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This data should be restricted to Tocal JSC use until more
comprehensive analysis has been completed.
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A one day test of the SP8 suit (STS) was run August 30, 1979, at Southwest
Research Institute in San Antonio, Texas, to obtain a limited amount of reach and
force data for JSC engineering purposes and especially work station design for STS
tile repair. Overall conduct of the test was under my direction. James F. Buchli
was the subject. Other support and monitoring personnel included: John T. Jackson
(EW5), James L. Lewis (EW5), Alan M. Rochford (EC5), Randolph H. Hester (EC5),

Brian M. Pacheco (ILC), John Cater, Dean Davis, and Jackie Hipp of Southwest
Research Institute.

The system which collected the data has been under design and development by
me since 1974, has been financially and otherwise supported by Spacecraft Design
(John T. Jackson and more recently James L, Lewis), and was constructed and tested
by Southwest Research Institute (John Cater, Dean Davis) over the past 2 years.

It is an original system in concept and operation which contiauously tracks,
by optics and a three-camera video system, one or more illuminated points. Location
is determined (mean error ~+1 cm) every 50 ms in at least two orthogonal planes and
is stored (RAM, discs, tape, etc.). Computer and software then reconstructs the
three-dimensional path in space from which position, velocity and acceleration may
be derived. A cable arrangement and isokinetic (constant speed, maximum force)
ergometer allows continuous measurement of maximum force along most axes at selected
velocities. This data is simulataneously stored with position data such that one
can also develop three-dimensional force patterns.

This system was designed around supporting computer/software programs but money
has not been available to complete software hence much of the data reduction here was
manual. An intergral part of the original concept was computer interaction of the
collected data with proposed hardware designs. James L. Lewis has a program (PLAID)
which will do this. The data collected on August 30 (>105 K bytes) is now being
processed and James L. Lewis will be able to analyze, plot and interface the data

in a more comprehensive fashion in the near future. As resources become available



the kinesimeter will be moved to a dedicated lab in Building 29 here at JSC and

interfaced with the PLAID system for on-1ine storage and analysis.

MEASUREMENTS MADE

After calibration and validation of the system, the suit was donned in the
station where familiarization runs and a single unpressurized maximum reach run was
made. Data was collected as follows: A tracking 1ight was attached to the lateral
aspect of the glove thumb and projected ~ 2 cm beyond thumb tip. The subject made a
series of up and down sweeping motions to cover the entire area which he could reach
with maximum effort. This is somewhat analogous to "painting" one's extreme reach
envelope, for up to 6 x 103 points may be collected. A zero axis reference light was
attached above the midline of the PLSS and all lateral data is referred from this to
the midpoint of the scye openings as zero reference for the enclosed plots.

To prevent interference from the donning station all measurements were made with
the suit HUT crosstrapped to an L-shaped bracket which maintained a fixed position
while allowing complete freedom of the arms. The suit was typically depressurized
between runs which usually Tasted 5 minutes or less. During data takes the subject
carried the weight of a lightened PLSS and DCM normally used in the WIF but sat with
the PLSS supported between times.

A series of maximum right and left arm reach envelopes were run with the suit

at 4 psi.

These were followed by functional reach envelopes of each arm in which the

subject repeatedly swept his arm within a working range which he felt was comfortable
and which could be sustained.

At the request of suit engineers, a two-handed functi onal reach measurement was
made in which the extended fingers of the left hand were grasped by the right and a

comfortable work envelope was swept out.




3
A series of maximum effort strength measurements were done in which the subject
stood unsupported with suit pressurized and feet usually in the restraint location
(measured) and made maximum reach, maximum effort "pulls" and "pushes" with the left
arm at shoulder level and along 45° radials from side to side (front). A single
vertical pull down was measured and a series of pull-ups at various radials was made.
Foot position was sometimes varied for maximum stability to compare to the standard

foot position. Strength tests were abbreviated for lack of test time.

|[WARNING

The above is a cursory description of the testing. Details should be discussed
before application of the data. Data points are felt to be accurate to better than
+1 inch, however, some minor revisions may occur since manual reduction and tracing

was done. Most importantly, this is one-g data from a single subject and must be

used accordingly. The reach data obviously refers to arms only, not total reach

either in one-g or weightlessness. However, I believe this is the most comprehensive
data of its kind to date on any suit and should be followed with additional studies

to increase the suit/subject data base.

