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FOREWORD

The following represents work which was performed on a study of Man vs
Manipulator Functions and is the Guidebook on Contract NASS8-24384, National
Aeronautics and Space Administration, Marshall Space Flight Center, Alabama.

This volume {one of two volumes) has three separately bound parts. Part A

contains instructions for using the Performance Effectiveness Bvaluation Schemé
(PEEVS). Part B contains PEEVS Reference Data Sheets. Part C contains the work-
sheets required to use PEEVS. ) :

ii
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3.0 DEFINITION OF EXTRAVEHICULAR {EV) FUNCTIONS

Twelve FSAS Mission Functions are defined below. For this analysis con-
sider each Function as a complete unit starting when the FSAS is prepared to per-
form the function and ending when the FSAS is stowed. Therefore, while activi-
ties such as translation and c¢argo transfer might be required to perform a function
such as "Remove/Replace,”" they should not be included as EV Functions unless they
are major objectives. All functions except "Repair," "Translation," "Astronaut
. Rescue," and "Satellite Recovery" are conducted at prepared worksites.

a}) Deploy

During the mission, an FSAS will be required to extend or arrange
hardware in the EV environment.

b) Remove/Replace

During the mission, an FSAS will be required to take units out of
and/or replace into a special receptacle in the EV environment.

¢c) Inspect

During the mission, an FSAS will be requlzed to closely examine system
status in the EV- environment.

d) Cargo Transfer

During the mission, an FSAS will be reguired to move material from
one point in’ space to another.

e) Maintain:

During the mission, the FSAS will be regquired to perform periodic,
planned system referbishment.

f} Assemble

During the mission, the FSAS will be reguired to fit together parts
of specific systems.

g) Repair

During the mission, the FSAS will be required to inspect, diagnose,
and carry out appropriate corrective action on'specific space systems.

H) Operate/Monitor

During the mission, the FSAS will be regquired to cause to function,
and observe the functioning of, selected space systems.



MATRIH
RESEARGH

i)

Jr ..

k)

1)

Data Acguisition

During the mission, the FSAS will be required to direct, operate, and
monitor data recording systems.

Satellite Recovery

During the mission, the FSAS will be reguired to intercept, attach to,
and possibly transfer unmanned satellites from one point in space to
another.

Astronaut Rescug

During the mission, the FSAS may be required to safely release trapped
and /or transfer disabled astronauts from an extravehicular to an intra-
vehicular environment.

Translation

During the selected mission, the FSAS will be required to safely move
healthy astronauts from one point in space to another,



4.0 DEFINITION OF PERFORMANCE EFFECTIVENESS AND
COST MEASURES

The following tables list the performance effectiveness and cost measures
provided for use in the evaluation.of candidate FSAS. These tables are (re-
duced) duplicates of the Step IIIL worksheets. Therefore, when a measure is
selected for inclusion in the analysis, check it on the Step III worksheet.

Provided with each measure is a matrix which cross-references the measure
to applicable EV functions. Also, the measure is defined, and both.interval
scale and rating scale units are given.
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C — Cost Measure
P ~ Performance Effectiveness Measure
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MEASURE DEFINITION CK
VIV IVIVIVIVIV VIV V V - Interval Scale Ratang Scale
The expected duration of system uscfulness, This refers to Tame — Sta dard 1, Unlzmited . "
eloelelolelealole|ols . Operataonal operational or "up" time only. The expenditure of irre- Units { n 2, Short term ‘i &
Lafatame placeable conaumables or the liklahoed of faalure in a cra~ nlt; ye:rsi 3. One time ]
. tical subsystem or component usually delimits this measure, | "ORhiics GtC. Unlmown "
The upper limit on the duration of stay at a worksate, Time - Standard 1, Unlimited S
elelololelalelalols On~-Site Limit may be amposed by astromaut or system constraints such Units {hours 2. Lumited-Long Term ;;;,,"
Time Limit as cnergy expenditure or censumalfle replenishment requires " * 3. Lagited-Short Term [
minutes, etc,) o
ments. Unknown N
i The capability of an Extravehicular System to be used at un- %: ﬁﬁgfgpecml g "ﬂ
. o o Worksite planned’ worksites. That 1s, to provide translatzon and Interface
. Flexabrlity transportation between, and stabialization and actuation at a 3, Prepared Worksite Onlyf &
szte which has no special hardware for FSAS interface, Unlmown 2
i Distance from the FSAS origin on the prame vehicle (e.g., Lineal — Standard 1. Uniinited ”‘?y:
astronaut EVA angress/egress hatch or remote maripulator eal - Standar 2. Limaited-Medium Range § %%
ojejelea jajole|n o] 3 Range PO : . Tnats {mles, feet il
stowed position) to the maxamum poant at which a worksite 3 4 ? 13, Close Proxamity ‘s‘;’é‘
may be located, ete. Unknown N
2y
The proportion of the expected extravehicular environment an I. Unlimited :"..-‘ff
eislelalclelelslnls . Envaronmental which the F5AS could operate., Factors such as high radza- 2. Lamxted (Specific j;?;
Flexibilaty tion levels could preclude the use of certain systems, conditiens) i
Unknown - S
- The confidence that may be placed in a system!s performing Reliab:il‘;: Stan 1. Ko Redundancy Required ’
elolole lelololelels o | Dependabilat at5 assigned functions when called upon to do se, Lack of dard Um.tsy(;BTF ~ | 2. Redundancy Requared
P ¥ confidence will result in a requirement for a redundant or etc.) ? Unlmown
backup _system to perform the massaon. *
. The number of crewmen whoe must devote full time and atten- )
Crew tion to 'SAS operations. Their roles might be actuataon,
A L L L I L I I I * | Requrrements carge transpoert, system support, or backup operatigns, Number of Crewnen
Resources required to operate an FSAS per unit time, includ-— . . [ 1+ Low
. i3
elolelolelalolelels . Expendable wng life support consumables, propellant, ete, It is assumed ‘("eii;spe:r[j:;:n e 2, Medaum
Requarements that depletion of the expendables will prevent FSAS use. P P 3. High
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MEASURE DEFINLTION ) ‘CK
V VIVIVIVI IV VIS V V V ) Interval Scale Rating Scale
Backup systems required to safely terminate the FSAS massion 1. Hone Reguired v;
elelolalolelalalelolsle Emergency gaven a major subsystem failure, OF pramary concern is the 2, Integral to System I-',
Provisaons safe return of an EVA astronaut to the prime vehicle. 3. Extra e,
Unknown -
Earth (1-G) weaght of the FSAS, less expendables, Weight (l-G)-For a | 1. laght ,‘_""
ololelelelolelelole lsls Mass . . ) Standard Missaioen 2, Haoderate L
{pounds, ounces, 3. Heavy ;
ete, ) Unknown ‘
Mai Percentage of time in orbat when the FSAS will be anopera- 1, None ’
intenance : i
tive because of servicang, preventive maintenance, or re— 2, Infrequent
eie|ojs|ole|e o [o|s fe]|e Tame .
Requirements pair. 3, Frequent '
Unlmown § .
e
Amount “of space occupied by the FSAS while in a stowed con~ ]| Volume = For a Stan- 1. Small e,
e|e|o|ojolefe|ofje|e le|e ]| Stewed Volume faguration, This space wzll define the requirements for dard Mission (Cubic | 2. Moderate
FSAS transport and orbatal stowage. feet, etc,) 3. Large i‘l
Unknewn . .
) The average rate at which an FSAS wall move between points, Velocity — Standard | 1. Fast ‘
Average N 5
. In some cases an FSAS can graverse at a higher rate; how- Units {Feet per 2, Hedaum
[ ) s|ofe|olaje|s |o]s Trarslation
ever, safety, comfort, and rate of expendable consumption second) 3. Slow
, Velocaty !
e . ) must be considered, Unlaown -
: Tl iac'; The maximum aceeleration/deceleration rate available to the Acceleratzon, Deceld 1. High
rans ation FS5AS. eration - Standard { 2, Medaium
o{o(s |o|0|s|afje]e|e [ols Rate .
Control . Units [Feet per 3s Low
second”) Unkmown
. Average time required for an FSAS to return to a programmed. | Time (minutes, 1. Stable
el otelolelolololelsfols Translation attitude after being offset. scconds) - Standard | 2, Moderate Stability
i Stabalaty offset, 3, Instable N
. FH_= VTpetTy Fire Unknown
. Rate with whach an FSAS can change darection to avoid an ob~ | Angular Accelera- 1. High
. . e lolo Translation stacle, to select a dxfferent worksite, or to follow a pre- | tion ~ Standard 2, Medium
Maneuwverabality programmed flaght path. Units gDegrees per | 3. Low
- . second - ¥

C - Cost Mcasure
P — Performance Effectiveness Measure
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] . MEASURE DEFINLTION CK
ViV IVIV VIV IVIVIVIVY Interval Scale Rating Scale !
The maxamum force which can be applied by an actuator at a Force - Standard 1. High e
o le olele s Actuation Force worksite. This force is, for an astronaut, in the push~pull | Units {Pounds) 2. Moderate -
(Normal) direction. ’ 3. Low .
i " ! Unkmown "o
The maximum sustained force which can be applied by an actu~| Torque = Standard 1. High i
ole olale ole Actuation Force ator at a worksite., Thas force as, for an astronaut, a Unats (e.g., foot— 2. Mpdera.te i |
{Rotataon) wrast rotation. . pounds} 3. Low !
- Unknown
Wérks:.l;e The- maximum package weight (1-G) whach can be safely moved Weight - Standard 1. Heavy .
P . .ie olw Mass Handling by an actuator between points at a worksate, Unats (pounds) 2. Moderate .
Limit 3. Light
Worksite The maximum package size which can be séfcly handled by an Length, Width, and |1l. large .
oile . .' . ole Size Handlang actuator at a worksite, Breadth (Feet, 2, Moderate
Limit inches) 3. Small
! M=LxWxB Unknown .
Actua tor Average difference between actual and preprogrammed actuator | Error (EY = Lineal 1. Accurate
. pesLtion. (Inches, ctc. 2, Moderate
elo . IR ERERE Position 3
Accuracy FM = K VEx2HEy<iEz2 { 3. Imaccurate
Unknown
; " Actuator Average difference between actual and preprogrammed actua— Error = Rotational | 1. Accurate :
ole . alefofo]o]|s Orientation: ter oraentataen. . (Degrees, et:é - 3. PIﬁodcratct '
A M = K VE . Imccurate
ccuracy Py Unlnown
Worksate The surface describing the points around ‘a worksite withan Sum of reach dis- 1. Large
P slele ole Reach the reach of an actuator. . tances on body axes.| 2. Medium
. 3. Small .
! L Envelope‘ ] . Undenown
i N Cargo The distance over which carge may be transported, Distance - Standard | 1. Unlimited
T 8 . Units (Feet, etc,) | 2. Laumited-Medium Range
¢ ; * bl A r:::?;:rt ' s 3. Lamited-Close Prox-
3 - o £ > - - ~ v 0

€ — Cest Measure
P - Performance Effectaveness Measure
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MEASURE DEFINITION : CK
ViIVIV V A4 V AVANYA V V V V Interval Scale Rating Scale
! The percentage of the visual field which is uncbstructed by | M = (% of Visual 1. Uncbstructed
elelelelelelalelsle Visability P the FSAS and associated hardware. . Pield) 2. Obstruc.:tc‘:d , .
3. Very limited
Unkmown L et
The space taker up by an FSAS once it is deployed.: Volume = For a Stan- 1, Small ’
Deployed dard Mission {Cubic | 2. Medium e s
s (e is]eje|[e]o |0 e]e Volume c . feet) 3. Large Ly
Unknown
' The rate with which materials can be moved by the FSAS be- Velocity - For a L. Fast
. e Transport p | tween points an space. . Standard Massaon 2. Medium
Velocity (Feet/second) 3. Slow
Unknown .
The maximun carge weaght {1-G) that can be transported by an | Weaght — Standard L. Heavy "
Cargo Hass FSAS between points mn space. Units (Pounds, ectec.)|2. HModerate
L] . [ K A P .
Limit 3. Low
Unlmown g
Average time required for an FSAS to return to a programmed | Time (manutes, 1. Stable !
. . s | Carge p |attitude after beang offset. saconds) - Standard | 2. Moderate Stability
Stabilizatien . mass and offset 3. Unstable
. ™ =\ITDE+TyZ-w;-E Unknown 5
A - ’ ) " | The maximun cargo volume that can be transperted by an FSAS | Yolume in Standard |1. Large
. ol Carge p | between points an space. Units {(Cubic feet) |[2. Medium '
* Size 3. Small
Unknown
Worksite - The maximun force counteracted in lateral axes, ‘| Force Redcted-Stan- | 1. Stable
elelel elalels Stability P dard Unjﬁﬂmlu%% 2, Moderate Stabality
. p ;)3 P = K VFeHy“tF,= | 3, Unstable -
orma : Unimown'
- Worksite The maximun force counteracted in rotation about the axas Force Reacted~Stan- |1, Stable
eletlolo|lslalole Stabalaty P nermal te the worksite, dard Unaits {Foot—- 2. Mederate Stabality
{Rotation) pounds) 3. Unstable
otation . - Unknown

C - Cost Measure
P - Performance Effectiveness Measure
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5.0 FREE SPACE ACTIVITY SYSTEM SPECIFICATION AND
DATA SHEETS

The following tables include interval and rating scale data gathered on
each Free Space Activity System reviewed. Both EVA subsystem and EV system
data are provided (paragraphs 5.1 and 5.2, respectively}. .

