-2
NEC 200-k

NEB 8080.3

NPC 250-1

NFC 500-1

APPLICGABLE DOCUMENTS

Title
Inspection, Radiographic
Electromagnetic Tnterferance
Characteristics, Regquirements for

Eyuipment

Environmentsl Test Methods for
Acrospace and Ground Zguipment

Title

Netural Envirooment and Physical
Standards for the Apollc Program

Proeedure and Requlrrments for the
Bvaluation of Spacceraftt Non-

Metallic Materials

Quality Program Provisions fur Space
System Contractors

Quality Requiremants for Hard
Sodering of Hisoirizsl Conn ctors

Apollo Applicatiors Tast ulroments

Reliablllity Program Provisicons Dor
Spvace Systems Contrs. tors

Apollo Application Program Development Plan

VII-44



3,0  RESPONSIBILITIES

3.1 Contractors Test Organization - Specific responsgibilities and
interrelationships for various aspects of test within the contractor
organization are defined in Fig, (TBS)

3.2 Verdor Testing - Tests on vendor supplied components and
materials will be performed to the limits specified in the con-
tractors procurement drawings and specifications. The procurement
contract will require the supplier to:

R a. Submit test procedures for contractor approval prior to
start of teating,
b. Notify the contractor of test schedules, and to perform
tests In the presence of the contractor and NASA observers,
[N Provide test reports and fallure reports as required,
d. Make product design and test procedure changes as directed
by the contractor,

3.3 NASA Test Support - It shall be the prerogative of the NASA
to approve various aspects of the test program including individual
rcomponent qualification test specification sheets, test procedures,
final test reports and overall test plan, NASA may witness any
test and will identify the specific tests. for which they desire
prior notification,

NASA will assist the contractor in procurement of selected pre-
vicusly qualified compoments (i.e., Apollo, IM, Geminl) and plece
part test data and wiil conduct non-metallic materials tests as
required to implement the hardware development program,

3.4 Test Propram Checkpoints - The Apollo Applications Program
Development Plar MPC 500-1 and Apollo Applications Test Require-
ments (AATR) NHE 8080, 3 establish key management checkpoints,
which .provide visibility of the status of degign, manufacture and
test. Active participation by the Serpentuator link hinge con-
tractor will be required during the:

a. PDR - Preliminary Design Review - Conducted by the cogni-
zant NASA Program Office to evaluate the basic design approach
for each end item,

b. CDR - Critical Design Review - Conducted by the cogni-
zant NASA Program Office to formally review the final degign of
the end item,

e, CI - Configuration Inspection - Conducted by the cogni~
zant NASA Program Office for acceptance of contractually deliverable
flight and ground hardware,

‘Note: It 4s assumed the contractor will mnot be the total Serpentuatox
contractor,
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4,0 TEST ACTIVITIES

4,1 Mastexr Test Schedule -~ The master test schedule for development
of the CEL is presented in Fig, (TBS). This schedule is provided
for program reference only and will not be maintained, Bi-weekly
status reports from the contractor to NASA will detail the schedule
status for program menagement purposes.

4.1.1 Component Test Schedule - Individual component test schedules
shall be prepared (vhen required) reflecting development and quali-
fication test phases and schedule,

4.2 Test Phases ~ The development and qualification of the Ser-
pentuator hinge joint will require the integration and testing of
the several compoments that comprise the Joint sub-assembly.
However, due to the nature and configuration of the hinge joint
and the probable use of existing componments and off the shelf
designs; the development and qualifications of the joint will be
condué¢ted at the total subsystem level,

The test program, f:herefore, will consist of two distinet subsystem
test phases; development testing and qualification testing.

4.2,1  Deyelopment Tegts - These tests will be performed in support
of new hardware design evaluation. They will be conducted in an
engineering laboratory enviromment using bread or baseboard type
hardware and shall verify the feasibility of the design approach,
Datz obtained from these tests will support the final design con~
figuratlon decision, :

4.2.2 Qualification Tests - Qualificatrion testing will be per-
formed on the final design production hardware which has been manu-
factured and acceptance tested to the end irem specification. These
tests will be conducted under controlled environments and test
methodsg.

In addition to the tests required to demonstrate compliance with
requirements of Section 3.0 of the CEI, certain tests shall be
conducted to determine the margin of safety beyond the requirements
of Section 3.0,

4.2.3 Acceptance Test - Acceptance tests are those tests performed
on the complete CEL and on componments of the CEI to demonstrate
compliance to the design requirements as set forth in the end item

anand firnidnn '
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" These tests shall be pexrformed in accordance with NASA approved
test procedures. Successful performance of all acceptance tests
* shall be a mandatory requirement prior to the CEL being shipped,

4.3 Certification Test Specificatlon - A certification test
specification shall be prepared for each end item to verify that
the flight hardware design meets the performance/design require-
‘ments of Section 3.0 of the End Item Specification. The qualifi-
cation test specification shall be approved by NASA prior to
start of formal qualiffcation testing. Qualification test pro-
cedures shall be submitted for review and formal qualification
test reports shall be submitted for approval.

4.4 Test Methods - Testing of the end item shall be in accordance
with MIL-STD~810B, Envirommental Test Methods, This standard
establighes uniform environmental test methods and procedures

for determining the resistance of the equipment to effects of
natural and Iinduced environments,

4.5 Test Requirements ~ Tests required to demonstrate the end
item design and operational performance parameters and capabilities
are indicated In Teble 1, Specific details of these tests are
descrlbed below. Natural environmental requirements are indi-
cated in Table 2, Testing for the natural emvironment shall be

in accordance with standard test procedures of MIL-STD-810B,

The demonstration of the end item will require ome (1) complete
unit for development testing and one (1) complete unit for quali-
fication testing,

4.6 Test Procedures -~ Operational performance tests required to
demonstrate the end item design are described herein:

4.6,1 Examinatifon - The unit shall be examined to assure com-
pliance with the requirements of the end item specification,

Such inmspection shall include but shall not be limited to the
requirements of identiflcation markings, physical measurement,
weight, finish, freedom of damage, and maintenance of workmanship
standards,

4.6.2, Inspection of Weld - Dye penetrant and x-ray inspections
are required on all welds in accordance with MIL-I-6866 and
MIL-STD-453, respectively. All welds (other than bellows) shall
be x-ray and dye penetrant inspected before and after proof
pressure test, Inspection standerds shall be in acecordance with
approved criteria. There shall be no cracks accepted,
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Table I

Design Design

Title.of Test Develop. Qusal. Accu:ptanc -
.Hxamination X X
Weld inspection X X X
Operating pressure x X X
Proof pressur:z X X %
Burst pressw:rre X

akage b d X x
Structural load X
Rendom Vib. (quel) x
Random Vib. (accept) % x %
Orbital Temp Sim. (qual) x
Orbitel Temp Sim. (accept) x x %
Bench'Operating (qual) x
Benéh Operating (accept) < x %
§hock* x
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TABLE 11

Design Environments (Cont'd)

When the mountlng arrangement ig umknown or subject to
possible future change, Lhe flight -axis criteria shall
covern for all axes.

A. Sine Tvaluation Criteria
A1l axes (20 - 2000 cps at 1 octave/minute)

20 - 50 cps at :019 inch D.A., Disp.
50 -~ 2000 cps at 2.4 g's peak

B. " Random Criteria

1) Apblicable to Experiments 3402, M487, D019,
and DO20 only R
High level Random Criteria
¥or all axes {(duration five minutes/axis)
20 ~ 50 eps at +6 dB/ocftave
50 ~ 100 cps at 0.172 g%/cps
160 .~ 200 c¢ps at -9 dB/oEtave
200 - 500 cps at 0.021 g“°/eps
500 - 2000 cps at —~3 dB/ocjave
2000 cps at 0.00B1 g</cps
Overall = 6.2 Grms

2) Applicable to ESS and all experiments except
M042, 4487, DO1Y and NDO20
High T.evel Ranuom Criteria all axes {(duration five
minutes/axisg)
20 ~ 50 ¢ps at, +6 dB/octave
50 ~ 100 cps at. 0.9 u4/cps
160 - 270 cps at -12 dB/octave
L270 - 600 cps at 0.021 a?/cps
500 - 2000 c¢ps at =3 dh/ou‘nvc
20U0 ¢ps at 0.0051 p2/cps
Ovoernll = 10.3 Gran

Wdllwmountuﬂ componoents - All axes
20 - 40 cps at 0.07 u¥/cps
40 - 100 cps at <6 dB/Ociﬂve
100 - 700 cps at 0.4 g%/cps
700 -~ 2000 cps at -8 dB/octave
Overall = 23.4 Grms

Bulkhead-mounted componenis -~ All axes

20 - 200 cps at +10 dB/gctave
200 ~ 1000 ¢ps at 2.0 g2/cps
1000 - 2000 cps at ~10 dB/octave
Overall = 48.8 Grms

“Mil-31D-810, Method 516.
T Mil-5TD-810, Method oOo

1.34 x 105 Lux, 2000 A Lo 30000 A
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TABIE II

Design Enviromment (Cont'd)

NASA TM X-53328, Table 5.6C

NASA ™ X~53328, Table 5.6A

MSPC-SPEC-164, MSFC—PROC~15} & MSFC~PROC-166
Fungus - Mil-8TD-810, Mecthod 508

Sand & Dust - Mil-STD-810, Method 5310

Salt Yog ~ 5% Solution for 50 hours

Rain -~ 4 ¥ 1 inch/hour

0.9925 Reliable {18 months), Environment NASA TM
X-53521 dated Tebruary 1, 1967

500F to 125°F Internal, 40°F to 200°F wall, in 2
minutes

Allowahle COg £ 7.6mm Hg, CO £ 20mg/m3, Contamination £
50mg/m3
All axes

20 - 80 cps at +3 dB/octave

80 ~ 400 eps at 0.006 g2/cps

400 - 2000 cps at -3 dB/octave

Overall o 2.5 Gr%s

250 Lux, 3500.A to 7500 A (sunlight through vehicle
windows)

Salt Fog - 1% Solution for 48 hours

406° 10 100°F wall; 659 10 800F atmosphere
Overall sound pressure level re 0.0002 dynes/cn>
MSFC 50M12968 MDA EMC Control Plan

ASFC S0M13087 OWS EMC Contlrol Plan

Shock loading encountered during cmergency condztions
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4.6.3 Pressure Requirements

4,6.3.1 Operating Pressure - The unit shall withstand a continuous
interval operating pressure up to 15 psid. No leakage shall occur,

4,.6,3,2 Proof Pressure ~ The unit shall withstand an internal
proof pressure of 22.5 psid for 3 min,

There shall be no permarent deformation or loss of operating
capability. No leakage shall occur,

4,6.3,3 Buxst Pregsure -~ The unit shall withstand an internal
burst pressure of 30.0 psid for 1 min., without xupture. No leakage
shall occur,

4.6.4 ‘'Leakage - The unit shall have no leakage at the operation,
proof or burst pressures defined herein. Indicated external
leakage from any part of the unit shall not exceed 3 x 10710 sce/
séc above background and nolse on the X-1 scale of a Consolidated
Electrodynamics Corp, Model 24-120A or an approved equivalent
helium mags spectrometer utilizing a snlffing probe, The mass
spectrometer shall have a2 minifmum sensitivity of 3 x 10°10 sec/sec/
div without the probe, The meximum sulffing rate shall be one and
one~half (1-1/2) feet per mirute, Background helium indication
shall not exceed 35 counts for the 3 x 10"19 gee/sec/div sensitivity,
The allowable background shall vary inversely proportional to mass
spectrometexr semsitivity variations from 3 x 10~1U see/sec/div,
The unit shall be pressurized with a mixture consisting of a mini-
T mum of 50% helium and the remainder nitrogen gas by volume, Prior
to conducting the leakage test, air dry the interior of the unit
for one hour at 2350°F + 20°F and then back flow through the unit
at atmogpheric pregsure with dry nitrogen having & -30°F dewpoint
or better, Leak checks shall be conducted in accordance with an
approved vendor process.

