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A Double-Contact Friction Testing Machine and Its Application
in Testing the Friction and Wear Properties of Porous Polyimide

LI Jinbang", XIA Renliang', HUA Licheng', HU Xudong', ZHOU Ningning’, SUO Xinkun'

(1. School of Mechanical Engineering and Mechanics, Ningbo University, Zhejiang Ningbo 315211, China
2. Beijing Key Laboratory of Long-life Technology of Precise Rotation and Transmission Mechanisms, Beijing Institute
of Control Engineering, Beijing 100094, China)

Abstract: There are two types of friction pairs in bearings, rolling elements and internal or external channels, rolling
elements and retainer, especially in bearings using polymer retainer, the properties of these two types of friction pairs are
completely different. The mutual influence cannot be ignored. Oil-impregnated porous polyimide (iPPI) is one of the
polymers usually used as bearing retainers. At present, the standard friction testers on the market all use a single contact,
which cannot simulate the friction in the bearing well. Aiming at this problem, a double-contact friction testing machine
was developed, and the testing machine was calibrated. Calibration include both forward and reverse directions. After
calibration, the repeatability accuracy of the friction force of the upper contact was +0.025 N, and the repeatability of the
friction force of the lower contact was +0.05 N. The rotation speed of the testing machine was controlled by
programming, and the Stribeck curve of the friction pair could be quickly measured. The Stribeck curves of metal-metal,
metal-iPPI single pair and metal-iPPI-metal double pair were tested, and the results showed that the testing machine had

good test accuracy. The blackening process of iPPI bearing retainer materials was studied by this test machine. The
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friction and wear characteristics of iPPI materials under single and double contacts were compared. The results showed

that the developed double-contact friction tester could more realistically simulate the wear and blackening phenomenon

on the surface of the iPPI retainer material, while the single-contact friction test was difficult to reproduce this

blackening worn surface. The worn surfaces of iPPI under the single-contact and double-contact were analyzed by

energy dispersive analysis (EDS) and Raman spectroscopy. It was found that the blackened substances on the surface of

iPPI were a-Fe,05 and Fe;0,4. The blackening mechanism of the worn surface of the iPPI retainer in the bearing was that

the friction between the steel ball and the steel ring, the steel ball and the iPPI retainer produced wear debris, and the

wear debris was repeatedly sheared into tiny particles during the friction. The tiny particles penetrate into the iPPI

material with the extrusion and recovery of the lubricating oil, which resulted in blackening of iPPI surface. Meanwhile,

the blackening of iPPI worn surface indicated that the iPPI material had good embeddability. Tiny wear debris could be

embedded inside the iPPI material from the micro pores, which was beneficial to the reduction of friction and wear and

had a protective effect on the friction pair. The blackening on the surface of iPPI was also an "indicator" of the wear state

of the steel friction pair. Therefore, the porous retainer material should not only ensure the storage of enough lubricating

oil to lubricate the friction surface and reduce the blackening, but also had a good embeddability, in the case of poor

lubrication, the wear debris could be embedded. This was the design principle for porous oil-impregnated retainer

materials. From the results, the developed double-contact friction testing machine had high test accuracy and good

repeatability and was an effective tool for studying the friction in bearings.

Key words: friction test machine; double-contact friction; worn blackening; porous polyimide; oil-impregnated material
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Fig. 1 Principle of double-contact friction tester
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Fig.2 Photo of the double-contact friction tester: (a) overall view and (b) partial view of double contacts
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Table 1 Parameters of sensors
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Sensor-1 10N 0.05% F.S. 0.05% F.S. 0.05% F.S. 0.05% F.S./10 C
3D force sensor 50 N/50 N/50 N 0.1% F.S. 0.1% F.S. 0.1% F.S. 0.1% F.S./10 C
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Fig. 3 Calibration of upper contact of the tester: (a) diagram of calibration; (b) results of calibration
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Fig. 4 Friction force test of upper contact in forward and
reverse directions
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Table 2 Parameters of materials

Materials Surface roughness, Ra/nm Hardness Elastic modulus/GPa Density/(g/cm’)
Steel ball 10 60 HRC 208 7.8
iPPI pin 350 83.2 (Shore D) 1.14 1.1
Steel disc 130 60 HRC 208 7.8
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Fig. 9 Test results of Stribeck curves: (a) upper contact (iPPI-ball single contact); (b) lower contact (ball-disc single contact);
(c) double contacts

K9 Stribeck i ZE 45 B : (a) A& (GPPI-4RER BABLEN); (b) N ECEI(BNER-BAEL BAEEE); (c) WAL



774

RS

Eiv 43 %

4

(@)

(b)

Fig. 10  Optical micrographs of worn surface of iPPI-steel ball single contact: (a) worn surface of iPPI; (b) worn surface of steel ball
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(b) worn surface of steel ball
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Fig. 12 Optical micrographs of worn surfaces of double contacts: (a) worn surface of steel disc-10 h; (b) worn surface of
steel ball-10 h; (c) worn surface of iPPI surface-1 h; (d) worn surface of iPPI surface-5 h; (¢) worn surface of iPPI
surface-10 h; (f) details of worn surface of iPPI surface
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Spectrum 1

Fig. 13 Worn surface of iPPI in single-contact and double-contact: (a) single-contact; (b) double-contact
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