Notes identified in the data blocks are given on Sheet B of each (a, b}
pair,

5.1 EVA SUBSYSTEM DATA SHEETS -

Translation Handrails and Handholds 5-1-1 (a, b)
Handheld Maneuvering Unit (HEMU) 5-1-2 (a, B)
Astronaut Maneuvering Unit {aMu} 5-1-3 (a, b)
Automatic Stabilized Maneuvering Unit @ASMU)- 5-1-4 {(a, b}
Translation Trolley 5-1-5 {a, b}
Servo Powered Hardsuit 5-1~6 (a, b)
Unaided Astronaut (Actuator) ’ 5-1-7 (a, b}
Stabilization Handrails and Handholds 5-1-8 {(a, b}
Dutch Shoes 5-1-9 (a, b)
Handrails/Foot Restraints 5-1-10{a, b)
. Maintenance Waist Restraint 5-1-11(a, b)
Variable Flexibility Tether 5-1-12(a, b)
Boom Attachment 5-1-13(a, b)
Astrogrid Shoes 5-1~-1id4(a, b)
STEM for Cargo Transfer 5-1-15(a, b)
Handrails for Cargo Transfer 5-1-16{a, b)
Deolly & Rails for Cargo Transfer 5-1-17(a, b)
Personnel Harhess & Rails 5-1-18(a, b)

Clothesline 5-1-19(a, b)
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" FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

SUBSYSTEM NOMENCLATURE

DEV
LEVEL"

RAILS

OPERATIONAL LITETIME

EMERCENGY PROVISTONS

ACTUATTON FORCE (NORMALY

Interval Rating Interval Rating Interval Ruiine
— 1-Unlaimited. — 1-None Reg'd.
-Notes Rotes Notes
- w/A
Oh=5ITE TIME LIMIT MASS ACTUATION FORCE {ROTATIUV)
Interval l Rating Interval Rating TInterval Raler 2
—_— | 1-Unlimited 100 1be Toright
Notes N Notes Notes -
(2) /A -

WORKSITE IMLEXIBILITY

MYINTI NANCE TTME REQUIREMENTS

WORKSITE MASS HAMILI M. LIV

Interval Rating Interval Ratang Interval HERIEFIT
None l-None
Notes Notes Notes
N/A N/A
RANGE STOWED VOLUME WORRSITE SIZE HANDLING LivAT
Interval Ratihg Inter:al Rating Interval Rak e
60 Ft(B) 3-Close Prox. | 995 in3(E) 1-Small
Notes hotes Notes
{1} -{2) N/A
EMIRONMENTAL FLEXTBILITY AVERA{I. TRANSLATION VELOCITY ACTUATOR POSTTION AWCCURMY
mgeral Rating Interval Rating Interval Riti Lae
- 1-Unlimrted 2 ft/sec (E) 3-8low
Yotes Notes \otes
. N/A
PEPENDABILITY TRANSTATION RATE CONTROL ACTUATOR ORIENTATION WOUTAWY
Interval Ra'ting Interal Rating Interval Raring
- 1-No Redund. e 1-Hagh
Notes Notes Notes
N/A

CREW REQUIREMENTS

TRANSLATION STABILETY

WORKSITE REACH ENYFLOTL

Interval Rating Interval Rating Interval Rating
- 1-Stable ’
Jotes Notes Notes
N/A T N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARCO TRANSPORT RANGL
Interval Rating Interval Rating Interval __Ratune
E3
- 1-Low -— 1-High
Notes Notes Notes
*Select. route ! N/A
-
LEGCEND: P - Published Data - T « Typical
E -~ Estimate Mx — Maxamum

Mn - Minimum

5-1-1 {(a)
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FREE SPACE ACTIVITY

SYSTEMS DATA SHEET {Continued} LEVEL

SUBSYSTEM NOMENCLATURE

VISABILITY

Interval Ratins

- 2-0Obstructed

Notes

DEPLOYED VOLUME

Ingerval Rating

995 in3 (E) 1-Small

"Notes

TRANSPORT VELOCITY

Interval Ratinge

Notes
N/A

CARGO MASS LIMIT

Interval Rating -
Notes
N/A
CARGY STABILIZATION
Interval Rating
Notes
N/B s
CARCO SIZE
Interval Ratins
Notes
. N/A
WORKSITI: STABILITY (NCRMAL)
Interval Rating
Notes
N/A

WIRKSITE STABILITY (ROTATION)

DEV !
E 5 E ; RAILS

KOTES
(1} Based on SKYLAB 60 f£t. umbilical limitation.

{(2) 60 feet of dual, aluminimum,,f Gemini handrails.

DEVELOPED BY NATIONAL AERONAUTEICS AND SPACE
ADMINISTRATION,

(CONTACT MAN/SYSTEMS INTEGRATION BRANCH, ASTRONAUTICS
LABORATORY, MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE,
ALABAMA)

reference Bib. No. 8; 13, 19, 27, 29, 52, 57, &l, 63,

Interval Raving i 68, 69, 71, 78, 79, 80, 87, 94, 96
Notes
N/A REV-
IEGEND: P - Published Data T =~ Typical
E - Estimate Mx ~ Maximum

Mn -~ Minimum

5-1-1 (b)
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SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 5 :
SYSTEMS DATA SHEET LEVEL HAND HELD MANEUVERING UNIT
! {HHPAU)
OPERATIONAL LIFETIME EMERCENCY PROVISIONS ACTUATION FORCE (NORVAL)
Interval Rating Interval Rating Interval Rating
&
—_— 2~8hort term - 3-Extra
Notes Notes Notes
Tether backup N/A .
DN-SITE TIME LIMIT MASS ACTUATION FORCE (ROTATION}
Interval Rating Interval Rating Interval I Rating
3-Limited, - -
Short term 1-Light
Notes Notes Notes
N/a
WORKSITE FLEXIBILITY MAINTENANCE TIME REQUIREMENTS WORKSITE MASS HANDLING LIMIT
Interval Rating Interval Réting Interval Rat e
J - - 1-Unlimited - Unknown - 3~Light
Notes Notes Notes
RANCE STOWED VOLUME WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Rating
50 £t* 3-Close Prox. - 1-Small
Notes Notes "Notes
*Limited by tether N/A

ENVIRONMENTAL FLEXIBILITY

AVERACE TRANSLATION VELOCITY

ACTUATOR POSITION \CCLHRACY

Interval Rating Interval Rataing Interval Raring
- 2-Limited 84 ft/sec (P) 2-Medium i
Notes Notes Notes
Same astronaut N/a
DEPENDABILITY TRANSLATION RATE CONTROL AGTUATOR QRIENTATECYN ACOURADY
Interval Rating Interval Rating Interval Raring
— ) Z"Reggg‘?g?cy — Unknown
Notes Notes R ' Notes
N/A
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
! Interval Rating Interval Rating Interval Rating
E 2 - - Unknown
Notes Notes Notes
1 primary y
1 back (tether mgt N/A

EXPENDABLE REQUIREMENTS

TRANSLATION MANEUVERABILITY

CARGO TRANSPORT RANGE

Interval Rating Interval Rating Interval Rating
10 1bs (E) 3-High - tUnknown !
Notes HNotes, Notes
N/A
LEGEND: P - Published Data T - Typical
E -~ Estimate Hx — Maximum

Hn — Minimum

5-1-2 (a)




MATRIH
RESEAROH

FREE SPACE ACTIV
SYSTEMS DATA SHEET |

1ITY '
Continued}

VISABILITY

Interval Rating

l-Unobstruct.

Notes

DEFLOYED VOLME

Interval Rating

l1-Small

Notes

TRANSPORT VELOCITY

Interval Ratins

Notes
N/A

CARGO MASS LIMIT

Interval Rating

Notes
N/A

CARGO STABITIZATION
Interval

Rating

Notes
N/A

CARGD SIZE
Interval

5

Rating -

Notes
W/A

WORKSITE STABILITY (NORMAL)
Interval

Rating

Notes
N/A

WORKSITE STABILITY (ROTATION)

Interval Rating

Notes
N/A

Reference:

"

Bib.

No. 68
_

SUBSYSTEM NOMENCLATURE

HAND HELD MANEUVERING UNIT
{(HHMU}

* >

REV-

IEGEND: P

E - Estimate

5-1-2 (b)

-~ Published Data

T = Typical

" Mx -~ Maximum

Mt - Minzmum



MATRIH

BESEAROH
I SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV
SYSTEMS DATA SHEET LEVEL ASTRONAUT MANEUVERING UNIT
- (AMU)
UPERATIONAL LIFETIME + EMERCENCY PROVISIONS . ACTUATION TORCE (NORMAL)
Interval Rating Interval Rating Interval Ratine
— 2~Short term - 3-Extra
Notes Likel .t b I\'otesd th Notes
1ke o be used wi
tetheg/umblllcal . W/A
ON~SITE TIME LIMIT MASS ACTUATION [ORCLE {ROTAFIOX
Interval Rating Interval Rating Interval Rature
1 ne (®) oiohamited 168.3 1bs(P))  1-pight
Notes - Notes Notes
6 one-hr. duration missions 137 lbs empty N/A
WORKSITE FIEXIBILITY MATNTENANCE TIME REQUIREMENTS WORKRSITE MASS HANDLING LIMLI
Interval Rating Interval . Rating Interval Rat ing
- 1-Unlimited —— Unknown
Notes Notes Notes
N/A
RANGE STOWED VOLUME ’ WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Raving
2000 £t (P) 2-Limited,Med.] 15K sq in(E) 1-Small .
Notes . Notes . Notes
L. . . 35 in. b x 25 in, w x 17 in.

Gemini use 125 ft. radius deep (P) N/A
ENVIROVMENTAL FLEXIBILITY AVERAGE TRANSLATION VELOCITY ACTUATOR POSITION \CCLR\GY
Interval Rating Interval Rating Interval Rating

- 2-Limited* —— 2=-Medium
Notes Notes Notes
to envaironment of astronaut N/Aa
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORIENTATION ACCURAGY
Interval Ratang Interval Rating Interval Rar i
2-redundancy 2 .
- - reqg'd .4 fps 2~Medium
Notes Notes Notes
N/A
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REAGH ENVELOPE
Interval Rating Interval Rating Interval Rating
1 - - 1-stable
Notes Notes Notes
2, if tether/umbilical is attitude ¥ 2,4 deg. deadnand,
required, automatic 3 axis att. cont. N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGD TRANSPORT RANGYE
Interval Rating Interval Rating Interval Raring
31 ibs (P) 3-High - 1-High
Notes 189/ t %llotas‘:s Notes '
sec pitc vaw
270/sec_roll ) N/A
TN

LEGEND: P ~ Published Data T - Typical
E = Estamate Mx - Maximum
Mn — Minimum

5-1-3 -(a)



RRRTRIH
RESEAROH

: i" SUBSYSTEM NOMENCLATURE.
FREE SPACE ACTIVITY DEV 4
SYSTEMS DATA SHEET (Continued) : LEVEL E ASTRONAUT MI;NEUVERING UNIT
{AMU
VISABILITY *
Tnterval Ratine * SYSTEM DEVELOPED BY LTV, ASTRONAUTICS DIVISION, LTV

AEROSFACE CORP.

- L-Unobstruct.

Notes

DEPLOYED VOLUGME

Intermal Rating'
15K sqg in(E) 1-small
. Notes -
5 in h x 35 in w x 17 in
eep.
< TRANSPORT VELOCITY
Interval Ratins
Notes
N/A
CARGO MASS LTMIT
Interval Rating
Notes
N/A
CARGY STABILIZATION
Ingermal Ratane
Notes
N/A .
CARGO STZE
Interval Rating
Notes
N/A
WORKSITE STABILITY (NORMAL)
Interval Rating
Notes
Reference: Bib. No. 14, 15, 18, 20, 33,
N/A 34, 62, & 91
WORKSITE STABILITY (ROTATION) . .
- - D. D. Jordan, E. C. Wilks. Final Report on
Interval Rating Exhaust Plume Heating Qualification Test of
the Gemini/MMU Extravehicular Coverall and
" Upper Forward Nozzle Extension, LTV Astronau~
otes tics Division Report No. 335.52, Oct. 1965.
N/A , REV-

1EGEND: P = Published Data T = Typical
E - Estimate Mx — Maximum
Hn - Minimum

5-1-3 (b)



MATRIR
RESEAROH

E

l UB ¥ U
FREE SPACE ACTIVITY DEV SUBSYSTEM NOMENCLATURE
SYSTEMS DATA SHEET LEVEL AUTOMATIC STABILIZATION
MANEUVERING UNIT {ASMU)
UPERATIONAL LIFETIME ENERGENCY PROVISIONS ACTUATION FORCE (NORMAL)
Interval Rating Interval Rating Interval Rating
- Unknown —— 1-None reg'd
Notes Notes Notes
(1} N/A
ON-SITE TIME LIMIT MASS ACTUATION FORCE (ROTAT LOX)
Interval Rating Interval Rating Interval l Rating
3-Limited .
Short term - 1-Light
Notes Notes Notues
% N/a
WORKSITE FIEXIBILITY MATINTENANCE TIME REQUIREMENTS WORKSITE MASS UANDLING LUIMIT
Interval Ratang Interval Rating Interval Rat e
m—— Unknown
. Notes Notes Notes
N/A ) N/R
RANGE STOWEDR VOLUME WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Ratine
- 3-Close prox. - 1-Small
Notes Notes N
Limited by length of SKYLAB otes
worksheop (1) B/A
ENVIRQONMENTAL FLEXTBIITITY AVERAGE TRANSLATION VELOCITY ACTUATOR POSITION ACCURACY
interval Rating Interval Rating Interval ! Rat ine
- 2-Limited - 2~-Medium
Notes Notes Notes
{1) . N/A
2 DEPENDABILITY TRAMSLATION RATE CONTROL : ACTUATOR ORIENTATION \WCLRACY
Interval Rating Interval Rating Interval Rating
N - 2
- Unknown -4 'G(Et):/ sec 2~Medium
Notes Notes Notes
N/A
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPL
Interval Rating Interval Rating Interval Rating
I 1 — —- 2~Mpod. Stab.
Notes Notes 2 Notes
N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY a CARGO TRANSPORT RANGE | ]
Interval Rating Interval Rating "Interval Raring
—_ Unknown = 2=-Medium
Notes Notes ) Notes
? N/A
— A
LEGEND: P ~ Published Data T = Typical
E

= Estimate

Mx = Haximum
Mn ~ Minimum

5-1-4 (a)



RARTRIN
i RESERBEH

- 1-Unobstruct.

Notés

Limited to OWS interior (1)

DEPLOYED VOLUME

Interval ) Rating

~— 1-5mall

L
SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
SYSTEMS DATA SHEET (Continued) -§ LEVEL AUTOMATIC STABILiZAT[ON
MANEUVERING UMIT (ASMU)
VISABTLITY ]
interval - Rating NOTES

-(1} ASMU to be evaluated on SKYLAB M-509 experiment
{to be conducted inside CWS); no lLfe support
capablllty lncluﬁed.

