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Effect of Orifice Cross-Section Shape on Steady Performance
and Pressure Fluctuation Characteristics
of Hydrostatic Dry Gas Seal

CHE Jian, JIANG Jinbo', LI Jiyun, PENG Xudong, WANG Yuming

(Engineering Research Center of Process Equipment and Its Remanufacturing of Ministry of Education,

Zhejiang University of Technology, Zhejiang Hangzhou 310014, China)
Abstract: Geometrical model of hydrostatic dry gas seal with different orifice cross-section shape was established. The
transient flow field and pressure field of hydrostatic dry gas seals with orifice-type restrictor were solved numerically by
large eddy simulation method. The steady-state performance, such as opening force and leakage rate, and pressure
fluctuation characteristics adjacent to the outlet of orifice of hydrostatic dry gas seal with filleted or chamfered orifices
and typical orifice-type restrictor were compared and analyzed. For the purpose of obtaining large opening force and
small pressure fluctuation, the preferred values of chamfer and fillet were obtained. The results show that the fillet and
chamfer on the outlet of orifice can enhance opening force and reduce pressure fluctuation of hydrostatic dry gas seal
significantly compared to that with typical orifice-type restrictor. The preferred chamfer was from 0.3 to 0.4 mm, and the
preferred fillet was from 0.1 to 0.3 mm.

Key words: hydrostatic dry gas seal; orifice-type restrictor; pressure fluctuation; steady-state performance; large eddy
simulation
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Fig. 1 Hydrostatic dry gas seal and radial geometrical model of orifice-type restrictor
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Table 1 Initial calculation parameters of hydrostatic dry gas seal

Parameters Specification Parameters Specification
Inner radius, r/mm 295 Pressure at the outer radius, p,/MPa 0.3
Outer radius, »,/mm 36.5 Pressure at the inner radius, p/MPa 0.1
Radius of orifice, r/mm 33 Supply gas pressure, p/MPa 0.5
Orifice diameter, d/mm 0.2 Number of orifice, N, 12
Orifice length, A/mm 0.5 Film thickness, ho/pum 12
Equalizing groove width, wy/mm 1.4 Shape parameter, CR/mm 0~0.5
Pressure equalizing groove depth, /g/mm 0.05
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Lubricating Films on Glass Surface
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Abstract: Two perfluoropolyether derivatives of different molecular weights were assembled on the glass surface using
self-assembly technique. The chemical structure, wettability, microstructure and film thickness of the self-assembled
lubricating film were measured by Fourier transform infrared spectroscopy (FT-IR), contact angle measuring instrument,
atomic force microscopy (AFM) and ellipsometry. Furthermore, the friction properties of self-assembled and non-self-
assembled two-perfluoropolyether derivative lubricating films were characterized by a TRB friction tester. Results show
that the friction coefficient of the glass substrate was significantly reduced when perfluoropolyether derivatives were
self-assembled on the glass surface. The molecular weight and the concentration of the self-assembled solution had an
obvious influence on the wettability and wear resistance of the lubricating film. In addition, the self-assembled

molecules had strong chemical bonding force with the glass substrate. The dense self-assembled lubricating film was
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obtained after heat treatment, resulting in better tribological property. The morphology of wear scar on the glass surface

and the surface morphology, elemental composition and chemical state of the worn surface for the steel balls were

analyzed by the 3D profiler, scanning electron microscope (SEM), X-ray energy spectrometer (EDS) and X-ray

photoelectron spectroscopy (XPS). The results indicate that the perfluoropolyether derivatives film was decomposed

during the friction process and the organic oxyfluoride and organic fluorocarbon was formed, transferring to the steel

ball and inducing friction failure.

Key words: self-assemble; perfluoropolyether; glasses; friction properties; molecular weight
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Fig. 1 Schematic diagram of the reaction process for preparing self-assembled lubricating film A on the glass surface
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Table 1 Number of different types of lubricating film
Film type Referred as

1% self-assembled A 1% A

1% self-assembled B 1% B

1% non-self-assembling A 1% A’

1% non-self-assembling B 1% B’

2% self-assembled A 2% A

2% self-assembled B 2% A

5% self-assembled A 5% A

5% self-assembled B 5%B

2% self-assembled A after heated 2% A’

2% self-assembled B after heated 2% B’

5% self-assembled A after heated 5% A’

5% self-assembled B after heated 5% B’
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Fig. 2 Characterization of the assembled state for two kinds of perfluoropolyether derivatives on the glass surface
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Fig. 3 AFM images of the various surfaces
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Table 2 The thickness of self-assembled lubricating film

A and B
. Thickness/nm Average
Film type .
2 3 4 5 thickness/nm
1%A 289.0 289.5 292.0 289.0 293.6 290.6
1%B 3002 3003 300.0 298.8  299.1 299.7

2%A 15593 1560.5 1560.1 1560.7 1557.7 1559.7
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2%A" 15605 1561.5 15614 15604 1560.3 1560.8
2%B’ 10189 10153 10169 1017.8 10183 1017.4
5%A’ 1561.0 1546.0 15335 1560.6 1566.2 1553.4
5%B" 19957 19953 20051 1999.8 19984 1998.9
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Fig. 5 Curve of friction coefficient and wear time of clean glass surface (a), 1% A(b), 1% B(c), and the relationship between the
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Fig. 9 Microscope micrographs of the worn surfaces of the steel ball against the 1%B under 0.4 N and 2 N and
against 5%B and 5%B’ under 2 N
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Fluid Flow Behavior Based on Tongue/Upper Palate Micro-gap

CHEN Rusi', QIAN Shanhua”, PU Guangyil, NI Zifengl, YU Jinghul

(1. School of Mechanical Engineering, Jiangnan University, Jiangsu Wuxi 214122, China
2. Jiangsu Key Laboratory of Advanced Food Manufacturing Equipment and Technology, Jiangsu Wuxi 214122, China)
Abstract: In order to investigate the fluid flow behavior in the oral environment, numerical methods and rheological
tests were used to investigate the influencing factors of fluid flow under the micro-gap between the tongue and the upper
palate. A simplified model of the tongue and the upper palate under the micro-gap and the Reynolds equation were
established. The flow value under the micro-gap was obtained by mean of numerical method. The viscosity and shear
rate of the non-Newtonian fluid were investigated using the DHR-2 rheometer. The effect factors on the flow were
discussed by Newtonian and non-Newtonian fluids. The results show that the reciprocal of the square of Newtonian fluid
flow functioned as a linear relation with the ratio of load to viscosity and time. The prepared non-Newtonian fluid was
approximately power-law fluid, and its viscosity increased with the increasing fat content. The varied rate of non-
Newtonian fluid flow underwent a firstly higher then lower than that equivalent Newtonian fluid. The research results

can provide technical support for the development of specific populations’ functional products.
Key words: micro-gap; non-newtonian fluid; flow; load-to-viscosity ratio; numerical methods
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Investigation on Formation Mechanism of Nano-Gradient
Structure in Dry Sliding Wear of Martensite Steel