4.6.5 Structural Static Load ~ The unit shall withstand structural
static limit loads as defined in the end item specification. The
unlt shall withgtand 1.5 times the limit load without permsnent
deformation and 1.75 times the limit load without fajlure.

4.6,6 Vibration (Rendom)

:4.6,6i1 Random (Qualification) ~ The unit shall be exposed to the
random vibration described in Figure 1 for 5 minutes along each
axis, The unit shall be pressurized to operating pressure, After
vibration; the bench operating test shall be performed. No leakage
shall-occur,
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4,.6,.6.2 Random (Acceptance) ~ The unit sﬁéll be exposed to random
vibration deseribed in Figure 2 for 120 seconds along each axis,
The unit shall be pressurized to operating pressure, After vibra-

tion, the bench operating test shall be performed. No leakage shall
‘oceur,

£.6.7 Orbiral Temperature Similation

4.6.7.. Ozbital Temperature Simulation (Qualification) - The
pressurized unit shall be placed in a vacuum chamber. Tha chamber
pressure shall be reduced to 10°% mm of Hg or less, and the wall
temperature reduced to ~250°F, After chamber temperature and
pressure stablilization, the unit shall be cycled contimuously
through its operating parameters for a period of 6.5 hours. The
chamber wall temperature shall then be inereased to +250°F within
a one (1) hour period, the unit cycled for 7 hours with the wall
temperature at this temperature, At the completion of the 7 hour
‘period, the chamber wall temperature shall be reduced in ome (1)
‘hour to ~250°F and the unilt cycled until its temperature has stabilized,
or for 6.5 hours, whichever is shorter.

4.6.7.2 Orbital Temperature Simulstion (Acceptance) = Same as Orbi-
tal Temperature Similation (Qualification) except that Low temperature
shall be TBD and the high temperature shall be TBD, Operating times
shall be TBD.and TBD respectively.

a 1

4.6.8 Bench »@efatigg ~ The Bench Operating (Acceptance) test will
be conducted before and after each environmental test to detect
amy fallure of the unit to function correctly, unless otherwise
stated,

4.6.8.1 Bench Operating (Acceptance) - The unit shall operate con-
tinuously at ambient bench conditions, through all functional
parameters defined in the operational procedure specification
while in the pressurized condition. Ten complete cycles shall

be performed. No leakage shall occur.

4.6.8.2 Bench Operating (Qualification) - The unit shall operate
continuously, at ambient bench conditions, through all functional
parameters defined in the operational procedure specification.
The unit shall withstand 1000 cycles at operating pressure and
500 cycles at proof pressure. At the conclusion of the above
requirements, the unit shall be operated at operating pressure
until faillure conditions oceur. After the initial 1500 cycles
"the unit shall be considered qualified.
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4.6.9 Shock, Non-Operating - The shock pulse described in Figure
3 shall be applied 3 times in each direction along the longitudinal
and lateral axes of the unit,

4,7 Failure Reporting ~ A component or end item re jected for any
reason during test maybe reworked or replaced to correct the
defect(s) in accordance with NASA approved contractor process and
Quality Assurance procedures., The extent of retesting required
will be determined by the .contractor subject to approval of the
designated NASA representative, Log book records will show reason
for all such rejects, retests performed and corrective action taken,

4.8 Test Documentation - In oxder to assure uniform test program
control and properly assess test data, test specification, test
procedures and test reports shall be prepared and contain all the
necessary requirements as defined in NASA publication NPC 250-1,

4,9 "' GEI Verification Requirements -~ Successful completion of the
" following CEI verification requirements shall determine acceptance
of the Contractors CEI design and performance requirements, and

shall demonstrate qualification of this end item, (Table III),
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TABLE 1.1

Verification Requirements

" QEI Section 3.0 Verification Method

Requirement Ref ___Develop Qual Accept, Verification Method
3.141.1.1 Pre-flight b} M om 1. Test
’ 1.1 2b 2b NA 2. Assessment
1.2 2b 2b NA a, Similarity
1.3 NA NA NA " b. Analysis
. . ¢. [nspection
3.1-.1.2 Sec Perfoi‘ins.p.ée NA NA NA d. Demonstration
2.1 . 2e 2¢ 2¢ e. Validation of Records
2,2 2¢ 2¢ 2¢ N/A Not Applicable
2.3 NA A NA
2.4 NA NA NA
2.1 2c 2e 2c
2.0 .2 2c 2¢ 2e
2.k.3 1 1 2b
2.4 .0 1 1 -1
2.hha 1 1 1
2k 2 1 101
Lk 1 1 1
2.4.4.3 1 1 NA
2.5 1 1 1
-3.1.2 Operability NA- NA NA
2.1 2b b NA
2.1.1 2b 2b NA
2.1.2 2b 2b NA
2.2 2b 2b NA
2.2.1 2b 2b . NA
2.2.2 NA NA RA
2.3 2b 2b NA
2.3.1 2b 2b NA
2,4 NA NA NA
- 2o 2b NA
k2. 1 1 1
2403 1 1 1
22.h .4 1 1 1.
2.5 2b 2> NA
2.6 2b 2 M
T 2b % NA
Tl 2b. 2, .M
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_TABLE I1I

Verdfication Requirements

(Continued)
CET, Se,ct‘l’oﬁ-'s‘.(h Verification Method
‘Requirement . Ref Develop Quel Accept,
3272 -2b 2b A
. 7'2.8 oy NA L NA NA
2.8.1 2 2 M
2:8.2 1 1 NA
2,8.3 TA Mmoo
/2.8.3.1 % s m
2:8.3.1.1 2 % M
‘WY M M
TED ' - TED TED
.3.3 Design & construction
“.  Comstruction NA bR /Y
3.3.1 TA WA NA
“3e3.1.1¢ 1 1 1
1.2 A 2 Z2e
1.2.1 NA 2c 2¢
l.2.2 2o 2¢ 2e
1l.2.3 2c 2¢ 2¢
1.2.k4 2¢ 2¢ 2c¢ .
1.2.5 2¢ 2c 2¢
1.2.6 2e 2¢ 2e
1.2.7 2b 1 1
1.2.8 2o 2b NA
.3.,3:‘2' A 2 2e
Cad m 2 2
3.3:3 b 2¢ 2e
S3.3. - 2 e 2
3.35 b 2c  2c
"3.3.6. 2 2¢ 2¢
3.6.1 2 2  2c
36,2 “RA e 2¢
3.3 b 2c zc
3.3.8 . NA 2¢ 2¢
3.3.9 A e 2c
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APPENDIX A

AAP EXPERIMENTS SUMMARY

appendix contains a summary of the AAP experiments and possible
Serpentuator applications analyzed in Task A. The experiments are grouped
"in three categories: experiments with Serpentuator applications for equip-~
ment positioning or deployment, experiments with Serpentuator EVA applica-
tions, and experiments with no Serpentuator applications,
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eI
. EXPERIMENT -
NO, and TITLE

. EXPERTMENT SUMMARY

" HXPERIMENT ACTIVATION - - §-

COMMENTS -

D020
Alternate
Resiraints
Evaluation

5019
UV Stellar
Astronomy

‘equipment consists of a spectro-

Experiment {s to evaluate the
capability of the MOL foot,
leg, pelvic, and walst re- |
straints to position the astro~
naut in maintenance and pre-
cislon tasks, A secondary
objective is the evaluation of
the M508 tools with the MOL
restralnts, and the MOL tools
with the M508 restraints in
tasks performed on the M508
task board for comparison
purposes, This experiment is
a source of data for experiment
M055, Time and Motion Study,
and the fillm requirements of
D020, including recovery, are
gatisfied by MO55,

Experiment 18 to achieve useful
design of a wide angle ultra-
violet spectrographj te obtain
a large numbér of stellar
spectra to permit study of UV
Iine spectra and spectral
energy distribution of starsj;
and to obtain low dispersion
UV gpectra in a large mumber of
milky-way filelds., Experiment

graph camera bo measure and
record the desired data,
Camera 1s hard mounted in MDA
Sclentific Alrlock, The
entire spacecraft nust be
oriented so that the experi-
ment optical axis is aligned
(Continued)

Two crew members are required
for performance of experiment,
One crew member will perform
maintenance type tasks using
MOL and M508 restraints and
tools as aids in accomplishing
these tasks, Second crew
member will photograph task
performance and record verbal
evaluation of restxaints, A
total of 936 minutes is re-
quired for completion of the
experiment tasks,

Experiment requires two crew
members to unstow experiment
and set up in MDA Sclentific
Airlock, Target 1s acquired,
camera focused, and film
exposed for a minimum of 5
seconds, Filve exposures are
obtained for each star field
studied., Three fields are
examined on five night passes,
Four more night passes are
used for milky-way observa-
tions, At the conclusion of
the experiment the camera is
stowed with £ilm intact for
later processing on earth,

Serpentuator could be used
as an astronaut positioning
aid while performing tasks,

The Serpentuator could be
used as an aild to unstow,
position, and secure
equipment, Would require
Serpentuator installed in
the MDA,




PEXEERDMENT o
N0, dpé TITLE -

EXPERTMENT SUMMRY

EXPERIMENT ACTIVATION "

coMpaNts *

3019 (Contimed)

5022
Low Z Cogmic Ray

5023
High Z Cosmic
Ray

S049

IR Interfer-
ometer
Spectrometer

within + 2° of the desired
target, with drift rates of
less than 0,05°/sec,

Experiment is to study com-
position of heavy primary cosmig
ray nuclel to yield informa-
tion on the oxigin of primary
cosmlc radlation, Experiment
uses a muclear emulsion stack
that records the track or
trace of the particle or
micleus as it passes through
the emulsion,

Experiment is to study charged
nuclei having a nuclear charge,
Z, greater than or equal to
that of calcium, and with
energles between 50 and 300 MeV
per nuclear, The emulsion
stacks used are composed of
two halves which face each
other when they are not ex-
posed, The stacks are extended
on a boom and unfolded to
allow determiuation between
traces which occur before and
after deployment,

Experiment is to obtain in~
formation on the spectral emit-
tance data from selected
targets by observing the
{nfrared spectra emitted by
the earth's atmosphere and
surface,

Emulsion stack deployed from
vehicle on a boom for exposure
to radiation., A set of gim~
bals mounted on the end of

the boom serve to orient the
package in the proper direc~
tion, At the conclusion of
the experiment, the boom is
retracted, and the emulsion
stack 18 retxieved by EVA,

Emulsion stacks deployed on

boom during translunar orbit

at a distance greater than 10
earth radii, Emulsion stacks
remaln deployed for remainder
of mission. At the conclusion
of the experiment, the emulsfon;
stacks are retrieved by EVA,

Astronaut required to orilent
spacecraft so that spectro-
meter is polnting at desired
target and hold pointing with-
in 4 1 degree from 12 seconds,
Instruwent must also be
pointed into space periodically
(Continued)

‘application of mounting

T SEDTS NS L TRMEIOC Rl VIR g

Serpentuator could be used
to deploy and retrieve
emulsion stack, The
Serpentuator would allow
polnting of the puckage,
eliminating the need for
a separate gimbal system
for the experiment, Would
also eliminate need fox

EVA,

Emulsion stacks could be
deployed and retrieved by
the Serpentuator eliminat-
ing need for EVA,

Possible Serpentuator

of semsor. Serpentuator
could then be used to point
sensor into space for cali-
bration, thus eliminating
need to reorilent entire
spacecraft,
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EXPERDENT
NO, and TITLE

‘EXPERTMENT SUMMARY

EXPERIMENT ACTIVATION

COMMENTS

8049 (Contigued)

5063

UV Alrglow
Horizon
Photography

S065
Multiband
Terrsun
Photography

"light by means of direct camera

Expériment is to obsexrve visibley
alrglow, UV nightglow, UV
twilight airglow, and UV earth~

photography, Main experiment
equipment 18 a 35 mm camera
equipped with removable lens
and film magazines, Experiment
1s performed in MDA, Space~
craft must be pointed to
within 1/2 degree of the
intended direction for each
picture exposure,