Notes

TRANSPORT VELOCITY

Interval Rating
Notes
N/A
CARGO MASS LIMIT
Interval Rating
Notes
N/A
CARGO STABILIZATION
Interval Rating
Notes
/A
CARGD SIZE
- Interval . Rating
Notes . P
N/R

WORKSITE STABILITY (KORMAL)

Interval Rating

— Unknown

Notes

WORKSITE STABILITY (ROTATION)

Interval Rating
- Unknown
Notes . y
Reference: Bib. No. 68 REV-
IEGEND: P - Published Data T - Typical
E - Estimate Mx - Maximum

Mn = Minimum

5-1-4 (b)




PRETRIH

LEGEND: P -~ Published Data T - Typical

- BESERRBH
ﬁ SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
SYSTEMS DATA SHEET LEVEL E TROLLEY
OPERATIONAT, LIFETIME 1. EMERGENCY PRGVISIONS ACTUATION FORCE (NORMAL}
Interval Rating Interval Rating Interval Rarine
- 2=8hort Eterm ’ - 1-None Regqg.
Notes R Notes Notes
"N/A
ON=5ITE TIME LIMIT MASS ACTUATION FORCE {(ROTATTON:
Intérval *  Rating Interval Rating Interval Rat i
—- 1~Unlimited —— 2-Moderate
Notes Notes Notes
. N/A
** - " WORKSITE FLEXIBILITY ’ MAINTENANCE TIME REQUIREMENTS WORKSITE MASS HANDLING EAMIET
Interval Rating Interval Rating Interval Rating
—— Unkr;own
Notes Notes Notos
N/A L ] N/A
RANCE <o STOWED VOLUME WORKSITE SIZE HANDLING LIMIT,
Interval Rating Interval ‘Rating Interval Ra€ing
60 £t. - - 1-5mall
Notes Notes Notes -

(1} . ) N/A
ENVIRONMENTAL ‘FLEXIBILITY AVERAGE TRANSLATION VELOCITY ACTUATOR POSITION ACCUERACY
Interval Rating Interval *  Rating Interval Rating

- L-Unlimited - - 3-Slow
Notes Notes Notes
. N/A
DEPENDABILITY TRAP\S_HTION RATE CONTROL ACTUATOR ORIENTATION A\CCLRACY
Interval Rating Interval Rating Interval . Rating
- 2-Redund. Reg. - *l1-Eigh
Notes Notes Notes
. N/A
CREW REQUIREMENTS - TRANSLATION STABILITY WORKSITE REACH EXVELOPE
Interval _ Rating Interval Rating Interval Ratang
2 Crewman —— - l-gstable
Notes Hotes Notes
(2) N/B
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT, RANGL
i Tnterval Rating . Interval Rating Interval Rating
—— 2-Medium - 3-Low
Notes Hotes Notes
N/A
N T T B U R N e N T S

E - Estimate Mx — Maximum
Mn — Minimum

5-1-5 (a)



ERRTRIN
RESERRNSH

l-Unobstructed

1)

Notes

@

R
E "SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
SYSTEMS DATA SHEET {Continued} LEVEL E TROLLEY
VISABILITY
Interval Rating NOTES

Astronaut with wmbilical

Primary and Support (Pending tether or umbilical)

- MANUFACTURED BY MARSHALL SPACE FLIGHT CENTER, ASTRONAUTICc

DEPLOYED VOLUME LABORATORIES, HUNTSVILLE; ALABAMA.

Interval

Rating

1-Small

Notes

TRANSPORT VELOCITY
Rating

Interval

Notes
N/A
CARGO MASS LIMIT

Interval Rating
Notes
N/A

CARGO STABILIZATION

Interval, Rating
Notes
N/A \

CARGO SIZE

Interval Rating
Notes
N/A

WORKSITE STABILITY (NORMAL)

Interval Rating
Notes
N/A

WORKSITE STABILITY (ROTATION)

Interval Rating
—L Reference Bib. N>. 8, 13, 19, 27, 29, 30, 57, 63, 68, 71,
Notes : 78, 79, 80, 96 .
N/A REV -

A e 25
IEGEND: P ~ Published Data T - Typical

‘E = Estimate

Mx - MHaxamum
Mn ~ Minimum

5-1-5 (b)



MATREK

-RESERRAE
_
SUBSYSTEM NOMENCLATURE ‘.I
‘FREE SPACE ACTIVITY DEV - !
SYSTEMS DATA SHEET LEVEL SERVOQ POWERED HARDSUIT i
OPERATIONAL LIFETIME EMERCENCY PROVISIONS ACTUATION FORCE (NORMAL)
Interval Rating Interval Rating Interwval Ratine
- Unknown - 3-Extra - l-High
Notes Notes Notes
ON-SITE TIME LIMIT MASS ACTUATION. FORCE (ROTATLOMN) :
Interval Rating - Interval Rating Intenval .‘ Rat ing .
- Unknown - 2-Moderate - 1-High i
Notes Notes ‘Notes '
‘WORKSITE FIEXIBILITY MAINTENANCE TIME REQUIREMENTS WORKSTTE MASS HANDULTNG ‘LIMLE [
Interval Rating Interval Rating Interval ot ing f
- Unknown f e unknown - ‘Unknown |
Notes Notes Notes
RANGE STOWED VOLUME WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Rating H
—_ 3~Close Prox. —_ 2-Moderate - Unknown
Notes Notes Notes '
ENVIRONMENTAL FLEXIBILITY AVERACE TRANSLATION VELOCITY ACTUATOR (POSITION ACCURACY I
interval . Rating Interval Rating Interval Ratine 1]
-~ 2-Limited — 3-Slow . :
Notes Notes Notes
Superior to EMU suit - N/B “
I DEPENDABILITY TRANSLATION ‘RATE CONTROL ACTUATOR ORIENTATION ACCURACY
Interval Rating Interval Rating Interval Rating
2-Redundancy
- Reg'd - Unknown
Notes Notes Notes .
N/A . |
CREW REQUIREMENTS TRANSIATION STABILITY , WORKSITE REACH ENVELOPE B
I Interval Rating Interval Rating Interval Rating !
I 2 —_ — Unknown -— ! onknown
Notes Notes ‘ Notes -
primary, 1 backup ) f
(tether umbilical managemt ) L
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABLLITY CARGO TRANSPORT RAMGE l
Interval Rating Interval Rating Interval Rating
—_ Unknown -— Unknown - Unknown
Notes Notes

LEGEND: P -~ Published Data T - Typical
E - Estimate Mx -~ Maximum
Mn —~ Minimum

S>-1-6 (a)



i saaraie

e

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET (Continued)

DEV
LEVEL

! ‘SUBSYSTEM NOMENCLATUQEH___
2 l SERVO POWERED HARDSUIT

VISABILITY

Interval

Rating

Unknown

Notes

DLPLOYED VOLUME

Incerval

Ratang

Notes
N/A

TRANVSPORT VELOCITY

Interval

Rating

Unknown

Notes

CARGO MASS LIMIT

Interval

Rating

Tnknown

Notes

CARGO STABILTZATION

Interval Rating
- Unknown
Notes
CARGO SIZE
Interval Rating
- Unknown
Notes

WORKSITE STABILITY (NORMAL)

“Interval

Rating

———

Unknown

Notes

WORKSITE STABILITY (ROTATION)

Mn -~ Minimum

5-1-6 (b)

Interval Rating
Notes
w/a Reference: Bib. No. 68 REV-
S
LEGEND ~ Published Data T - Typical
- Estimate Mx ~ Maximum




MATRIX
- REGEARABH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

SUBSYSTEM NOMENCLATURE

DEV
LEVEL

UNAIDED ASTRONAUT

QOPERATIONAL LIFETIME

EMERGENCY PROVISIONS

ACTUATION FORCE (NORMALY

Interval Rating Interval Rating Interval Ratine

- 1-Unlimited - 3-Extras - -

Notes Notes "Notes
(1) (8) (11)

ON—SITE FIME LIMIT MASS ACTUATION IDRCE {ROTAFION?
Interval Rating Interval Rating Interval ’ Rating
3.0 hrs. 3=-Short term 296 1lbs {7, E)}} 2-Moderate hand -

Notes Notes Notes |
(2) (3) (11)
WORKSITE FLEXIBILITY MAINTENANCE TIME REQUIREMENTS WORKSITE MASS MANDLING L1Mil
Interval Rating Interval Rating Interval Rat ing
3-Prepared
. - W/S only 50% {E) 3-Frequent . - —
Notes Notes Notes
(3) (10} - (11) )
RANGE STONED VOLUME WORKSITE SIZE HANDLING LIMAT
Interval Rating Interval Rating Interval Rariny
60 feet 3 Close Prox. [22.5K in3 (T,E} 2 Moderate - -
Notes Notes Notes
{4) (11)
EXVIRONMENTAL FLEXIBILITY 'AVERAGE TRANSLATION VELOCITY ACTUATOR POSTTION ACCURWY
Interval Rating Interval Rating Interval Rating
- 2-Limited - -
Notes Notes Notes
{5) N/A (11)
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORIENTATION ACCULRACY
Interval Rating Interval Rating Interval Rating
- 1-No Redund. - - -
Notes Notes Notes
N/A (11)

CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPK
Interval Rating Interval Rating | Interval Rating
2 Crewmnen —_— — -

Notes Notes Notes
(6} N/A {11}
EXPENDABLE REQUIREMENTS TRANSLA,TEON MANEUVERABILITY CARGO TRANSPORT RAMNCGL
Interval Rating Tnterval Rating Interval Rating
s 1
— 2~Medium .
Notes Notes Notes
N/A N/A
LEGEND: P ~ Published Data T « Typical

Mx « Maximum
Hn - Mi_nimum_

E -« Estimate

5-1~7 (&)



MATRIX
RESEARGH

TN o
SUBSYSTEM NOMENCLATURE -l
FREE SPACE ACTIVITY DEV 5 - 1
SYSTEMS DATA SHEET (Continued) LEVEL UNAIDED ASTRONAUT
NC— M ——
VISABLLITY
Interval Rating NOTES
(1) Unlimited for projected mission durations.
Notes (2) SKYLAB EVA time constraints.
N/A
DEPLOYED VOLUME (3) Translation, stabilization, and transportation
- devices must be provided as well as lighting and
Interval Rating )
emergency support systems.
3 :
22,5K in” (T, E) 2~Medium .
(4} SKYLAB umbilical length.
Notes .
. ] (5) No EVA under high electromagnetic radiation or high
TRANSPORT VELOCITY meteorite density.
Interval Rating (6) Primary and support/emergency backup EVA astronauts.
: (7) 02, LiOH, Hy0.
Nptes
(8) Backup astronaut, backup life support, life tether.
N/A
CARGO MASS LIMIT (%) <Includes EVA astronaut, pressure suit, ITMG,
Interval Rating typical life support system weights. :
(1¢) Fating, sleeping, etec.
Notes .
N/A {11) Recorded for each stabilization subsystem.
CARGO STABILIZATION
Interval Rating
Notes
N/A
CARG) SIZE
Interval Rating
Notes
N/A
WORKSITE STABILITY (NORMAL}
Interval Rating
Notes
N/A -
WORKSITE STABILITY {ROTATION)
Incerval Rating Reference Bib. No. 1, 8, 13, 19, 27, 29, 48, 50, 52, 57,
61, 63, 68, 71, 75, 78, B3, B4, 87,
Notes 94, 96 '
N/Aa REV=~
RSN L
LEGEND: P - Published Data T = Typical
E - Estimate Mx « HMaximum

Mn -~ Minimum

5-1-7 (b)



MATRIR

| RESEARGH
SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 5 -
SYSTEMS DATA SHEET LEVEL HANDRAILS/HANDHOLDS
QPERATIONAL LIFETIME EMERCENCY PROVISIONS ACTUATION FORCE {NORMAL}
Interval Rating Interval Rating Interval Rating
—_— 1l=0Unlimited - 1-None Req'd.| 43 1bs (P, T)| 2-Moderate
Notes ’ N—otcs Notes
ON-SITE TIME LIMIT MASS ACTUATION FORCE (ROTATION!
Interval Rating Interval Rating Interval Rityne
—— 1-Unlimited -8 1bs (E) l-Light - 2-Moderate
Notes Notes Notes
_ {1)
WORKSITE FLEXIBILITY MAINTENANCE TIME REQUIREMENTS WORKSITE MASS HANDLING LIMIT
Interval Rating Interval Rating Interval Rating
— 3-Prepared W/S ——— l-None {118 1bs{E) 3=Light
Notes Notes Notes
RANGE STOWED VOLUME WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Rating
8.3 in3(E) 1-small < 4K ini(E) 3-small
Notes Notes Notes
N/A {1) .
ENVIRONMENTAL FLEXYBILITY AVERACE TRANSLATION VELOCITY ACTUATOR POSITION ACCURACY
Interval " Rating Interval Rating Interval Rating
- 1-Unlimited . - l-Accurate
-Notes Notes Notes
N/A
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORIENTATION ACCURACY
Interval Rating Interval Rating Interval Rating
- 1-No Redund. - l~-Accurate
Notes Notes Notes
N/A J
CREW REQUIREMENTS TRANSLATION STABILITY B WORKSITE REACH ENVELOPE |
interval Rating Interval Rating Interval Rating
FM = 218 1-Small
Notes Notes Notes
N/A N/A
EXPENDABLE REQUIREMENTS TRANSIATION MANEUVERABILITY CARCO TRANS
Interval Rating Interval Rating Interval
- 1-YLow
Notes Notes ’
N/A N/a
L
1EGEND: P -~ Published Data T ~ Typical
E =~ Estimate

Mx - Maximum
Mn = Minimum

5-1-8 {(a)




i MATRIH
i RESEAREH

DEPLOYED VOLUME
Interval Rating

8.3 ind 1-Small

Notes
(1)

TRAXSPORT VELOCITY
Interval Rating

Y

Notes
N/A

CARGO MASS LIMIT

Interval - Rating
Notes
N/A
CARCO STABILIZATION
Interval Rating
Notes
N/A
. CARGO STZE
Interval Rating
Notes
N/R

WORKSITE STABILITY (NORMAL)
Interval Rating

- 1-sStable

Notes

WORKSITE STABILITY (ROTATION)

ii SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 5 ANDRAILS/
3 LEVEL |-
SYSTEMS DATA SHEET (Continued) J HANDHOLDS
VISABTLITY
Interval Rating NOTES
—_ 2—-Obstruck. {1} Assume handhold/rail one foot long in Gemini
ot configuration, made of aluminum.
es

(2) Pull force, impulse. -

DEVELOPED BY NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION

{CONTACT MAN/SYSTEMS INTEGRATION BRANCH, ASTRONAUTICS
MARSHALL SPACE FLIGHT CENTER, HUNTSVILLE, ALABAMA

Interval Rating Reference Bib. No. 8, 13, 19, 25, 27, 29, 52, 57, 61,
63, 68, 69, 71, 75, 78, 79, 80, 94,
—_ 1-Stable 96 , .
Notes
Al REV-‘
IECEND: P - Published Data T - Typical

E

- Estimate Mx = Haximum
Mn - Minimum

5-1-8 (b).




