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Influence of Moisture and Grasping Force on Static Friction
Force between Finger Pad and Object with Smooth Surface

CHEN Qiang'**, GUO Shijie"*”", GAN Zhongxue'

(1. State Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei
University of Technology, Tianjin 300130, China
2. Hebei Key Laboratory of Robot Perception and Human-Robot Interaction, Tianjin 300130, China
3. School of Mechanical Engineering, Hebei University of Technology, Tianjin 300130, China

4. Academy for Engineering & Technology, Fudan University, Shanghai 200433, China)
Abstract: To explore how moisture and grasping force affect static friction force when a person grasped a smooth
object, a new equipment, capable of measuring deformation, grasping force and static friction force of a finger pad when
the object’s weight continuously changed, was developed in this study. Using this equipment, the deformation and
maximum static friction coefficient were measured and analyzed as the moisture and the object’s weight were varied.
The adhesion force between the finger pad and the smooth object was assessed by the finger pad deformation, thereby
analyzing the effect mechanism of moisture on the maximum static friction coefficient. The results revealed that the

maximum static friction coefficient decreased according to the law of negative power function as the grasping force got

Received 24 October 2019, revised 10 December 2019, accepted 27 December 2019, available online 28 May 2020.
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larger, and then leveled off at a certain grasping force. Moisture affected the adhesion force between the finger pad and

the smooth object, further affecting the maximum static friction force. The adhesion force value was greatest when

contact surface was medium moisture content, which was the most labor-saving and difficult to slip when grasping

smooth object. Besides, the effect of moisture on the maximum static friction coefficient was nonlinear. The maximum

static friction coefficient showed a peak value at a certain moisture content.

Key words: finger pad; smooth surface; friction; moisture; grasping force; adhesion force
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Table 1 Moisture grade table

Moisture grade Relative moisture
Dry 36%~45%
Wet 55%~64%
Very Wet 74%~83%

Note: the relative moisture of finger skin ranges from 36% to 45%. Drying

in this table is natural skin moisture'”.
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Film Stiffness of Double Involute Gears Transmission

FAN Zhimin', WANG Mingkai, YIN Zhaoming

(College of Electromechanical Engineering, Qingdao University of Science and
Technology, Shandong Qingdao 266061, China)

Abstract: According to the meshing characteristics of double involute gears profile and the elastohydrodynamic
lubrication theory, a calculation model of film stiffness of double involute gears was established to study on the change
rule of film stiffness. The difference of film stiffness between double involute gears and involute gears was analyzed by
contrast method, and the influence of tooth profile parameters and working conditions was studied. The analysis showed
that double involute gears had a big difference in the film stiffness compared with involute gears, due to the effect of
tooth waist order. Film stiffness decreased with the increase of the height coefficient of tooth waist. Film stiffness
basically remained unchanged when the tooth waist tangential modification coefficient changed. The film stiffness
decreased with the increase of rotational speed and increased with the increase of load increment factor.

Key words: double involute gears; involute gears; film stiffness; ladder-shaped parameter; working conditions
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Table 1 Comparison of the results obtained by three
methods
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Table 2 Profile parameters and operating conditions

Parameters/properties Value
Gear number,z; , 23,32
Tooth width, B/mm 60
Normal modulus, m,/mm 4
Normal pressure angle, a, 20°
Helical angle, S 16°57'42"
Tooth waist tangential modification coefficient, y" 0.08
Tooth waist altitude coefficient, 0.08
Speed, n/(r/min) 1000
Initial viscosity of lubricants, #,/(Pa‘s) 0.056
Torque, 7/(N'm) 500
Incremental factor of load, AF 0.0125
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Tribological Properties of Nanofluid Prepared by Composite
of Multi-walled Carbon Nanotube and Oleic Acid

GUAN JiJu"”, LIU Deli', WANG Yong’, FENG Bohua®, XU Xuefeng’

(1. Research Center for Ultra-precision Bearing of College of Mechanical Engineering, Changshu Institute
of Technology, Jiangsu Changshu 215500, China
2. Precision Manufacturing Engineering Department, Suzhou Vocational Institute of Industrial Technology,
Jiangsu Suzhou 215104, China
3. Key Laboratory of Special Purpose Equipment and Advanced Manufacturing Technology, Ministry of Education
&Zhejiang Province, Zhejiang University of Technology, Zhejiang Hangzhou 310014, China)