GAO Qingyuan, LI Shuxin’, SU Yunshuai

(School of Mechanical Engineerying and Mechanics, Ningbo University, Zhejiang Ningbo 315211, China)
Abstract: Dry sliding wear test was carried out on a martensitic steel using a SFT-2M pin-on-disk friction tester. The
microstructure after sliding wear was characterized by scanning electron microscope (SEM), transmission electron
microscope (TEM) and microhardness tester. The results show that microstructural change was controlled by different
wear mechanisms at both high and low contact loads. At a relatively lower load, martensite lath became bend under the
mechanism of abrasive wear, whereas it formed a gradient structure at the mechanism of adhesive wear at the higher
load. As a result of sliding wear-induced plastic deformation, high dislocation density of geometrically necessary
boundaries (GNBs) and incidental dislocation boundaries (IDBs) was formed. This led to the formation of laminated
structure. The lamellar spacing was greatly reduced and grains were partitioned into smaller grains with increasing

number of GNBs and IDBs. Eventually, nano-laminated structure was generated.
Key words: dry sliding wear; martensitic steel; gradient structure; wear mechanism; nano-laminated structure

WED B S PR R I A B, & S B AR (SPD)RUHHLAR. AT TLAE, S 5]
SRR MK SERIK R AR R R0 SR 1 B U ) T T2 BB ST AR,
AT R AR LI (SMGT) ™ B R HLEAN . . ST B SR 1. A 1 2
(HPT)", SBAFLIE(ARB) PSRBT E(ECAPY ™ MG WARAIA & SR B 2B 2R,

Received 3 July 2019, revised 23 August 2019, accepted 17 September 2019, available online 28 November 2019.

*Corresponding author. Email: lishuxin@nbu.edu.cn, Tel: +86-574 87609954.

This project was financially supported by the Natural Science Foundation of China NSFC (51675287) and KC Wong Magna Fund in
Ningbo University.

5 5K AR R G T H (51675287) Rl T IR E TR T AR SE 4 R ).


http://dx.doi.org/10.16078/j.tribology.2019124
http://dx.doi.org/10.16078/j.tribology.2019124

%5 6 3] PR IZE, S5 Dy PN T8 30 B 1R KB FEE 45 K40 0 T LB AF 699

LI T A S AN ) B T A T R A B PR A
AEEAN BRI A9 v 9 AN 1 20CrMin Ti
J220CrNi2Mo' "2 Z Rkl 130 1 T 3h BEHE R A
T TG K 25 K6 LA S AH 7. 2% [T ()56 P 45 1. 5 [ A
2 H AT TV B R )2 i e AN, B
JE v B R s T S A R AP PR B, R TR 2K
MUMAL . SR T LE S b AR o, o R R B 45 5
S 2H 23 5 W A 2 51 A A 5 T A 58 0 5 5 ) A
b, A H R AR, R, o T EC AR T B R
P 5| JE 9 AR T 5 BN 5 MR AT TR B
AT R AR B T Ot SRR BB (LSCM),
FA4 HL BT (SEM)AILIZ S LR (TEM) SR R AE 5 IR 4N 7E
T8 Bl B I R O AR T X 5k, e i o) A RAE
gl Sk 1 B R B AL 5| RS 1R AR T X ek 44 K = I T
LB,

1 R

1.1 MR5HRLE

TRI6 JFA B R FHAR K A GCr1 54K, Vb EE T 240
T FAAE930 C, T84 IR 90 minfF . SR
HEAT2 hir)180 CAMR A1 Kk, FRAF ] K I (AR 2H 21,
- 35 FE 9 HV 605, A6 % il 4 (5 & 43 %1, %) 9 Fe,
0.95C, 0.3Mn, 1.48Cr, 0.25Si, 0.02S, 0.027P. 3 5 BE 4%
P AN A 8 e L o) 2 B R 2 TR i, o2 e BLAR A
JE 4359 430415 mm.
1.2 REHE

T 2 JEE 2 PR R 56 7F SFT-2MAH 2% 30 BE 45 B 453
A EAT, SR FHERTH e e BE 45 B 451 07 20, % BEBR B4R
6 mm, P kL5 5 AL AH R, HE @ 7 B L 7E 100
150 NFESE AR R, LAS00 r/minfIEFSHE 3760 min
1 20 BE 4 BE A 0. A ot R TR AE I8 BT HEAT T 9
s, TR RE B2 20.05~0.1 pum. JBE 45 28 550 B 45 A B
A R R G =13 2. WIS, FT R A T4 g
AT B P e, ARG FVK-X2 1006 R
e AT SU-500047 4 HL 1+ 5 BB 40 Sl 30 A7 B 45 3 ThI 110
BB HT RS SR, 2 J5, {8 K AR LR 4
RETEHE b ) & K 7 Mk, IR AP —H AT
TR R 5, — 20 TR W% K 7 R RE 2 B
BUBHR 3 5 F1 4% 0 I8 P RS 45 V8 J el Js 5 43 ) gk AT B 43
AT ) B N0 7 AN L2353 1T - SR FHTHIV-1000 12 1 4E 1%
WERETE, 7£0.5 NRIEATAE T, e T B 45 i i I
JEE 7 1) P9 S ARORE 5 43 A s SR FH 451 4 L BE A FET Talos
F200X37 5 fo g FL i 2 238k 47 17 W g2, Ko i

R i R B T SR (FIB) B A 11 4%
P =

2.1 PBEERWMEREE ST

Pl 19 A [ 80 A7 LR [ B o 8 I B 4 R 4
AT 10 min, B85 R AR T+ 9 LA 2 7£.0.45~0.55,
100 N#far T, FEHE R EF 8 2 I8 45 0, T 150 N#
T () JBE 4 2 B0 AE A 5 30 min 5 JFUAZ T ETF, 7656
SERATIA £0.60~0.65. 7= A2 1% — 45 FL 1 5 R 7R B s
(AT A PR, B et 2 il o B DR T =) 0 v U
FEEIVERT, BEA R R IR T 3 S, R T
o I 7 S A a1, R R KRR g, T
FECT R RB) Tt BEAE A (3G 0, B A
B2 380, R UARFELE 1001150 N3 7 R, LS00 r/min
()30 B AT PR 42 B 451 1 B0 60 miin J5 1 BB 451

0.8

e
Q9

e
)

i
n

Friction coefficient

N
N

Bt
Y

0 10 20 30 40 50 60
Time/min

Fig. 1 Frictional traces

B RS AR A 18] (221
®1 BREMEBRER

Table 1 Mass loss and wear rate

Friction Mass Wear
Load/N  Time/min . .
velocity/(r/min) loss/mg rate/(mg/m)
100 60 500 53 0.004 7
150 60 500 15.8 0.013 5
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Fig. 2 SEM micrographs of worn surfaces for (a) 100 N; (b) 150 N
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Fig. 3 3D confocal laser scanning micrographs of worn surfaces for (a) 100 N; (b) 150 N
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Fig. 5 SEM micrographs of the cross section microstructure of worn surfaces for (a) 100 N and (b) 150 N
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Fig. 6 TEM micrographs of the cross section microstructure at a depth of 10~25 pm under the worn surface:
(a) BF image; (b) DF image with SAED pattern; (c) frequency histogram of boundary spacing
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Fig. 9 (a) Schematic diagram of estimated shear strains beneath worn surfaces; (b) shear strain variation with the depth; (c) boundary
spacing variation with the shear strain
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Tribological Properties of Polyamide 66 in Multiple
Lubrication Conditions

LI Yunkai, WANG Youqiang*, XIE Yinong, LONG Shenwen

(School of Mechanical and Automotive Engineering, Qingdao University of Technology,
Shandong Qingdao 266520, China)
Abstract: In this study, controlled variable tests were carried out on the MRH-3 high-speed ring-on-block wear test
machine, in order to investigate the tribological properties of polyamide 66 under dry friction, wet friction and various
water lubrication conditions. The wear mechanisms were obtained by analyzing topographies of worn surfaces. It is
found that polyamide 66 had good tribological properties under the linear velocity of 0.51 m/s and the pressure of 1.17 MPa.
Orthogonal tests were further developed and the results showed that the best tribological property was obtained at a

linear velocity of 1.29 m/s and the pressure of 0.95 MPa. This study provided the experimental basis to the application of

polyamide 66 to the material of water-lubricated bearings and guide rails.
Key words: dry friction; water lubrication; polyamide 66; tribological properties; orthogonal test
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Table 1 Orthogonal experimental factors and levels