Experiment is to obtain infor-
mation and experience relative
to the fileld of optilcs and
spectral reflectance in support
of future orbital photography.
Experiment will be accomplished
by study of simultaneous
exposures with four different
film/filter combinations,
Equipment used will be a 4
unit set of Hasselblad
(Continued)

for calibration readings.
Number of experiment repeti-
tions 1s unspecified, Approx-
imately 3 hours total time is
required,

Astronaut will orient the
spacecraft such that the
camera 13 coarse pointed at
the target, Camera will then
be fine pofnted using adjust-
ments provided on the mount.
Expogure will then be initi-
ated, The camera will then
be moved to the second, third,
and fourth positions in MDA
with the pointing and exposure
sequence belng repeated at
each position, Experiment
will be repeated for a mini-
mum of four sequences, FPhoto~
graphy will contimue until
all film 18 used, Film
returned to earth for pro-

cessing,

Agtronaut will unstow and
mount cameras near MDA win-
dows, and mamually point the
camera cluster line of sight
at the preselected scene,
The time, magazine number,
frame ymumber, and any umusual
window conditions will be
recorded by the astronaut,
The shutter exposes the film
on all four cameras simul-
(Continued)

Camera could be moved and
secured in the four
positions automatically
by the Serpentuater,
elimipating the need for
astropaut to carry cameras
from window to window,
Would require Serpentuator
mounted in the MDA,

Serpentuator could be used
to unstow and mount
cameras, This would re~
quire Serpentuator in-
stalled in the MDA,




“ EXPERIMENT

%0, and TITZE -

EXPRRIMENT SUMPARY
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5065 (Continued)

3067
Gamma~Ray and
X~Ray
Spectroscopy

- cameras, which will be bore-

sighted prior to flight, A
total of 900 exposures per
camera will be available in

24 £41m magazines, Spacecraft
spif rates not to exceed 53°/min
during exposure,

Experiment is to measure the

energy spectra of gamma-ray
and x-ray emissions from cos-
mic sources and to interpret
these spectra in terms of
astrophysical phenomena, The
experiment will employ two
sensgoxs ko cover a major por-
tion of the 1 KeV to 10 MeV
range, The sensors are to be
deployed on a boom in order teo
reduce interference from
spacecraft sources, The boom
length should be on the order
of the spacecraft dimensions
or larger, The boom cable
must be able to transmit
pulses of fast rise time

(0, I~lusec) without excessive
distortion,

. taneously,

The experiments
will be repeated for $00
exposures, Film will be
returned for processing.

Upon obtaining orbit, the -
detectors will be uncaged

and the boom extended to the
obgerving position, The
detector system must then be
calibrated with a weak radic~
active source and checked for
operation, Data will be ac~
cumulated as the spacecraft
rolls as is stabilized for
other experiments, Selected
sources will be observed by
controlling spacecraft atti-
tude so that the detectors
point at an object of Interest|
Data will be stored on mage
netic tape, At the conclusion
of the experiment the boom

is retracted,

Serpentuator could be uzad
as the boom to extend the
detector package, The

length of the Serpentuator

. is the same order of

magnitude as the desired
detector separation dis-
tance from the spacecraft,
Serpentuator would point
sensor at dasired target,
eliminating the nead to
orient the entire space-
craft,
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D021
Expandable
Airlock

D022
Expandable
Re-Entry
Structures

Experiment is to validate the
design of an expandable,
elastic, airlock for applica-
tfon to future manned orbital
laboratories, This validation
will be conducted along two
1lines, First, a general
materials evaluation of the
expandable structures tech-
nology, and second, the
evaluation of the functional
characteristics of a specific
airlock interfaced with
asgstropaut: ingress~egress,

Experiment is to demonstrate
the abllity of an astronaut
to deploy and lock an expand~
able re-entry capsule and

to install a payload in it,
Experiment will also provide
an Iin space expansion and
rigidization of a chemically
rigidized fluted core glass
eloth panel,

One crew member will go EVA
to release the D021 eanister
restraint and obsexve the
release, deployment, and pres-
surization of the airlock.

He will then return to the AM
until completion of the proof
pressure test pexiod, Then 2
crew members will go EVA, One
member will pexform ingress/
egress operations while the
other photographs the pro-
cedure and acts as a safety
man, The airlock will remain
pressurized for 15 days. At
this time, one crew member
will go EVA to inspect, photo-
graph, and vent the airlock,
Material samples will be
returned from the airlock,

The total experiment time is
2 hours,

One crew member goes EVA to
perform panel rigidization,
Panel package is unstowed and
panel unfurled, Panel is
inflated and chemfcal catalyst
introduced., Results are
photographed, The expandable
re~entry vehicle 1s then
unstowed and the crew member
returns to spacecraft with thid
package and the rigidized
papel, Crew member then
expands the re-~entry vehicle
and inserts object into it,
(Continued)

EVA could be alded by
use of the Sérpentuator,

Serpentuator could be used
to ald or eliminate EVA,
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At

D022 (Conbimied)f.

M16
Propellant Mass

M417
Liguid Interface
Stability

M427
Strap Mown
Platform

s

Experiment 18 to lnvestigate
the flight performance of new
mass meascri.g systams Lo low
gravity envlrcomwent, Mappipg
of fluld wass distribution
will be baszd on motion
pieture photography of fluid
action supplemented by 1V
camera covarags,

Experiment 5 to provide
informaticn vn low-g fluld
dynamics in propellant tanks,

Experiment Ls to gencerate
information For present dusign
studies pertaining to the use
of strapdewn platform fox
boost and ir-orpit guidance,

Expanded vehicle and parel
is stowed for return to earth,

Astronsut remotely turns an
experiment and turns off
experiment after 1 hour,
EVA required to retrieve
£ilm from cameras,

Cameras turned on remotely
at liftoff, Cameras operate
continuously for 10 minutes
and then intermittently for
two hours, EVA required to
retrieve f£ilm,

Data taken during boost and
first orbit of f£light and
recorded, 15 minutes EVA to
retrieve the tape cartridge,
This could be done duriny any
EVA gsctivity period,

Serpentuator could be used
ro replace or aid EVA,

Serpentuarcy could be used
to ald or replace EVA,

Serpentuatar could be used
to replace or aid EVA,
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EXPERIMENT ACTIVATION

CONPENTS

R S
3016
Trapped
Partiele
Agynmatxty
Experiment

5039
Day-Night
Camera Systanm

The purpssa of thiz sxperiment
iz to extend rangs of messures
mants of trappad, charged =
particls flux (esp, protons)
in region of South Atlantie
Anomaly, Will allew study

of interactlion of geomagnatls
cally trapped protons with
atmosphere, Objsctives arae:
1) extend measurements of

Van Allen protou spectyum,

2) measure directienal
differentinl enargy spactra fer
trapped protons, 3) measura
pltch angle distxibutien of
impinging yrotons, 4) search
for txapped particles

heavier than protons, 5) esti-
mate energy depesited in outer
layera of emulzion by ener
getic alactrons,

The amilstion stack {g the enly
equipment directly involved
in detecting and rescording

the changed particle flux,

The amulaion stack muat be
shialded from radiomctive
sources prior to deploymant
and protected from hest axe-
caading 100°F at a1l times,

Experiment is to photograph
cloud cover in both the day
and night portions of the
earth, Experiment equipment
(Contimied)

Bquipment packaga, 4 x5 x
6 waight 30 lbs, Must be
meunted exterior te command
modula, beyond magnetic dig-
tertion introduced by the
module, Poasibly msunted on
extendsble boom, predbably on
telescopa, Deployed by EVA -
prior te 4th orbit, Must
ratrieve package before re-
antxy by EVA,

Experiment completely installed
prior to launch, Astronsut
required to turn on power

to the cameras, At start

Serpentuater esmld ald or
eliminate EVA,

Serpentuator could be used
to eliminats ox aild EVA
required to change ox
remove film frowm mapping

CAmMEYR,

(Continued)
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EXPERIMENT ACTIVATION

B S ]

5042
Multiband
Synaptic
Photography

SG69
X-Ray
Astronomy B

(75035 (Contimuod)]

of the MDA and

consists of an image orthicon
camera and &4 mapping camera
with identical fields of view
and parallel optical axes,
Cameras are hard mbunted and
remotely operated, Experil-
ment tp be couducted con~
currently with S-040
Dielectric Tape Camera System
experiment,

Experiment i3 to obtain sulid-
speetral synoptle steroscopic
coverage over a gclected
portion of the earth s surface,
The -experiment will provide a
means for mcasuring spectral
reflectances of earth features
from a remote position and
provide date fox corvelation
with an interpretation of
results of other AAP remote
sensox experiments,

Experiment is to determine
positions of know x-ray sources
within several are seconds, to
meagure the dimenslons of the
xXwray sourced, and £o observe
objects of InteresL for x~ray
emisglon, The equipments
employed are: an x~-ray
detector which ls =wonuted
prior to fliyht ou rhe outside
is extended out
(Contimed)

, of the experiment,

the cawaera
lens covers are remotely
removed. and pleture taking
segsion begun, All camera
parameters are automatically
set, Experiment will be
repeated as requirad to
obtain coverage of dealred
target aveas, EVA requirad
to change or remove film from
mapping camera,

No deployment is required,
Astronaut mapeuvers space-
craft so dasired area {s

in camera field of view,
Camera 1s switched on and
f1lm exposed, Exposure time
is from 1 to 10 minutes,
Camera shuts down auto-
matically at end of exposure,
Approximately 3,5 hours of
film is available, EVA is
required at conclusion of
experiment for film retrieval,

An astropaut in the CM per-
forms vehicle alignment,
Astronaut in MDA must warm-up
system, initiate automatic
deployment of the x-ray
detection unit from inside
the MDA, acquire the source
to be measured, wonitor the
data, shut the experiment
down, and dump the data at
the earliest time, This
{Continued)

AT

COMMENES

MR | B M T LD R RIS,

Serpentuator could be used
to eliminate or aid EVA
for film retrieval,

Serpentuator could be used
to aid or eliminste EVA .
for film retrieval,
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$069 (Continued)

ATM-S052
White Light
Coronagraph

ATM~ 5034
XwRay
Spectrograph
Telescope

from the MDA for usey an -
Electronles and Data Handling
Package and the Control and
Display Unit are mounted in
the MDA for storage and are
activated in the storage
positfon, A camera foxr
recording pesition data is
mounted on the detector unlt,
Film from this camera may have
to be retrieved by EVA unless
a fiber optic Iight pipe is
ecaployed thru the MDA wall to
the camera,

Experiment is to determipe the
k component of the solar
corona from 1,5 to 6 solar
radli, Experiment equipment
consists of a Lyst Coronagraph
which oceults the solaxr disc
and pexmits photographing the
dim solar corona, Four
exposures are takenmi one um-
polariZed and three using
polarcid filrers, Experiment
axis is aligned to within

+ 20 arc-sec of the center of
the solar disec. Experiment

is part of ATM package and {s
operated in counjunction with
other experiments in this
package.,

Experimeut is to obtain images

of x-ray flare events with a

spatial resplution of a few
(Contimsed)

 sources to be measured, At

.and astrondut aligns to -

procedure is run for the 30

the coiipletion of the expexl-
ment, the £ilm from the unit
mst be retrieved,

Astronaut turns on power to
experiment and directs coarse
polnting of experiment to
within 5 arc.min of sun center
using ATM controls, Experi-
ment external shuttar opened

within 20 arc-sec of sun cented,
Astronaut selects desired
mode of operation and photo~
graphs are taken, Experiment
will be repeated as required
to obtain coverage of
selected targets, EVA re-
quired to replace and
retrieve cameras, Cameras
are returned to earth for
£ilm processing,

Two modes of operation will
be utilized, The first will
be used when the sun Is in a

{Continued)

Serpentuator could be used
to replace or afd EVA for
replacement and retyieval
of cameras, '

The film could be retrieved

- by the Serpentuator auto~

matically or as afd to EVA
retrieval,
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. COMMENTS