Abstract: Multi-walled carbon nanotubes (MWCNTSs) were filled with oleic acid (OA) to prepare the composite
additives for use in the nanofluid. The influence of additive concentration, acid treatment time of MWCNTs, the test
conditions on the tribological properties of the nanofluid were investigated, and the lubrication mechanism of the
composite was also studied. The results showed that the OA was successfully filled into the MWCNTs with a filling rate
of about 20%. In the process of friction, the friction coefficient of nanofluid prepared by the composite tended to
decrease gradually, and its final friction reduction effect was even better than that of the oleic acid emulsion under
different loads. The nanofluid could achieve better tribological properties as the concentration of the composite was
about 0.1%. The tribological properties of the nanofluid would be improved with the increase of the acidification time. It

was supposed that the composite could release the OA to form a lubrication layer during the friction process, which
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enabling the MWCNTs to play a role of "micro-bearing" on the formed lubrication film, thus the better tribological

properties of the composite were achieved.

Key words: multi-walled carbon nanotube; composite; nanofluid; friction; lubrication mechanism
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Fig. 5 The effects of the test load on the friction coefficients of two nanofluids and the emulsion of OA
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Fig. 9 The XPS spectra of GCr15 steel surface and the worn surface under lubrication of different nanofluids
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Numerical Study on the Mechanism of Friction Lining with
Micro-Elliptical Texture in Safety Brake of
Nuclear Power Plant

HOU Shuo*, HE Shao, DENG Xi, XI Chen, LU Guangyao, CHEN Shuai

(China Nuclear Power Technology Research Institute, Guangdong Shenzhen 518124, China)

Abstract: The frictional performance of safety brake used in nuclear power plant affects the safety and economy of
nuclear power plant equipment. In this study, the micro-ellipse texture was applied to the friction lining of safety brake.
The mechanism of electromagnetic brake’s friction lining with elliptical texture was studied by numerical method. The
analysis model of friction lining with micro-ellipse texture was established, at the same time, the pressure distribution on
the surface of the friction lining was solved by the finite element method. The influence of ellipse inclination angle on
the pressure distribution was studied, which provided the basis for perfecting the design of the friction lining with
elliptical texture in the electromagnetic brake.

Key words: safety brake; friction lining; micro-elliptical texture; gas film; nuclear power plant

1 Introduction

Safety brakes are typically used in critical trans-
shipment equipment, e.g. fuel-operated equipment, in the
nuclear power plant. They are of crucial importance,

because the vast majority of them are related to nuclear

safety. Safety brakes are designed based on high-
precision, high-reliability. The friction linings, which are
the core components in safe brakes, suffer wear
inevitably in the rotor operation. Hence, the service life
of the friction lining is reduced.

Surface texture technology provides an effective

Received 20 September 2019, revised 15 January 2020, accepted 17 February 2020, available online 28 May 2020.
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way to solve the friction and wear problems. Cong et al"

processed out of different diameter and spacing of the
micro-circular texture in the friction lining surface based
on the bionic non-smooth theory, and found that this
type of friction lining has a significant anti-wear effect.
Bai et al”® carried out studies on the dynamic
coefficients of gas film stiffness and damping as well as
the amplitude frequency characteristic by numerically
calculation with the perturbation method, and found that
the elliptical texture was beneficial to improve the
dynamic pressure effect of the dry gas seal, thus
improving the opening force. This kind of texture can
effectively reduce the contact of friction surface and thus
reduce the wear. Andy and Lian" use the genetic
algorithm to carry out the clutch friction lining structure
optimization by MATLAB, thus the volume of the
friction lining was reduced. Chen et al" use the circular
iteration method to optimize the shape parameters of the
elliptical texture and analyze the influence of piston
motion velocity on the friction characteristics of the
texture surface. Therefore, the micro-elliptical texture
can be applied to the electromagnetic brake friction
lining in order to achieve the purpose of reducing wear
and controlling friction on the friction lining surface.
However, the literature published in the current research
in this area has not yet been reported. So it is of great
significance that the reliability and life of safety brake
can be improved by adopted the micro-elliptical texture.
In this paper, the mechanism of the electromagnetic
brake friction lining with micro-ellipse texture was
studied by numerical method. First, the micro-elliptical
textured friction lining analysis model was established.
Secondly, the finite element method was used to solve
the pressure distribution on the surface of the friction
lining, and the influence of the elliptical inclination
angle on the pressure distribution was studied to develop
the design theory of micro-elliptical textured friction
lining in electromagnetic brakes and guide upgrading of