Factors

Level

s A: Lubrication B: Linear C: Applied
condition velocity/(m/s) load/MPa

1 Purified water 0.12 0.95

2 Brine 0.51 1.06

3 Soup 0.90 1.17

4 Sandy water 1.29 1.28

2 GRS

2.1 EBEEEHRIE ST
QP 1A 7N A2 ] 265 R0.51 m/s, AN [R5 fr T
LR PAGGI BE 1 R A AL s . AT LA Y, BEHE RN
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Fig. 1 Frictional traces under different applied loads
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Fig. 2 Frictional traces under different linear velocities
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(f) Sandy water lubrication

Fig. 4 Topographies of worn surfaces of PA66 sample under different lubrication conditions
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Table 2 Orthogonal experimental scheme and results

No Lubrication condition Linear velocity/(m/s) Applied load/MPa Friction coefficient, u Wear mass/g
01 Purified water 0.12 0.95 0.083 0.029 0
02 Purified water 0.51 1.06 0.089 0.029 3
03 Purified water 0.90 1.17 0.069 0.027 2
04 Purified water 1.29 1.28 0.063 0.026 6
05 Brine 0.12 1.06 0.106 0.0316
06 Brine 0.51 0.95 0.082 0.030 7
07 Brine 0.90 1.28 0.099 0.029 4
08 Brine 1.29 1.17 0.107 0.028 8
09 Soup 0.12 1.17 0.109 0.028 9
10 Soup 0.51 1.28 0.093 0.029 1
11 Soup 0.90 0.95 0.084 0.027 9
12 Soup 1.29 1.06 0.079 0.027 9
13 Sandy water 0.12 1.28 0.121 0.039 5
14 Sandy water 0.51 1.17 0.116 0.036 9
15 Sandy water 0.90 1.06 0.107 0.037 8
16 Sandy water 1.29 0.95 0.116 0.0357
x3I EERRNBRENREDS N
Table 3 Range analysis of friction coefficient and wear mass
Lubrication condition Linear velocity Applied load
Factors
u Wear mass/g Wear mass/g u Wear mass/g
K 0.304 0.112'1 0.419 0.1290 0.365 0.1233
K, 0.394 0.120 5 0.380 0.126 0 0.381 0.126 6
K; 0.365 0.113 8 0.359 0.1223 0.401 0.1218
K, 0.460 0.1499 0.365 0.1190 0.376 0.124 6
ky 0.076 0.028 0 0.105 0.0323 0.091 0.030 8
ky 0.099 0.030 1 0.095 0.0315 0.095 0.0317
ks 0.091 0.028 4 0.090 0.030 6 0.100 0.030 5
ky 0.115 0.037 5 0.091 0.029 8 0.094 0.0312
Range 0.039 0.009 5 0.015 0.002 5 0.009 0.001 2
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Purified Brine Soup Sand 0.12 0.51 0.90 1.29 0.95 1.06 1.17 1.28
water water Linear velocity/(m/s) Applied load/MPa
Lubrication conditions
Fig. 5 Trend of friction coefficient with factor level
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Purified Brine Soup Sand 0.12 0.51 0.90 1.29 0.95 1.06 1.17 1.28
water water Linear velocity/(m/s) Applied load/MPa

Lubrication conditions

Fig. 6 Trend of wear mass with factor level
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Table 4 Variance analysis of friction coefficient and wear

mass
F
Factors df
I Wear mass/g
Lubrication condition 3 8.628 48.898
Linear velocity 3 0.538 0.240
Applied load 3 0.153 0.050

P& 45 B b A 3R KT AR A B

3 Zhig

a. JE Ik R BE A TG 40 BT T MR EE0.51 m/s,
AT 1.17 MPalf, PA6GI) BE 15 B 4 1 BB 95l R 4, i
F B — MR i Sl Nz 30 2 T 40 2 LA 1) A 2%
s FCAE DU T 56 42 7K M %1 T 1R B 48 2 ORI B 4 i
UK, Ui BHPA66LE /KT il A il BL AN LA I R 5
B FEA R R A 2.

b. L B4 R TS50 A1 AT A1 PAG6 I BE 4 X
TEF PR CAT T 2 BERIUNRI G BB, Wl %4 T
F BRIy & B SO e 3 3 1) B R B 3, AV /K 5
A SRR T 3R AR LN 4 Ja IO i U RS ) OME
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T B T B 45, 797K 56 AT 45 PR T B ER UMY
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Tribological Performance of Carbon Brush/Collector Ring for
Hydroelectric Generator under Dry Sliding Condition with
Current-Carrying and without Current-Carrying

QIN Honglingl’3, FU Yangl, YU Yez, LIU Yunfanl, YANG Changl, ZHAO Xinzel, ZHANG Xiaolongl*

(1. Hubei Key Laboratory of Hydroelectric Machinery Design & Maintenance, China Three
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2. Gezhouba Hydropower Plant, China Yangtze Power Co, Ltd, Hubei Yichang 443000, China
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Abstract: In order to reveal the cause of the severe wear, sparking and unstable excitation current of the carbon
brush/collector ring on hydroelectric generator, the carbon brush/GCr15 ball pair was used to simulate its contact and
friction condition on the Anton Paar Tribometer multi-functional friction and wear tester. Then the effects of load, speed
and current density on the tribological properties of the carbon brushes (D172, E468e) under the dry sliding condition
with current-carrying and without current-carrying were analyzed. The results show that the tribological performance of
the carbon brushes with current-carrying was quite different from that without current-carrying. Without current-

carrying, the wear rates of D172 and E468e carbon brushes decreased first and then increased with the increase of load.
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When the minimum value was reached, a large turning point occurred, so that the change trend of the wear rate of the

two carbon brushes was “U” shape. Without current-carrying, the wear rate of the D172 carbon brush was much lower

than that of the E468e, while opposite result was obtained for current-carrying condition. Without current-carrying, the

wear mechanism of D172 carbon brush was mainly abrasive wear accompanied by mild adhesive wear. With current-

carrying, in addition to abrasive wear and adhesive wear, the carbon brush was accompanied by oxidative wear. The

wear mechanism of E468e carbon brushes was abrasive wear with and without current-carrying. The friction coefficient

of D172 carbon brush increased, while the friction coefficient of E468e carbon brush increased slowly and then

gradually decreased. The effect of current on the friction coefficient was obvious for D172 carbon brush but not obvious

for E468e carbon brush.