WIRTRIN
RESEAREH

SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 5] . -
SYSTEMS DATA SHEET : LEVEL i DUTCH SHOES
OPLIATIONA L LIFRTIME EMERGENCY PROVTSTONS ACTUATION FORCE (NOIMAYLY
Interval Rating Intetval Rating Tnterval Ratene
- 1-Unlimited - l-None Req'd. {48 1bs(T, Mx) 2-Moderate
Notes Rotes . Aotes
(2)
ON--STITE TIME LIMIT MASS ACTUATION FORCE {RQTYI L\
| Interval | Rating Interval Rating Interval Rat e
— | 1-Unlimited 121 1bs (E} I-Laight —— 2-Moderate
Notes Notes Notes T
{3)
WORKSITE FIEXIBILITY MAINTENANCE TIME REQUIREMENTS WORKSITE MASS HANDLING LML
Interval Rating Interval Rating Interval Rat (g
— 3—Prepared W/S - 1-wone 3235 1bs (P} | 2-Moderate
A -
Notes Notes Notes
RANGE STOWED VOLIME WORKSITE SIZE HANDLING LIMIT
Interval Rating Intertal Rating Interval Ratin:
1.2K in? (E} 1-Small 12K in3 {P) 2-Moderate
Notes Notes Notes
N/A
EXVIRONMENTAL FLEXIBILITY AVERAGE TRANSLATION VELOCITY ACTUATOR POSTTION ACCURWY
Intervil Rating Interval Rating Interval Rt 1014
-— 1~Unlimited - l-Accurate
Notes - Notes Notes
: w/a
DEPENDABILITY TRANSLATION RATE CONTROL AGCTUATOR ORILATATION WOURUHY
Interval Rating Interval Rating Interval Rating
- 1-No Redund. - . l-2ccurate
Notes Notes Notes
N/A ]
. CREW REQUIREMENTS _ TRANSLATION STABILITY WORKSITE REACH EAMVELOPE
Interval Rating Interval Rating Interval ’ Rating
2 Crewmen —— FM = 268 2=Medium
Notes Notes Notes
(1) N/A
EAPEADABLE REQUIREMENTS TRANSTATION MANEUVERABILITY CARGCO TRAMSPORT RAMUL
Interval Rating Interval Rating Interval Rating
—-— l-Low ’ H
Notes Notes Notes
N/A u/A

LEGEND: P - Published Data T ~ Typical
E -~ Estimate Mx ~ Maximum
Mn — Minimum

5-1-9 (a)



MRTRIR
RESEARGH
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SUBSYSTEM NOMENCLATURE

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET (Continued}

DEV
LEVEL

|

DUTCH SHOES

VISABILITY

Interval

Ratine

1-Unobstruct.

Notes

DEPLOYED VOLUME

Interval

Rating

1.2K 1n3 (E)

1-Simall

Notes

-TRANSPORT VELOGITY

Interval

Ratiny

- Notes
N/A

CARGD MASS LIMIT

Interval

Rating

Notes
N/A
CARGO STABILIZATION
Interval Rating
Notes
N/A .

CARGO SIZE
Interval Rating
Notes
N/A
WORKSITE STABILITY (NORMAL)
Interval ) Rating

- l-stable

Notes

WORKSTTE STABILITY (ROTATION)

(1)
(2)
(3)

NOTES

Primary and support astronauts.

Pull force,

impulse.

Shoes and suppoit structure.

DEVELOPED BY NASA MANNED SPACECRAFT CENTER,
HOUSTON, TEXaAS

Interval Rating
Reference Bib. No. 8, 13, 19, 27, 29, 52, 57, &8, 71,
— 1-Stavle 78, 80, 94, 96
Notes .
REV—~
I A il
IEGEND: P - Published Data T - Typical
E - Estimate Mx ~ Maximum

Mn — Minimum

5-1-92 (b)



MRATRIN

8 gg ~REGERRGH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

SUBSYSTEM NOMENCLATURE

DEV
LEVEL

HANDRAIL & FOOT RESTRAINT

OPERATIONAEL LIFETIME

EHERCENCY PROVISIONS

ACTUATION FORCE (NORMAL}

Interval Rating Interval Rating Interval Rating
8 .
—— 1-Unlimited - 1-None Reqg'd. 62 lbs (P) 2=-Moderate
Notes Not:.es Notes
(1)
ON-SITE TIME LIMIT MASS ACTUATION PORCE (ROTATLOX)
Interval Rating Interval Rating Interval t Rat ing
I
| .
- 1-Unlimited 13 lbs (E) 1-tight - | 2-Moderate
Notes Notes Notes
(3)
WORKSITE FLEXIBILITY MAINTFNANCE TIME REQUIREMENTS WORKSITE MASS HANDLING LIMIT
Interval Rating Interval Rating Interval Rat tng
3-Prepared
— W/S - l-None 2235 1bs (P} 2-Moderate
Notes . Notes Notes
RANGE STOWED VOLUME WORKSITE SIZE HANDLING LTMLT
Interval Rating Interval Rating Interval Raring
1.2K in*(8) | 1-small > 12K in? 2-Modérate
Notes Notes Notes - )
N/2 i (3)
ENVIRCNMENTAL FLEXIBILITY AVERACE TRANSLATION VELOCITY ACTUATOR POSITION ACCHRACY
[nterval Rating Interval Rating Interval ! Rating
— 1-Unlimited - l-Accurate
Notes Notes Notes
. N/a
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORTENTATION \CCLRACY
Interval Rating Interval Rating Interval Rating
— 1-No Redund. — l-Accurate
N Notes Notes ‘Notes
N/A
CREW REQUIREMENTS TRANSLATION STABILITY  WORKSITE REACH ENVELOPE _
H_ Interval Rating Interval Rating Interval Rating
2 Crewnen - FM=268 2-Medium
Notes Notes Notes
(2} R N/A R
EXPEXPABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RANCE
Interval Rating Interval Rating Interval Rating
— 1-Low
Notes Notes Notes
/A M/A
Y Ty - -
LEGENB: P -~ Published Data T ~ Typical
E - Estimate Mx - Maximum

Mn - Minimum

5-1-10 (a)
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RIATRIK
BESERREH

H SUBSYSTEM NOMENCLATURE

FREE SPACE ACTIVITY . DEV 5
SYSTEMS DATA SHEET (Continued) LEVEL E HANDRAIL & FOOT RESTRAINT
VISABILITY
Interval Rating NOTES

Impulse - push direction.

l-Uncbstruct.] (1)

Notes Primary and support.

(2)

BLDPLOYED VOLIME (3) Assumes Dutch Shoes and 1 foot of aluminum Gemini

handrail.
Interval Rating
1.2K in3 1-Small MANUFACTURED BY NATIONAL AERCONAUTICS AND SPACE ADMIN-—
: ISTRATION (Contact Man/Systems Integration Branch,

Astronautics Laboratory, Marshall Space Flight Center,
Huntsville, Alabama)

Notes

(3)

* TRANSPORT VELOCITY

Interval Rataney

Notes
N/A

CARGCO MASS LIMIT

Interval Rating

Notes
N/
CARGD STABILIZATION
Interval Rating
Notes
N/A
CARGO SIZE
Interval Rating
Notes
N/
WORKSITL STABILITY (NORMAL)
Interval Rating
- 1-Stable
Notes

WORKSITE STABILITY {ROTATION) .

Interval Rating
b 1-Stable
Notes Reference: Bib. No. 8, 13, 19, 26, 29, 57, 63, 68,
i1, 77, 78, 80, 99, %s6. R
REV~
X
IEGEND: P ~— Published Data T - Typical

Mx - Maximum
Mn - Minimum

E - Estimate

5-1-10 (b}



EE NARTREH
*RESEAREH

: SuB TEM ENCLATURE
FREE SPACE ACTIVITY DEV 3 SYSTEM NOMENCLAT
SYSTEMS DATA SHEET R LEVEL MAINTENANCE RESTRAINT
OPLRATIONAL LIFETIME EMERGENCY PROVISTONS ACTUATION' FORCE {NORMALI
_Interval Rating Interval Rating - Interval Batine
— 1-Unlimited 30 £t 1bs(E) 3-Low
Notes Notes Notes
N/A In any principle axis
ON-SITE TIME LIMIT MASS ACTUATION FORCE (ROTATIVN)
Interval Rating Interval IRat.mg Interval Rty
- . 1-Unlimited 8 1bs 1-Light 30 £t 1lbs(T) 3~Low
Notes Notes Notes

WORKSITE FIEXIBILITY

MAINTENANCE TIME . REQUIREMENTS

KORKSITE MASS HANDLING LIMAF

Interval Rating Interval *  Rating Interval Rat ing
— 3-Prep. W/S - 1-None — 3-Light
Notes -Notes Notes
Requaires attach points . )
RANGE STOWED VOLUME WORKSITE SIZE HANDLING LIMLT
Interval .Rating Interval Rating Interval Ratinz
6"%6"x%20" (E) 1~8mall - 3-Small
v Notes Notes Notes
N/A .
ENVIRONMENTAL FLEXIBILITY AVERACGE TRANSLATION VELOCITY ACTUATOR POSITION \CGURAY -
Ingerval Rating Interval Rating Interval Rt 1mg
- - 1-Unlimited N
Notes Notes Notes
. N/A N/A
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORIENTATION WCCLRACY
Interval Rating Interval Rat:'u'lg Intcrval Rating
1-¥o redund.
- reg'd .
Notes Notes Notes
N/A N/
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
I Interval Rating Interval Rating Interval Rating
I 1 — FM=230 (E) 2-Medium
Notes Notes Notes
N/A
EXPENDABLE REQUIREMENTS TRANSLATION -MANEUVERABILITY CARGO TRANSPORT RANCE
Interval Rating Interval Rating Interval Rating
Notes Notes Kotes
N/A N/A N/A
LEGENR: P -~ Puglished Data T -~ Typical

E = Eatimate 1

5-1-11 (a)

Mx — Maximum
Mn - Minimum




MATRIK
REGEARSH

*

-

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET {Continued)

VISABILITY

Interval

Rating

1-Unobstruct.

Notes

DLPLOYED YOLUME

Interval

Rating

2-Medium

Notes

TRANSPORT VELOCITY

Interval

Ratins

Notes
N/A

CARGO MASS LIMIT

Interval

Rating

Notes
N/A
CARGQ STABTLIZATION

Interval Rating

Notes

N/A

CARGO SIZE

Interval Rating

Notes

N/A

WORKSITE STABILITY (NORMAL)

Interval

Rating

2-Mod,. Stab.

Notes

WORKSITE STABILITY (ROTATION)

Interval

Rating

30 £t 1bs(T)

2-Mod. Stab.

Notes

T
I SUBSYSTEM NOMENCLATURE I
DEV
LEVEL 3 I MAINTENANC_E RESTRAINT
References: Bib. No. 27 & 29

Martin Marrietta Corp. Report on Restraint

sttem Develogment, MRC-69-544‘ NAS8-24840. REV- _

IEGEND:

P
E

g
- Published Data T &.Typical
- Estimate Mx — Maximum
Mn -~ Minimum

5-1-11 (b)



MATRINK
RESEARCH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

DEV
LEVEL

SUBSYSTEM NOMENCLATURE

VARIABLE FLEXIBILITY TETHER

OPLRATIONAL LIFETIME

EMERGRNCY PROVISTONS

ACTUATION FORCL (NORMAL:Y
Interval Rating ° Inter val Rating Interval Ratine
—_— 2—-Short term —_ 2-Integral 46 1bs (P) 2-Moderate
Notes Notes Notes
{3) {6) (1}
ON=SITE TIME LIMIT MASS ACTUATTON TORTE (ROTYI 0N
Interval Rating Interval Rataing Tnterval Rt
- 1~-Unlimited 221 1ibs (P) 1-Light - 2-Moderate
Notes Notes Notos o
WORAMSITE FLEXIBILITY MAINTENANCE TIME REQUIREMENTS WORRSITE MASSY HANDLING LI
Interval Rating Interval Rating Interval Rat gy
—— 2-Spec.Interf. - l-None . 235 1bs 2-Moderate
Notes Notes Notes
{2) {7 .
RANGE STOWED VOLUME WORKSITE SIZE HANDEING LIMIT
Interval Rating Inter:al Rating Interval Ral1ne
—_ 3-Close Prox. | 1728 in3 (B) l-Small 12K in3 2-Moderate
Notes Notes Notes
(4}

EXVIRONMENTAL FLEXIBILITY

AVERACE TRANSLATION VELOCITY

ACTUATOR POSTTION VCCE W'Y

Interval Rating Interval Rating Interval 1t ]
e l-Unlimited —— l-Accurate
Notes Notes notes
{3) . . N/&a
DBEPENDABILITY TRAMSLATION RATE GONTROL ACTUATOR ORIENTATION M CLRACY
Interval Rating Interval Rating Interval Ratine
—_ 2=Redun. Req. —— l-Accurate
Notes Notes Notes
N/A
i CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
Enterval Ratang Interval Rating Interval Rating
2 men —_ FM = 720% l1-Large
Notes Notes Notes
(5) N/A *10 ft. radius sphere(approxi

EXPENDABLE REQUIREMENTS

TRANSLATION MANEUVERABLLITY

CARGD TRANSPORT RANGE
Interval Rating Interval Ratang Interval Rating
- 1-Low
Notes Notes Notes I
N/A N/B
S—— p—— e a
LEGEND: P - Published Data T « Typacal
E -~ Estimate Mx - Maximum
Mn -~ Minimum
5-1-12 (a)



R

l SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
SYSTEMS DATA SHEET {Continued) LEVEL I VARIABLE FLEXIBILITY TETHER
VISABILITY
Interval Ratimns NOTES -
—_ 1-Uncbstruct. {1). Impulse force - pull direction.
Notes (2} Appropriate attach point.

DEPLOYED VOLUME (3) Possible friction wear, deterioration.

Interval | Rating (4) Assumes astronaut close proximity limitations.
1728 in3 (E) 1-Small (5) Primary astronaut with support astronaut tending
Notes umbilical and/or tether.

(6) Unaided harness doffing.

TRANSPORT VELQCITY
Interval Rating (7} Probably discarded 1f damaged.