the products.
2 Theoretical model

2.1 Geometric model
The structure of electromagnetic safety brake is

shown in Fig.1, mainly including the stator, armature,

rotor and spline housing. When the power is on, the
armature is absorbed by the stator and the inner springs
of the stator are compressed. There is a reasonable gap
between the armature and the rotor. When the rotor
rotates with the spline housing, the brake is opened.
When the accident occurs, the brake is de-energized.
And then the compression springs in the stator release,
the stator and armature are separated. The armature
presses against the friction lining of the rotor by spring
force, and this produces a braking force which is

transmitted to the load through the spline housing.

Stator

Armature

Rotor

Splinehousing

Fig. 1 Electromagnetic brake structure diagram

In order to reduce the wear of the friction lining, the
micro-elliptical texture was produced on its surface. The
distribution of micro-elliptical textures on the friction
lining is shown in Fig.2. The radial micro-elliptical
textured column as a unit of calculation is shown in
Fig.3.

As shown in Fig.3, the area density of the elliptical

texture on the friction lining is as follows:

Fig. 2 Schematic diagram of the distribution of micro-elliptical
textures on the friction lining
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Fig. 3 Radial micro-elliptical textured columns and boundary
conditions

ngn,ab

S =

14

(D

rol—r?
where n, and n, are the number of circumferential and
radial elliptical textures, respectively; a and b are long
axial radius and short axial radius of the elliptical
textures; r, and r; are the outer radius and inner radius of
friction lining, respectively.

According to the literature’™, the directivity of the
micro-ellipse texture can be characterized by the
slenderness ratio y and the inclination angle B. The

slenderness ratio y can be defined as:

=3 2)

2.2 The gas film thickness equation

The gas film thickness equation is as follows:
ho+ hy
hy (x,y) € non — tex ture area 4

hx.y) = { (x,y) € texture area 3)
where A is the gas film thickness in the non-texture
area, and the £, is the depth of texture.
2.3 Control equation of gas film

When the pressure distribution of gas film is
solved, the gas is considered flowing continuously and
the effect of rarefaction can be ignored. The following
basic assumptions can be made according to the friction
and wear problem of the friction lining in this paper":

(1) The gas flow between the friction surfaces is
laminar and the phase transformation does not occur.

(2) The gas is Newtonian fluid.

(3) The influence of volume force and inertial force
is neglected.

(4) The influence of friction surface roughness on
flow is ignored.

The control equation for the gas in the friction
surface thickness can be expressed by the Reynolds

equation as follows:

where (x, y) is the coordinate in the rectangular
coordinate system, U,, U, is the velocity along the x and
y directions respectively, p is pressure of gas film. u is
viscosity of gas film, 4 is thickness of gas film.
2.4 The mesh of a micro-elliptical textured cell

In order to express the mesh of the gas film clearly,
the micro-elliptical textured cell is shown in Fig.4. The
fine mesh is used in micro-elliptical texture area (area 2),
and the coarse mesh is used in non-texture area (area 1).
In this way, the calculation accuracy can be well

ensured.