ATM-S054
(Contimied)

ATHM-S056
X~Ray Telescope

ATM-S0824
X-0v
Spectrohelio~
graph

arc~seconds, simultanecusly

‘record flare gpectra, and

follow the evolution of both
the spatial Jfmage and spectral

. distribution during the omset,

development, and decay of a
flare, This experiment is
part of the ATM package and
will be operated 4n conjunction

-with the other experiments in

this package,

Experiment is to gather data
which will enable g better
understanding of the processes
oceuring In the solar atmos-
phere, partfcularly during
periods of solar flare acti-
vity., A grazing incildence
optical system, in conjunction
with six filters, will provide
erude spectral resolution,
Proportfonal counters will
measure the spectral distri-
bution of golar x-ray radia-
tion duxring quiescent and
active periods, This experi-
ment {s part of the ATM pack-
age and will be operated fun
conjunction with other
experiments in this package,

Fxperiment 18 to obtain photo-

graphic images of the sun in

the wavelenyth range from 150
(Contimed)

to the experiment,

quiescent: stage, and will take
photographs during non-flare
perlods using different band
pass filters, The second mode
of operation will take photo-
graphs during flare activity,
The filters will be replaced
by a transmission,grating.
Experfiment repetitions is un-
specified, Estimated time is
50 hours per 14 days in oxbit,
EVA s required every 14 days
for film replacement,

Astronaut required to perform
checkout of experiment equip-
ment, Experiment must be
pointed to within + 1 arc-min
of selected solar target,
Astronaut actlvates experi-
ment, selects exposure, and
then camera automatically
advances and exposes film,
Procedure is repeated for the
desired mumber-of exposures,
Experiment repetitions is
unspecified, Depends on
solar activity, At the con-
clusfon of the experiment,
the astronaut deactivates

the experiment equipment,

EVA {8 required to remove or
replace £ilm in camera.

When the experiment axis is
polnted, power is turmed on
Astronaut
(Contimied)

Serpentuater could be used
to aid vr ellwminate EVA
for film retrieval.

Serpentuator could be used
to ald or eliminate EVA
for film retrieval,
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ATM-S082A
(Continued)

ATM~S083A
UV Scanning
Spectrometer

TO17
Meteoroid
Impact and
Ercsion

to 650 angstroms, The instru~
ment axis is Inftially polnted
within one arc minute of the
center of the solar dise,
Pitch and yag stability of
less than 5 second drift in
20 mfmutes is required,

The experiment is to measure
photoelectrically, the far
ultra-violet emission-~line
spectrum from selected reglons
of the sun, A mirror is used
‘to Focus the solar radiation
on a spectrometer, The
astronaut selects the reglon
to be sampled by looking at a
video system focused on the
output of the apectrometer
which 1s displayed on the
control panel, A camera
makes perilodic, automatic
records of Lnstrument point-
ing., Experiment is for the
ATM flight,

This experiment is to measure
the meteorcid erosion rate on
a vycor glass surface and to
obtain data gbout small
meteorolds, From results of
experiment it will be possible
to: 1) estimate the lifetime
of optical instruments in
(Continued)

selects desired preprogrammed
exposure sequence, When a
serles of exposures has been
completed, the Iinstrument
aperture 13 closed and power
turned off, The film is
advanced automatically for
the next exposure, EVA will
be required for film re-
trieval and replacement,

The experiment is initially
set-up prior to flight, The
experiment package 1s stored
in {ts rack and operates there.
The control panel and monitor
are in the IM, The camera

1{s external to the spacecraft,
One astronaut is required to
initiate the experiment when-
ever the ATM 1s to be manned,
The film from the external
camara requires an EVA for
retrieval, All other data

is dumped at the appropriate
time, Experiment repetitions
is not yet determined,

v

The experiment package size is
60 x 2,7 x 16 Inches, Each
panel 1s 7 x 17 x 1/4 inch
aluminum frame holding a
highly polished Vycor glass.
Total experiment weight is
approximately 13,5 pounds,
Requires no power ox recorder,
{Continued)

Serpentuator could be used
to alid or replace EVA for
£41m retrieval,

Serpentuator could be used
to ald or eliminate EVA
for experiment retrieval,
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TOL7 (Contimued)

021
Mateoroid
Velocity and
Impact

T023
Surface
Absorbed
Materials

space, 2) verify the Pegasus

1 1/2 vl data, and 3) estimate
the number density of the
comets and asteroids that
create meteoroids,

The meteoroid penetration
fluz~velocity esxperiment will
measure the {mpaet veloclty
(magnitude and direction) and
the pepetration depth into
goft aluminum of metecroids
in the near-earth orbitf grith'
mags greater than 107+
grams, The velocity {3 mea-
sured during flight and the
impact plates are recovered
for ground analysis,

Expeximent is to collect spec~-
fmens of materials which
absorb on the exterior of the
spacecraft during varlous
stages of insertion into orbit,
Specimen collections are
mounted prior to launch and are
returned to earth for pastw
flight analysis,

Experiment package {8 mounted
to T021 deployment mechanism
which is mounted to AM strut
#4 near EVA hatch, Panels
are retrieved on AAP 3/4 by
EVA, No repetitions,

The experiment package size
is 41 x 55 x 5 inches with
protective cover, Experiment
is located, at launch, on
airlock strut No, 4, near EVA
hateh., Experiment is re-
motely operated and controlled
Data retrieval is ground con-
trolled and dumped once a
week, Panels are retrieved
at the end of AAP/Z and
AAP/4 by EVA, Experiment
T017 is deployed on the same
AM strut, The experimant
will be repeated twice,

The experiment 1s deployed
and conducted automatically.
Approximately 50 minutes of
EVA 1g required at conclugion
of the experiment for rew
trieval of the specimen
collectors,

Serpentuator could be used
to ald or eliminate EVA
for ezperiment retrieval,

Specimens could be re~
trievad automatically

by the Sexpentuator ox the
Serp could aid EVA

retrieval,
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D008 .
Rad{ation in .
Spacecraft - -

DOL7
co

e on

D019

Suit Donning
and Sleep
Evaluation

" and Five passive dosimeters,
.. The passive units are mounted

'Expex-'iment is to evaluate the

Eb:periment is.to investigate
radi atlon environmerit, shield-
ing Interactions, and dose- -rate
levelz to assure protecu,om
of ‘astrénauts against &pice

- xadiation, Experiment equip-
ment consists of ope active

“In flve different 1ocations
in’ the CM, T

' Experiment 1s to evaluate
the operation of a Solid. .
- Electrolyte CO 5 Reduction™

Cell in weightlessneds for
an eéxtended period of time,
Reduction Cell produces

CO and 02

timelines and techniques of
"MOL pressure suit domning in
a gero~g environment and to
evaluate the efflectiveness
of the MOL sleep station,
Experiment equipment consists
of restrailnts which are used

. fox'the suit donning, and slee:
e, Cont:innetf)

- There are no ‘crew procedures B

for the ):ass:[ve dosimeters,
The active dosimgter will be

placed in the following posi«t’.:

tions:
1. against the c.hese -

2, . between the 1egs in the-
© 7 grold area S

"3, under the left armpit
4, five differént: areaa i

within the CM,

The astronaut will leave the
sengoxr head in the di,fferent
locations for approximitely
2 mioutes, Data will be
recorded on magnetic tape,
Experiment operates contin-
uously,

Only astronaut paréicipation
consists of experiment acti~
vation and daactivation by an
on~off switch, and occeasional
obgarvance of a pilot light,

--which indicates:power is on,

Astronaut will donn and doff

suit two times, using suit

donning station and technique,

Astronaut will ingress/egress
MOL sleep statiom, Suit
donning, doffing, and sleep
station ingress/egress will
be photographed for lutar
mlysis._ PR

No Serpentuator application

-No Serpen‘t:ua.tor appiication

'No Serpentuator dpplication

ne L
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COMMENTS ™

“M018

In-Flight
Vaectorcardio-
gram

MO50
Metabolic Cost
L of In~-Flight
Tasks

D019 (Contimibd)] - statlens and a MOL pressure

suitr. Volce comménts ‘&nd
photoraphy will record the re-

| stilkg of the experiment.

Vecto‘rcardiogram monttoring of

~211l 3 crewmen, 12 times each

(each man every 3 days),
Experiment time Lz 40 min, per
runy 13 min, set upy 17 min,
run, and 8 min, tear down,

The subject wears the body
vest and VG electrodes from |
the signal conditfoning equip~
ment, The test run is composed

" of a 5 min, rest mode, 2 min,

exgometer exerclise, and 10
min, rest mode, The bleycle

ergometer provides the work

output measure to the record-
ing equipment,

Experiment measures the eénergy

expenditure of each crewman

during a three phase rest with

each test taking 1 hr, The

phases ares;

a,” resting and bicycle ergo-

fieter

b, unsuited maintenance and

constant work tasks

e, sulted maintenance and

constant work tasks,

The energy expenditure {g ecal-

culated measuring the metabolic

rate during speclfic tasks,

’l‘wo crewnen are required for
(continued)

Experiment assumes all eduip~
ment L8 Iin (W8 prior to start
and ergometer is in place and
connected, The Harness and
Yest, Elactrode Application
Kit, and Biomedical cable are
removed fxom storage and
connectads the experiment is
rung and equipment.digconnected
and stored, Expériment is
repeated 36 times,

The bleyele ergometer (5, ft ),
the Work Task Unit (3 £&3), agd
the Metabolic. Bate Unit (2 ££3)
must be positioned in a stored
mode in the OWS, . This equip~

ment is then permanent in the ~

OWs, All other equipment is
initially stored in OWS, Each
test requires that equipment
be turned on and hoses connect-
ed, After each test equipment
is turned off and stowed,
Experiment {8 repedted 3 times
for each of the 3 crewmen,

No Se:rpeizi:uator applibatic;n

No 'Serpentuator application
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MOB0 (Cont:inued}! each testy. one experimanter

Mo51 ,
Cardiovascular
Function

MO52
Bone and
Muscle Changes

MO53

Human Vestibu- ™

lar Function

- tréveél,

b test,

f

) and Bne observer,

Experiment subjects crewman to
negative pressure on lower
body to determine effects of
‘blocd concentxationg in space
Test measures blood
pressure, volume changes in
legs, and temperature. Two
erewmin are required for each
Subject 1s placed in
yacuum chamber covering lower
body..arez and data 48 vecorded,

Experiment is the measurement
of the waste produced by each

‘erewman, the daily body mass of
“each crewman, the food residue

after each meal, and the water
intake, This is done to assess
the alteration in musculo-

“skeletal status during orbital

flight, to evaluate water,
electrolyte, and possible
sterold changes,

Experiment 18 divided into two
parts:

1. Determine sudceptability
of man to semicircular canel

stimilation change as a
.. (Continued)

- Install lower body negs.tive

pregsure uniy in Orbital Work
Shop and set-up for operation.
Remove equipment from storage,
asgemble and activate, Posi-
tion in lower body negative
pressure unit and perform
tests. Disassemble equip~
mant and store after each xun,
Equipment consists of tempera-
ture and blood pressure moni-~
toring equipment, eleetrodes,
cables, and plethysmograph
for measuring leg volume,
Experiment {8 repeated 12
times,

All equipment is activated as
part of W87, This experiment

reqiires natural body functionsf{

of defecation and utination,
Samples must be dxied and ‘stor~
ed or emptied to space, Alsc
measured is the food residue
from each intake and the body
mass of each crewman once each
day,

Equipment {8 initially in
operating position in the OWS,
Equipment must be turned on and
checked out, This requires
that instrument panel cover

{Gontinuad)

No Serpentuator application.
Equipment moved from MDA
to (WS as part of exyari»

ment 87, o

No Serpentuatox application

No Serpentuator application
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4053 (Contixued)y.

MO55
Time and
Motion Study

MOS8 7
Specimen

Mass Measure~
ment Device

" bio-medical experiments,

funeglon of time in zero-g.
Doss his sensitivity to
motion change?