(8) P = 10 lbs foxr 8 ft, B0 ft.1lbs.

h;z: MANUFACTURED BY GENERAL ELECTRIC, SPACE DIVISION, VALﬁEY
FORGE SPACE CENTER, P.0O. BOX 8661, PHILADELPHIA, PENN-
CARGO MASS LIMIT SYLVANIA,
Interval Rating
Notes
N/B
CARGD STABILIZATION
Interval Rating
Notes
N/A
CARGO SIZE
Interval Rating
Notes
/A
WORKSITE STABILITY (NORMAL)
Interval Rating
FM=17.3 2-Moderate
Notes

(8)
WORKSITE STABILITY (ROTATION)
Interval Rating

10 ft-1bs 2=Moderate

Reference: Bib. No. 8, 19, 27, 29, 50, 57, 61,

Notes : 63, 68, 71, 72, 78, 87, 9%, 96.
REV-
AN
’ IEGEND: P - Published Data T — Typiecal
E - Estimate Hx = Maximum

Mn - Minimum

5-1-12 (h)
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ARATRIN
REEERRGH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

DEV
LEVEL

SUBSYSTEM NOMENCLATURE

s

. BOOM ATTACHMENT

QPERATIONAL LIFETIME

EMERGENCY PROVISIONS

ACTUATION FORCE (NORMAL)

Interval Rating Interval Rating Interval Rating
- 2-Short term —-— unknown =45 1bs {E) - | 2-Moderate
Notes Notes Notes
(5) (1)
_ OM~SITE TIME LIMIT MASS ACTUATION MORCE (ROTATI0N)
- Interval | ]_ Rating Interval Rating Interval Ratlne
. 1 B
- ] 1-Unlimited -— 1-Light - 1' 2-Moderate
Notes Notes Notes

WORKSITE FIEXIBILITY

MAINTENANCE TIME REQUIREMENTS

WORKSITE MASS HANDLING LIMIT

Notes

{(3)

Interval Ratinhg Interval Rating Interval Rav g
- 2-Spec, Interf] —-— 1- ¥one 2351bs (E) 2-Moderate
Notcs Notes Notes
(1)
RANGE STOWED VOLWME WORKSITE SIZE HANDLING LEMLT
Interval Rating Interval Rating Interval Rating
60t (E) 3-Close Prox. - 1-Small - 3-Small
Hotes Notes

ENVIRONMENTAL FIEXIBILITY

AVERAGE TRANSLATION VELOCITY

© ACTUATOR” POSITION ACCURIGY

i

Interval Rating Interval Rating Interval Rat e
- 1-Unlamited . — l-accurate
Notes Notes "MNotes
. N/A
DEPENDABELITY TRAMSLATION RATE CONTROL ACTUATOR ORIENTATION A\CCLRACY
Interval Rating Interval Rating Interval Raring
- 2-Redund. Req. - l-Accurate
Notes Notes Notes
N/
CREW REQUIREMENTS TRANSIATION STABILITY WORKSITE REACH ENVELOFE
Interval Rating Interval Rating Interval ’ Rating
2 Crewmen - FM = 159 3-small
Notes Notes Notes
(@) N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RAMGE
Interval Rating Interval Rating Interval Rating
o l- Low )
Notes Notes Notes
N/B

LEGEND: P
- E

— Published Data T
- Estimate

- Typical
MX - MaxXimum

¥n - Minimum

5-1-13 (a)




MIBTRIN
BESEARGH

FREE SPACE ACTIVITY

SYSTEMS DATA SHEET {Contmued)

DEV
LEVEL

SUBSYSTEM NOMENCLATURE

J

BOOM ATTACHMENT

VISABTLITY

interval

Rating

2-0Obstructed

Notes

PEPLOYED VOLUME

Interval

Rating

1-Small

Notes

TRANSPORT VELOCITY

Interval

Ratins

1

Notes
N/A

CARGO MASS LIMIT

Interval

Rating

Notes
N/A
CARGD STABILIZATION
Interval Ra ting
Notes
N/A
»

CARGO SIZE
Interal Rating
Notes
N/A

WORKSITI. STA

BILITY (NORMAL)

Interval

Rating

FM - 320 (E}

l-gtable

Notes

WORKSITE STABILITY (ROTATION)

(1)
()
(3)
(4)

(5)
vided

DEVELOPED BY SPAR AEROSPACE PRODUdTS LIMITED. '
BOX 6022, TORONTO INTERNATIONAL AIRPORT, ONTARIO,

CANADA .

NOTES

Appropriate attach points

Assumed same as walst restraint
Primary and support astronauts

EVA astronaut with 60ft umbilical

Backup (manual) STEM deployment system 1s pro—

Mn = -Minimum

5-1-13 (b)

Interval Ratang
90£ft-1lbs (P) l-gtable Reference Bib., No. 8, 27, 29, 25, 27, 29, 35, 57, 58, 63,
68, 71, 76, 78, 80, 96 ' -
Notes
REV —
LEGEND: P -~ Published Data T - Typical
’ E - Estimate Mx = Maximum



Elh

5 RIATRER
i RESEAREN

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

DEV
LEVEL

SUBSYSTEM NOMENCLATURE

ASTROGRID/SHOES

OPERATIONAL LIFETIME

EMERGENCY PROVISIONS

ACTUATION FORCE (NORMAL} l

Interval Rating Interval Rating Interval Rating
—-— 1-Unlimited - 1-None Req. 481bs (T, Mx) 2-Moderate
Notes Notes Notes
(2)
|, -
ON~-SITE TIME LIMIT MASS ACTUATION FORCE (ROTATION}
Interval Rating Interval Rating TInterval ! Ratinge
- 1-Unlimited 41bs (T, E) 1-Light —— 2-Moderate
# Notes Notes Notes
(3)
‘WORKSITE FLEXIBILITY MAINTFNANCE TIME REQUIREMENTS WORKSITE MASS HANDLINC LIMAT
Interval Rating Interval Rating Interval Rat he
- 3-Prepared W/8 - 1-None >2351bs (P) ‘2-;Moderate
Notes Notes Notes
RANGE STOWED VOILUME WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Rating
, 70ind (T,E) l-Small 12K in? (P) 2-Moderate
Notes_ Notes Notes
N/A (3)
ENVIRONMENTAL FLEXIBILITY AVERAGE TRANSIATION VELQCITY "ACTUATOR POSITION \CCURACY
interval Rating Interval Rating Interval Rating
l —_ 1-Unlimited —-— . 1-Accurate
Notes Notes Notes
. N/A
. DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORIENTATION ACCURACY
Interval Rating Interval Rating Interval Rating
_ 1-nNo —-— l-Accurate
Redund. Reg.
Notes Notes Notes
N/A
CREW REQUIREMENTS TRANSLATION- STABILITY WORKSITE REACH ENVELOPE
Interval Rating Interval Rating Interval Rating
2 Crewnmen - FM = 295 2~-Moderate
Notes Notes Notes
(1) N/a
EXPENDABLE REQUIREMENTS TRANSLATION MANEUGVERABILITY CARGD TRANSPORT RANGE
Interval Rating Interval Rating - Interval Rating
- 1-~-Low
Notes " Notes
N/A . N/A
LEGEND: ~— Published Data T - Typical

Mx ~ Maximum
Mn = Minimum

E - Estimate

5-1-14 {(a)



PRATEIH

*

FREE SPACE ACTIVITY

SYSTEMS DATA SHEET {Continued)

VISABLLITY

ey Yo

Interval

Rating

l-Uncobstructed

Notes

DEPLOYED VOLUME

Interval

Rating

1=-Small

Notes

- TRANSPORT VELOCITY

Interval

Rating

Notes
N/A

CARGO MASS LIMIT

Interval

Rating

Notes
N/A

CARGO STABILTZATION

Interval . Rating
Hotes
N/A .
‘ CARGD SIZE
Intérval Rating
Notes
N/A

WORKSITE STABILITY (NORMAL)

Interval

Rating

1-gtable
N

Notes

WORKSITE STABILITY (ROTATION)

i SUBSYSTEM NOMENCLATURE I

AST| ROGHIDISHOES

4

NOTES

{1)
(2)
(3)

Primary and support

Pull force impulses

Includes shoes and astrogrid plate {20"x20"x.4")-
Astrogrid weighs® approx. .071b/in>. Each shoe

weighs approx. 1.21bs and has a volume of 28in3.

DEVELOPED BY MCDONNELL DOUGLAS ASTRONAUTIC COMPANY,
SAINT LOUIS, MO, R

Interval Rating
- 1-Stable Reference Bib. No. 14, 19, 27, 29, 52, 57, 61, 63, 71,
94, 96
Notes
REV ~ )
b R S
IEGEND: P - Published Data T = Typical
E = Estimate Hx - Maxamum

Hn ~ Minimum

5-1-14 (b)



MRTRIH
| RESEARCH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

I SUBSYSTEM NOMENCLATURE

DEV
LEVEL

J

STEM

ACTUATION FORCE (NORMAL)

OPERATIONAL LIFETIME EMERCENCY PROVISIONS
Interval Rating Interval Rating Interval —!_ . Ratune
-— 1-Unlimited - l-None Reg'd. g
Notes Notes Aotes
(3} N/A
OX—5ITE TIME LIMIT MASS ACTUATION [ORCE {ROTAT IOV}
Interval Rating Interval Rating Interval ' Rt froe
- 1-Unlimited [ 28 1bs (E) 1-Light :
Kotes Notes Notes
(1) N/A

WORKSITE FLEXIBILITY

MAINTF NANCE TIME REQUIREMENTS

WORKSITE MASS HANDLING LMLt

Interval Rataing Interval Rating Interval Ret i
3-Prepared
—— WES © — l-None
Notes Notes Notos
- N/A
RANCE STOWED YOLUME WORKSLTE SIZE HANDLIN. L1MIT
Interval Rating Interval Rating Interval Rat in:
1350 in® (E) 1-Small
Notes Notes Notes
N/A (1) N/A
ENVIROVMENTAL FLEXIBILITY AVERACE TRANSLATION VELOCITY ACTUATOR POSITION 1CCERWY
interval Rating Interal Rating Interval ! Ratiay -
|
—-— 1I-Unlimited H
Notes Notes Notes
v N/A N/A
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORIESTATION ACCLRWDY
Interval Rating Interial Rating Interval Rarine
- - 2~Redund. Reg.
Notes Notes Notes
N/A N/A
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
Interval Rating Interval Rating Interval Rating
2 Crewmen (Mn —
Notes Notes . Notes
| (2) N/A N/A
EXPEXPABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RAMGE
Interval Rating Interval Rating Interval Ratine
l — 1-Low 60 ft (T) 2~Limited *
Notes Notes Notes
N/A *Medaum Range'
L
LEGEND: P -~ Published Data T -~ Typical
E =~ Estimate Mx - nghnm

Ha - Minimum

5-1-15 (a)



RERTRIK
RESEARCH

i

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET {Continuad)

SUBSYSTEM NOMENCLATURE

DEV

LEVEL STEM

d

VISABILITY

Interval - Ratine

— 2-Obstructed

. Notes

DEPLOYED VOLUME

Interval Rating

4,610 1n>(E) 1-Small

Notes

TRANSFORT VELOCITY

Interval Ratine

5 in/sec (P) 3-5low

Notes

CARGO MASS LIMIT

Interval Rating

—-— . 2-Moderate

Notes

CARGO STABILIZATION

Interval Rating

— 2=-Moderate

Notes

CARGO SIZE

Interval - Rating

- l-Large

Notes

WORKSITE STABILITY (NORMAL)

NOTES

(1) Assume 60 £t STEM

(2} Primary and receiver {possibly support) astronaut

(3) Backup (manual) deployment provided

MANUFACTURED BY SPAR AEROSPACE PRODUCTS LIMITED,
BOX 6022, TORONTO INTERNATIONAL AIRPORT, ONTARIO,

CANADA .

Interval Rating
Notes
N/A
WORKSITE STABILITY (ROTATION)
Interval Rating
Reference: Bib. No. 8, 13, 19,27, 29, 35, 52,
Notes 57, 58, 63, 68, 77, 9.
N/A REV~
IEGEND: P - Published Bata T - Typical
E - Estimate Mx = Maximum

Mn - Minimum

5-1-15 (b)




=283 MIATRIN
===‘~KESEHIHH

FREE SPACE ACTIVITY

SUBSYSTEM NOMENCLATURE

DEV
LEVEL

SYSTEMS DATA SHEET RAILS
OPERATIONAL LIFETIME EMERGENCY PROVISTIONS ACTUATTION FORCE {NONMAL)
Interval Rating Interval Rating nterval Rt 1ne
e 1=-Unlimited - 1-Ncne
Notes Notes Notes
N/A
ON=SITE TIME LIMIT MASS ACTUATION FORCE (ROTATION)
Interval Rating Interval Rating Interval. Ratine
100 1bs{E) 2«-Moderate
Notes Notes Notes
N/A (2) N/A
WORRSITE FIEXTBILITY MAINTRNANCE TIME REQUIREMENTS WORKSTITE MASS HANDLING LIMIT
‘ Interval Rating Interval Rating Interval Rat s
3~Prepared
- N -
W/S only one 1~-Hone
Notes Notes Notes
N/A
RANGCE STOWED VOLUME WORKSITE SIZE HANDLING LIMIT
Interval Rating Interval Rating Interval Rarine
995 1n3 (E) 1-Small
Notes Notes Notes
N/A (2} N/A
ENVIROMMENTAL FLEXIBILITY AVERAGE TRANSLATION VELOCITY ACTUATOR POSITION ACCURACY
Interval Rating Interval Rating Interval Ratine
- 1-Unlimited
Notes Notes Notes
N/A N/A
DEPENBABILITY TRAMNSEATION RATE CONTROL ACTUATOR ORIENTATION ACCLRACY
Interval Rating Interval Rating Interval Rating
—_ 1-No Redund.,
Notes Notes Notes
H/A N/A
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
Trnterval Rating Interval Rating Interval Rating
2 Crewmen C -
Notes Notes Notes
(1) N/A N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGCO TRANSPORT RAMGE
Interval Rating Interval Rating Interval Rating
— 1-Low 60 ft. 3~Close Prox.
Notes Notes : Notes °
N/A (3}
LECEND: P -~ Publzshed Data T - Typical
E -~ Estimate Mx - Maximum

Mn - Minimum

5-1-16 (a)




ARTRIK
REGEAROH

SUBSYSTEM NOMENCLATURE

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET {Contunued)

RAIL

IR

A
VISABILITY ~
Interval’ Rating NOTES
- 2—Cbstructed (1) Primary astronaut and support for umbilical or
life tether management.
Notes . -

{2) Dual aluminum Gemini "handrails, 60 £t.. in ler;gth.

DEPLOYED VOLUME

(3} SKYLAB umbilical length s assumed as limit.

Interval . Rating
995 in3(E) 1~Small (4) Manual handrail translation used as base. {
Notes |, (5) "Shartsleeve" transport capabilities used as a base.
{2y .. .
TTRANSPORT VELOGITY DEVELOPED NATIONAL AERONAUTICS AND SPACE ADMINISTRATION.
{CONTACT MAN/SYSTEMS INTEGRATION BRANCH, ASTRONAUTICS
Interval Ratang LABORATORY, MARSHALI, SPACE FLIGHT CENTER, HUNTSVILLE,
<2 ft/sec . 3-Slow ATARAMA)
Notes

(4)

CARGO MASS LIMIT

Interval Rating
110 1bs(Mx, E) 3-Low

. Notes

(5)

CARGO STABILIZATION
Interval Rating

—_ - 2—-Modexate

Notes

CARGD SIZE
Interval ‘Rating

3K in3(Mx, E) 3-Small

Notes

(5) ;
WORKSITE STABILITY (NORMAL)

Interval Rating
Notes
N/A
WORKSITE STABITITY (ROTATION)
Interval Rating
- Reference Bib, No. 8, 13, 19, 25, 27, 29, 52, 57, 61,
Notes . gg, 68, 69, 71, 75, 78, 79, 80, 94,
N/A . . REV-.
G - L - i mcd
IEGEND: P - Published Data T - Typiecal
E = Estimate Mx -~ Maximum

Mn ~ Minimum

5-1-16 (b)
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BRATREN

-

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

" -
I SUBSYSTEM NOMENCLATE}_RE .