Fig. 4 The mesh of a texture cell for gas film

2.5 Boundary conditions

Fig.3 shows the boundary condition. The inner and
outer pressure at the inner and outer diameter of the gas
film is equal to the atmospheric pressure P,, which can
be expressed by Eq. (6). The periodic boundary

condition is expressed by Eq. (7).
Pi=DPo=Pa (6)
p(r,0 = -0.56,) = p(r,0 = 0.56,) N

2.6 Load capacity

Load capacity of the gas film reflects the load
carrying capacity of the gas film. The large load capacity
of the gas film can reduce the friction and wear. The

expression can be shown as follow:

szfpdxdy @)

3 Analysis of calculation results

The control Eq.(5) is solved by the finite element
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method"”, and the parameters remain unchanged except
for the parameters discussed in the calculation. The
geometrical parameters of the friction lining are r,=
140 mm, =115 mm, hy=lum, h,=1 um, n,=12, n;=360,
y=2, 8,=22%. Physical parameters are p,=0.1 MPa,
4=1.8x10" Pa-s, 0=19.1 rad/s, f=60°.
3.1 Influence of the slenderness ratio on the load
capacity

Fig.5 shows the effect of slenderness ratio of the
elliptical texture on the load capacity of the gas film. It
can be seen from Fig.5, the greater the slenderness ratio
of the elliptical texture, the greater the load capacity of
the gas film. It can be seen that under the condition of
other parameters being constant, the load capacity of the
gas film can be increased with the increase of the
So the

clearance of the friction surface can also become large.

slenderness ratio of the elliptical texture.

Thereby it is effective to reduce the friction and wear of
the friction surface by increasing the slenderness ratio of

the elliptical texture.

5.70

5.65 -

5.60 -

Load/N

555+

5'50 1 1 1 1 1
1.0 1.5 2.0 2.5 3.0

Slenderness ratio

Fig. 5 Effect of slenderness ratio on the load capacity

3.2 The influence of the inclination angle on load
capacity

Fig.6 shows the influence of micro-ellipse texture
inclination angle on the load capacity of gas film. It can
be seen from Fig.6 that the load capacity of the film
increases and then decreases with the increase of the
inclination angle of elliptical texture. The results show
that there is an optimal value of the inclination angle of
the elliptic texture, which can maximize the load
capacity. In the model discussed, the optimal value is
45°, and it also shows that when the inclination angle of

the micro-ellipse texture is 45°, the friction and wear on

the surface of the friction lining can be effectively

reduced.

0 15 30 45 60 75 920
Inclination angle/(°)

Fig. 6 The influence of inclination angle on the load capacity

33
capacity

Influence of the texture depth on the load

Fig.7 shows the effect of micro-elliptical texture
depth on the load capacity of gas film. From Fig.7, it can
be seen that the load capacity of gas film increases and
then decreases with the increase of elliptical texture
depth, and finally tends to a constant value. When the
depth of elliptical texture is 1 pum, the load capacity of
gas film is the largest. The result shows that the texture
depth can be designed to 1 um when designing friction
lining with elliptical texture, which can play a very good
anti-wear effect. If the micro-elliptical texture is too

deep or too shallow, the anti-wear effect will be affected.

570
5.65 |
Z
2 5.60 f\'\\\.
=]
-
555
5.50 1 1 1 1 1
0 1 2 3 4 5

Depth/pm

Fig. 7 Effect of texture depth on the load capacity
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capacity

Influence of the clearance on the load

Fig.8 shows the influence of the clearance on the
load capacity of the gas film. It is shown from Fig.8 that

the load capacity of the gas film decreases with the
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increase of the clearance between the friction surfaces.
The results show that the micro-elliptical texture can
generate the large load capacity of gas film when the
clearance between friction surfaces is small in order to
reduce the friction and wear. When the clearance
between friction surfaces is large, it cannot produce a
larger load capacity of the gas film. So the clearance
between friction surfaces cannot become larger and
larger, which can ensure the stability of the system

operation.