2, Determine whether pro-
1dhged zewro~g epvironment
will change astropaut's
gravity receptor function
or not?

Both tests are conducf:ed by
placing the subject in & ro-
tating, tilt chair, properly
instrumenting him, and sub-

" tecting him to various atti~

tudes and rate changes as
controlled by the observer,

Experiment uvses f£ilm sequences
obtalned during various exper-
iments, as part of the exper-
{fment, to compare activities
performed in one-~g to the same
activities Performed in zero-g,

The expeviment is to evaluate
and demonstrate the feaslibility
of mass measurement without
gravity and to support the

The
system employs a self contained
unit which employs a mass pan
suspended on plate-fulcra
springs, The pan, with speci~
men, %s displaced.a fixed
distance and its oseillations,
when relessed are timed for 5
oscillation., The time is then
rédd out as mass, This exper-

(Contimued)

be removed from console, .
After test, the fnstrument
panel cover is replaced and
equipment is left in place. .
Initial equipment positionring
is charged o set up of OWS,
Experiment is repeated 27
times,

Experiment requires the loading
and operation of on~board
¢éameras during specified
experiments, The experiment
itself is performed on the
ground following the flight,

Only the initial use for the
standard -mass measurement is
charged to this experiment,
If unit is stored when thig
experiment is run; fthe unif
mugt be removed from storage,
zeroed-in, tested and retained
to storage., Unit is to 0,3 ft:.“
One standard mass is measured,
Experiment is activated each
time food and drinks are taken,
and twice daily for waste
measurement.,

No Serpentuator application

No Serpentuatoxr application
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. EXPERDENT SUFMARY

M056 (Contimued)’

M58,

- Body Mass

"Meapurement
Device

M415
Thermal Contxrol
- Coatings

.

imett wses a standard mass set
" to prove the concépt, Othex
uses of the unit will be the

" food and drink and waste

material measurement, ,LOne
unit will be stored and
opera.ted in the CM, 2 stored
in the MDA and opexated in the
Food Support and Waste Manage-

ment Aveas,

Experiment is to demonstrate
the feasibility of the design
of the body mass meagurement:
gystem and to use the system
to support the blo-medical
experiments, The system 18 2
self contained, spring/flexure
pivot mounted chair, The
chair is activated from a
fized displaceweni and the
éseillations ave timed, From
this the mass is calculated, -

Experiment is to determine the
degradation intensities of the
tharmal control coatings from
launch environment, retro-
rockets, and spacecraft towaer
jettison, In addition to the
flight experiment, bul not
involving the vehicle, the
effect of pre-launch envirop~
ment will be measured, Exper-
iment equipment conslsts of
two panels, each containing 12
(Contdimed).

The unit is inirially”stored
in the MDA, It is mpproxie
mately 8.4 en, ft, The unit

mist be set up in fhe OWS wheré”

it is used and stored in the
same position, ALl work is
done with the astronaut in
the chalr and may bhe accomw
plished by the one man,
Initfal experiment trausfexr
and storage is charged to OWS
set up, Experiment Is per~
formed daily for each crewman,

No astronaut participation
required, Experiment auto- -
matically activated and
operated, Data is telemetered
to ground stations,

No Serpen.!:uator épplic&t;!:orf

No Serpentuator application
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EXPERTIENT -
NO, and TITLE

EXPERIMENT SUMMARY

! EXPERIMENT ACTIVATION v

MA15 (Continued)

M23
Hydrestatle
Gas Bearing

39
Star-Horizon
Automatic
Tracking

M479
Zero-G
Flammability

thérmal sensors, mounted exter-

pal to the vehicle, The sensex

covers are removed at various

stages of the flight, Data

ig taken from all sensors to

measure differences in thermal
_conductivity, ’

Experiment i3 o lxvestigate .
the feasibility of reducing .
the flows to gas bearing
gyros when these are operated
in & zero~g environment,

Experiment 18 to determine the
navigational accuracy which
can be attained when scattered
sunlight in the uppexr atmose .
phere is used for navigational
horizon determination,

Experiment is to study the
effects of zero~g on flammabil-
ity and the relative effective~
ness of several extinguishing
agents,

Experiment completely auto-
mated, Requires no astronaut
participation,

Experiment is repeated once
each orbdt,

Astronaut aligns vehicle so
star acquisition is possible,
Star 18 acquired and photo~
meter swept through horlzon

to get desired reading, Entire
operation requires 5 minutes
affer initial positioning of
spacecraft, Experiment will
be repeated 32 times,

Astropaut gets up experiment
equipment, installs the igniter
and fuel, and actuates &
switch which automatically
starts the camera, lgnites
the fuel, and performs other
necessary functions, Astro-
naut then vents the fuel
chamber, installs new igniter
and fuel,.and repeats the
experiment 76 times,

No Serpentuator application

No éerpentuatm; application

No Sexpentuator application
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EXPERIMENT
NO, .and TITLE

EXPERIMENT SUMMARY

EXPERIMENT ACTTVATION '

COMMENTS

484

Orbital Work-
shop Artificial
w@n

MA89
Heut Exchanger
Sexvice

M492
Tube Joilning
in Spidce

Experiment iz to simulite
1/6 “G" and haxd vacuum lunar
enylromment in order to
conduct experiment M66,

Experiment 18 to develop an
understanding of wicking
evapoiative heat exchangers
(water boilexs) so that system
designs may be effected from
requirements and analysis,
Experiment equipment consists .
of two assemblies containing

6 different heat exchangers
and support equipment, The
only additional equipment
required is the AM data system,
Experiment is installed in the
MDA prior to launch,

Experiment is to demonstrate
capability for joining tubular
gteel assemblies In a space
environment using an exothermic]
brazing techniqus, Astronaut
will asseuwble tubular assem~
blies by exothermic techniques
for ground evaluation of
joint strength metallurglcal
properties, leak strength,
vacuum storage, and physical
flow of the brazing alloy,
Experiment i{s performed in
unpressurized OWS,

Spacecrafi will be spun up to
4-5 RPM to obtain the 1/6 "G7
environment, At the conclusion
of the experiment, the sgpace-
ecraft will be de-spun,

One astronaut required to per-
form experiment, Approximately
2 hours will be required to
initially service the exper-
fment and one half hour for
each experiment run, Astro-
naut will select proper unit,
tuxn on power o unit, monitor
i{nstrumentation, initiate
T/M, and then turn power off,
Operation is then repeated

for different unit or power
level, Experiment will be
repeated for 45 runs of one
half hour each,

Experiment equipment is
launched in operating position
in MDA, Astronaut will per-
form brazing operation on 8
tube specimens, Motiom ple~
turs photographs will be
obtained of the brazing
process, Tube specimens and
£4Im will be returned for
analysis,

Yo Serpentuator application

No Serpentuator application

No Serpentuator application
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EXPERIMENT
NO, and TITIE.

g

FXPERTNENT SIMARY

.. EXPERIMENT ACTIVATION:

L TR

COMMERTS

93
Electren Béam
Welding

M509
Astronaut
Maneuvering
Equipment

o DRRETTET, B

Experiment ls to demonsixate

the capabilities of electron
beam welding Iin a space envir-
onmenir, Data fox the deier-
mination of the experiment
objectives will be accomplished
by in-flighi wotion picture
photography and post £light
metallurgical examination and
standard tensile testing of
the returned weld specimens,

- Experiment 1s to £ly various

mgneuvering concepts inside
the OWS to gain the knowledgs
and experience necessary to
confidently select a partlicular
maneuvering concept once
mission requirements for a
specific £lizht are known,
units to ba tested are the
Hand~hald Maneuvering Unit,
the Control Yoment Gyre Man~
euvering Unit, and the Rate
Gyro Maneuvering Unlt, The
following tasks will be per-~
formed with each uniliz

1. Stabilize, orient to
proper attituds, and trans-
late across OWS,

2. Retro~thrusk, stop without
contacting wall,

3. Staticukeep, maneuver
arcund target for inspection,
4, Orient, translate arross
Oous,

5., Make mid course corrections

The|

. will be £lown while the subject

{Contimed)

Expaximent equipment s lsunche
ed in operating position in
MDA, Astronaub actlvates
experiment and inltiates flrst
weld cycle, At complerion of
weld eyele, specimen Is
removed, Elght specimens ave
to-be welded, Weld samples
aud fllm returned for analysis,

Three maneuvering devices will
be opexated each time the

experiment is run, Ope astro-
naut will serve as the subject
while another will observe and
assist, Through rotation, all
thres crew members will operatsg
all three units, Each unit

is in shirtsleeves and in &
pressurized unit, A total

of 8-1/2 man~hours is required
for completion of the
experiment,

-

application,
of Serpentuator as an
EVA mobility aid could be

SREE KR W T BTD UL o o R A IR

No Serxpentnator applicagion

Bo direet Serpentuator
Application

tested in ;imilar manner,
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EXPERIMENT
NO, and TITLE

™ EXPRRIMENT SUMMARY

EXPERDMERT ACGTIVATION

COMMENTS .

‘M509 (Contimied)

S005
Synoptie
Terxain
Photography

5006

Synoptic
Weather
Phot:ograph

S009
Nuclear Emulsion

EURR

6. Batro-thrust, make terminalf

velocity and atiitude corvec-
tions, and dock at work
station,

Experiment 1s to photograph
certain pre-selected targats,
The £1lm I8 to be returned to
earth and evaluated., Two
modas will be usedy ..

1, Take photos every five
seconds for evaluation g8
strips and

2, Take deuble photoz of
areas five seconds apart,

This experiment is the same
as 8005 with the exception
that this experiment photo-
graph for waather purposes
while 8005 18 for terwain
study and mapping, The
photos for this experiment
will be interspersed with
those taken for 5005 and, in
some cases, the sams photos
will be usged for experiments,

Experiment s to study the
cosmic radistion incident upon
the aarth’s atmosphere under
less than 0.3 gm/cm? of material
and to study the charge
spectrum of cosmic rays, The
experiment will also obtain
detailed chemical composition
(Contimed)

Unsiow camera and mount,
mount to S$/C at window, load
with £{Ilm and proceed to photo-
graph pre-selected targets,
Stow £ilm in CM for return to
earth, Different camera
settings and filters will be
required, Experiment will be
repeated as required to come
plete desired photographic
coverage,

The camera set up for S005 is
used for this experiment also,
Different settings, filters,
ete, will be required as
gituations oceur, Experiment
will be repeated as required
to cemplete photo coverage of
pre~gelected list of targets
as well as certain weather
systems if encountexed,

ﬁe experiment will be launched
with the cover in place over
the exposure face, An
astronaut will remove the
package from the container in
the MDA, release the cover,
swing it around to the
opposite face .and xeplace the
(Continued)

Yo .Serpentuator application

No Serpentuator application

No Serpentuator application,
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-FXPERIMENT
N0, dnd TITLE

‘EXPERTMENT SUMMBRY

EXPERIMENT AGTIVATION

S

;5009 (Gont{nued)

3015

The Influence
of Zero
Gravity on
Single Human
Cells

5017
Z-Ray

Agtronomy

of the heavy primary nuclear
and search for raX¥e particlés,
The experiment consisis of a
nuclear emulsion and experiment
container,

Living human cglls ave studied
while they are maintained 4n

tissue cultures during ovhital
" flight duration, The studles
require photographing cells,

changing microgcope magnifiw
catlon, and changing cultures,
" Experiment: is done iu CM,

Expériment: 1g ko determine
the ‘positions of known X-ray
sources to a few seconds of
arey to measure the dimenaions
of Xwray sources, and to ob~
serve objecis of interest for
X~ray emisslon, The equip-
ments employed are: an X-ray
detector muounted and caliw
brated before launchj an
Astronaut Display Unlt which
servas to prasent unecessaxy
information to the astronaut
(Continued)

Lhroughout the dormant period,

“eycles,

erulsion paclage in the MDA
container, The experiment will
remain im this configuration

