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INTRODUCTION

v

The object of this investigation was tc study the sliding behavier of
materials that are presently under consideration for use as components in
a pressurized reactor. These materials, in addition to having to meet the
physical and mechanical property rcqui:enenis dictated by design considerations,
must also adhere to fricticn and wear limitaticns, i.e., characteristics
important to the insurance of satisfactory sliding perfermance under service
condit{ons, 1In these areas where relative motion between mating swzfaces
oecur, high friction, mear and suzface damage in such forms as galling and
scoring, can have a pronounced sffect on the overall performance of the
components during operation, )

The results of these tests will provide Information typical of two
conditions under which relative moticn will occur, namely, acsembly (dry), and
start up (200 F).

_ The first part of the pxbgram wac devoted to studying the slfding behavior
of typical structural materials in their conventional or uncoated state. The
second part was carried out to determine what types of coatingc would have
sufficient protective properties to prevent galling and excessive wear between
sliding members, whan at liaxt’onc of the memberc were coated.
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Under th§ conditions tested:
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SIMKARY OF RESWLTS
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3.

L. Table ] summarizes the significant results of the uncoated structural materials,
and Table 3 gives a detailed description of these tests.
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Table 2 summarizes the significant recults of the coated materfal sliding
tests and Table L gives a detailed dascription of these tests.
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Table 1

SIGNIFICANT RESULYS
Conventional Materials

Coefficieny of Friction {Avg.) : Overal) Weay
Dry Lub- Deoxygenated Water Dry Lub . Deoxygenated Water
Specimens (n) - (n) (mile) (ml1s)

Silder Flat 100 pel 1500 pef 100 psl _ 1500 psl 100 psi 1500 pe) 100 psi 1500 psi
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Table 2

SIGNIFICANT RESULTS
Coated Materis)s

Cogfficient of Friction (Avg,)

“Dyy Lubh Deoxygensted Mater

- e ) (n)
100 pal 1500 psi 100 pal 1500 pei

al

Deoxygensted Viate:
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APPAZATUS AND PROCSDURE - DESCRIPTION

(Test Conditions - cee pg. 12)

The te;ts were conducted on 1 wear test apparatus in which a 3/ inch slider
with a truncated end consisting of a 13/84 inch diameter curface, was mounted in
3 reciprocating arm, and moved relative to the surface of a stationary 2 inch leng
by 1/2 inch wide by 1/4 inch thick flat specimen, at a velocity of 1 1/2 ft/min.
One end of the arm was ¢o mounted that the free end was able to move in either a
vertical or horizontal plane. See Figure § for a photograph of the apparatus.

S1iding was obtained by moving the arm back and forth by means of an alr
actuated piston. Te measure ctatic and kinetic friction, the piston was dis-
connected and the srm was moved manually. A rod located at the end of the arm
was Instrumented with strain gsges s0 that the friction force could be continuously
recorded when so decired.

Measu~ements, consisting of change in height of lever arm, and change in
length of truncated slider, were made for each run. The change in helght was
cepocted 3s overall wear tince it conteined the combined wear of beth slider and
flat. The height of the arm above the bace plite wac measured at ceveral fixed
positione with s dial {ndicator which wat rigidly fastened to the bate plate.
Heat was eupplied by rcsittanc£ heaters in contact with the bottom of the flit.
The flst specimen which was held stationary on s supporting table, was houted
within an enclosuze which could held & lubricant, The toﬁ helf of the enclosure
surrounded the siider specimen and was fastened to the moving arm. This allowed
for better contrel of argon gas blaﬂkotinq and heating. The tempeiature wag
reasured by 2 thermocouple clamped in proximity to the surface of the flat. The
sliding tesis run in deoxygenated water at 200°F hed argoen gas introduced unde:
positive pressure into the enclosed test arez to prevent the Influx of oxygen.
Argon was bubbled into the water reservolr of the test enclosure and. cimultaneously
breught in through ancther inlet to blanket the surface of the water. OGas was
ilsp bubbled into the water supply. A front view schematic diagram of this setup
tan be geen in Figure 10. Fxior to testiné, the specimens were washed with soap

ind water, and rinced in alcohol to eliminate any oil or other types of contaminant
filps, '

