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Abstract
In order to realize liquid oxygen (LG;) / liquid
hydrogen  (LH,) pump-fed rocket  engines

characterized by high durability, the cryogenic
high-speed bearings used in the turbopumps must
have high wear-resistance. These bearings made of
SUS 440C were
cloth-reinforced PTFE retainer”. In a previous study,
the bearing exhibited excellent durability in at a speed
of 50,000 rpm. XPS analysis indicated the intense
formation of a chromic oxide {Cr,0s) layer (thickness,

about 15 nm) beneath an extremely thin transferred
)

self-lubricated with a glass

lubricant-film”. To reduce the bearing wear, the
pre-formation of a thick CryO5 layer, which restrained
metal-to-metal adhesion, seemed to be effective,
because the untreated bearing had an extremely thin
native Cr,0; layer {(about 2.5 nm) ),

The purpose of this study is to evaluate the CrOs3
layer chemically formed on the SUS 440C ball. These
results showed that a considerably thick Cr,G; layer
on a SUS 440C surface was successfully formed by
heat treatment at a low concentration of oxygen.
Friction and wear of the Cr,O; layer chemically
formed was found to be better than that of the

untreated ball in LN2.
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Table.1 Oxidizing surface treatment conditions
Type Ball A Ball B Ball C
Oxygen percentage, % 1.0 i.0 1.0
Pressure in chamber, Pa 200 2600 5000
Temperature, K 373-573 | 373-573 | 373-573
Heating time, h 2.5 2.5 2.5
Equivalent quantity of GO2, ppm 20 200 500

New ball Ball A Ball B Bali C
Fig.1 SUS 440C ball after treatment
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Fig.2 XPS spectrum of New ball (depth:22nm)
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Fig4 XPS spectrum of Ball C (depth:1998nm)
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Fig.5 XPS depth analyses for treated balls
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Table.2 Depth of Chromic Oxide and Iron Oxide Layers

Equivalent quantity
BALLS Cry04 (um) | Fe,05 (1 m) of GO, (oprm)
New ball 0.011 0.006 -
Ball A 1.2 0.1 20
Ball B 1.2 0.1 200
Ball C 0.1 0.6 500
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Fig.6 Cryogenic four-ball friction tester

Table.3 Conditions of four-ball friction test

Sliding velocity (mm/s) 14.5 +0.1
Normal load (N) 20 +=1

Maximum contact stress (GPa) 2.28+0.05

Average contact pressure (GPa) 1.52+0.04

Test environment

Liquid nitrogen (LN, ) (at 77 K)

Gas nitrogen (GNo)(at room temp.)

Table4  Test balls of four-ball friction test
BALLS Ball D Ball E l Ball F I Ball G

Equivalent quantity of GO, (ppm) - 20

Pressure in chamber (Pa) - 200
Temperature (K) - 433 I 503 | 543
Heating time (hr) - 4

Chemical treatment in acid Nitric acid -
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Fig.7  Coefficient of friction in LN,
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Fig.8  Coefficient of friction in GN,
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Fig9  Surface features of tested balls
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