Equipment ls yemoved from
atorage and set up in CM vhere
1t. remains, Equipment con~
sigts of car§ex‘a, tissue culture
unit {27 in”), ami experiment
package (1/4 fi 3y, Expexri-
ment consisis of the following
phases,

1. Camara cycle starting and
mieroseope foeusing,

2. Specimen feeding by
pushing bution,

3. Initiate bio pack feed
eycles and restorative

An astrodaut Iin the LM re-
motely removes the experiment
protective cover, turns om
experiment power, and align
the IMJ, The source to be
megsured 1s gequired and the
data monitored, ZTape recorder
18 used to record counting
rates and oral commenis,
Experiment will be repeated
for up to 20 sources, XNo
datz or aquipment to be
physically raturned te earth,

* s

COMMENTS

No Serpentuator application

No Serpentuator application




EXPERTMENT
NO. and TITLE

EXPERTMENT SUMMARY

. . LCOMMENTS,

S017 (Contlumed)
" 5018 .
Mlerometeogite

Collection

A

" 5020
UV X~Ray
Solar
Photography

" distribution, mumber of

;;arf«—arm(ng the egperimenty
and a data handling system,

Ex;;ei'imnt 18 to measure size

lmpzets, avd fluxes of micro-
meteorite particles, Mlero-
biological materials will be
exposad to test their survival
characteristics in space.
Sterile surfaces are to be
exposed in an atbtempt ko
colleel viable mlcrobiologlcal
materials, The msteoroid
collection device consists of
a series of nesting rectangulax
boxes of three sections, It
is deployed through the MDA
sclentific airlock using an
extension vod, The collection
surfacas collect the small
micromateorites and measurs
the fluxes of larger micro~
meteorite particles,

Experiment is to study solar
radiation in the extreme
ultraviolet and soft x~-ray
regions. The solar spectrum
will be photographed and the
film returned to earth for
processing, Experiment equip-
ment consists of a grazing
incidence spectrograph which
will be mounted in the MDA
Sefentifie Airlock, The

expetiment photographs
" " (Contlnued)

_ EXPERDMENT ACTIVATION ..

Astronaut unstows experiment
package, Installs it in the
MDA scientific airlock, and
deploys the micrometeorite
eollection device, If there
are thruster flrings or

waste dumps, the collection
device shall be withdrawn
until the contamination has
eleared, and then be redeploy-
ed, The total deployed time
shall be 8 hours, After come
plecion of the experiment, the
collection device 18 stowed
for past-flight analysis,

Astronaut receives ground
commands during perieds of
high selar activity. Expex-
{ment {s set up and sun ac-
quired in field of view,
Astronaut then initiates the
exposure, terminates the
exposure, advances the £1ilm
and repeats the exposure
sequence, A total of 10 film
strips are to be exposed.
At the conclusion of tha

’ (Continued)

collection device,

No Serpentuator spplieation,
Extension rod is an
integral part of the

No Serpentuator application
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NO, and TITLIE

EXPERLMENT SUMMARY

EXPERIMENT ACTTVATION

S020 (Continued]

5027
Galactie X-Ray
Mapping

5040
Dielectric
Tape Camara
System

direcily into the sum and
requires spacecraft atilitude
hold of + 1/4°. About 200
mimites of exposure time
required, with longest cone
timuous exposure of 1 hour,
Expeximent may be performed
concurvently with ATM
experimenis,

Experiment {3 o atudy

galactic x-ray gources,
Expériment will survey a

" portion of the sky for loca-

tion of x-ray sourcesj make

a spectral analysis of the
located sourcesy and attempt
to establish whether the
apparent background radiation
18 rexl, The detector is
‘mounted and flown inside the
ingtrument unit of a S~IVB
vehicle,

Experiment i{s o obtain high
resolutioun talevision images
of eloud cover, using a
dielectric tape camera, The
target area ls located and
photographad for 1 to 2 min-
utes, There is a total of
15 minutus of tape avallable,
The datae iz trunsmitted to
ground when 21l tape has
been used, The experiment

is re_ges.tzad for 100 taxgets,

B S ivan SR mrserdira.,

LRI T

expérimant, the camera with
film intset is stowed for
later processing on earth,

No astronaut particlpation
required, The sensor is
rémotely deployed from ground,
and data is gsequired for 1
orbit, Daia is dumped while
over a ground station, Space-
craft 1g then rolled to & new
orientation, and new data
acquired, Expariment will

be repeated 3 times,

Astronaut required to point

the experiment senior at the
target by orienting the
spacecraft, The camera Lape
strip mist be moving opposite
to the orbital motion, Astro-
naut remotely starts and stops
the pilcture taking sequence,
Data transmission may be cone
trolled by ground stations,
Experiment will be repeated.
for 100 targets,

No Serpentuator application

No Serpentuator application
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KO, and TITLE

" FXPERTMENT SUPMRY.

EXPERTMENT AGTIVATION

COMMENTS -

8041
Millimeker
Wave Propaga~
tion

5043
Infrared
Temperature
Sounding

8045

IR Filter
Wedge
Spectrometer

Experiment is to provide new
information about mlllimeter
wave propagation in the at-
mosphere, Ground station
recelves sigual from space~
craft and measures carrier
gignal amplitude, sideband
signal amplitude, relative
signal phase difference, and
attenuation of signal through
the atmospheve,

Experiment is to determlne the
vertical temperature profile
of the atmosphere, and to
measure the solar radfiation
reflected from the Earth's
surface and the top of cloud
layers, Experiment equipment
consists of a spectrometer

of modified Ebert design,
which measures spectral
radiance, Data in digital
form an telemetered to ground,
Auxiliary Iinformation supplied
by a boresighted camera and
astronaut comments,

Experiment 13 to expand the
knowledge of reflected solar
energy, and emftted thermal
energy, from earth, The spec-
trometer consists of a filger
wedge, telescope lens, chopper,
detectoxr, and drive motox,
(Continned)

Ground facility notifles
astronaut when he 1s Withia
range .of statlon, Astronaut
orients spacecraft, turnms om
transmitter, records signal
power level, upper and lower
sideband phase difference,
and transmitter ambient tem-
perature, At the conclusion
of the transmission period,
agtronaut turns off transmitter
Experiment will be repeated
12 times,

Astronaut will orient the
spacecraft such that the spec~
trometer is aligned within 10
degrees of the desired target,
When the target area appears
in the viewfinder, the astro-
naut will switch the fnstru-
ment to run mode, A minimum
of 180 seconds will be required
before the instrument is re-
turned te standby mode, It is
estimated that about 15
minutes per orbit and 25
hours total 18 required for
the experiment,

Astronaut required to switch
on power to the instrument
approximately 5 minutes before
taking data, Astronaut will
maneuver the spacecraft until
the target area appears in the
sansor fileld of wiew., Another

(Continued)

Fo Se_rpentxia!:or application

No Serpentuator application

No Serpentuator application
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EXPERIMENT |

'NO, and TITLE

EXPERTMENT SUMMARY

T AT S WCDR T -

EXPERIMENT ACTIVATIOR

W BT RO w W T T SANER of ToTy

AT F e ML ATRAT

5045 (Contimed

5046

" Visible

Radiation
Polarization
Measurement

5047
Stellar
Refraction
Density
Measurement

The detactor {s cooled with
1iquid nitrogen, The spec~
trometer will be opevated for
periods of saveral minutes
over preselected target areas,
Data will be recorded on
magnetic tape for ground
evaluation,

Experiment Ls to make guanti-
tative measuvements of light
emerglng Ffrom rhe carth’s
atmosphere as a function of
wave length, polarization,
viewing angle, and run angle,
The sensor is mounted to the
vehicle, requiving vehicle
alignment for target ace
quisition, Astronaut must
have acesss to the sensor

to change filters,

Experiment Is te test a tech-
nique Tor determining at-
mospheric structure by
measuring the vefraction of
light from occultlng stars,
and to supply information on
background radiance and star-
light attenuation. Experi-
mental metbod consists of
tracking a presciected gtar
during occulaticn using a
two gimbal gyro stabilized
star tracker, Spacecraft
attitude amst be maintained
within + 1/2 degree during
(Continued)

gwiteh will begin 8 scan for
approximately one mlmute, at
which time the astrenaut will
turn off the experiment, The
experiment. is repeated for 30
targets,

Astrongut removes experiment
external cover, turns power
on, and extends sensor head fox
unobstructed view, The space~
craft will then be oriented

to acquire the proper target
and data taken, Procedure

is repeated for other targets,

Experiment equipment acti-
vated' 30 mimites prior to
entering dark side of orbit,
After entering dark side of
orbit, the spacecraft is
maneuvered so that the desired
star is within the sensor
field of view, The stax
tracker is uncaged, and auto~
matically tracks star and
neasures deslred parameters.
Time must be known to + L
millisecond. Approximately
5 minutes Is required for the
aequisition and tracking
(Contimied)

RETRACRT L n® 1 BUANTE T L ARNK oSy

COMMENTS

TR S oo & T Y AT I e

e

No Serpentuator application

No Serpentuator application
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EXPERIMENT

RO, and TITLI

EXPERIMENY SUMMARY

S et I T DIAD ST TR TUNTEC Y

3047 (Continued)

5048
UHF Species
Detection

5057
Multi~-Channel
Radiometer

System very susceptible to RF

tracking mode to prevent star
tracker from hitting gimbal
stops. Angular motion of the
star must be resolved to 2
arc-gsec, Data 1s recorded
for telemetry or later
recovery,

Experiment is to detect and
measure UHF emigssions:from
cumlus clouds and thunder-
storms, Experiment equipment
‘consists of an antenna system,
UHF receiver, signal process-
ing unit, data tape recorder,
and a control panel, The
spacecraft must be oriented
so the astronaut can observe
the target clouds, 'The ac~
quisition antenna must sim-
ultaneously 1lluminate the
area under consideration,
Spacecraft abttitude must be
held within 5 degrees.

noise entering through antennsf
Care must be taken in the in~
tegration of the antenna
system to ninimize response
to nolse ovigiuating Inside
the spacecraft,

Experiment is to measura the
temperatura structure of the
atmosphere from ground to a
height of 50 XM with a

(Contd nug:d)

EXPERIMENT ACTIVATION

COMMENTS. «

procedure, Four or five stars
will be observed per dark

side traversal, Experiment
will be repeated 2 to 4 times,

Observing period will last 20
‘to 30 minutes, to allow the
spacecraft to pass from the
radio horizon, over the
reglon of interest, and to the
other radioc horizon, During
the observing period astropaut
1, Turns equipment from
standby to on,

2, Marks indication of visual
observation,

3., Marks occurence of visible
lightning,

4, Tirns equipment f£rom omn
to standby,

Astronaut makes visual ob-
servations or receives ground
notification of storms over
which data should be taken,
Data is recorded on magnetic
tape for later analysis.
Experiment is repeated 20
times,

Astronaut will activate the
system, monitor displays
several times daily, and per-
form calibration by over- .
(Continued)

No ~Serperﬂ:uax:cn: activity,
Experiment requires visual
obsexvation by astronaut,

No Serpentuator application
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EXPERIMENT
NO,. and TITLE

ERTVINT SUMBARY

EXPERIMENT ACTIVATION

8057 * (Continued

5061
Potato
Respivation

§073
Gegenschein/
Zodigeal Light

1002
Mamial
Navigation
Sightings

vertical resolution of 10 XM
and 2 horizontal resolution
of 150 KM, THe gensor is
coaxse pointed to the earth
along a vartical line, There
is no requirement for con~
trolling actitude rates.