"
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After cleaning, the specinens were mounted in the spparatus and brought to
the desired operating tempersture under load. The height of the arm above the
base plate was measiced. The arm was moved manuilly for the first few cycles
uhll.e‘static.aﬁd kinetic friction were continuously recorded. The air actuated
cylinder vgas'then engaged to move the arm. A counter connected to the &ir
actuated piston arm recorded the number of cycles. The slider moved 18 cyclér./n:ln
for a total displacement of 18 inches or 1 1/2 ft/min. At the conclusion of
2000 cycles, the height of the arm was again measured and the test concluded.
Macroscopic, and microscopic examination (st 12X and 36X) were made of the
specimens upon completion of each test. Photographs were taken at 10X magnification
of several tested specimens whose resulting wear surfsces were considered to be
of specisl interest.
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- Finish . Average surface roughness (microinches)

ioad Unit loading on a 13/6L inch diameter slider specimen
surface

Cycles Tests were conducted at 18 cycles/minute where each cycle
consisted of a reciprocating movement of two 1/2" strokes
making the total displacement 18 inches/minute. The test
dization was for 2000 cyclec except in the case of excegsive
wear or coating failire.

Temperatuxe Temperature at which tests were conducted were:
T49F - unlubricated
200°F - bulk water (deoxygenated) tenperature
argon gas was introduced under positive pressure
into the water reservoir and inclosed test area
to prevent influx of oxygen. LIOH wag added to
the water resulting in a pH of 9.5-10.5

rriction fstatic - initial coefficlent of static friction taken at
-  Coefficlent start of test

initial kinetic coefficient of friction taken at
start of test

= final kinetic coefficlent of fricticn taken a2
end of 2000 cycle run

f_ - lowest kinetic coefficient of friction recorded
throughout test

fmax - highest kinetic coefficient of frlction recorded
throughout test

- average kinetic coefficient of friction values
seasured throughout tect )

initial”

feinat

fnvq

Friction readings were taken st the following intervals throughout the test:
Initiel, 50, 500, 1000 and 2000 cycles

Year Overall wear was measured at the end of each test. The
overall wear was measured by means of a dial indicator
that read to within 0.0001 inches, and was taken with the
tect specimen surfaces in sctual contact. Slider wear was
tdetermined by weasuring the slider length befere and after
each test.

Flus (+) indicates materisl buildup on the surface due to

_ deformation and/or material transfer.
Minus (~) Indicates materlal loss from the suxface or suziaces
due tc wear and/or surface damage. L7
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Wesr Test Apparatus.

Schematic - Front View of Wear Test Apparatus.
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APPENDIX
. ) Hardness
srazial Neminal Composition & . Configuration ‘KN Rockwell
wsznel 77.0 Ni, 15.0 Cr, 7.0 Fe, 0.25Cu, 0.25 51  Slider 200 7
A .25,Hn, 0.06 C, 0.007 S Flat 29 963
5 302 19.0 Cr, 9.5 N{, 2.0 Nn, 1.0 51, 0.16 C Slider 21 2uC
juialess - Flat 226 933
s2el
rzaloy 2 1.5 Sny 0.1 Fe, 3.0 Ni,; 0.1 Cry Bal Zr Slider 263 2C
:zonel X 73.0 N4, 15.0 Cr, 7.0 Fe, 0.05 Cu, 0.£0 Si,  Slider 4139 L%
0.75 A1 0.50 kn, .05 C, 0.007 S, 2.50 T,
0.90 Cb + Ta
514340 0.20 C, 0.70 Mn, 0.25 Si, 1.80 Ni, 0.80 Cr,  Slider U3 . 3uC
nesl 0.25 Mo, 0.040 S, 0.04D P
womium . Chromium Plate 20S 63c
i1t on Inconel Flat
amivm Chromium Plate 835 6s5C
352 on AISI 30{ SS
Flat
wilite b 22.9 C>, L.0 W, 1.0C, Bal Co Stellite 6 Over- 5B) 52C
-ezlay . . lay on Inconel Flat
:lzoncy 6 13.0-20.0 Cr, 2.75-4.0 Cr, 65.0-75.0 N,  Colmonoy 6 Over- BO5 63C
(verlay 10.0 Hnmax, Fe, C lay on Inzonel Flat
Jiectrolize  Chromtws Alloy - Proprietary Electrolize On 477  4£C
sazing - Incone] Flat
.ectroless - 90.0-92. 0 Ni, 8,0-10.0 P, 0.040 C, Nickel Plate On 563 51C
izel Plate 0.0023 0,y 0.0047 Rz, 0.0016 Hy Inconel Flat
anigen)
chtrolytlc Nickel Plate On 567 52C
ckel Plate Inconel Flat |
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'knoop hardness measurements were made on a Tuken Hardness Tester using a 1 Kg load,

and 20X objective.
w3 measured st & 200 gn load,

tonversion tables.
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The only exception wag the Electrolize coating whose hardness
The Rockwell hardness vealues were obtained from
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