Key words: carbon brush/collector ring; current-carrying friction; wear rate; current density; hydroelectric generator
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Table 1 Physical properties of carbon brush
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Fig. 2 Friction and wear rate under different loads
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Fig. 3 Characterization of two types of carbon brushes interfaces under different loads
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Fig. 4 Friction coefficient and wear rate with speeds
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(a) 3D topography for D172
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Fig. 5 Characterization diagram of two types of carbon brushes at different speeds [(a) (c) (¢) for D172, (b) (d) (f) for E468¢]
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Fig. 6 Friction coefficient and wear rate with current density
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Fig. 7 Characterization of two types of carbon brushes at different current densities

K7

AN RV S P 5 Bl 7 T ik P



720 i

S

539 %

I (4D V9 B 2 350 R SEMLR . 198 b B 76 LA 2
11 Alem™ 2514 1 B B 2 T o AT AR e bk, ke R iR
BRE11 Alem’ 2614 R SEMIE i (K A5 %2 9 8001%).
EE A5 P 5k ) E G 30 [ 141 5() ()R 8T [&] 7 (a)s (B)]
TG0 1) = 2 T T 50 1 P B B 196 il B
RIMABRE RV, BGEED, BRI R, B
P TRV B BURL U /D, 3 AT R 2 T BBl 2 181 DA A
TF=AE T AL I RN, A BT 45 SR hT A, E AR
WMAMET, B IR FUH AR R A T BB AR T L T4 R
SO 12547 N, S SO BT AR M BT L 7(e)]s
TERRM AT, BEBEEIE 3% S 1E A TR T K&
TRY 5 i, o PR B V0 AN T 0 3, ANEROHS o B
SRS e A 70 BIRIJR A, G R4S B B 1
AN, T e S0 7 IR o H 3 W 5 4 B
TR BRI 2% A5 TG B A P B A T B R 22 R 1 R
JE LAY, 22 8 A S A L A, P 9 S 3o R A R
THT 22 B] ) SR b Ak i R Ol 5 P L. 7 FLIRCVE R R

IR A F A T T S S TR, TR T
e B S R B AR A A A, PR AR 2
FL P, R TR A 2B i R B V-5 S0 ) B 5 R o
I RT3 K5 A0 FL 3% 34 2 N S Bl 2% T 4EAK 7R
JEE 5 3% THI TV 1S €0 1) SR AR S, A 772 1) 86 5 B e A
NAACEES, B3 T BEALANY. DR i, /A LR
5% I TE B -5 J0 BGRB8 B 451 1k BB AH 22 0K
F8~943 73 D172 E468 et il 11 5t BE 42 56 iy
JE EDSHES . B AT &0, DI7283 56 i & K
HCILE NP RO, SHICa &, G HROTRE SR
I ANER I T Siv AIFIFe Tt %, Ui BID 17285 il 75 %%
WA RAE T A BEBRRR I 5 80 R 2 18] (44 %)
R 5 RS, RIBEE BRI, BE A0S, BRI 00 i
A3 B S U, A RER E LT NERIRFER 2R
Fgon gk, HIEmRARLE AR 2, A H X ek
JCE RIS EEAE. i E8G)aT &, ikt & & B R,
AUt SR RGN, R IR 2 AL E, HAR

230
207

Intensityx10~/a.u.

23
0

| CKal

184 |
161 [
138 [
15 1
92
69

46 |
LS La

w(C): 97.64%
w(0): 1.73%
w(S): 0.34%
w(Ca): 0.29%

CaLa

Kal SKo CaKa

0.0

594
5.28 r
4.62
3.96
3.30
2.64
1.98 |
1.32 |
0.66

Intensity/a.u.

0.00

2.0 4.0 6.0
Binding energy/keV

(a) Before test

207 | CKel w(C): 96.74%
w(0): 2.42%
184 w(Al): 0.38%
= 161 w(Si): 0.32%
2 138 w(Fe): 0.15%
=
x 115
£
2 92
QD
£ 69}
46 r8iLa .
23 L Fe La Si La
0 Kol Al La _FeLa
0.0 2.0 4.0 6.0 8.0
Binding energy/keV

(b) After test

Fig. 8 EDS spectra of D172 carbon brush (Current density 11 A/cm’, load 0.4 N, speed 10 mm/s)
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Fig. 9 EDS spectra of E468¢ carbon brush(Current density 11 A/em’, load 0.4 N, speed 10 mm/s)
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Tribological Properties and Lubrication Mechanism of
Al,O3/Graphite-BaSO, Laminated Composites

SONG Junjie, FAN Hengzhong, SU Yunfeng, ZHANG Yongsheng', HU Litian

(State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese
Academy of Sciences, Gansu Lanzhou 730000, China)
Abstract: Al,0;/Graphite-BaSO,4 laminated composites, combining graphite and BaSO, in a certain proportion as weak
interfacial layer, were prepared by a layer-by-layer method, dry-pressing and spark-plasma-sintering. The influence of
the composition of the multi-lubricant on the self-lubrication performance of laminated ceramics during continuous
heating from room temperature to 800 “C was investigated, and the synergistic lubrication mechanism in a wide
temperature range was discussed by analyzing the worn surfaces. Results show that combined strategies, i.e.
incorporating different lubricants adapted for room temperature and medium high temperature, and unique layered
structure of bionic laminated composites, effectively improved the tribological properties of materials at elevated
temperatures, and hence the lubrication over a wide temperature range was realized. The friction coefficients of the
optimal laminated materials coupled with Al,O; pin were in a range of 0.20~0.48 from room temperature to 800 °C,

which was 60% lower than that of monolithic alumina ceramics.
Key words: alumina; layered composite ceramics; wide temperature range; self-lubricating; wear resistance
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Al,04/BaSO, laminated composites at elevated temperature
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Fig. 6 Microstructures of worn surfaces of Al,O;/Graphite, Al,03/BaSO, laminated composites and Al,O5 pin after the
continuous friction experiments in different temperature ranges
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Influence of Fuel Dilution on the Performance of
Diesel Engine Oil
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Abstract: Different fuel diluted engine oils were prepared by adding different proportions 0° diesel (5%, 10%, 15%,
20%) into CK-4 15W40 engine oil. Their physiochemical properties such as viscosity, pour point, flash point, total acid
number and total base number were measured. Crankcase coking tester, pressure differential scanning calorimetry,
optical interference point contact elastohydrodynamic lubrication tester as well as SRV tester were employed to
investigate the coking, oxidation, elastohydrodynamic lubrication and boundary lubrication performances, respectively.
Results show that viscosity and flash point experienced a drastic decrease with the increase of dilution rate and fuel
dilution had a negligible effect on pour point. Total acid number, total base number and oxidation stability decreased to a
certain degree. Film thickness of engine oil decreased with the increase of diesel concentration Friction reducing and

anti-wear properties under boundary lubrication regime were also deteriorated with the addition of diesel.
Key words: fuel dilution; diesel engine oil; physiochemical properties; film thickness; tribological property
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Table 1 Typical properties of CK-4 15W40 diesel

engine oil
Item Specification Test standard
Viscosity (100 °C, cSt) 15.23 GB/T 265
Open cup flash point/°C 219 GB/T 3536
Pour point/C =33 GB/T 3535
Base number/(mgKOH/g) 10.50 GB/T 4945
‘ o 0/0(24 C)
Foaming characteristics 10/0(93.5 C) GB/T 12579

(tendentiousness/stability mL/mL) 0/0(After 24 C)
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FE3.0£0.2 mg.
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Table 2 Physiochemical properties of different oil samples

Dilution concentration Viscosity 40 C, ¢St Viscosity 100 °C, ¢St Pour point/°C  Flash point/°C TAN/(mgKOH/g) TBN/(mgKOH/g)
0% 108.5 15.23 -33 219 1.15 10.50
5% 96.77 12.77 -33 176 1.06 10.28
10% 74.56 10.91 -36 150 1.07 9.60
15% 58.70 9.42 -36 137 1.06 9.42
20% 46.31 8.05 -33 126 0.99 9.28
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Fig. 1 Coking value and optical images of coking panels of
different lubricants
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Thermo-Mechanical Coupling Analysis of Friction Interface of
Mechanical Seals under Dry Friction