[N PR W

Experiment measures the
sprouting rhythm oxygen
consumption of a potato in
zero-g and compares it to the
same function of the pdtato in
ong~g, A life support gystem
will supply the potato's ther-

- mal, baromeiric, gaseous and

mtritional requirements and
will accumulate oxygen con-
gumption data,

Experiment ‘measures surface
brightness and polarization
of the night sky light and
with sunlight on the space-
craft to determine extent
and nature of spacecraft
coroma, The data is taken
by a self contained camera
and photomecry unit,

Experiment is to evaluate the
ability of an astropaut to
measure Lthe angle betwean
various arlustial bodies from
on~board a spacecraft using
2 simple hund-held sexrtant.

riding the szutomatlc systam,
The experiment will rum
continucusly for the duration
of the mission,

Experiment is self conrained
and {s pladed in CSM, Four
observations per day are re-
quired of crewman,

The experiment package is
stored in the MDA and set up
and connected in the MDA
Airlock, _The package is =
to 0,3 ££3, The package is
stored in the C for return
following the experiment,

Agtronaut will measure the
angle to 15 selected celestial
bodies in one orbital period,
uging the hand-held soxtant,
The experiment will be re-
peated on each of 58 oxbits,

2o W RIET T

COMMENTS -

ST FIRL SR Ty 3 ST TR 2 e

No Serpentuator application

No Sexpentuator application

No Serpentuator application
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EXPERDMENT
NO. and TITLE

-

EXPLRIVENT SUMMARY

EXPERIMENT AGTIVATION

COMMINTS

T003
In~-Flight

Nephelometer

T004
Frog Otolith
Funetion

T013
Crew Vehicle
Disturbance

Experiment is to measure the
particle concentration and
size distribution inside the
spacecraft, and to collect
particles for post-flight
analysis, Alr is dvawn into
the nephelowmeter, passes
through an {lluminated area
where any particles present
gcatter the lacident light

in all directions, The par-
ticles are then deposited on a
membrane filter, The scatker-
ed light is fpcused on & photo-
miltiplier tube, which is used
to determine the particle

size and concentration,

Two frogs are located in fixed,
self contained, 1i{fe support
capsules which will provide

a 0,5 g spin acceleration to
the frogs., Control equipment
is in CM and the capsule is

in the SM, Experiment is cone
ducted through first 72 hours
of £light and can be extended,

Experiment {5 to measure the
affects of varlous crew motiong
on the dynamics of manned
spacecraft, Partial and total
astronaut motion will be
messured by body instrumenta~
tion and by motion picture

photography, Resulting
vehfcle motion will be
(Continued)

Agtronaut removes nephelometer
from storage location, Measurep
ments are taken in CM, MDA,
AM, and OWS, Astronaut re-
quirad to wvecord readings of
particle size and concentra-
tion from ingtrument, Exper-
iment will be repeated 14
times, The nephelometer is
returned to earth for analysis
of collected particles,

Experiment requires crewman
in CM to select and initiate
test by pressing button, Test
is run for 44 times at 8
wimites each time during 72
hours, -

Three astronauts required for
performance of experiment,
Astronauts will operationally
check the experiment equipment
and position cameras for photo-]
graphing of motion sequences.
Astronaut in CM will perform
a 6 minute motion sequence,
Then one astronaut in OWS will
{Contimied)

Mo Serpentuator applieation

No Serpentuator application

No Serpentuator application
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EXPERIMEITT ACTIVATION
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FXPERT HRNT SUMMARY

reeorded by vate and position-

‘CorpaNTs

e R D

PRI AT T e

perform a predefined motion

i T

T013 (Contimed

sensing devices in the space-
eraft, Data will be tele-
. metered to earth to check the
validity of information ob-

sequence, Third astronaut

agaists in sek up and gheck-
out of experiment equipment.
During the performance of a

TV

motion sequence, other astro-
nauts wust rewain as motion~
less as possible,

tained from ground slwulatlons
and to detexmine the effects
of astronasut wotion on arti-
tude and conirol systems.

T018 Experiment is to establish No astronaut participation No Serpentuator application
Precision aceuracies of state-of~the-arti required, Experiment is
Optical laser tracking system by performed from ground track-
Tracking tracking vehicle from Lift=- ing statlon,
off through the first 50
seconds of flight, Only equip
ments mounted on vehicle are
two passive reflectors,
7020 Experiment is to obtain ex- Agtronaut donns Jet-Shoe The Serpentuator could not
Jet Shoes perimental design data and equipment and performs a be used in the evaluation
to determine the feasibility series of translatiomal of the Jet-Shoes, The
of the Jet-Shoe concept for and rotational maneuvers. use of the Serpentuator
EVA locowotlon, as an aid to or elimima-
tion of BVA would negate
the need for Jet Shoes,
T025 Experiment {8 to perform an Astronaut required Lo sscure No Serpentuator application
Coronagraph enginearing measurement to the canister in the MDA Occulting discs require
Contamination determine; a) the presence scientific airlock, assemble fine alignment with

Measurements camera, Extension rod

of an induced atwosphere

about the spacecraft during
flight, b) changes ln the
induced atwosphere due to
thruster firings, waste dusps,
and vehicle orientation, c)
the nature and extent of the FJ

{Continued)

the boom, and extend the
boowm through the pressure
geal in the canister, When
the sun is occulted, the
astrongut sets the camera
foeus, aperture, and shuttexr
speed,-and begins exposing
(Contimed)

ig integral part of exper-
iment equipment,
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T027

ATM
Contamination
Measurement

corona, DBxperiment equipment
gonsists of thrée basie
assembliesy the coronograph

" canister, boom, and a

Hasselblad camera, The
canister contains three

- oceulting disks which are

extended out from the space-
craft by the boom, The
canister is to be polnted at
the sun,

Experiment is to measure the
sky brightness background ,
caused by solar illumination
of contamination particles
about & spacecraft, and to
measure the change in optical
properties of various lenses,
mirrors, and gratings as a
result of surface contaming-
tion deposits, Experiment has
two basic assemblies; a
photometer system which pro-
vides electrical and photo-
graphie data to measure sky
brightness, and a sample array
canister, containing optical
surfaces which are uncovered
to expose them for various
intervals to collect con-~
tamination deposits, Both
assemblles operate from the
MDA scientific alrlock,

£11m, The rumber of ex-
posures may escead 30 per
orbit, Ezperiment will be’
repeated 4 times, At the
conclugion of the experiment
the film is stowed for return
to, earth,

Agtropaut installs sample
array canister in MDA
sclentific airlock and deploys
canister, Automatic sequence
of gamples is taken, Canister
is then removed from airlock
and photometer is deployed
through the airlock., At con-
clusion of experiment photo-
meter is retracted, Film

and sample array returned to
earth, )

No Serpentuator application




APPENDIX B

Detail Joint Design Recommendations

- Included here are the detailed recombnddtions to fiight qualify
_ the existing Serpentuator roll and elbow joints. The recomuendations
are given for expliecit MSFC drawings.

On Drawing No, 500218:

1. Change all hardware (screws, retaining rings, etc.) Lo HASA
approved parts per MSFC-PPD-600.

" 2. Replace all "O" rings with omaiseals, made from a compound
consisting of 80% teflon (IFE), 15% glass fiber and 5% moly disulphate.
This filled teflon material is rated at -400°F to SOQOF, is self lubri-
cating, and is one of the better polymers available for use in vacuun
environments., It 1s, however, affected by U.V, radiation, but in this
awumﬁmtmlmuwmofﬂlm%e%ﬂsaewuﬂmddeCm
aluminum structure., It would be desirable to build and test this item
for the expected enviromnmental conditions. :

3. Enlarge the outside diameter of item 25 (500207-7 spacer) and
add "0" ring groove to inside diameter, such that an omniseal would seal
against the outside diameter of item 28 (500207-9 sleeve, shaft).

& Replace item 24 with larger seal having seallnp material of
filled teflon, or design a new sesl using a rotary omniseal and a face-
type omniseal in its flange.

5. Consider putting an electrical connector through wall of
item &6 instead of potting cable through wall.

6. Secure all fasteners with lockwire or other approyved locki-y
methods .

R 7. Possibly Imstall heating blanket avound 0.D. of flex=splin.
in the area of Lorque motor and brake. This would cuntrol low tirpz.a-
ture to within rated range of the motor, brake, and iubricant.

The above mentioned omniseals are a product of Aeroquip Corperation,
Jackson, Michigan. They are a "C' shape cross-section containing a flaz
helical garter spring. The material is basically teflon and the spring
-may Be either beryillium coppexr or 17-7 PR Cres, In this application

* the 17-7 PH Cress would be used, When ingtalled, the open side of the
MCH {5 exposed to the higher pressure side of the gland or joint,
thereby allowing pressure to aid in seating the seal.



If heaters are not desirable at the motor locations, or insulating
the Serpentuator is not desirable, special motors might be obtained and
dry lubricants should be considered. To increase confidence in this
type of lubrication, a test joint (base-roll and elbow) should be built,
treated, and tested,

On Drawing No. 500226:

1. Change all hardware (screws, retaining rings, etc.) to NASA
approved parts per MSFC-PPD-600,

2. Install heating blanket around drive motor housing and on I.D.
of item 1. This would control low temperature to within rated range of
motor, brake, and lubricant.

3. Replace items 22, 23, and 35 with a metal bellows and adapters
as required. The bellows design for the elbow joint would consist of
approximately 50 ripple, nested, convolutions of .005 thickness 347 cres
material, with outside diameter of 9.50 inches and inside diameter of
8.50 inches. The bellows assembly has a spacer midway in its length
similar to the original design. The calculated spring rate is 10.5 1b/in.
Its maximum internal operating pressure is ‘15 lb/inz. The calculated squirm
pressure is 19 psi.

-The following changes relative to the base roll are recommended ,
These changes are illustrated in Figure B-1l:

1. Replace "o ring No. 2-269 with an omniseal No. AR10105-269P1H.

2. Change P/N 500217 to a three piece assembly as shown plus two
omniseals No. AR10110-447P1H with the seals and two clamp rings being
retained by a bolt circle of eight 6-32 flat head screws. These omniseals
replace the No. 2-272 "O" rings.

3. Change 500212-} and 4 to accommodate the inside diameter of the
AR10110-447P1H omniseals.

4, Modify the 5.00 inch diameter tubular portion ol P/N 300211-1
to cleatr the clamp rings on P/N 500212-4.

5. Incorporate new spacer/scal using 6ne each ARLN105-022P1R and
AR10104-003P1H omniseals.’

6. Add groove for AR10105-010P1H omniseal to P/N 500207-5 shaft.

7. Add groove to inside diameter of P/N 500207-9 sleeve shaft for
AR10105-017P1H omniseal.
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8. groove to each of the six ,531 diameter bolt holes in
P/N 500215 l end plate to accommodate ARIOlOS 014P1H omniseals.

The following recommended changes, relative to the elbow joint
design are shown in Figure B-2:

1. Change the material of the P/N's © 5002233 hinge support,
500225~4 housing, 500225-2 tube, 500225-3 housing, and 500223-2 hinge
from aluminum allow to 304 corrosion resistant steel.

2. On the P/N 500223-3 hinge support, increase inside diameter
to 5.750 inches to reduce weight. Add the 7.063 diameter bellows adapter
ring as shown., Reduce chamfer on inside diameter of the flange to .03
x 459 maximum,

3. Increase the 1nsi&e diameter at one end of the P/N 5060225-4
housing as shown té 5.750 inches to reduce the weight. Change 5.00
dimension to 5,125,

4, Change thickness of plate portion of B/N 500223-~2 hinge from
3/8 to 1/4 stock to reduce weight.

5. On the P/N 500225-3 housing increase inside diameter at one
end, as shown, to 5,750 inches to reduce weight., Reduce chamfer on
inside diameter of the flange to .03 x 45 maximum.

6. Fabricate bellows ring adapter and weld to P/N 500221 1
actuator housing agssembly as shown,

7. Add groove for AR10205-163P1H omniseal to flange of P/N

500221-2 and -3 spacer tube and reduce chamfer on inside diaveter of
flange to .03 x 45° maximum.
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APPENDIX C
STRUCTURAL CONSIDERATIONS

1. Serpentuator Joints

3,1.1.2.1.1 Stand-By Time -~ Oné condition to examine would be the possi
bility of molsture freezing externally on the bellows, however this
condition should disappear long before operation of the Serpentuator,
Moisture freezing internally on the moving pafts should be prevented

by the hermetic seals and presumably dry nitrogen pressure,

5.1.1.2.4 Prelaunch Loads - Since the present joint mechanism is
compact, dense, and tight fitting, it should not be vulnerable to
normal handling conditions, Conceivably, a bellows could be damaged
by dropping on a hard surface, necessitating repair or replacement.

