» PRECEDING PAGE BLANK NOT ELLMM/

......

RECENT RESUITS FROM ZERO 'G' CARGO HANDLING STUDIES
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INTRODUCT TOM

. By Gary P, Beasley
|

} in the past several years a numbep of etudles have been made of

’ zera 'g' eargo tranafer preblemn. These atudies have generally heen
exploratory or misalon-orilented in nature and have provided limited and
eometimes conflicting results, Reeently eapgo hendling and tranafer hes
bPeeome of greater importance due +o the large nmounts of carpgo plannad

| ﬂﬂm for delivery by the Space fhut=le.Because of these shuttle requirements

it 1s of considerable importance to determine what meens of transter will

be used. That is, can man perform the transfer task: adequately or are

automated or semi?automated systems required.

+é

These questions and others are heing investigated as part of IRC's
Ny shuttle man/macnine integration research effort. This paper will discuss

the IRC program and indicate some of the results presently being obtained

L in the avea of cargo handling.
LRC SHUTTLE MAN/MACHINE STUDY PROGRAM

Figure 1 shows the overall IRC shuttle man/machine study effort.
wv As shown, this effort includes: a contract study to define man/wachine
tiﬁ\’ areag rejuiring detail investigation; studies or cargo transfer und

,MQ stowage frow both a parametric and a shuttle confipguration standpoint ;
B

f
¥
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for M5FC on IRC Real-time Dynamic Simulator; studies of personnel
transfer and astronsut rescue related to all proposed shuttle mleslona;

a study contract leading to the evaluation of g multiuse, cargo transfer
ald; and general revi w, analyels, and slmvlations, as reguilred, of
shuttle docking, ebort, and EVA tasks. The major effort to date has been
addrosaad to the flrast twc taske eshown and these wiil be discussed in

aome detall.

SHUTTLE PROBLEM-DEFINITION STUDY_CONTRAAT

The inivial shuttle man/mauhine integration study conducted et IR
consisted of a yroblem-definition study contract with Euviromental
Research Associatce (ERA). This study was conducted under (lontract
NASL-3975-3 and is reported in NASA CR-111,847. The scope of the study
(figure 2) under this contract was as follows: (1) the contractor was
to review and evaluate all available shuttle documents ineluding Phase A
final reports, Phase B proposals and progress repcrts, ete. From this
review, information on shuttle configurations, and docking, cargo
transfer, EVA and abort requirements were compiled and commoniality,
mission constraints, etc., were determined. (2) Following this review
the contractor was asked to determine the state-of-art in personnel and
cargo transfer and to a lesser degree in docking and shuttle-related EVA.
Frem this determination deficient areas were determined. (3) Concurrent

t0 the state-of-art review the contractor was to analyze transfer
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operations, docking and EVA for representative shuttle wissions. (4)
Finally, takling into account all of the reviews and analyses conducted,
the contractor was to develop an experiment plan to study, through
analysis and simuletlon, the deficient areas found in passenger and
cargo transfer, docking and EVA.

Flgure 3 1s a representative sample of the task analysils conducted
by ERA. This particular flgure ls for cargo transfer and shows the
varlious components of the task and the relative priority necessary to
study the task. As can be seen the studies of problems relsted to
package stabilizetion and translation were necessary first, followed by
tests to evaluate these problenms as they interacted with disconnect and
shuttle configuration considerations. Similar flow dlagrams were
developed for docking and personnel transfer.

Figure 4 illustrates the format for suggested experimental programs.
It is for cargo transfer and similar ones were developed for docking and
personnel transfer. These program plans indicated studies that should
be conducted to supply necessary information in a timely fashion, the
mockups and experiment required to support the studies, the experimental
sequence oi. the studies for the different type missions and the type of
results to be obtained.