DEV
LEVEL

3

DOLLY & RAILS

OPERATIONA L LIFETIME

EMERCENCY PROVISIOQNS

ACTUATION FORCE (NOIMAL)Y

Interval Rating Interval Ratang Interval Rt ine
—_— » l-Unlimited - 1-None Reg'd.
Notes Notes i Notes
N/A
ON~-SITE TIME LIMIT MASS ACTUATION TORCLE {(ROT\TION)
! Interval Rataing Interval Rating Interval Ratproe
~— 1-Unlimited 4 1bs (E) 1-Light '
Notes Notes Notuos
: N/A

WORKSITE FLEXIBILITY

MAINTENANCE TIME REQUIREMENTS

WORKSITE MASS MANDLING LIMI

Interval Rating Interval Rating Interval Rat 1y
- 1-None
Notes Notes Notos
N/A N/A
RANGE STOWED YOLUME WORKSITE SIZE HARDEING LIMLT
Interval Rating Inter+al Rating Interval Ratine
’ 1680 in3(E) 1~small
Notes Notes Notes
N/A N/A
ENVIRMNMENTAL FLEXTBRILITY AYERAGE TRANSLATION VELOCITY ACTUATOR POSITION ACCTRWY
lnterval Rating Interial Rating Interval Rayano
—_ 2=Limited
Notes Notes Notes
{1) (3 N/A N/A
DEPENDABILITY TRAMSLATION RATE CONTROL ACTUATOR ORIEATATION ACCLRICY
Interval Rating Interial Rating Interval Rating
_— 2-Redundancy]
Reg'd.
Notes Notes Notes
N/A N/A
CREW REQUIREMENTS TRANSLATION, STABILITY WORKSITE REACH ENVELOPE
Interval Rating Interval Rating Interval Rataneg
2 Crewmen -
Notes Notes [ Notes
(2) N/A - N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RANGE
H Interval Rating Interval Rating Interval Rating
l - 2—Medium 60 £t (E;Mx) 3-Close Prox.
Notes ’ Notes . Notes
(s) N/A (6)
ALY
LEGEND; P = Published Data T ~ Typical
E - Estimate Mx — Maximum
. ¥n = Minimum
5-1-17 (a)




FRATRIH
RESEARGH

DTN AT _
! SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
SYSTEMS DATA SHEET (Continued) LEVEL I DOLLY & RAILS |
S — I
VISABILITY
Tnterval . Rating HOTES
— 3-Very (1) bpifferent thermal conditions on rails may cause
Limited

tolerance problems.
Notes

(2} Primaxy astronaut with support astronaut tending
life tether or umbilical.

DEPLOYED VOLUME

Interval Rating (3} Each rail must be “one plece,“ Joints may cause
tolerance problems.

1680 in3(E) 1-Small
Notes (4) Assume astronaut translation velocity.

i (5} Rail slide freguently binds against rail causing
TRANSPORT VELOCITY substantial increages in astronaut energy expendi-
Interval Rating ture.

2 ft/sec 3=Slow (6) Astronaut umbilical length for SKYLAB.
Notes

MANUFACTURED BY MARSHALL SPACE FLIGHT CENTER, ASTRO-
(4) NAUTICS LABORATORY, HUNTSVILLE, ALABAMA
CARCO MASS LIMIT -

Interval Rating

— 1-Heavy

Notes

CARGC STABILIZATION
Interval Rating

— l1-Stable
Notes

CARGD SIZE
Interval Rating

- J=Large
Notes

WORKSITE STABILITY (NORMAL),
Interval Rating

Notes
N/A

WORKSITE STABILITY (ROTATION)

Interval Rating
Reference: Bib. No. 8, 13, 19, 27, 29, 52, 57,
Notes 63, 68, 71, 78, 79, 80, 81, 94.
N/a REV-
RS Er TR
LEGEND: P - Published Data T - Typical

E ~ Estimate Mx -~ Maximum
Mn - Minimum

5-1-17 (b)



EE§E PR RN

2 RESERRCH
SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
SYSTEMS DATA SHEET LEVEL PERSONNEL HARNESS
- |
QPERATIONAL LIFETIME EMERCENCY PROVISIONS ACTUATTON TORCE (SOHMAL)
Interval Rating Interval Rating Interval Rataine
--= l-unlimited - 1-None Reg'd
Notes Notes Notes
N/A
) ; ON-.SITE TIME LIMIT MASS ACTUATION FORCE (ROTATIOX)
Interval Rating Interval Rating Interval Rat any
- 1-Unlimited 105 1bs (E) 2-Moderate
Notes Notes Notes
(3 N/A
WORKSITE FLEXIBILITY MAINTFNANCE TIME REQUIREMENTS WORKSLTE MASS HANDLING LIMIN
Interval Rating Interval Rating Interval Hating
- . 1-None
Notes Notes T Notes
N/A . N/A
RANGE STOWED VOLUME WORKSITE SIZE HANDLIMG LIMLT
Interval Rating Interval Rating Interval Ratine
L0225 in3 {E} L-Small
Notes Notes Notes
N/A (3) N/A
ENVIRONMENTAL FLEXIBILITY AVERAGLE TRANSLATION VELOCITY ACTUATOR POSITION ACCERICY
Interval Rating Interval Rating Interval Ratinge
— 1-Unlimited
Notes - Notes Notes
N/A N/A
DEPENDABILITY TRANSLATION RATE CONTROL ACTUATOR ORTIENTATION WCCURACY
Interval Rating Ynterval Rating Interval Rating
- 1-No Rendund.
Notes Notes Notes
- - N/A N/A
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
Interval Rating Interval Rating Interval Ratang
2 Crewmen —
" Notes Notes Notes
(1) N/A N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RANGE
Interval Rating Interval Rating Interval Rating
- 2-Medrum 60 ft, (B, Mx}| 3- Close Prox
Notes Notes Notes *
N/A (2)
LEGEND: P ~ Published Data T - Typical
Mx - Maximum

E -~ Estimate
Mn - Minimum

5-1-18 (a)



MATRIN
RESEARCH

FREE SPACE ACTIVITY

DEV
LEVEL

SYSTEMS DATA SHEET {Continued}

F

SUBSYSTEM NOMENCLATURE

3

PERSONNEL HARNESS

VISABILITY

Interval Rating

2-0hstructed

Notes

DEPLOYED VOLUME

Interval Rating

3 1~Small

1025 in” (g)

Notes

{3)

TRANSPORT VELOCITY

Interval Rating

<.2 ft/sec (E) 3-5low

Notes

(4}

CARGO MASS LIMIT

Interval Rating

150 lbs(E,Mx) 2-Moderate

Notes

CARGD STABILIZATION

Interval Rating

2-pModerate

Notes

CARCY SIZE

Interval Rating

3
6.7K in (E,Mx) 2-Medium

Notes

WORKSITE STABILITY (NORMAL)

Interval Rating
Kotes
N/A F
WORKSTTE STABILITY (ROTATION}
Interval Rating .
Reference Bib. No. 8, 13, 19, 27, 29, 51, 63, 68, 71, 78,
79, 87, 94, 96 '
Notes
N/A L- . REV-
AN R
1ECEND: P - Published Data T - Typical
E - Estimate Mx - Maximum

(1)

(2)
{3)

4)

DEVELOPED BY NASA MANNED SPACECRAFT CENTER,

Crewman to use transport and one other crewman to
handle umbilical and/or life tether.

Maximum SKYLAB umbilical length.

Includes 60 £t. of dual parallel Gemini handrails

of aluminum.

Assumes same rate as translation,

HOUSTON, TEXAS

NOTES

Mp — Minimum

5-1-18 (b)



FRRTREN

RESEAREGN
.
: SUBSYSTEM NOMENCLATURE
FREE SPACE ACTIVITY . DEV I ¢
SYSTEMS DATA SHEET LEVEL ! CLOTHESLINE
OPERATIQONAL LIFETIME EMERCENCY PROVISIONS ACTUATION FORCE (NORMAL)
Interval Rating Interval Rating Interval Ratine
- 1~Unlimited - 1-None Red.
Notes - Notes . Nc;l:c".
: ) ) N/A
ON-SITE TIME LIMIT ) ] HASS ACTUATION FORCE (ROTVILLOMN)
Interval Rating Interval * Rating Interval Rat ing
—— 1-Unlimited —_ 1-Light
Notes ’ Notes . Notes
. N/A
WORKSITE FIEXIBILITY MAINTENANCE TIME REQUIREMENTS WORKSITE MASS HANDLING LIMIE .
Interval Rating Interval Rating Interval Rating
—— 3-bPrepared W/5 -— 1-None
Notes . Notes T -Notes
N/A
RANGE STOWED VOQLIRE WORKSITE SIZE HANDLIMG LIMLT
Interval Rating Interval Rating Interval Raring
- 1-Small
Notes Notes Notes
N/A : N/A
ENVIRONMENTAL FLEXIBILITY AVERAGE TRANSLATION VELOCITY - ACTUATOR POSITION ACCURLWCY
Interval Rating Interial Rating Interval Rarine
— I-Unlimited
Notes Notes Notes
N/A N/A
DEPENDABILEITY TRAMSLATION RATE CONTROL ACTUATOR ORIENTATION MCCLRACY
Interval Rating Interval Rating Interval Ratiny
—_ 2-Red., Req. i
Hotes Notes . Notes
) R/A N/A
CREW REQIITREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
Interval Rating Interval Rating . Interval Rating
2 Crewven (Mn)l -
Notes . : Notes . ‘ Notes
(1) N/A N/A
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RASUEL
Interval Rating Interval Rating Interval Rating
- 1-Low 50 ft(E) 3~Close Prox
Notes ’ Notes . Notes
¥N/A
LECENB: P — Paublished Data T - Typical
E -~ Estimate Mx — Maximum

Mn — Mindmam

5-1-19 (a)
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RESEHROH
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FREE SPACE ACTIVITY
SYSTEMS DATA SHEET {Continued]

l SUBSYSTEM NOMENCLATUR .

DEV

LEVEL 5

l CLOTHESLINE

VISABILITY

Interval

Ratine

e 2-0Obstructed

Notes

DEPLOYED VOLIME

NOTES

(1) o©ne Astronaut at either end .
(Primary and Support at least}

MANUFACTURED BY NASA, MANNED SPACECRAFT CENTER, HOUSTON

E = Estimate

Mx - Maximum
Mn -~ Minimum

5-1-19 (b)

Interval Rating - PEXAS
- 1-Small -
Notes
TRANSPORT VELOCITY
Interval Ratins
- 3-Slow
Notes
CARGO MASS LIMIT
Interval Rating
— 3=Low
Notes
CARGD STABILIZATION
Interval Rating
- " | 3~Unstable
Notes
CARGO SIZE
Interval Rating
- 3-5mall
Notes
WORKSITE STABILITY (NORMAL)
Interval Rating
r Notes
N/A
. WORKSITE STABYLITY (ROTATION)
Interval Rating .
Rgference: Bib. No. 8, 13, 19, 27, 29, 52, 57, 63,
Notes 68, 78, 80, 294, 96,
: N/A REV —
IEGEND: P o~ Published Data T = Typical -



BEEE Rectnacn

5.2 EV SYSTEM DATA SHEETS
Serpentuator
Space Taxi )
Maneuvering Work Platform
Remora
Humpty Dumpty
Schmoo

Modular EVA Work Platform

Remote Manipulator Spacecraft

5-2~1
5~2-2
5=2-3
5-2-4

5-2-5

(a,
{2,
(a,
{a,
(a,
(a,
(a,

{a,

b)
b)
b)
b)
b)
b)
b)

b)



ARATREA
RESEAROH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

Ay

SYSTEM NOMENCLATURE

DEV
LEVEL

3i

SERPENTUATOR

OPLRATIONAL LIFETIME

EMERGENCY PROVISTIONS

ACTUATION FORCE {NORMAL)

Interval ] Rating

Inter val Ratlné

Interval

Rating

I 1l-Unlimited

—— -

10 lbs (T)

3-Low"

Notos

Notes
Backup Astronaut

And Tether/Umbilical

Yotes

Requirés Special Attachment

OXN=SITE TIME LIMIT MASS ACTUATION FORCL, (ROTALION)
[aterval Rating Tutes val Rating Interval ; Rt pne
3.0 Hrs 3-Short* -— 3 -Heavy 101bs (T) .}  3-Low

Notes hotes Notes
*Agtro. Lmt.
WORRSTITE -FLEYIBILITY MAINTI NANCE TIME REQUIREMENTS WORKSLITE MASY HANBLIMG LIMIT
Interval Rating Interval Rating Interval Rat
— l-Unlimited - Unlnown -— 2-Moderate
Notes Notes Notey

RANGE STOWED VOLUME WORKSITE S1ZL HANDLIW LIMIT
Interval Rating Interval Rating Interval Ratiney
40ft (T) 3-Close Prox. —— 3-Large - 2-Moderate

Notes

hotes

Notes

FXVIRONMENTAL FLEXIBELITY

AVERACE TRANSLATION VELOCLTY

ACTUATOR POSTTION ACCLRACY .

[nterval Rating Interval Rating Interval ! Ratins
i |
ﬂ - 2~-Limited* 4 fps (E) 2-Med. - | 2-Moderate
Yotes Notes Notes
*Same as Astronaut Rotation at Bese - 1 rpm
BEPENNDABILITY TRANSIATION RATE CONTROL ACTUATOR OREENTATION ACCURACY
Interval Rating Interval Rating Interval Rating
- 2-Redundancy - 2-pMed. - 2-Moderate
Required
Notes Hotes Notes
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH EXNVELOPE
[nterval Rating Interval Rating Interval ! Rating
- 1
o2 - —-— 2=-Mod. Stab. FM-2400 (E) ! 1-Large
Notes Notes Notes
1 Primary :
gt .} 40ft Long

EXPENDABLE REQUIREMENTS

" TRANSLATION MANEUVERABILITY

CARGO TRANSPORT RAMGI

5-2-1

Mu -~ Minimum

{a)

Interval Rating Interval Rating Interval Rating
. - 2-ted. -- 3-Ltd Close §
NotTes Notes Notes
N/A , 40ft radius
LEGEND: P ~— Published Data T - Typical
E - Estimate Mx -~ Maximum



RIATRIM
RESERRCH

5
d

- VESABILITY

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET (Continued)

DEV 3
LEVEL

SYSTEM NOMENCLATURE

SERPENTUATOR

Interval Rating

- l-tinlimited

Notes

DEPLOYED VOLUME

Interval Rating

Unknown

Notes

- TRANSPORT VELOCITY

Interval Rating

4fps (T} 3-Slow

Notes

CARGO MASS LIMIT

Interval Rating

- 2=Moderate

Notes

CARGO STABILIZATION

Interval Rating

- 2-Mod. Stab.

Notes

CARGO SIZE

Interval Rating

- 2-pMod.

Notes

WORKSITE STABILITY (NORMAL)

Interval Rating

PE——

2-Mod. Stab.

Notes

WORKSITE. STABILITY {ROTATION)

Interval Rating

- 2-Mod. Stab.