WANG Jihui, CHEN Zhi', GU Canhong, QIU Haitao, JI Hua

(School of Chemical Engineering, Sichuan University, Sichuan Chengdu 610065, China)
Abstract: Based on W-M fractal function, a three-dimensional transient sliding contact model of the contact friction pair
of a mechanical seal was established. The mechanical interaction and thermal-mechanical coupling of friction between
contact micro-convex bodies have been considered. Based on ABAQUS, a new computational model has been proposed
for the first time using which the rotary motion of mechanical seal friction pair can be numerically simulated. The
friction characteristics of a mechanical seal friction pair under dry operation were simulated and analyzed. The results
show that the temperature distribution of the contact surface was uneven, the local temperature was very high and the
maximum appeared in the center area of the contact micro-convex body. The temperature rose sharply in a very short
time after sliding and the temperature of the contact node was rising with sliding, while the temperature rising rate
slowed down. The temperature gradient of the rough body along the axial direction was large and the sub-surface area
had a large thermal stress, which made thermal damage failure much easier. There was tensile stress in the local zone
near the surface of the contact micro-convex body in axial direction, the sliding behavior enlarged the tensile stress zone
inside the micro-convex body and the tensile stress also increased. The stress of the contact zone of the micro-convex

body changed in the axial direction which subjected to continuous compression-tension-compression.
Key words: mechanical seal; dry friction; fractal theory; thermal-mechanical coupling; wear
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Table 1 Parameter values of W-M functions

Parameter Specification
Sample length, L/m 0.0002
Height scaling parameter, G/m 2.45x10”°
Random phase, ¢,,, /6
Fractal dimension, D 2.35
Ridge number, M 10t
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Cut-off length, Lg/m 5.00x10 "
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(a) Mesh generation in computational domain

(b) Enlarged graph of entity A mesh

Fig. 2 Contact model meshing
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Table 2 Roughness of friction pairs and physical
properties of materials

Static ring Moving ring
Parameter . .
(Entity A) (Entity B)
Density, p/(kg/m’) 1650 14 500
Specific heat capacity, ¢/[J/(kg-K)] 710 875
Thermal conductivity, &/[W/(m-K)] 15 80
Thermal expansion coefficient,
- 6.5 5.1
o/uK
Elastic modulus, E/GPa 16 600
Poisson ratio, vV 0.2 0.24
Friction surface roughness, R,/pm 0.8 Ideal smooth
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Fig. 6 Axial temperature distribution of the node where the maximum temperature of rough solid is located during sliding
process(Unit: C)
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The Synthesis and Tribological Properties of
Hexafluoroacetylacetone Ionic Liquid Lubricants

YANG Desuo , LI Wengian, MA lin, HAN Yunyan, WANG Dongmei, FAN Mingjin’

(Shaanxi Key Laboratory of Phytochemistry, College of Chemistry & Chemical Engineering,
Baoji University of Arts and Sciences, Shaanxi Baoji 721013, China)

Abstract: Three kinds of room temperature ionic liquid ([C,mim][hfac], n=4,6,8) lubricants containing
hexafluoroacetylacetone anion and imidazole cations were synthesized. Taking 1-butyl-3-methylimidazolium
bis[(trifluoromethyl)sulfonyl]imide (L-F104) as a control sample, the lubricating and physicochemical properties of the
ionic liquid as lubricants for different friction pairs were studied, and the influence of the length of cationic alkyl chain
on their properties was explored. The results show that the ionic liquids were less corrosive to the metal substrates. At
room temperature, they had good lubrication performance on steel/copper and steel/aluminium friction pairs. With the
increase of cationic alkyl chains, their thermal stability and viscosity increased, and their friction reducing and anti-wear
properties were also improved.

Key words: hexafluoroacetylacetone; ionic liquids; lubricants; corrosivity; tribological properties
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THEm e F A, R B TR s A TR
HEA R R T 3 B9, 45 4 1) v B R i v mT DA B
ANFDyfg, B CATEIE 21 JUAF, ILsfE i 75 1 i 1k
B B 5 ] e 70 R0 R N A5 32 B T e
Tt 57 3% BH 4 Jaf 3 THD 32 Ak ™ R 7 R 4 0o R op IR L 4
MR TE B FLART R, 5 VAR ) 9T 28 - T LAAR 25 5 M
B 1) % 451 4 i 3 T 1) OF R AT PR AL B L, T BH S )
T I 55 B 1 [R] P AF AT FH A IR 2 2 1 B 45 1 3 I,
T F 3 T WAk 2 R AR PR 0 B T g et . 3
W, BRI NFA T, & BEER RIS 51
TR 5> T O N 32 55 R AR A2 IS, T RUAL 5
SRS RS, AT A5 B B A LA e S Frp e e

AT, 75 T A0S B~ YRR PR 7 32 2 DY 9
TRR . 7S SR IR X =33 F o B Tk V7 ez« s TR R AR R 55
SRIU B TR BT 72, DABR ST A A7 ERLAT O 1 S
TR FH T A R A R A SO, RATE
F T = DA S5 AR A B H AT O R 7S R T T
Ik I B 1~ 4 ([C,,mim][hfac], n=4, 6, 8), HLA1-T k-

3- FR R IBR P XN = & F e T 1 35 3V i 2R (L-F104)E 2
TERE, BRIT T C TR AN/ AN AN 65 BE 152 ) ) BE 4 2
PERE.

1 R

1.1 BFRIEBERKR

H4 7N R 2T 7R B (10 mmoL) 5 5% & AL Al A
W10 mmoL)1: VR E T E I\ FHH: RS 18 h, 48 5 N
NI M G 3R (10 mmoL). 2, =il T 8t #F < M24 h,
5 2N 45 TR 5 43 3)[C,,mim] [hfac](n=4, 6, 8)FH =4, Jit
R AR, TSI IR IE, AR5 W AT 2
HY. FH 72 ) [Cymim][hfac]FH £ 8 £ Bi5 #5 HY, [Cgmim]
[hfac]F[Cgmim][hfac]H B 2R ZEHL, A HUAHEAT 2 X
KR BRI, 70 CH = TIRA B B0
[C,mim][hfac](n=4, 6, 8)E§ TR A, 4% T 7S 5 £ 1k
PR ()5 5t 40 $099%) 1 T b 5 B R BRH A IR 2 =,
K e G 2 e 2 IR FEL-F 10406 T~ 2% ML S ) BE A 7T BT
BT IRAR A5 TR,

®1 FARAAFTNS FEG

Table 1 Structure of the used lubricants

Lubricant : Structure |
Cation Anion
(0]
/ \ [l [
L-F104 N @ N _ S o S R
: RN FC |l °N IOI CF,
o o
2 \/ \ F:(C CF 3
/ \ o o
[Cgmim][hfac] M/\ N @ \ 5
4
NN F,C CF,
o o
6 Ay \ F,C CF,

15 F #% B4 S 4R Uk 3% (Agilent 400 Mz, 'H NMR:
400 MHz, “C NMR: 100 MHz, TMS ¥ N #7) % 5& T T
B RS TR B0 B RS, BARERE I

[C4mim][hfac]: 'H NMR (400 MHz, CDCl;) &
(ppm): 10.64 (s, 1H), 7.13~7.11 (m, 2H), 5.68 (s, 1H),
4.25~4.19 (m, 2H), 3.99 (s, 3H), 1.87~1.77 (m, 2H),
1.40~1.29 (m, 2H), 0.95~0.91 (t, J = 7.4 Hz, 3H). °C
NMR (100 MHz, CDCL;) & (ppm): 174.4, 174.1, 140.5,
122.6, 121.3, 119.9, 117.0, 85.0, 49.9, 36.4, 32.3, 19.5,
13.3.