See 3,1.2.4.1, 3.1.2.8.3.

3.1,1.2.5 Flight lLoads - (3.1.2.8.1)(3.1.2.8.2)(10.1) - The environment
table for shock and vibration lists 3000 g at "2000 cps external to the
MDA, This may or may not be directly applicable to the Serpentuator,
depending on the mounting arrangement during launch. The ball screw
and the bellows should be checked for resonance at this frequeney and
all ball bearings should be checked for non-brinelling capability at
this g level. The acoustical enviromnment should not be critical simce
no large panels are involved, (see 3.1.2.4.2). This does not appear
to be a problem area but testing of a prototype design for these condi-~
tions would be desirable. :

3.1.1.2,5.1 QOperational Loads ~ There are no apparent static loads on
the Serpentuator. In order to consider the Serpentuator as a massless
cantilever spring supporting an end load, it is approximately correct
to add one fourthléf the Serpentuator weight (assumed 425 1b, 3.3.1.2)
to the nominal tip weight {590 1b). This results in a total of 606 1b,
The Serpentuator is basically & 6.0-inch diameter aluminum alloy
(assumed 6061ST6) tube with .065 inch wall. It is conservalively
assumed to be 40 feet long and straight. From

T ﬂ7rR3t = w33 x 065 = 5.5 in&

E == 107

!
k=3Bl _3%5.5%x10 -3 49 ip/inch of tip deflection
3 480°

G-1



It is required (3.1.2.8.2.5) that the tip mdss be accelerated
to a maximum of + .025 ft/sec“. From

F = Ma
_ 606 o
F = 39,7 % .025 = 47 1b

*

The moment at the base is 480 x .47 = 226 iﬁ-lb.

The tube wall stress is then

' g=7= B 123 psi, which is negligible

The line of actlon of the ball screw is about 4.5 inches from the
joint pivot. The screw load is then

Even with a yieéld load factor of 1.10 and a conservative dynamic
load factor of 2.0 these loads are nepliglble. The entire Scerpentuator
is congiderably overstrength for this application, Tt is margiuatly
rigid, however, as discussed later.

Vibration and shock during operation should only arise £ro.: ruugh
operation of the motdr and brakes or astyonaut activity, since collisions
are to be avoided (3.1.1.2.8.2.1). See also 3.1.2.%4.2, and 7%.1.2 .3,

In the light of the tip speed restriction, it may be desirable to
select smaller motors, brakes, and ball jacks to provide less excess
torque capability. Paragraphs 3.1.1.,2.6.2,1 through 3.1.1.2.6.2.3,
‘which deal with the joint motors, gears, and brakes, appear to require
that these items differ for each joint., Also, paragraph 3.1.1.2.8.4
requires a "controlled stop at the 'specified maximum rate of decelera-
tion." This may require gradual brake application rather than simply
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on-~off action.

3.1.1.2.8.2 Qscillation Damping - Hysteresis damping of the links in
bending is negligible. Mechanical damping can be supplied by clutch
slippage or brake in the power-off condition. Electrical damping is
possible by not applying the brake in the power-off condition, Motion

of the link would then rotate the joint, driving the motor as a genera~
tor, Related to these effects, but not strictly damping, are the .
modifications of the mechanical disturbances by gradual application of the
motor and brake.

The common objection to all these concepts is the degradation of
platform positioning accuracy (3.1.1.2.8.2.4) implicit in all un- .
programmed motion of the joint, It is recommended for now that brake
and clutch slippage be permitted only as required to prevent damage
to the Serpentuator joints and links due to inadvertent overload, and
that electrical damping not be used (see 3.1.1.2.6.2.3). Gradual onset
of motor and brake torque should be employed to the maximum extent com-
patible with positioning accuracy. Oscillation control is further dis-
cussed under Scrpentuator assembly comments.

3.1.1.2.8.2.5 Platform Positioning Response Speed - This section defines
the power requiremeénts and the reduction gear ratios required at each
joint. As noted above, the present design considerably exceeds these
requirements. Note that the maximum tip speed of .5 ft/sec conilicts
with 4 ft/sec given in 3.1.1.2.5.1.

3.1.2.2 Maintainability - It appears that differences in joints can

be limited to the reductlon gears. For maximum interchangeability and
minimum spare parts, i1t would be desirable that the design allow re~
placement of at least the motor and gears without disturbing the bellows
or other welded joints.

3.1.2.2.1 Maintenance Requirements - All mechanisms must be self-lubri-
cating and sealed to require no maintenance in space. However it must
be possible to adjust the joints (or the controls) to permit compensa~
tion for docking errors (3.1.1.2.8.2.3).

3.1.2.4.1 Ground Enviroument - The joints are compatible with the
ground environment either because of their construction (see 3.1.1.2.4),
because other environments are more stringent, or beccause they are
sealed when exposed.

s .
3.1.2,4.2 Flight Environments - Due to their metallic construction the
joints "and links are insensitive to vacuum and radiation. Non-structural
items such as seals and lubricants are discussed elsewhere., Because of
their small size and the screening they receive from the sun shield,
solar panels, AAP cluster, and the earth, the joints and links stand
little chance of being struck by meteoroids. The .065 inch wall thick-
ne'ss of the links and the corrugated shape of the bellows offer a good

“deal of protection against penetration in-event of an impact. A detatiled
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analysis of the exposure based on projected use of the Serpentuator
would be required to caleculate the probability of puncture.

3,1.2.4.3 Thermal - The joint mechanisms and structure of the links
have enough freedom to deflect so that thermal shock should produce
ne high gtresses, Furthermore, the largely aluminum. structure should
rapidly even out temperature differences. The effects of internal
heat gources such as motors and brakes, and the operating temperature
1imits of motors, lubricants and seals are being considered along with
typical exposures to external sources and sinks in selecting surface
finishes and painks and possible insulations.

3.3.1 General Design Features - Since it has been shown that the pre-
sent design is vastly overstrength, and that each joint in the space
qualified item will differ from.the others, we do not recommend further
_structural analysis on the present design at this time., Our studies
show that stiffness is much more critical than strength. This point

{s discussed in some detail, under section 2 of this Appendix,

3.3.1.2 Weigﬁt - If the Serpentuator assembly is considered as
basically a 6" diameter aluminum tube with .065 inch wall thickness,
480 inches long, its weight is '

W=rx 6x .065 x 480 x..10 = 59 1b.

If this weight is doubled to sllow for bolts and flanges, and
doubled again to account for mechanism welght, the result is

This is less than 56% of the allowable weight of 425 1b, and thus
it appears that the weight restriction can be rather easily mct.

2., Serpentuator Assembly

.3.1.1.2.1.1 Standby Time - If the stowed Serpentuator is in fact exposed
to cryogenic vapors during propellant loading, moisture could freeze

on the mechanisms which hold and release the Serpentuator. However, we
assume that this would evaporate in space before the Serpentuator is
deployed. Since automatic deployment is ‘planned, this item should be
examined in detail. ’
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5.~1.1;2.’.1.2 - ‘Checkout ~ The Serpentuator cannot be checked function:allyi
or structurally without a large air-bearing facility. Continuity and
logic checks could possib.ly be made electrically.

3 1.1.2,2 External Profile - This should :anlude handralls (3.1.2.6,
and stowage attachment po:.uts.

3.1.1.2.4 Prelaunch Loads ~ 3.1.1.2.5 FIight Loads - These paragraphs )
define the requirements for Serpentuator dttachment to the ATM structure
for stowage. (See 3.1.2.4.1, 3.1.2.4.2, .3.1.2,8.1, 3,1.2.8.2, 3.1.2.8.3.

3.1.1.2.5.1 Ogeratlonal Loads -~ In the previous comments it was shown
that the present design 1s overstrength for this application, and that
‘the tip velocity of 4 ft/sec specified here conflicts with .5 ft/sec
in (3.1.1.2.8.2.5).

3.1.1.2.6.,1 Serpentuator Movement,- 3.1.1.2.8.2.2 Oscillation Damping,
3.1.1.2.8.2.3 Docking Error Adjustment, 3.1.1.2.8.3.3 Docking Tolerance
Provisions, 3,1.1.2.8.,2.4 Platform Positioning Accuracy, 3.1.1.2.8.3,%.1
"Joggi g" Control¥-3.1.2.4,2 Taermal - The following comments are per-
tinent to all of these headings. The dctual shape of the Serpentudtor
in use varies widely and includes considerably curvature, Because of
the low natural frequencies in the system, it is possible that several
of the lower modes in both bending and torsion can be excited by astro-
_naut movement and controls, However, comeidering the Serpentuator as a
straight cantilever massless beam, with & tip mass as described in the
‘joints comments under paragraph 3,1.1.2.5.1, reduces the problem to a
one~degree~of-freedom spring mass system, This concept serves to high-
light the behavior of the Serpentuator in:operation,.

Ag shown previously,

effective tip-weight W = 606 1b.

length = 480 inches
spring comstant k = 1.49 1b/inch
static deflection d = 407 inches



2 g _12x32.3_ % -2
P o <949 sec

dsr
p = 974 sec™t
Erequency £ =B = 155 cps

2

r= % = 6,45 seconds/cycle

“From elementary theory,

v
- 4 -2 1
X, XOCOSPCA P sinpt

where x is the displacement of the tip mass after being given an
.initial displacement x _and an initial velocity v and allowed to
oscillate. Tt has beefl shown previously that the tip force required
to produce a tip :acceleration of ,025 ft/sec? is 0.47 1b. TIf applied
suddenly, this could produce a displacement of *about 2 x 0.47/1.49 or
0.63 inches. By the above-'equation, as cospt varies from 1.0 to
-1.0, the tip mass would sway + 0.63 inches.

If the tip mass were moving at a constant rate of 4 fps and the

Serpentuator stopped while straight (so that x, = 0) the tip would
displace

b x 12

v
X = ;2' 974 49.4 inches, assuming no damping by brakes.

If the tip velocity were only 0.5 %ps, as seems more likely,

the dis
placement would be
_e5x 12 _
x = 974 6.2 inches.


http:0.47/1.49

“It is not ppossible, without a lengthlyiﬁons@deraﬁion of the ‘ex-~
pogure of the Serpentuator to the heat sources and sinks within its
vifew during orhital operation, to define the temperature distribution
‘gt any glven time. But it 1s not difficult to see that this could be
fairly large and subject to large fluctuations. The resulting curva-
ture of the Serpentuator assembly would not have to be very great to
produce a, tip displacement of seve&ay inches.

These considerations lead to the following conclysions:

L. For-the present design and ‘tip mass requirement, tip speed
stiould be limited to .5 fps, not 4 fps.

2. It is probably not feasible to specify platform positioning
accuracy tolerances to the accuracy prescribed for the current design,
since these dre subject to motions and digplacements which cannot be
controlled. It may Be desirable to §pecify tolerances on angular
accuracy of the joints~instead.

3. A "ogging" type of control is potentially dangerous and per-:
h%ps useless since <it could easily be applied at the resonant frequency
of the system, or possibly of the Serpentuator boom alone, causing in-
creasing amplitude of vibration or whipping.

3.1.1.2.6.3 Cargo Rack/Control Station

d. See immediately above.

e. The astronaut cannot face the direction of motion both coming
and going.

£. As shown, the CR/CS does not protect the astronaut from injury
to meteoroid impact.

3.1.2.1.1 Failure Effects Analysis - A faillure of the Serpentuator
attachment to the ATM rack structure during boost could cause the
Serpentuatér, under the action of 7~g boost acceleration, to cause
serious damage to the SLA. This might prevent continuation of the
mission, or worse. -

3.1.2.5 Transportability (See also 3.1.2.8.3) -It appears practical to
ship the Serpentuator disassembled into individual links, and to assemble
it in the installed position on the ATM rack., Handling loads are small and
_do not affect the design.
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