DATA AND ITS REDUCTION

Figure 1 shows the basic reference system which is non-standard. A reach
envelope is generated by swinging the arm in up/down arcs as in Figure 2. The arcs
are more or less continuously tracked, a sample every 50 ms, and the paths stored in
memory. An algorithm is available for plotting all crossing paths through a selected
Z plane as in Figure 3. Any path which (1) crosses the plane, and (2) has a point
with Z +1 cm, is plotted. Figure 4 is typical of such a plot. It has been found that
only the most peripheral points represent the maximum reach while the majority are
trajectories for sweeps elsewhere in the envelope. These peripheral points are then

connected by a continuous curve and traced on graph paper.




Verification of calibration and data quality was made by swinging a series of
fixed radii circles in the same position as the suit was placed, before and after
data was taken. These were processed and plotted and errors measured. The 100
percent error bands were 3% wide at 100 cm radius and 2-1/2 percent wide at 50 cm
with mean errors on the order of 1 cm.

Appendix A contains curves from the standing reach test of the suit at 4 psi
with the torso fixed in position.

They inscribe intersection of the reach envelope with a series of horizontal
planes 10 cm apart from top to bottom of the reach envelope and as such enclose the
area which can be reached at a given height. The major reference line (X = 0) is
the midpoint of the suit scyes; i.e., approximately the shoulder joint while the
midline (Y = 0) is suit midline. Solid lines are maximum reach while dotted lines
are functional reach; i.e., the 1imits of the volume within which the subject felt
he could comfortably perform a sustained task. This is in contrast to the maximum
reach which often required considerable physical effort.

A shirt sleeve maximum reach envelope is included with curves at Tevels which
correspond to the top, middle and bottom of the suit envelope. Scale factor is the
same for these curves but the reference was not rectified to be coincident with suit
reference.

Also included for comparisons are two maximum reach curves from an A7L suit,
3.8 psi with a different subject. The levels of these curves correspond to approxi-
mately -20 and -40 of the SP8 curves and scale factor is the same.

Appendix B contains Z level or horizontal reach curves in the pressurized SP8
suit. A functional two-handed task was simulated by clasping the fingers of one hand
with the other and moving throughout a comfortable work envelope. This data while
subjective was also very consistent.

Appendix C contains only three X or transverse vertical planes. These were




manually plotted from the corresponding X points on the Z planes and represent
the working area which can be reached in front of the crewmen; e.g., it would
represent the working surface available on the STS from a crewman parallel to it and
separated by the distances shown. These three curves represent the prime working
area from DCM ( X ~40 cm) to maximum reach (X ~ 80 cm), however, as time allows,
all planes will be plotted and distributed.

Strength data is still in work and will be plotted and distributed in the next

few days.

COMMENTS ON TEST AND DATA

This quantitative data confirms that the Shuttle suit is a marked improvement
of the A7 as regards reach. The fact that the subject spent over 6 hours in it,
often doing maximum effort tasks, and was functioning well at the end also speaks
well for it. At the mid shoulder level (Z = 0) the reach compares well with unsuited
reach in the forward areas but cannot cover the side and back reach capacity of an
unsuited subject. A portion of this may be simple mechanical interference from the
HUT and DCM. The latter is 10 cm thick. Upper and lower suit reach is restricted
and unsuited reach capacity, X = +65, -50, is considerable at these levels. The
result is a constricted work area.

Several apparent discrepancies in the data requires comment. First, there is
a significant vertical displacement of the right and Teft envelopes. This is seen
most clearly in the X planes where the left is approximately 10 cm below the right.
On review of the subject's incoming anthropometric exam a left depression was found.
This was consistent with the subject's tendency to lower the left side as noted in
the test; i.e., we have a normal subject variation which was reflected in the
envelopes.

The subject complained of binding in the right arm bearings during the tests,




Variations are noted in the shape of the right maximum reach envelopes at Z = +10
and X = +50. In Z = +10 there is a hook in the medial portion and the functional
exceeds the maximum reach. At the same time in X = 50 the right functional reach
was a straight Tine at its lateral border. A1l of these would be explained by an
intermittant restriction in the right arm.