5.70

Load/N
W
o
S

0 1 2 3 4 5 6 7 8 9
Clearance/pm

Fig. 8 Influence of the clearance on the load capacity

4 Conclusion

In this paper, a friction lining model with micro-
elliptical  texture

established, and the

of electromagnetic brake was
action mechanism in
electromagnetic brake was numerically studied. The
effect of micro-elliptical texture slenderness ratio,
inclination angle, depth and friction surface clearance on
the film bearing capacity was analyzed. The conclusions
are as follows:

a. Increasing the slenderness ratio of the micro-
ellipse texture can effectively reduce the friction and
wear on the surface of the friction lining.

b. When the inclination angle of elliptical texture is
45°, the load capacity of the gas film is the largest,
which can effectively reduce the friction and wear on the
friction surface.

c. The deep or shallow micro-ellipse texture will
affect the abrasion-reducing effect. When the depth is
1 pum, the micro-ellipse texture can play a very good

effect of reducing wear.

d. The micro-elliptical texture can generate larger
load capacity of gas film when the friction surface
clearance is smaller. So the friction and wear can be
reduced to make the friction surface clearance larger.
When the clearance between friction surfaces is large, it
cannot produce a larger load capacity of the gas film. So
the clearance between friction surfaces cannot become
larger and larger, which can ensure the stability of the
system operation.

e. The structure has been used in the prototype of
the product and met the requirements of the fuel

operating equipment.
& Z Xk

[1] Xue Jing, Cong Qian, Hao Jianfeng. Experiment research on friction
and wear performance of bionics nonsmooth friction plate.
Proceedings of National Tribology Conference of China[C].
Haerbin, 2006(in Chinese) [F¥ i, A 7%, 7 @6 7 A JF o i B 4
J BEE AT RE AR AT 7C. Ax R EEHE 2 2 R 2 WS SUER[C). ey
JRIE, 2006].

[2] Cong Qian, Jin Jingfu, Zhang Hongtao, et al. Experiment research
on friction and wear of bionics nonsmooth structure[J]. Lubrication
Engineering, 2006, (3): 22-24 (in Chinese) [ i, &4, 7k 2 ¥,
S5 7 A AR DG R B R IR A B BT S [D). i S A, 2006,
(3): 22-24]. doi: 10.3969/j.issn.0254-0150.2006.03.008.

[3] Bai Shaoxian, Wei Jia, Zhu Delei, et al. Thermoelastohydrodynamic
gas lubrication of t-groove face seals: Stability of sealing film[J].
Tribology, 2019, 39(2): 131139 (in Chinese) [ />4, i1k, k15
ZE, 55 TRYRN i I 25 UV T B A R g P[], R A2
%, 2019, 39(2): 131-139]. doi: 10.16078/j.tribology.2018073.

[4] Bai Linging, Bai Shaoxian, Peng Xudong, et al. Hydrodynamic
performance of inclination-dimpled face gas seal[J]. Tribology,
2011, 31(2): 97-103 (in Chinese) [#I4KIE, F/0 %, BIBARSE. Bk
7L T <R 4 1) 3 R AR M 78 (0], BE B2 23R, 2011, 31(2):
97-103].

[5] BaiS X, Peng X D, Li Y F, et al. A hydrodynamic laser surface
textured gas mechanical face seal[J]. Tribology Letters, 2010, 38:
187-194. doi: 10.1007/s11249-010-9589-1.

[6] Bai Shaoxian, Peng Xudong, Li Jiyun, et al. Experimental study on
hydrodynamic effect of orientation micro-pored surfaces[J]. Science
China Technological Sciences, 2011, 54(3): 659 —662. doi:
10.1007/s11431-010-4265-0.

[7] AnDi, LianZheman. The optimization design of clutch friction disks
on MATLAB genetic algorithm[J]. Journal of Yanbian University
(Natural Science), 2018, 44(3): 279-282 (in Chinese) [% i1, H§ ¥
. HE T MATLABIE % 55030: 10 B 4 28 BB ALAL Bt 0], 1838k
AR RELER), 2018, 44(3): 279-282].


http://dx.doi.org/10.3969/j.issn.0254-0150.2006.03.008
http://dx.doi.org/10.16078/j.tribology.2018073
http://dx.doi.org/10.1007/s11249-010-9589-1
http://dx.doi.org/10.1007/s11431-010-4265-0
http://dx.doi.org/10.3969/j.issn.0254-0150.2006.03.008
http://dx.doi.org/10.16078/j.tribology.2018073
http://dx.doi.org/10.1007/s11249-010-9589-1
http://dx.doi.org/10.1007/s11431-010-4265-0