Notes

SYSTEM BEING DEVELOPED BY MASA MSFC ME LAB (W/SUPPORT
FROM HAYES INTERWATIONAL AND ASTRC SPACE LAES)

Reference Bib. No. 6, 7, 36, 59, 60, 64

REV —~

1EGEND: P
E

~ Published Data T
— Estimate

= Typacal
Mx ~ Maximum
Mn - Minimum

5-2-1 (b)




MATRIN
RESEAROH

FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

RsurTey
SYSTEM NOMENCLATURE

DEV
LEVEL

SPACE TAXI

OPERATIONAL LIFETIME

EMERGENCY PROVISTONS

ACTUATION FORCE {NORMAL)

| Interval Rating Inter val Rating Interval Rating
5 ¥r. (P) l-unlimited — 2-Intergal 25 1bs. (P} | 2-Moderate
A Note
Resupply 21 120 days, Notes Notes
82 migsions per vear 25 ft. umbalical (B} 3]
ON=5TTE TIME LIMIT MASS ACTUATION FORCL (ROTATION}
Interval Rating Intelval Rating Interval Ratns
: 2~limited *
8 hrs. (P) | gort term 3474 1bs. (Wet) (P) 3-Heavy - 2~Moderate
N 3 N
2t o 3198 s ry) (p) Notes
TS. contingency *Includes 732 Ibs. for Crew,tools.cr (3)

WORKRSITE FLEXIBILITY

MAINTLNANCE TIME REQUIREMENTS

WORKSITE MASy HANDLIMG LIMIT

Interval Ratang Interval Rating Interval Rat s
- l-Unlimited - Unknown 500 1bs (E) l-Heavy
Notes Notes Notes

RANGE STOWED VOLUME WORKSITE STZL HANPLIAG LIMIT
Interval Rating Interval Rating Interval Ratinu
1% mz (P) 2-Limited Med.} 610 sq ft (E} 3=-Large —— l-Large

hotes
Any orbital direction

lotes
150" h x 77" x 84"

Notes

ENVIROMMENTAL FLEXIBILITY

AVERAGE TRANSLATION VELOCITY

ACTUATOR POSITION \CCLRAWY

Interval Rating Interval Rating Interval Raring
| - 1-Unlimited —_ 1-Fast —-— 2-Moderate
Aotes Notes Notes
DEPENDABILITY TRAMSLATION RATE CONTROL ACTUATOR ORIENTATION ACCLRACY
Interval Rating Interval Rating Interval Rating
- 1-No Red. Req. —— 2-Medium — 2=Moderate
Notes Notes Notes
" (2)
CREW REQUIREMENTS TRANSLATION STABILITY WORKSITE REACH ENVELOPE
i Interval Rating Interval Rating Interval Rating
I 1 - - 2-Moderate FM=400{2 ea) l-Large
Notes Notes Notes
(2} Approx. 100" reach,
EMPEADPABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARCO TRANSPORT RANUGDL
Interval Rating Interval Rating Interval Rating
263 lbs (E) 3~High - 2=Medium - 2-Limited Med.
Notes Notes Yotes
{1} (2) Same as range 3
—
LEGEND: P - Published Data T - Typical
E - Estimate Mx - Maximum

Mn — Manimum

5-2-2 (a)
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g AARTRIN
% RESEARTH

2

: SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY

SYSTEMS DATA SHEET (Continued)

SPACE TAXI
VISABLILITY o -
Interval Rating NOTES
45° 2-0Obstructed {1) Expendable Reguirements
=Propellant - 234 1bs
Noves , -0y = 17 1bs
Nominal-up & down . «~Ha0 -~ 12 1bs
-Enexgy consumption
REPLOYED VOLIME
: - 5.1K WH/trip
Interval Rating 47.7K BTU/trip
3-L
610 sq £t (8) arge (2) Translation/Stabilization
Notes —-Acceleration Rate 2
150" h x 77" x 84" Angular ':' BO/SEC
Translational
TRANSPORT VELOCITY ‘ Fore/aft - 1.0 ft/sec®
Interval Rating Lat./vert. —= 0.5 ft/sec
. Rotational Rate (Command)
- 1l-Fast 5 & 15%/sec? .
Notes ] Stabilization Accuracy - f 2 deg.
; (3) Manipulators
CARGO MASS LIMIT -2 bilateral {working) .
Interval Rating -2 b%lateral {docking & anchoring)
_— l-Heavy SYSTEM DEVELOPED BY THE LTV ASTRONBTiCS DIV., LTV

Notes AEROSPACE CORP.

CARGO STABILIZATION

Interval Rating

" 2-Mod. Stab.

Notes
CARGO SIZE
Interval Ratang
- i—Large
Notes

L

WORKSITE STABILITY {NORMAL)

Interval Rating

- 2-Mod. Stab.

Notes

WORKSITE STABILITY (ROTATION)

Interval Rating

- 2-Mod. Stab.

Reference: Bib. No.-3, 11, 29,31, 32, 51, 53,

Notes 54, 97.
:L REV-
—
LEGEND: P - Published Data T - Typical
E - Estimate Mx — Maximum

Mn - Minimum

5-2-2 (b)
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FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

SYSTEM NOMENCLATURE

DEV
LEVEL

31

MANEUVERING

(MWP)
WORK PLATFORM

OPLLRATIONVE EIFETIME

[ILRGENGY PROVISIONS

ACTUATION FORGE (\ORMAL)

Interval Rating

Intet val Rating

Interval Ratine

1 yr (P) 1-Unlimited

2-Integral

25 1bs 2-Moderate

Notes

T

.. Notes Notes
62 eighty-hour missions Pieitapmpitical & % hr tong{grasp) 25 1bs (3)
ON=STTE TIME LIMIT MASS ACTUATTON FORCE (ROTAFIGN)
Interval Rating Inteival Rating interval Rat e
: 2-Limited
8 hr (P) Long term 1690 ibs (P) 3-Heavy —— 2-Moderate
Notes Notes Notes
Plus 2 hrs contingency 1450 1bs (Dry) (P)

WORRSTTI” FIEXIBILITY

MAINTI NANCE TIME REQUIREMENTS

WORKSLITL MASy IDADLIM LIMIT

Interval i Rating Inter val Rating Interval i Ra1 v
— T :
2=Eamited - I
- i — -
Spec. Interface Unknown 575 lbs (T} | 2-Moderxate
\otes Notes Aores
RANGE STOWED VOLIME WORKSITL STZL HANDLENG LIMTT
Interval Ratinz Interval Rating Interval Rat i
2=Limited .
6500 £t (P, T}| =2 r;nqe 140 sg £t (E) 3-Large 480K sq in l-large

Aotes -

Rescue cap. of approx. 1% mi.

hotes

Notes

EXVIRONMENTAL FLENIBILITY

AVLRALE TRANSLEATION VELOCLITY

ACTUATOR POSITION ACCURACY
T

Enterval Rating

Interval Rating

Interval Ravnyg

2-Limited

l-Fast

2~Moderate

\otes

Same as astronaut

Notes

Notes

PEPFNXABILITY

TRANSLATION RATIC CONTROL

ACTUATOR ORIENTATION WOLRACY

Interval Rating Interval Rating Interval Rating
2-redundancy
- — ~Hi — 2-Moderate
req'd 1 ngh
Notes Notes Notes
- (2)
I CREW REQUIRDMENTS TRANSLATION STABILITY WORKSITE REACH EAVI'LOPL
! [ntermal E Rating Interval Rating Interval Ratainax
1 - — 2=-Mod. Stab. FM=260 (E) ! 2-Medium
Notes ' Notes Sotes
2 ea.
(2}

Manipulator reach-52 ing

EXPENDABLE REQUIREMENTS

TRANSLATION MANEUVERABILITY

CARCO _TRANSPORT RANG,

[nterval Rating Interval Rating Interval & Ratane
; 2-Limit
246 lbs (P) 2-Medium —_ 2-Medium _ i Med. close
Notes Notes Sotes
(1) (2)
LEGEND: P «~ Published Data T - Typical
E - Estimate Mx ~ Maximum

Mn - Minimum

5-2-3 (a)
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! —i SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 3
Y. i LEVEL MANEUVERING WORK
SYSTEMS DATA SHEET [Continued) PLATFORM (MW}
VISABILITY
Interval Rating NOTES
- 1-Uncbstruct. ,
(1) Expendable reguirements:
Notes ~Propellant - 210 1be

-02 -~ 2 1bs
~Hs0 — 26 lbs
~Li0H - 7.51 lbs

DEPLOYED VOLUME

Interval Rating
300 sq £t (B) 3-Targe (2) Trans1at10?/stabllzzatlon {P):
- -Acceleration rate 5
Notes angular {pitch, roll, & yaw) - 189/sec” avg.
3 translational
- Fore/aft - 1.0 ft/sec?
TRANSPORT VELOCTTY Lt./vert. ~ 0.5/5&02
Interval Rating . ~Rotational Rate (command)o
piteh, rell, & vav - 15 /sec. max.
- 1-Fast i -Stabilization Accuracy - % 2° (automatic)
Notes

(3} Manipulators/Grapplers
-3 foreward & 1 aft

CARGO MASS LIMIT

SYSTEM DEVELOPED BY THE LTV ASTRONAUTICS DIV,., LIV

“Interval Rati
2 S AERCSPACE- CORP.

575 1bs (P) 2-Moderate
Notes

CARCO STABELIZATION
Interval Rating

- 2-Mod. Stab.

Notes

CARGD SIZE
Interval Rating

480K sq in 2-Medium

Notes

WORKSITE STABILITY (NORMAL)
Interval ] Rating

- 2-Mod. Stab.

Notes

WORKSITE STABILITY {ROTATION)

Interval Rating
—-= 2~Mod. sStab. ' i
Notes Reference: Bib. No. 3, 11, 29, 31, 32, 51,
53, 54, & 97. REV-
-
IEGENE: P - Published Data T = Typical
E ~ Estimate Mx = Maxinum

Mn - Mininum

5-2-3 (b)
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FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

SYSTEM NOMENCLATURE

DEV
LEVEL !

REMORA

OPLRATIONAL LIFETTME

EMERCGERCY PROVISIONS

ACTUATION FORCE {\ORMALY

Interval Rating Inter val Rating Tnterval Rt ine
- Unknown - Unknown - 2-Moderate
Notes Notes Notes
’ (1)
ONSTTE TIME LIMIT MASS ACTUATION FORCI (ROTATLON)
Interval Raving Interval Rating Interval Ratine
4 hrs (P) g;iézlzzgm ?igaézzs* 3-Heavy - 2-Moderate
Notes Notes Notes
*(P), 260 lbs (empty) (1)

WORKRSITL FLEXTBILITY

MAINTLNANCE TIME REQUIREMENTS

WORKSITE MASH HANDLI M LIMIT

luterval Ratine

Interval Rating

Tnterval Ratin

2=Limited#*

Unknown

2-Moderate

Notes
*Special interface

Notes

Notes

Notes

Notes

RANGE STOWED VOLUME WORKSITE SLZL HANDLIMWG LIMET
Interval Rating Interval Rating Interval Ratin:
1000 £t (P)* { 2-Laimited,Mecd.} 43 cu ft (E) 2~Moderate - 2~Mpderate
Notes Notes Notes
*Tethered *Herght-6£t, Dia.~3ft (P)
FAVIROVMENTAL FLEXTBILITY AVERAUE TRANSLATION VELOCITY ACTUATOR POSITION \QCLRWY
Interval Rating Interval Rating Interval Ratinys
- 2-Limited* —- 2-Medium - 2=-Moderate
Motes Notes Notes
*High radiation, etc.
DEPEXTABILITY TRANSLATION RATE CONTROL ACTUATOR ORILMTATION \WOIRACY
Interval Ratinsg Interval Rating Interval Rarina
! - Unknown - 2-Medium - 2-Modexate

Notas

(1)

CREW REQUIREMENTS

TRANSLATION STABILITY

WORKSITE REACH LMNVELOPL

Interval Rating Interval Ratang Interval Rarins
1% - — 2-Moderate - 3-Small
Notes Notes Notes
*Suited (1)
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RANGE
Interval Rating Interval Rating Interval Rating
- Unknown - 2-Medium 1000 ft* 2-Limited,Med
Notes Notes Notes
*Tethered
LEGEND: P ~ Published Data T = Typical

E - Estimate

Mx = Maxamum
Mn — Minimum

5-2-4 (a)



- EEE! RIRTRIR

RESEARECH
N
- SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV ] s e
SYSTEMS DATA SHEET {Continued} LEVEL REMORA
VISABLLITY
Interval Rating NOTES
360° (P)* l-Unobstruct.
(1). Manipulator - 2 ea arms.

; Notes Anthropororghic gloves ~ 2 ea.
*Clear glass dome
PEPLOYED VOLUME

Incerval Ratine

SYSTEM PROPOSED BY THE BELL AEROUSYSTEMS CO., BELL
AEROSPACE CORP. -

43 cu_ ft*(E) 2-Moderate

fotes
*Height-6ft, Dra.-3ft (P)
TRANSPORT VELOCITY

Interval Ratany

—_ 2-Medium

Notes

CARCO MASS LIMIT

s+ Interval Ratiny

- 2=-Moderate

Notes

CARGD STABILEZATION

Ingerval Rating

- 2-Mpd. Stab.

Notes

CARGY SIZE
Interval Ratang

- 2-Medium

Notes

WORKSITE STABILITY (NORMAL)
Interval Rating

- 2-Mod. Stab.

Notes

WORKSITE STABILITY (ROTATION)

Interval Rating
- 2-Mod. Stab.
Notes
Reference: Bib. No. 5 - REV~
IEGEND: P .~ Publashed Pata T - Typical
E -~ Estimate Mx = Maximum

Mn = Minimum

5-2-4 (b)
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MATRIN
RESERRCH

B

I SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV ] < e
SYSTEMS DATA SHEET LEVEL HUMPTY DUMPTY °
OPLRATIONVL LIFETTME EMERGENCY PROVTSIONS ACTUATION FORGL (NORMALY
Interval Rating Inter val Rating Interval E Ratine | |
— { Unknown e Unknown - 1-High
1
\otes Notes Nokes
OM=SITIE TIME LIMIT MASS ACTUATION FORCH (ROTACION)
Interial E Rating Inter val Rating Interval Ratpue
i w1 Dimited - T
30 hrs*(P) i 2—Long term ~-Heavy - | -High
\otes Notes Nates
*¥Approx. - .