One additional sample of the cargo trensfer work reported in the

study contract is illustrated in figure 5. This figure illustrates g
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CARGO TRANSFER PROGRAM
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70

7l 72

"8 WORK STATENENT
B CONTRACT
Yy

SHUTTLE MILESTONES
B FINAL REPORT € CONTRACTED
y

\4

C FINAL REPORT
D CONTRACTED

Y.y

. T
STUDIES
A 'l
DEFINTiCN i — — e ——
L9753 , { varase  |[ gwutTie | [ srace ANOAY QROIT ] BATELLITE || pROPELLANT | BKTLAD
T ) woment can3a 8TATION || carco LAUNCH || TRANSFER | omaiTay,
caRa0 TRnareR ) 97 it [l wsson || caraa || Wissiow AND MIZBION CORAEL ATION
HMULATCR | " T MIBSION i ALTAIEVAL Je—rmmrmee il EXPERIMENT
09733 T

8PACE MASE
CARGO DEF

SOCKUP B FPE IMENT HARDARE

——

i e

;Ml FARM

SNUTTLE
M- INEATIA ll SARGO vamagee || cargo W srecisre E:Eraoni [Camnens ][ Sxvean 39-SNUTTLE
CARGO MOOULE INCRTIA MISSION 1 CARGO RETRIEVAL || gxp. TRAINER
CONTANER Cango SiMuLATCR || CONFIGURATION lwumc, serye -
ity [eatee] Exe
EXELroVEN o SE T -~ o
MOTION
SPACE STATION | ¢ ramiimzation & samsweroe ) actinnow e e
SATELLITE 8. FAMILIARIZATION €. PRRAMETRIC 7. MISSION
SHORT ORBIT O FAMILIARIZATION 9. BARAMETRIC 10. MISSION
PROPELLANT POST 73 L)
INTERACTION
SPACE STATION Il FANILIARIZATION 12, PARAMETRIC 19, MISSION
SATELLITE 4. PAMILIARIZATION 1S, PARAMETRIC
SHORT ORBIT 16. PAMILIARIZATION
PROPELLANT | =
STOWAGE ‘
SFACE STATION 1T FAMILIARIZATION
SATELUITE T oe
SHORT ORBIT ()
PROPELLANT ~ ()
RESULTS
MOTION '
SPACE STATION |'riiustr udee oo & GARGO BvamT TwiTs 3 (RANSFER TIME ONE &, Jxviie

EXPERMENY PROCEOURES

: S.IVA/Eva OPERATIONAL €. MAN V$ MACHINE 7 TIME LINE 7 PROCEOURES
SATELLITE TRADEOFF (reLeaverator (- WNE v
& IVa/EVA CARGY 9. OPTIMUM CARGQO 10. TIME LINF
SHORT CRBIT . TRANSFER MODE ROUTING 7 PROCECURES
INTERACTION
SPACE STATION 12 VENICLE CONFIGURATION

L ROUTE INDUCED PROBLENS  F YENICLE

13, TASK~TiME LINE

SATELLITE

14 RANDLING EGUIP.

7CARGO BAY /7 SATY / INTERACT

13 0PTIMUN MAN-MACHINE
MiX/MOCES

SHORT ORBIT

16, TASK ~ROUTE VARIATION

STOWAGE

SPACE STATION

L

12 MOCE seLECTION, !
CARGO Bat.anzt

FIGURE 4.

73

ol od




HUMMAN PERFORMANCE - PACIKAGE DINSITY INTERFACE

VOLUME /7 cuBiC FEET

~

o~

<

IC1-600

31~100

11-50

W
%

/
N

\

\
W

6-10

1-5

49

<1

54

10

E L)

0
A
.'.'
----- RS T .
------ noo’ --o-..-
WA BAAXIN Y

N\

N
\

//,/...,V//

NN
//M, .

\
\

o

NN o

R

10

79

\

b
‘
i
\
s
'

€5

WEIGHT/ PCUNDS

B

0

50

51-100

-5000

1001

\J

Y5000

COMBINED SPACE STATION CARGO COMPLEMENT

FIGURE 5.