[Cemim][hfac]: 'H NMR (400 MHz, CDCl;) &
(ppm): 10.83 (s, 1H), 7.11~7.09 (d, J=1.60 Hz, 2H),
5.70 (s, 1H), 4.26~4.20 (m, 2H), 4.01 (s, 3H), 1.88~1.79
(m, 2H), 1.29 (s, 6H), 0.91~0.83 (m, 3H). "C NMR
(100 MHz, CDCl3) 8 (ppm): 174.4, 174.1, 141.0, 122.4,
121.2, 119.9, 117.0, 85.0, 50.2, 36.5, 31.1, 30.4, 26.0,
22.5, 14.0.

[Cgmim][hfac]: 'H NMR (400 MHz, CDCl;) &
(ppm): 10.93 (s, 1H), 7.10~7.08 (m, 2H), 5.72 (s, 1H),
4.29~4.19 (m, 2H), 4.02 (s, 3H), 1.90~1.79 (m, 2H),
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1.38~1.15 (d, J=20.4 Hz, 10H), 0.90~0.84 (t, J=6.9 Hz,
3H). "C NMR (100 MHz, CDCly) & (ppm): 174.5,
174.2, 1413, 122.4, 121.1, 119.9, 117.0, 85.1, 50.3,
36.6, 31.8, 30.5, 29.1, 29.0, 26.3, 22.7, 14.1.
1.2 FERRBEMNE

{55 FH A 9 7= 38 30 B B A (SYP1003-111) 75 40F1
100 °C X B TV A2 B 6 B R AT Ml v B et
Fe % K I STA449C TGA-DSC(NETZSCH) A 25 #4 4>
BT O s 8 PEREEAT 20 M. I 2% 1 BT
M25 CIFUELAT10 °C/minfi F THE 4600 °C.
1.3 R AR

K bR HE 5 72 GB-T5096-1985(9 1) 2 7 ¥ 1A
(e k. ARV KA 12,5 mmx12.5 mmx
3 mmfI 4 A CW800-CW2000) SiCHb 4% 3k 47 4T B%,
PR e 2T, AR AT R L BON/INEE R
N TR B 2 R4 58 2R, AR5 K FEAE 100 °C
R R S R TR A0 AP 1 d. BRSSO, AR A
i JE, FIEREBEA s B AR a5 JE A
FARE I F 4 7 S OB o A FL R I, AR A 3R T
VP € PR A 2 SR VA 8 - VR AR 1) .
1.4 EEEZEMEEIN

K #5 [E Optimol i I A =] i1 SRV -V 2l ik 5 B
BRI LI E 1 3CFF 1) BEAR 2 10 R, JBE 2 e fh

77 FONER-AE Al MR A% A2 25 Hz, $E1R 1 mm.
i 830 min. 257 100 N, 3B~ B 4210 mm1) AISI
5210089 Bk (HRC 59~61), N ik # 8 B 4224 mm, JF &
7.9 mmf¥] ZQSn6634 % (HV130~160)/% 202445 4
(HV140~170). M2 71, FrA M HCW800-CW2000
() SICHD 4RAT BE ] £ B2 0 M AR BR 1% F
22 R4 B A (BRUKER-NPFLEX 3D)il ik BE 451 A F.
1.5 BEmRmoih

V1 BE R I 0 A R A T e, R
H, 7~ 5 fWU 8% (SEM)(FEI Quanta 250)F1 X5 £k 5 B 1 B
T A (XPS)(NEXSA)BEAT 43 #r, HHE WK 7] e 1 6 18 L2,
PLC1sI&(284.8 eV 45 & HE N N Fr.

2 HRSIE

2.1 FERMAIBEM

RI& AT A B [C,mim][hfac] B TRAA J Z IR FEL-
F1041) 25 B K 3 B fe B R 2 s k2w il DL
B, =Fp[C,mim][hfac]Z T AL 100 CH % K
FEEEUR T2 B EEL-F104, {H40 CH I E S T3
HEUREL-F 104, 1M HBEZE eS8 9, [C,,mim][hfac]
R RN Y& DRk NN N =L e
AT Sy 388 o 258 00 % 1) 4 8 2 38 o 43 22 ) ) Y A 4
775 WA L2 55 RN 86 B R 400 B s .

®2 FIRABTFRENSHFHE. HERRULRKASREE

Table 2 The kinematic viscosity, viscosity index and onset decomposition temperature of the used ionic liquids

Kinematic viscosity/(mm?/s)

Lubricants

Viscosityindex

Onset decomposition temperature/ “C

40 C 100 °C
L-F104 19.91 4.52 146 379.9
[Cymim][hfac] 22.43 3.86 25 273.6
[C¢mim][hfac] 22.42 3.92 36 279.1
[Cgmim][hfac] 23.23 4.26 78 282.4

HH K218 7] LLFE H, [C,mim][hfac] & - 14 A
TEVERLUT, e A B2 350 19 1250 °C, W4 7 fiftils P2 Tt
ot HEBE I KT A BT R N, X AT AR AR T4y T E )
B 43T IR A K, TR TR e A B .
£ [C,mim][hfac]& T A H, [Cgmim][hfac]#) #4F2 &
PEBCUT, ORI E L $282 °C. ZIRFEL-F104 1) #4)
fiFIR FE #2400 °C, U6 5 2 BFEAH L, [C,mim][hfac]
BT R AR S 22
2.2 R A EIE

145 7 =M [C,mim][hfac] % Tk K 2 IRk
L-F 1047 40 B J63 s 36 B S 13 4 v 5 B A (BCK
3 0001%). FI 15 —47 MIEE AT 52 B TR LE 100 “CH
Fr 08 S BT JS R, BT AT DLE H, o

L-F1047£100 °C F A A #& 43 {4, [C,mim][hfac]% T K
Pt A TR R AR P B IR, 3R OA 88 T M AE S5 4
FEAbI AR T BRI RONE, W] REAELE T4 R R ik AN
BT WK B B R Y W E S = AT A DY 47 AT
LB & L-FI042 0 (40 Fr B s i, S TR LR

BRI AR e € RN B SR AR vk T LU 2R
ANBIEE N B E kL XS IR B, 5 L-F1044H EE,
[C,mim][hfac] &5 T VR4S 4 F (1) J65 b R P e 42

2.3 PEEEEEMEE
2.3.1 TR/ R R L EE R e PR R
23.1.1 HiREEAME

M25 CF U S A0/ B 45 )L ) R 4
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Fig. 1 Photographs and SEM images of the corrosion copper sheets
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A DL B, 75 BE B B2 i L-F 104 7% BV BE B 22 [ A7 1E
BRI ALV, BEORL BB 401 R 7 A, T F A = R RS T
PRI BER T R A BRI, HIER] WL, [C,mim][hfac]
TR U BE BB 1 BE AR T S HEFEL-F104.
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F 1041 BE{E 2 AN B BUARFRCR, 1M Fr-& B [C,mim]
[hfac] 2 ¥ 1) JBE 58 22 H0ORT B8 40 AR AR B0/ . B A 3K
U5 (3347, [Cymim][hfac] A1 [Cemim][hfac] i) BE ¥ & %
SR T RERES, e H) B AR R 5 L-F1044H L%
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Fig. 2 Friction coefficient (a) and wear volume (b) of the ionic liquids on steel/copper friction contacts at 25 °C
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Fig. 3 SEM micrographs of the lower copper disks lubricated by the ionic liquids at 25 °C
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Fig. 4 Friction coefficient and wear volume of the ionic liquids on steel/copper friction contacts at 100 °C
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I, xR R R B T A AR E . e AT B R
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AR A L-F1041125%. BLAt, W22 BE it 5 K ik
FEERTR 1 BE B 5 I mT DAE 2 (LI 7), L-F104JF B
{14 B8 B 2% TH A7 (6 SR 1R AL v FLAT KT R V8 Th I 2,
HoR =B AR T A B0% BA B> kS, B
BET] UL, [C,mim][hfac] WK PR BS -V AR 754X /45 AR 45 1) L
HA LEL-F104 55 000 5 1980 BE Bt B 14 e
2322 [yl R A R