T WORRSTTI FLENIBLLLTY

MAINTLNANCE TIMI, REQUIREMENTS

WORRSITE MAna IDNALE-Y L INMT)

*Special interface

Llaterial Ratine Tnteyval Rataing Interval ' Rt 1t
1 H
-— ! 2-Limited* - i Unknown - . l-Heavy
Notes Notes

\otoes

RANGE STOWED VOLUME WORKSITL 121 HAW\BLING LIMIT
il
mrermal _Ratinr + Interval Rating Interval ! Rt n?
-— Unknown - Unknown - i 1-Large
\otes Notes Males

INVTROVENTAL FLEXTBILITY

AVERALL TRANSLATION VELOCITY

ACTUATOR POSITION ACCIRWY

[nterval Ratins Interval Rating Interval Ratiny
s . ]
- 1l-Unlimited ' —-— 2=Medium "’ - ! l-Aecurate
\oTes Notes Notes
NEPENDABILITY TRAMSLATION RATE CONTROL MCTUATOR ORTESTATION WO RAWY
[nterval Ratane Interval Rating Interval Rat e
- Unknown —_— 2-Medium —— l-Accurate
Notes Notes Noges

CREW REQUIREMENTS

TRANSLATION STABILITY

WORKSITE REACH |.AVILOPIL

Interial Rating Interval Rating Interval Ratins
- 1 -
1 {P) —— —— 2-Mod, Stab. . - t l-Large
Notes Notes Notes
(1)
CAPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT LRANGE
Interval Rating Interval Ratang Interval Rating
- Unknown - ' 1-High - 2=Lamited*
Notes Notes Notes
*Med. Range
-
LILGEND: P~ Published Data T - Typical

E

My <~ Maximum
Mn - Minimum

- Estimate

5-2-5 (a)



EEE FIATRIN .

RECEARDH
l SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV ]
. SYSTEMS DATA SHEET (Continued) LEVEL l HUMPTY DUMPTY
VISABILITY
Interval Rareng NOTES
- 1-Unobstruct. (1) Number of manipulators
- - 3 ea. mechanical {work)
Noles - 3 ea. mechanical (anchoring)

- 2 ea. anthropomorphic gloves

NE | iME )
PEPLOYLD VOLUME SYSTEM PROPOSED BY DOUGLAS AIRCRAFT COMPANY.-

Interval Ratang

- 3~-Large

Notes

TRANSPORT VELOCITY
Interval Ratinyg

—— l-Fast

Notes

CARGD MASS LIMIT

» Interval Rating

-— 1-Heavy
Notes

CARCO STABILIZATION

Interval Rating

- 2-Mod. Stab.

Notes

CARGO SIZE
Interval Rating

- l-Large

Notes

WORKSITE STABILITY {NORMAL)
Interval Rating

- 1-Stable

Notes

WORKSITE STABILITY (ROTATION)

Interval Rating

- 1--Stable
Notes

Reference: Bib. No. 5 : REV-

IEGEND: P -~ Published Pata T - Typical
E - Estimate Mx ~ Maximum
Mn - Minimum

5-2-5 (b}
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RESEARDH
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FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

SYSTEM NOMENCLATURE -

DEV
LEVEL-

2I

SCHMOO '

UPERATIONAL EIFETIME

EMERGENCY PROVISIONS

ACTUATION FORGE (NORMAL) 4

» __Intcr\dl Rataing Interval Rating Interval Rating I
- 1-Unlimited N/A - 600 lbs. Mx (P} 1-High
Notes Notes Notes
ON—$ITE TIME LIMIT MASS ACTUATION FORCE (ROTATIDXN)
Interval Rating Interval Rating Interval Rating ]
- Uknown 11,300 1bvg, {wet) * 3-Heavy — 1-High

Notes

Notes

*{P) 7500 lbs. (dry)

Notes

(2)

WORKSITE FLEXIBILITY

MAINTLNANCE TIME REQUIREMENTS

WORKSITE MASH IANDLING LIMET

Interval Rating Interval Rating Interval Rat ine
- 1-Unlimited -— Unknown - 1-Heavy
Notes Notes AT AN
RANGE STOWED voumﬁ WORKSITE SIZL HANDLIM LIMIT
*Interval Rating Interval Rating Interval Rat rna
-_— 1-Unlimited | 3240 oa. £t (E) 3—}arge - l-large

hotes

Notes
*Oblated spheroid - (Pl
x 12h.

Notes

15 £t. W.& 1B ft. Lg.
ENVIRCNMENTAL FLEXIBILITY AVERACE TRANSLATION VELOCITY ACTUATOR POSTTION VCCLRACY
Interval Rating Interval Ratang Interval Rating
- l-unlimited* - l-Last - _l-Accurate

Notes .
*particularly suited for
high radiation area

Notes

Notes

DEPENDABTLITY TRANSLATION RATE CONTROL ACTUATOR ORIENTATION ACCLRACY
Interval, Rating Interval Rating Interval Rataing
- —— 1-High - l-Accurate
Notes Notes Notes

GREW REQUIREMENTS

TRANSLATION STABLLLTY

WORKSITE REACH ENVELOPE

Interval Rating Interval Rating Interval Rating
I N/A* - _ 2-Med. FM=1080 {ea) l-large
Notes Notes Notes
*unmanned, controller (2) 18 ft, 1g. Arms (2 ea)
.equired, IVA or gnd. (1)
EXPENDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARGO TRANSPORT RANCE
Interval Rating Interval Rating Interval Rating
- Unknown - 2-Mod. Stab. - 1-Unlimited
Notes Notes
g e
LEGEND: P ~ Published Data T - Typical

E = Estimate

Mx — Maximum
Mn « Minimum

5-2-56 (a}



BESE EAVRIN
EEEEf RESERRCH

. l SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV 2 - R
SYSTEMS DATA SHEET {Continued) LEVEL ! SCHMOO
VISABLLITY
NOTES
Intesr val Rating

(1) Remotely operated service Module for maintenance

- l-Uncbstructed} . . .
! (2) 2 each stabilization arms

Notes 2 each manipulator arms (18 £t 1lg)
(3} {3} 2 complete TV systems
—e - steroptical color Tv (34)
DBEPLOYLD VOLUME - Black & White TV (2d)
Interval Rating )

[~ T Tt T T SYSTEM PROPOSED BY LOCKHEED MISSILES & SPACE COMPANY
3240 cu. ft. {E}*|  l-Large

A\otes

*oblated spheroid -
15 ft.W. x 18 f£. Lg. x 12 £, H,

TRANSPORT VELOCITY

Interval

- 1-Fast

Ratang

Votes

CARGO MASS LIMIT

slnterval _ Rating _

- l-Large

Notes

CARGO STABILIZATION

Interval Rating

- 2-Mod. Stab.

Notes

CARCQ STZE

Interval Rating

- l-Large

Notes

WORKSITE STABILITY (NORMAL)
Interval Rating

- 2-Mod. Stab.

Notes

WORKSITE STABTLITY (ROTATION)
Interval . Rating

- 2-Mod. Stab.
Notes

References: Bih No., 30,92 & 93 REV-

LEGEND: P - Published Data T - Typical
E - Estimate Mx - Maximum
Mn — Minimum
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g8 MATRIK
RESEARCH
—' SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV
SYSTEMS DATA SHEET LEVEL j MODULAR EVA WORK PLATFORM
OPLRATIONVL LIFETINE E*{ERGENCY PROVISIONS ACTUATION FORCE (NORMAL)
Interval Rating Tntet val Rating Intéerval Ratine
- Unknown - 2-~Integrated® 25 lbs (P) 2-Mcderate

“otes

Notes
*4 hrs emergency

Notes

OMN=STTE TIME LIMIT MASS ACTUATION MORCL (ROTATION)
Interval Rating Interval Rating Interval ! Raring
-3-Limited, ; t ’ T
* 2 P - — -
4 hrs (P) Short 1052 1bs (P) 3-Heavy i 3-Low
Notes Notes Motes
*Plus 4 hrs emergency (P) (3)
WORKSITE FLEXIBILLITY MAINTLNANCE TIME REQUIREMENTS WORKSITE Miss HANDLIMG LIMIT
Interval Ratang Inteival Rating Interval : Rak e
- 2=Limited¥* -~ Unknown - 2-Moderate
»otes Notes AOtos
*Special interface (1)
RANGL STOWED VOLUME WORKSITi: HIZL HANDLING LIMIT
Interval Rating Interval Rating Interval Rett 11
7000 ft {P}* R-Limited Med. | 21l6cu.ft. (E)}* 2-Moderate - 2-Moderate

Notes
*10000 Et.

w/ ext. propul. cap. module

_ HNotes
*6 ft x 6 ft x 6 ft

Notes

ENVIRONMENTAL FLEXIBILITY

AVERACE TRANSLATION VELOCITY

ACTUATOR POSTITION ACCLILLCY

Interval Rating Interval Rating Interval | Ratine ]
—— 2.Limited* 15-20 ft/lbs 2--Medaum —_ 2-Moderate
Notes Notes Notes
*Same as suited astronaut’
DBEPENDABILITY TRAMSLATION RATE CONTROL ACTUATOR ORIEATATION VCULRACY
Intervel Rating Interval Rating Interval Racing
- Unknown .5 ft/sec? 2-Medium —_ 2-Moderate
Notes Notes

Notes

CREW REQUIREMENTS

TRANSLATION STABILITY

WORKSITE REACH ENVELOPE

Interval Rating Interval Rating Interval Rating
1 - — 2-Mod., Stab. }FM=240 {(ea)* 2-Medium
Notes Notes Notes
Suited astronaut %525 cu ft (P}
EXPEMNDABLE REQUIREMENTS TRANSLATION MANEUVERABILITY CARCO TRANSPORT RAMNGE
Interval Rating Interval Rating Interval Ratang
29 1bs/4 hrs(Ei 2-Medium —— 2=-Medium 7000 ft 2=-Medium H
Notes Notes Notes
(2) See range
LECEND: P — Published Data T = Typical
E - Estimate Mx — Maximum

Mn - Mainimum

5-2-7{a)
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FREE SPACE ACTIVITY
SYSTEMS DATA SHEET (Continued)

SYSTEM NOMENCLATURE

DEV l -
LEVEL 2 lMODULAR EVA WORK PLATFORM

VISABILITY
Interval - Rating

—_ 2-Obstructed

(1y

Notes
Limited by platform (2)

PEPLOYED VOLUME
Interval Rating

(3)

216 cu fE(E}* 2-Medium

*Approx. 6ft x 6ft x 6ft
TRANSPORT VELOGITY
Interval Rating

—~— 2-Medium

Notes

CARGO MASS LIMIT

Interval | __ Rating = _ |

-— 1-Eow

Notes

CARGD STABILIZATION
Interval Rating

— 2-Mod. Stab.

Notes

CARGD SIZE
Interval Rating

- 2=Medium

Notes

WORKSITE STABILITY (NORMAL)
Interval Rating

- 2-Mod., Stab.

Notes

WORKSITE STABILITY (ROTATION)
Interval Rating

- 2-Mod,. Stab.

Notes

NOTES

Utilizes 3 worksite anchors with adhesive pads.
1551 watt-hrs of electraical esnergy (P)
Optional configurations:

—Bxt. propulsion capabkality—-180 lbs.
-Long range rendezvous module—-73 lbs.

Notes SYSTEM DEVELOPED BY THE BENDIX CORPORATION

Reference: Bib. No. 9 REV~

e

LEGEND: P - Published Data T - Typical
E - Estimate Mx — Maximum

Mn - Minimum

5-2~7 (b)
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FREE SPACE ACTIVITY
SYSTEMS DATA SHEET

1

SYSTEM NOMENCLATURE

DEV
LEVEL

3 REMOTE MANIPULATOR SPACECRAFT

OPLIATIONAL LT P IME

EERGENCY  PROVISTONS

ACTUATION FORCE (NORMALY

Imeival Ratine Interval Rating Interval [t ¥ 1m0 8
3 Yrs (P) 1-Unlimited 151ibs (P) 3~-Low
Notes Notes Aotes
N/A {1)
ON—5ITIE TIME LIMET MASS T ACTEATION IORCI {ROTATION)
Interval. Rating Interval Rating Interval Rat ine
- 2-Lamited 5401bs {T) 2-Moderate }401in. lbs. (E) | 2-Moderate
Long Term .
dates Notes Notes
(1)
WORRSITI PLENIBILITY MAUINTI NANCH TEML REQUIREMENTS WORRSITE MASS (DADLE o HIMIET
. Intenval Ratine Interval Rating Interval Rataue
- 1-Unlimited - Unknown - 2-Moderate
\otes Notes ot
RANGE STOWEN VOLUME WORKSITR SIZL HAAPRLING LIMIT
Interval Rating Interval Rating Interval Rat en, —_
- I-Unlimted 24cu.ft. (E) 2-Moderate - 2-Moderate
Aotes hotes hotes

EAVIRONMINTVL FLEXTBI LETY

AVERAL, TRANSLATION VELOCITY

ACTUATOR POSTTIONY WCHRWY

Interval Rating

Interval Rating

Interval Rafine

1

1=-Unlimited

1-Fast

2-Moderate

“otes

Notes

Notes

NEPENMABILITY

TRANVSLATION RATE CONTROL

ACTUATOR ORIENTATION ACCLRAVDY

Interval Rating Interval Ratipg Interval Rarine. |
-= 2-Med. FM = 200 (BE) 2-Moderate
Notes Notes Notes
40 in. reach
CREW REQUIRCMENTS TRANSLATION STABLLITY WORKSITE REACH LAVILOFI
Interval Rating Interval Rating Interval Rating
-- 2 Mod. Stab. - 2-Med. E
Notes Notes Notes
N/A Same as Range
Unmanned

LXPEADABLE REQUIREMENTS

TRANSLATION MANEUVERABLLITY

CARGO _TRANSPORT RAMNGY

Interval Rating Interval Rating Interval Rating
i - 2 - Med. — 2-Limited Med.
‘\'c;tes Notes ’ Notes
Energy consumpbtion-780 watts :

k 167 wakts (Audg) Same as -range i

LEGEND: P =~ Published Data T - Typical

E - Estimate Mx = Maximum

Mn - Minimum

5-2-8 {(a)
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Bece BESEARSH

T SYSTEM NOMENCLATURE
FREE SPACE ACTIVITY DEV REMOTE MANIPULATOR SPACECRAFT
SYSTEMS DATA SHEET [Continued) LEVEL 3
VISARILITY " NOTES
Interval Rating

{1) Manipulators {2}
- 1-Unobstructed : Electrical balateral (closed loop position
contrel with force feedback)

Nores

Steroptical TV SYSTEM BEING DEVELOPED BY GENERAL ELECTRIC CO.,

DLPLOYED VOLGME SPACE SYSTEMS DIVISION
Intervel Rating
24 cu. ft. .(E) 2=pMed.
Notes

* TRANSPORT VELOCITY

Interral Ratan.t

-= 2-ped.

Yotes

CARGO MASS LEMIT

Interval " Raring

- 2—-Moderate

Noties

GO STABTLEZATION

Interval Rating
- 2-Mod.S8tab.

Notes
CARCO STZE
Interval Ratung
- 2-Med.
Notes

WORKSITE STABILLTY {NORMAL)
Interval ‘ Ratang
- 2=Mod. Stab.

Notes

WORKSTTi, STABILITY (ROTATION)

Interval | Rating
- }2—Mod. Stab. Reference Bib. No. 4, 12, 16, 17, 42, 43, 44, 47, 56, 66
Notes ! .
REV -~
[EGEND: P - DPublished Data T — Typical

E - Estimate Mx = Maximum
Mn = Minxnum

5-2-8 (b)



