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The objective of this program is to determine the nature

of friction (cold welding), wear, and lubrication phenomena

in the actual environment of deep space. It is well recognized

that increased friction and wear in vacuum are the most serious
hazards to mechanical devices in space. A very widespread
and costly effort is underway to investigate this problem under
laboratory simulation of the space enviromment. A recent
count showed that approximately 100 groups (both government and

industry) were studying friction (cold welding), wear, and

lubrication. Most of these studies involved vacuum effects.

The amount of money involved is substantial and the value of

test results questionable.

In view of the large expenditure/of resources in this
area using laboratory techniques that may or may not be giving
valid data, it is felt that the time has come to establish

conclusively just what and how bad are the problems in space

regarding mechanical components. It may be found that a

"mountain" has been made out of a "molehill" and that elaborat
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and costly laboratory tests may not be necessary and hence,
pushing the state-of-the-art in laboratory vacuum techniques
and test methods may not be warranted. Conversely, it may bé
found that unless the vacuum‘tests are conducted in a vacuum
of 10_12 torr, space simulation in the laboratory may be
inadequate. The phenomena of cold welding in space is of wide
interest, especially in the manned space effort. Orbital
docking, assembly, etc. may be affected by cold weldiné« These
experiments will shed light on just how severe this problem is
and what may be done about it. This in-flight experiment will
serve an urgent two-fold purpose. First, it will verify

laboratory results on the performance of mechanical elements.

-Secondly, it will permit a better definition of the degree of

vacuum required for an adequate simulation of the space
envifcnment. ’

An experiment is outlined which will measure rolling and
sliding friction and cold welding effects in orbit. In addition,
the actual pressure environment to which the experiment is
exposed will be measured. LThe experiment is designed on a
modular basis. That is, it will be made up of several
independent modules which may be combined as necessary to fit
the final space and power available in the spacecraft. See
Figure 1. This experiment consists 5f'the following modules:

(a) One bearing test module.

This device will test a sample of 8 instrument 5earings
under load anﬁ measure torque and time to failure. See Figures

2-5.
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(b) An option of 1 - 3 friction and wear test modules.

This device will measure the coefficient of friction and
wear rate of 6 different combinations of materials. See
Figure 6.

(c) One pressure transducef.

This device will measure the total pressure in the
vicinity of the experiment. See Figure 7.

The bearing tester (Figure 2) contains four brushless D.C.
motors which drive the test bearings at 3000 rpm. This ty;e
of motor is also an extremely sensitive and accurate (better
than 5%) measurement device since motor current is directly
proportional to shaft torque. Bearing test load can be selected
from 0 to 5’pounds (axial). All test bearings are directly
exposed to the space vacuum. Motor windings and electronics
are hermetically sealed to eliminate outgassing which might
affect the validify_of the experiment. Ten 0-5 volt analog
telemetry outputs give bkearing torques, condition of the drive
motors and temperature of the experiment. Should failure of a
drive motor occur,,the cause will be positively isolated to
bearings, motor, or supply voltage. In event a pair of test
bearings exceed a predetermined failure torque, that motor is
switched to a low power condition to prevent excessive drain
on the satellite power supply. DPower required by the experiment
is between 2 and 3.5 watts depending upon loéd_and condition of

the bearings. -Size is 3 x 3 x 8 inches, weight 4 pounds.
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Laboratory test of the ball bearing experiment is now
underway.
Program details are being presented for the first time

before a technical society.

vERO
10

e ¢



VEx

SLV 404 LNIWIYILX3 LHOIT4 NI 3d3350d404d | 2UNOIL

{(NIW /7 37dWvsS 1) (NIN /7 37dWNVS 1)
1Ndin0 90TVNVY 1NdiNn0 9071VNY
S170A 6-0 SL170A 6-0 . .
LNIod" viva |
— — ~~— — — — — — — SLNIOd
— . 2
~ . viva b
. _ S}IDM b —IOMOg _
ql L'b-im r !
| o | onmvHs 3wl _ A
_ 430NASNVYL | L - T p—
3UNSSIA¥d , - -
L — | | / S1NIOd
TVNOILHO _ _ | v.1va Ol
f—————— |
_ |
siniod | siniOd | S1NI0d
v wvabe ) : viva b2 | yiva &2
© ™ [ — |
S{I0MG p —Jomod S|I0M Gy —Jamod S}iDM G'p—19M0d $}}0MG'E -1amod
qp -4n _ ql b -im Qb ~im qg—im
SNOILYNISHOD SNOILYNIGWNO0D SNOILVYNIBWNOD S3AdWVYS 8
IVINILVIN 9 | visaivm o IVINILYN 9 | -
e Yy IM _ HYIM YV AM 1831
- 8 NOILOIYA ] 8 NOILOINA 8 NOILOIYA ONINY3g
T TAvNOILd0 TIYNOILLO :




-

X

Ao .
T oM3X

LLLTSY-U vov.




CusEx

oauX

"

>

)

XTGNISSY ISTL DNIYvId TIvd

€ JUYNOIJ

= -

\ ] .
| OLV.LANNOD
JOLOVY JINOY LD

LNINGINOI
ONIYOLINOA JOLOW




"1 YOLOW LSHL DNIYVIL

v =UNDI
IS JOLVLS—- - , |
aNF HOVI LV . 1/ S :
ONIFYIE 1STL— | - Xy oSy
Ag m o Ep ’ \ //. N\ NNANNARNNNN NNNANNNNN //J\
| aHL ze-00N, | WMM i . :
. - i A\ a :‘.3 il \ 4
XYW VIG 0521 I 7)) =S
5 JOLV.LNINNOD
. S SINOYL2373
K T , \ v
‘ v RE0D N
. ; _ , e Y
, : SRS [ RN N\ SANNNNNNN
LINIFNLSNray |
avo13d | SAvIT HOLVLS SNOILOINNOD dO.LINOW
N 3% HoVT . \ HOLVLAWWOOD % LNdNI JOLON
DIdAL  ONIYVY I )
350dX3 OL QIS | (#) 1S0d 140ddNS ,

AT7vNnb3 S37I0H 9

ey T A b T TR e Ly A, e v e e o

WO

Ve

e



NVHOVIA 0018 ¥31S3L1 ONIYvia ‘G 3UN91S

«

(33vLs 4iT0S)

| 43009K3 ’ YOSN3S
" N ] JYNLVYHISNIL
| 8 , ,
i L
| 9
90TVNY “ s
SNONNILNOD AS-0 | b
10d1N0 TYNOIS e ¢
i 2
| ! S3IWIL v 03LV3d3y
| 0 %08 GIHSVA NI NOILYOJ
" oo T T T
_ _
_ J }
| i _
| = 1 "
| T
AB2Z & |_| R |
" ek “
| “ . HOLOW |
[ 1 LINOHID |
| yoivino3y AS | GVOTY3A0 |
| 39VLI0A | HOLVLNWWOD !
i 89 _ i .
A 82 o— S\ o | n “
” SLLVM O YT US|
(

VERO

g e . . T I e e



9 IYNOIA

P

3NQOW L1S31 ¥v3m ONV NOILDIES 1HOI3 Ni

3D1A30
35v3anay Dsid

TIITTZI 7 \“‘.“.\‘\\\‘.‘

<} 3
/s e/l &1 -
ol

77
a4
77
Vi
B2

O

o

o
0

HT s

RN

o

<\
6]2

s
R

Lz

39v9 NIVHLS -

XE RO oo e

NERO



VRPN

Ao
OM3X

FIGURE

7:

™)

PRESSURE

TRANSDUCER

}