a5
oy
K
o
b
— %’s
.
2y
G
== 0
=l
7]
.4
-
o
BN

o

typlecal shuttle logistics cargo complement., On the figure the cargo 1s

divided Into classes according to weight and volume and the number of

packages falling into each class is showr, Superimposed on this cargo

matrix, the rows of which ape package welght and the columns package

volume, are Indleations of currently accepted manual cargo transfer

capability, TFor example, the white area represents the package volumes

and masses generally accepted as belng within the handling capabllity of
a men. Most packages expected fall within thls category. The dotted

area represents areas where there is significant current disagreement as

to man's potential. The cross-hatched ares is generally conceded to be

Outside the range of practical manual cargo handling. It can be seen

that extension of man's capability into the dotted area would

significantly affect considerations of man's role in cargo transfer and

the need for automated systems. This area of interest can be considered

as a point of departure for LRC studies.
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IRC CARGO TRANSFER PARAMETRIC STUDY

IRC in-house simulation studles are directed toward resolving the
cargo transfer questions ralsed in figure b, by determining through a
parametric study the limits of manual cargo handling. The study is
being conducted using water immersion simulation technlques and congider-
ing the parameters shown in figure 6, As shown,; the study i1s considering
Package masses from 3 to 50 slugs, volume of 1.5 to 142 cubie feet,
moments of inertia up to 900 slug £1.2 and varlous other aspects suech as
maneuvering aid, pressure-suit effents and one-man versus two=-man
transfers.

Many different mockups of cargo were used in the study. Figure 7
lllustrates a typical package. The package mockups were constructed
using a central sphere to provide buoyancy, lead to provide mass and
thin pipes to rep;esent volumetric limitations. Also shown on this
figure is the course used in the tests. It consisted of two 1.25" hand-
rails separated by about 18 inches and layed out in a 20-foot-by-10-foot
rectangle, thus permitting evaluation of straight line transfers as well
as turns.

The prime method of evaluating the cargo handling tasks was through
a subject rating scale as shown in figure 8. The ratings range from 1-10
and varied according to compensation (concentration and/or Physical
strength) required to handle package. ‘The prime subjects used to date
include an astronaut with zero 'g' flight experience, an IRC test pilot,

two research engineers and an Air Force Flight Surgeon.
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The initlal phases of the parsmetric atudy have been completed and
some preliminary results have been determined and are shown 1in figure 9,
These results are as follows: (1) The effecte of mass end moment of
inertla on cargo trancfer are minimal for the range of packeages studied
(350 slugs). Practical coneldarations such as spacceraft volumetric
restrictlons, carvge tranafer Lime conntralnta, ete,, would detormine
actual cargo limita. (2) ALl tranafers were acvomplished weilng oithor
one ¢r two handralln. Howevor, the use of two handralls was found to be
more denlrable beeauoc it provided threc points of contact to be used in
the eontrol of the packages. Fop example, the hand used for translation
and the two teet (or knees) used for braking, packuge positioning, and
stabilization. The larger the packeges the more desireble the two-rail
system became. (3) All transfers were accomuplished satisfactorily by a
g¢ingle subjeet but use of a two-subject team reduced the level of effort
conslderubly. Subjects' comments indicated that the reduction in effort
was significantly greatevr than the tactor of two which could be expected,
Team tests were conducted only on packages of more than 30 slugs and
thus the advantages or berhaps dlsadvantages of team efforts on smaller
packages is not known. (4) A1l transfers were accomplished at average
velocities less than 0.7 fps. The average velocities ranged from 0.7 fps
for the smallest package to about 0.3 fps for the 90-slug package. This
is reported only as a point of interest. Since speed of transfer was not

# study parameter and, in fact, subjects were requested to move at g
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speed that felt comfortable end which insured complete control of the
packege. The low speeds do indleate, however, that drag effects

|
encountered should be minimal.

CONCLUDING REMARKS

Preliminary results obtained in IRC cargo handling studles indlcate
that manual cargo transfer, in an IVA mode, can be easily accomplished
for packages of 50 slugs or more. This appears to preclude the require-
ment for automated systems for cargo transfer. However, considerations
of practical limitations related to the shuttle configuration and time
: constraints are necessary before final decision is made.

1 ILRC's studies to determine the effect of practical considerstions
are planned and will in the next few months provide answers to assist in

the decision on automated systems. In addition, they will show the R

Loy

problems and limits associated with cargo transfer in a pressure suit

and evaluate cargo stowage and attachment problems.
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