304 B % E ¥R 5 40 5
[8] Chen Xiaolan, Zeng Liangcai, Chen Xiaobo, et al. Friction [9] Wen Shizhu, Huang Ping. Principles of tribology[M]. Beijing:

performance of gap seal hydraulic cylinder based on optimization of
elliptical texture[J]. Chinese Hydraulics & Pneumatics, 2018, (6):
14-19 (in Chinese) [F/N 2%, & R A, BRIGEW, SEHRMY. K& T [ 21
I Ao 11 T6) B2 4% s 48 T T B % REF 9 (D). WU 551030, 2018,
(6): 14-19]. doi: 10.11832/j.issn.1000-4858.2018.06.003.

[10]

Tsinghua Universityprress, 2012(in Chinese) [ 1754, T°F. BE#E2E
JRHM]. JERT RS R, 2012].

Wang Xucheng. Finite element method[M]. Beijing: Tsinghua
Universitypreess, 2003(in Chinese) [ Bk, A R #Ic7k[M]. Jb5t:
TEAER 2 AR AL, 2003].


http://dx.doi.org/10.11832/j.issn.1000-4858.2018.06.003
http://dx.doi.org/10.11832/j.issn.1000-4858.2018.06.003

H40% H3W JBE P A A iRk Vol 40 No3
2020 5 H Tribology May, 2020

DOI: 10.16078/j.tribology.2019210

HI| 2 R R BN 55 RSO TN B 51

ARES T EE, TR, & AR, kg
(1. WP E R &R 7T MR 57 S5 Wi sEE6 =, 307 TEFH 110016;
2. FEBHEER AR K ZE PRRE S TRE2ER, 280 A8 230026;

3. SR LR A BR A ) SR L, 22180 Sl 243000)

 E: S EERPTRE S BRI EANE ST & 5 I8 1T 2 A AT IE PRI LR ) R 15 Bh 4 A AR
AR R 3 I R R B T, T8I R A R AR BRI TR BN A T G, AR v AR T R L (R
1T R LR R R G AT XS LA AT, BT T R R MR B Az 57 REOT N vk, & RKRA: FRRES
JR B 5 T R R B & BB AR TR A4 10 285 SR 5 A v VR S A A 55 R T 3 B I (R B A 0 4 T I AL 2 R
JFE, SEBRIR AR 56 BT IR BE /N TR0 A0 2 IR FE 14 2R 40 R T IR B4 o 55 Al 408 “ = MTBAR m A
WGBS T ZEA0 R HVR Bh Al 55 540 F2 FE 10 s VAN T 2.

FHEIR): IR BEAE T, DI, BRI, RIE,; EOTN ik

FESES: THI17.3 RAARZERD: A XEHRE: 1004-0595(2020)03-0305-09

Evaluation of Rolling Contact Fatigue Crack of Train Wheels

LIU Yingbin"?, GONG Yanhua’, WANG Qiang'", GAO Wei’, ZHANG Zhefeng'”

(1. Materials Fatigue and Fracture Division, Institute of Metal Research, Chinese Academy of
Sciences, Liaoning Shenyang 110016, China
2. School of Materials Science and Engineering, University of Science and Technology of
China, Anhui Hefei 230026, China

3. Technology Center, Ma’anshan Iron &Steel Co Ltd, Anhui Ma’anshan 243000, China)
Abstract: Rolling contact fatigue of the wheel tread, which affects the safety and comfort of train, is the key scientific
issue. Standard rolling contact fatigue test was carried out for a common wheel material and the damage behaviors of the
standard rolling contact fatigue sample and the service wheel were compared using metallographic microscope, scanning
electron microscope, transmission electron microscope and microhardness tester. The rolling contact fatigue crack
evaluation method of the train wheel were studied. The results show that the rolling contact fatigue cracking is the result
of cumulative plastic deformation damage of the surface metal. The depth of the spalling pit of the standard rolling
contact fatigue sample is exactly equal to the depth of the hardened layer. The depth of the spalling pit of the service
wheel is less than the depth of the hardening layer. The rolling contact fatigue crack on the wheel surface is designated
as “triangular directional crack. Quantitative evaluation method for rolling contact fatigue damage degree of wheel
surface was proposed.
Key words: rolling contact fatigue; train wheel; cumulative plastic deformation; spalling; crack evaluation method
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Table 1 Chemical composition of wheel and rail material (mass fraction)