It is obvious from the functional curves, if they remain the same in weight-
lessness, a restricted work area will have to be accommodated. This will be
especially true for a two-handed repetitive task.

These comments have been based on a sample of one. Data such as this should
provide the basis for an analytical design process but the results of any design
must still be tested in the most realistic way possible, probably in Tong WIF sessions
in this case.

This data would not have been possible without the aid and support of the several

organizations and individuals who participated as well as others.




Appendix B

Z (horizontal) planes of functional reach for a two-handed task at 10 cm increments
above and below mid point of scye openings (Z = 0). X zero reference is also midline

of scye openings. Y zero reference is suit midline Scale 1 mm = 1 cm.

Subject J. Buchli in SP-8 suit at 4 psi standing with HUT fixed.




Appendix C

Three vertical transverse (X) planes of maximum and functional reach limits of
J. Buchli in SP-8 suit at 4 psi, torso fixed. Z and X zero reference is mid point
of scye openings, Y reference is mid Tine - scale 1 mm = 1 cm. N.B.--display and

control assembly extends to X = 40 cm and maximum reach envelope ends at X = 80 cm.




.......
.....

......

- Mayx +—— Functichal --- Reach

i Xo, r‘e‘F ;s rrizdl.n;vc:SCjes\{,; l‘smid}l:‘)é |
' Ea. . am div.= 1 em }/JJ 3-9.79




-
T . 1
tt H 1 1 3 1 1
T T :
I cegEuEE EEEEEnE
" S R
1 1 H T e e
T T t
EEEEEEE AR
s
i gEs
B Ena
i I8
v i i
i i
H mamas =
- ] T
! o L = TH §
. e ins ] 1
= i 11
! = 4 1
: ] ERRAR! EaA s a
T T Fa
I
P13 }
T
1
x l
HH " ! . n
wnnﬂ
anmm
"
14
1l
1
==vuau
——
H e R Eeaal IRERE 5

EIST 9

‘WO ¢ X 8l

Y'S'N NI IAVW "OD H3SS3A B 1344N3IM
H3L3IWILNID FHL OL 01 X 0l

XM




-

firs:

u

"

aEEw

€IGT 97

‘WO S2 X 8l

V'S’ NI 3GV "OD H3SS3 B 1344N3AM
HILIWILNID 3HL OL 0l X 0l

2H




T
I
T
¥ J
=
1
”a
H
s
P
1
———
mEan
1 . |
s -
T mane HH
H HH
g
-n
N H
e —
H 2
N .
¥
¥
r
{
T

VSN NI 30VIW "0D M3SS3 ® 1344N3N
€IGT 97 ‘WO Sz X 81 M3LIWILNID FHL OL 0l X 01 WQY_




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

e

1T
-

i
(SEE

e

e 33

TT
i §
| B8

| B
T

|

T

T
T

1
T

1

T
T
W

r
1
I
1

.

TITTIT

T
T

T

1T

T

T

SEEEEEIEEERENEEE

u

Ty

I

b

T

1~

o
nas

H

i
2

H
e

umm




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

i
T

T

TTTTIT
T

T
i |
i |
iu )

T
HHEH

T
i

0
IE NN N
1
1

TTT
I
T

k
: t
1
T
IT
s
1
T
N
T
e
e -
!




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

18
e

I

TITT

(S NN
11

8 S

T T
TH

THET

A |
I
NN |

—

suEy

1§

T

INEEEE

o




3

46 1513

H‘,E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

T
1
I

11

TIIT
SN
NN

W

T
T
THET

=
I

EaEw

3

oot

-
A o §

o

T

TE B

» -

-

-

v

Ul

s a3

T
I
T

Tt




46 1513

T
T
T
0

(]
Emmm
s
H
5 s 338
Emmm
LAl
EEES Ty

H°E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA

T
T
T

n

Y

T

i
1

It

i g

"