EI89100 °C R JLFH & T A TEAN /45 BE R BI E 1)
JEE P SR AR R AR R AR IR R AT DU Y, 7R IR0 T 2
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Fig. 5 SEM micrographs of the lower copper disks lubricated by different ionic liquids at 100 C
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Fig. 6 Friction coefficient and wear volume of the ionic liquids on steel/ aluminum friction contacts at 25 °C
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Fig. 7 SEM micrographs of the lower aluminum disks lubricated by different ionic liquids at 25 °C
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Fig. 8 Friction coefficient and wear volume of the ionic liquids on steel/ aluminum friction contacts at 100 °C
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Fig. 9 SEM micrographs of the lower aluminum disks lubricated by different ionic liquids at 100 C
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(b) XPS spectrum at 100 °C

Fig. 10 XPS spectra of the lower copper disks lubricated by different ionic liquids at different temperatures
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Fig. 11 XPS spectra of the lower aluminum disks lubricated by different ionic liquids at different temperatures
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Effects of In-Situ Synthesis Nanoscale Ag/Ag,Mo0O, Composite
Lubricants on Tribological Properties of YSZ Coatings
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Abstract: In virtue of the intrinsic defects (micro- cracks and pores) of yttria-stabilized zirconia (YSZ) coatings
fabricated by air plasma spraying, Ag/Ag,Mo0, were in-situ synthesized inside the pure YSZ coatings via vacuum
impregnation process coupled with hydrothermal reaction. Results show that the generated Ag/Ag,MoO, were spherical-
like nanoparticles with the diameter of 78~111nm and YSZ-Ag/Ag,MoO, composite coatings were successfully
fabricated. The results of tribological tests present that the composite coatings possessed a lower friction coefficient and
an extremely lower wear rate compared with the pure YSZ coatings at room temperature (RT) and 600 “C. The excellent
lubricating and were-resistant properties were ascribed to the formation of the smooth lubricating layers on the worn

surfaces of composite coatings, thus effectively restraining the brittle fracture and abrasive wear of pure YSZ coatings.
Key words: Ag/Ag,Mo0O, composite lubricants; vacuum impregnation; hydrothermal reaction; air plasma-sprayed YSZ
coatings; friction and wear
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Table 1 Atmospheric plasma spraying parameters

Parameters NiCrAlY coating YSZ coating
Arc current/A 500 500
Voltage/V 55 60
Spray distance/mm 100 90
Powder feed rate/(g/min) 42 36
Ar gas flow rate/(L/min) 40 40
H, gas flow rate/(L/min) 5 5
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Fig. 1 The SEM morphology (a) of the polished surface of coating Y and the optical photographs (b) of coating Y before and after

hydrothermal reaction

K1

L3 R R K Bl 2% 1 A IR B TE SRV
R, AT RMAE 70 C T HET24 hy B
A W 2 32210 B 1(b). LA LA i N I PVPE 43 731
DT ERAR BB (0.5 1.0FI 1.5, JHe w7 AE B i 44
NG EWIKFRIC NAMI ~AM3FIYAM1~YAMS3.
1.3 Ag/Ag,MoOMARE G RELEHSMHRERIE

K HID/max-2400 3 X 55 26417 5 {X (XRD, Philips X’
Pert MPD, Netherlands)f1LabRAM HR EvolutionZ
IR AR BRI T R R E AR E R
s SR 3% % 5 451 4 T 2 3B (FESEM, SUS020) Wi
S ATV G2 T T R F00R 445 460 A0 B 45 2 T 7
TOMIE 345, [FI SR FHEDAX A i (EDS) 2 Bk K 5
BRI ITCER /0.
14 S&RENEZERMERENIR

K FH BR A 2 B R B HL(CSM Switzerland) gt
1T BE R BEARR B, ALOSER(6 mm)fFE AR ER, I iE
FEERCE IR(RT) 600 °C, i A4 N, Ll 5 80.1 mi/s,
Jire#E 24895 mm, 1TFE200 m, BEHE R BB IRT-47 ik

(a) 1 ¢Ag
1 S vAg,MoO,
Aamt || ¢ | v
U ket L Ay e
5 .
i l
2| Am2 ¥ l & '
Sl | T
[l +*
AM3 t
N l gl L e

10 20 30 40 50 60 70 80 90
20/°)

IRIEY BRI 2 A SEMIR F (a) MK IR SR S 34 2 2 1 4 5 LT 35 (b)

B (9°F M . K FH MicroX AM = 4 %6 B A 58 132 2 1)
BEFRARFN, BE R AR IR A R w=V/FSiH &, H i viEE
PR (mm’), FAEAT(N), ST EHTFE(m).

2 HR5WIE

2.1 Ag/Ag,MoO,# R HEIHFME

El245 tH T AM1~ AM3#; K [1) XRDii & 1 AM3
A TEF M SEMBR F J H oo &40 A . & ROk R K BT
BT & 5 )7 Ag (ICDD/JCPDS-PDF 04-0783)
A1 B-Ag;Mo0, (ICDD/JCPDS-PDF 08-0473)ff] Hf 1k
20210, 3 LI HeAth 2% 40 5 HE 06 HH B[ 2()). I 2
DR A 7E 7K AR S, B 88 7 S il e A7 T Ik e v, Bl
SR 15 JEE 3% T, I B AR A AR B T, M
WHRREFAR —gRE G, — RS T 53
B R AR B8 7 45 &5 A U BR AR, 53— SR/ e B8 T
PVPH FINFIO R i B 15 4k, A1 5H 25 5 0 J5
R R, I A B PVPE BN, Ag/Ag,MoO, 7 &
EL Bt 2 38 00, H TR AR AM1~ AM3 [RIAROU T 35 32 A A

10 pm

Fig. 2 The XRD patterns (a) of the synthesized powders AM1~AM3 with different contents of PVP; the SEM micrograph and
corresponding elemental mapping (b) of powder AM3

K 2

ARFEPVPE & A& B KAM 1 ~AM3 [FIXRD B i (a) A1 AM3 & 5t A ISEMIE S B DL K AR B 1) 76 2% 43 A7 (b)



%6 M

Wit i, 55 JR LG LA g/ AgyMoO AR 5 AN TN Y SZ IR 25 BE #4225 P RE 11 52 1) 759

A, g thoky R AM3IE 3 i) SEMBE v 7T 3= 45 A1 ]
[E2(b)], AT LA HEBH R HR 2 )\ THI A4 S50 AN 2R BRI 450
O, AR U 3 B A K ER T R
22 EERENMMNEHRIEERK