T
I
T

T

) s

T

THT

+.¢

e




46 1513

HQE 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

4

TTHT
T
.
HHT

1

T
|

i

R

EEEE EE

N

5 B3
in ui

-

11
1

H




46 1513

{

H¢E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA

1
T
;
u
smsm i
sEwm T
1
T )
O
; TR
EmEwE s
Emmm:
It
T
mmEm 3 3
i |
P
i T
- T i
T
: ~
T
o
mn: o
-
a3
i &
n 1
T
" 4
&
i &
- -
1
I - 1 N
T -
T
1 T
1 1 N !
_ e o — HH
: ] 5
HHH Z T H
T ; Hr i
T
1
1 i T Tt
f T T
T
= i
i
H 7
T =
= a1
wm ras
1
1 1 H
i
I
T T
s
H a &
m;
1
t
n
t
1 T
T
"
a

-

T

T
A
E

A

TTTTT




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

: 1
T 1
: T
T
T
1
1
T
i
. T
FHH i |
T
T
nwm
sms: -
H o i m
ymaa
i | i
|
Fres ¥ e
o es 1
EmEw 1T
—
amm
sEwE
e T
T
T
T
H :
smnns I I
T
& 1
18
San 3
=
I
28 i
T it 3
T e
: | wan
1 =
f ) T
i
I - i
I
sl T HH
HH T
-— —
T =mn
H =E
T
I
1
T
=
T
1
L T ;|
H 3
i
T
1T
T
b
T
T ]
. 1
i t
T
1
T
1
mEaE
= I
1




46 1513

H,E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA

TIIT
T

N B

L

T
I

T
o
I

TTTT
Tt
I

T

§EEEE N E)

T

=l

)
1

H

TIITT
T
1T
B

2,

4




46 1513

TTTTTT
T
I
T

KEUFFEL & ESSER CO. MADE IN US.A.

|H¢E 10 X 10 TO THE CENTIMETER 18 X 25 CM.

war

(

o

EEE AN

mE

o

T



46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

(

TT

inananu

T
I
TH

e

v

T
mE NN
T
T

T

(SN SEEEE AN

o

Emu.

T

i

T
|
H

I




A .
ST St HVPSI E)uchl»
| /chl‘/aﬁd/ /Wo /m/vc/ reacﬁ

[4;/{ S0 a// «/, cr7 %M 3'97.9

,,,,,,,, )




46 1513

18 X 25 CM.

10 X 10 TO THE CENTIMETER

H‘E KEUFFEL & ESSER CO. MADE IN USA.

(

0
1
EN A

T T

=

Swn
T
T
T

o




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA

s T
T 2 i
T T T i
T H t T
I T T
i
o
K
I
"
I
ys
1T
T
5
-
T
=)
T
imaw
h
T
I
T
T
T
T
1T
; T
T
i T
H f
I
t TIT T
i " I
T T
1T i
. T
FHEETH T i
H Tt
tH
; L ; 1
. i |
T
T
t HH ) I
T
t , f
; i f
I :
T T
I I T t
T ams
i
T
AmEmmEmEs) -
T T : =
- T
T " I
I T
T
: I
HH -
! :
'’ + :
T T
T 1 f
T T :
I ! =y
1
1 T T :
B Y T T % !
e T T I
} - !
: T
al
I
smaa " |
T
T
- T
I




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

{
{

T
e

i
1
T

=

TT
|
|
1

£33

w am!

)
| NEE

TITTT




46 1513

KAE 10 X 10 TO THE CENTIMETER 18 X 25 CM.
gt KEUFFEL & ESSER CO. MADE IN USA

(

T
N
AT

o

TTTT
W
I
THT

TTT
T
T

T

TTT
T
I
I

T
i
T
N A
1




46 1513

IH,.E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
- KEUFFEL & ESSER CO. MADE IN USA

(

N

T
i &
T
N
I
1
1
T
1
1
1
I B
t 1
1
I
R
1
1
1
b
1
I
o :
7 1
f ; 1
1 1T ,
" & 1 3
; 1
! 1
1
f 1
I 1
: 1
1
t I
I
T T
411
|
T
H
1
s
Ll
H t
EES! I m
: 1
11T T t
I 1
T
1
I Ul Y
1
sEEE i 4
EEEm it
RS
.—
I
t
1
T
4
 §
a
T
1
1
I




46 1513

H¢E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

(

T
SN
I BN

B

TTT
T
T

TTTT
Ty
T

T
T

—

T

THT

T
EE RN

TTTTT
T
T
T




46 1513

H#E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN USA.

smamm
T
mmEm 1
I
T
Tt
T
mi
I
=
"
EEEE i
sEsEE i
T
i
H
I 8
b
f——e
i
e
T
1
T
I
m
i
T
T
)
H T !
sEEE : ;
i ; ; T
T
. - ,
S
It I
TIT
I I
T T u 1
T e ]
i 1
-
t T
i 1
T T W . :
; i I Euan
m I 1
| | 1 "
; t
T 1 -
.» T
T in 4 1)
i
H 1
T
T o
H :
s
T T
T 1
I
8
" =
i
T
T
Immus X
EmEE
I
BN
AN
T
{m
T
T
I ]
T t
1
1
'Y
I 1
™
T T
smam L 0 0 000~ 0 1 A M BB MM B B BB LS s NS NN VNS ENESEREEEN
Ezam: I
- 1
t T
L i




46 1513

H¢E 10 X 10 TO THE CENTIMETER 18 X 25 CM.
KEUFFEL & ESSER CO. MADE IN US.A.

‘Eﬂ id

TTT

o

T
I

T
I
(.
T

ot

-

(]

o

4




ENTIMETER 18 X 25 CM. 3 ,
( H"'E wEli(F;gLT&o EE?EERCCO. MADE IN USA. 46 1513 ( 3

] = 7] e = A = ma
HHHH HEHHHHEEH HHHH H i H HH
I [ 1 1T . 11 uns NN I
EEERE ] & 1 1 u = ] O HHHH
HH A E HHHHRA T H H
T 4 mam H ges H EE . 2 =
i = H | e b
¥ HX A H HH & PRI LA ot
T Tt mi O EREEE :”; T (1 sEEEEN
uuu rEs a1 4 muEs
H *
B Ll HH B ]
a 1
—~ &
i . ]
Il
T
o
&
. i
] u i ‘:I‘ H ¥
] i 3 H ) SEE 4
. Y
i v,
H ! {
f {
Sy |
. u
1
T
1
1
H -
aaact
b
g
s H HHHHHHEE




T
T
I
H EEEEEn ] =
EEiEsaumaus rr
I u EEEEE AP
FEHH
T HHH
u ) T M
FEHH HH HH
L H HH nEEaEe au|
m 1
u ¥ HH
1 1 T
{ EEN 1
mmmnn = 1
I T E 8
1+ 9} H
. | L an T 1§ N}
EEEE TR
T i L]
1 o e
i yun T
T - P
inEu I
SERESSIEEEE N EES T
ja i
i )
anEn i
HH
maEmy au H -z = s
H o HH 4
=t NSNS uE
- 3 A
Y SEERERESEEREES mamdE=as HHHE THHH
u D ] s "

€1GT 9% Lonjusawm 03 u3sea @ T340 .0

- ‘WO S X 81 ¥3ILIWILNID 3IHL OL 01 X 01



T T
NN I
58
:
EEEnEEENES maENE HT
Il H
H } HHHH
iy I =
I
;
¥ HH
L s EmmsssE HHH mma.
S H
' s T .
: H aamuw
. 13 1 .
EEaas . I 1
) I 1
EREERaRaE. e i EEEEEEE RaS
EEE RN =
un HHH 5 3
HHEH H HH
e HH H o H H T Y o
F A = 4 1§14 T 1 1] b1 i ui
EEEESEERERERE ;i i
- -
e FHH HHH f
a Sinunm * 1 HH
1 I i § T T H H
] I NN
1 H L tH
: n".. ‘
. H
w 11 i I
; {
: HH
!
L]
I
;i
e =
g H
- -
H H SESECC SuaR
HHEH T i SEEERERE. et
O H o . v H H
L s 1] T EE RN uE
11 HH m Es 5 HH + 11 iy,
Il ot I - ISEEE N o HHH I RN I T x
i H

EIGT oY

S— e ‘WO s

X

8l

VSN NI 3AVW 0D HIASST B 344NN
H3ILIWILNID IHL OL 01 X 0l

=0