I35 tH 1 YSZigk J2 3ot Ji5 48k i A W T 1 35 1)
SEMM Jv. B EI3(a)iT WY ¥R )2 B FE 29350 pm, HiRk)E
FROR AT B G A7 AE LB, X 32 B T KRS B Tt
IR P A R S BU0 . WIRZE W TR S iR

NiCrAlY coating

Substrate

i, W2 R AV 2 FLIR AT S [EI3(b)], 1% L
iR [ A BT IR AR YA VR E N R 2 B A AR A T
WA T R RS . i — P NRE ERE
YAMI1~ YAM3 [P Wr i 72 35, o] UL g oK S5k bt 25 T
YAMI1~YAM3R 2 P 6h FE HH, YAMILER J2 6 f o
HEL T B RE 295825 nmfEk M = M TR 90K v ATELAR 2
SNT70~150 nm i) FEER TG K BRI E3(c)]s YAM2iR
BB A R TR FE 2920 nm A B R 49K AR

i N

Micro-cracks

R

®dY

15_1 nm

il

(d) YAM2

() YAM3

Fig. 3 The SEM morphologies (a) of cross-section of coating Y; the FESEM morphologies of fractured surface of
coating Y (b) and coating YAM1~YAM3[(c), (d) and (e)]
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Fig. 4 The XRD pattern (a) and Raman spectra (b) of the surface of the synthesized coating YAM3
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Fig. 5 Friction coefficients and wear rates (a) of coating Y and YAM3 at RT and 600 °C, coupled with corresponding friction
coefficient curves (b), respectively. Note: the wear rate of YAM3 at 600 “C cannot be calculated because its
worn volume was unmeasurable™”
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Fig. 6 The SEM morphologies of worn surface: coating Y and coating YAM3 at elevated temperatures
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Fig. 7 The SEM micrographs and corresponding elemental mapping: surfaces outside (a) and inside (b) the wear track of coating
YAM3 at RT as well as cross-sectional profile (c) of wear track formed on coating YAM3 at RT
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The Influence of Impact Angle on Erosion Behavior of
PEEK/Ni Foam Co-continuous Composite

YANG Xiaoguang"’, JIANG Shengli’, ZHANG Xue’, DUAN Deli”, LI Shu’, ZHANG Huichen'

(1. Dalian Maritime University, Liaoning Dalian, 116026
2. Institute of Metal Research, Chinese Academy of Sciences, Liaoning Shenyang 110016, China)
Abstract: Polyether-ether-ether -ketone (PEEK)/Nickel co-continuous composites (“PEEK-Ni” for short) is a type of
new structure composites. This material is composed of PEEK polymer with high specific strength (matrix phase) and
nickel foam with high toughness (reinforcement phase), which has the characteristics of two-phase interconnection,
topological continuity and isotropy. Hot pressing technology was used to obtain the PEEK-Ni by infiltrated the melt
PEEK polymer into the nickel foam of 100 PPI (pores per inch). The slurry erosion behavior of pure PEEK resin, pure
nickel and PEEK-Ni at 5 different impact angles (30°, 45°, 60°, 75° and 90°) was investigated by slurry jet erosion test
apparatus. The slurry erosion process with different impact angles was modeled and simulated by using ANSYS Fluent
finite element simulation software, and the boundary conditions were set. The results showed that, with the increase of
impact angle, the damage area changed from crescent-shaped to U-shaped, and finally it develop into the annular
damage area around the stagnation point. The simulation results agreed well with the slurry erosion experiment. Due to
the shielding effect and synergistic effect of nickel foam, PEEK-Ni has exhibited lower erosion damage than pure PEEK,

and the slurry erosion damage of PEEK-Ni was not sensitive to the impact angle.
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Table 1 Parameters of the nickel foam
Sample Pores per inch(PPI) Volume density/(g/cm’) Coating thickness/pum Edge width/um
Nickel foam 100 0.214 11 100
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different impact angles
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Fig. 9 The pressure distribution above the sample (1) the sample surface and (2) the plane perpendicular to the sample surface and
through line 1
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Fig. 12 The micro morphologies of PEEK-Ni after the erosion test
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Friction and Wear Characteristics and Mechanism Analysis of
Load and Nano MoS, Additive on Circular Hammerhead-Bar

ZHANG Lijun*, HAN Lin, ZHANG Dexiao, LI Zenghui, ZHANG Junwei,
JIN Yongshan, WANG Hanxiang

(College of Electromechanical Engineering, China University of Petroleum, Shandong Qingdao 266580, China)
Abstract: Aiming at solving the wear problem of the arc-shaped contact surface between the circular hammerhead and
the bar in precision blanking, the tribological performance of GCrl5 steel block-45 steel column tribo-pair was
dertermined on a WTM-2E controllable atmosphere micro-friction and wear tester, under lubrication of oils containing
nano-MoS, additive (mass fraction of 0%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.7%), focusing on the friction and wear
results under different loads. The worn surface of GCrl15 steel was observed by scanning electron microscopy and
analyzed by energy dispersive spectrometer. The possible mechanisms of lubrication and self-repair were discussed. The
results show that increasing the applied load increased the contact stress, friction coefficient and wear. The wear regime
varied from mild abrasive wear to adhesive wear. Friction coefficient and wear first decreased and then increased as the
mass fraction of MoS, additive increased. Oil with the mass fraction of MoS, additive of 0.1% to 0.3% provided good
lubrication. By comparing the noise, vibration speed and temperature rise of the tribo-pair, oil with 0.1% nano-MoS,
additive showed the best tribological performance.

Key words: precision cropping; circular hammerhead-bar friction pair; nano MoS, additive; antifriction and antiwear;
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(a) Cropping die diagram

(b) Circular hammerhead and bar material relationship diagram

Fig. 1 Working principle diagram of cutting die
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Fig. 2 Effect of severe wear on bars and common bearings
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Fig. 6 Effects of load on friction coefficient and wear under different working conditions
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Fig. 7 Wear surface topography under different loads
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Fig. 8 Anti-friction and anti-wear mechanism of nanometer molybdenum disulfide particles
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Table 1 Determination of the chemical composition of worn surface under different working conditions

Worn surface w(Mo)/% w(S)/% w(Cr)/% w(C)/% w(Fe)/%
Base oil 0 0.01 1.34 12.63 Balance
Nano MoS, 0.2 0.03 1.32 13.26 Balance
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Fig. 10 Friction coefficient and wear under different loads
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Fig. 12 Diagram of load and noise under different lubrication
conditions
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Fig. 13 Diagram of load and vibration speed under different
lubrication conditions
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Abstract: In this paper, the 22nd International Conference on Material Wear was summarized and reviewed. The latest
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State of the Art and Development Trend of Mechanical
Seal for Marine Equipment
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(College of Mechanical Engineering, Zhejiang University of Technology, Zhejiang Hangzhou 310023, China)
Abstract: With the development and exploration of marine resources, mechanical seal has become one of the essential
and key elements in stable operation of marine equipment and reliable ocean development. Research status on
mechanical seal for marine equipment were reviewed from the views of tribology and dynamics. The sealing interface
effect, multi-field coupling, dynamic characteristics, sealing surface texture were mainly focused, and the research
directions and trends of mechanical seal technology were summarized and explored. The development trend of
mechanical seal technology for marine equipment was presented. It provided the foundation for the design, development
and application of mechanical seals for marine equipment in the future. It is of great significance to improve the sealing

performances, safety, stability and reliability of mechanical seal for marine equipment in operation.
Key words: mechanical seal; marine equipment; friction; lubrication; sealing performance
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