Material w(C)/% w(Si)/% w(Mn)/% w(P)/% w(S)/% w(Cr)/% w(Cu)/% w(Mo)/% w(Ni)/% w(V)/%
Wheel 0.56 0.35 0.78 0.007 0.15 0.14 0.03 0.12 <0.02
Rail 0.71 0.39 0.10 0.013 - - - - -

=2 ERMRIRMERE

Table 2 Mechanical properties of wheel material

Yeild strength, o, ,/MPa

Tensile strength, o,/MPa

Elongation/% Microhardness/HV

601 945

19 294
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Fig. 1 Specimen size of (a) rolling contact fatigue main sample and (b) accompanying sample

BT RS AR 57 TR (48 () R URE (L) (b) IO RS



FH3M

RRUSE, 55 FU AR R IR B AR 57 R AP B 7L 307

FOR CLASS D WHEEL TEST ALLOTMENT) %5
3.1.6. 23K LR, HEAT TR B HE Az 57 150, 6 2441
F&3.

A VR IG B2 fil N 77N 1 400 MPa, 356 4 56 5
eE N1 000 r/min, 7 2 E 0.3%. SEBR IR 450
MR THLAR T B 2%, LIRS AR N 2= 5, BEA7AE
T LR ZFE R BN R, WAFAE RN Lol
W R AF), BT VR Bl gz 55 B 00 0 R R R A
TR, T ek JEE i P A R B A AR A S
REALA IR 56 B 2 992 e e sz Bk 1 0 PRV VR B b S A1, S8
SR FH I SRR M . AR Uk B Ak 55 3R B8 AR KT 26 R
BEAT, 150 I AR b A FH AR 20 A% a2 ST 1 DR B I
PRly, B R R A F B 5 B0 AR S, 44R3)
A TR W) ) ) 4 0 s (R UL (LA, R BE ML B
1AL, ST BOOE R U B 9 A58 VR B e i =5 7 i

I 25 WG, KU RIHLD) BN SR, H
VHX-1000E44 4L &5 13 8% ATSUPRA 354 ##f M1 7 B U8

LR R [ 145103 2 3, F Olympus OLS40003 )
I AE3D AT M SR B B kg 5 A i R Z LA
22T, FHFEI Tecnai F2037 5 FLE W 52 7R B 4 i 55 1
i< R O 45 44 (1724, FILECO AMH434: H 2 &4l
i P ) B R U 3R )2 S5 A P AR AL AR

2 HERRSR

2.1 RTNIERE S R MR i

o v R 0 Ml 05 57 R 6 ot VR B 4 i 5 K6
J&i» AR T 50 A0 46 R B . RL80R IR, n 2T
T AR P i 2 THT A 3 4k VAT AR AT DAL R B 7, THI AR 4
812,36 3.91813.12 mm”. S i AR A% 22 %6 15 1 iR
B 57 LR AE a0 3 P . H B3], S bR R
P BB TR B HE i 55 ZESOR S 0% = AR AERE T IR Bl
gz 5 ZLECHN WLAR AL, 352G B AR A1 1. AR ARV B
B2l 55 K i 2 10 24 80HR 171V 2 J7 T, 1T SE B AR A% 4
LR M B TR T, XA RS RTZAN T

R3OREIEME AR

Table 3 Rolling contact fatigue test condition

Contact stress/MPa Slip/% Speed/(r/min)

Experimental environment Accompanying material

1400 0.3 1000

Water lubrication U71MnG

Fig. 2 Surface morphology of the damaged standard rolling contact fatigue sample
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Fig. 3 Crack characteristics of a service wheel tread
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Fig. 4 Spalling pit cross-section topography of (a) the standard rolling contact fatigue sample and (b) service wheel
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Fig. 5 Micro-morphology of the surface of the standard rolling contact fatigue sample (a) (b) without spalling
and (c) (d) (e) spalling pit
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Fig. 6 Gradient microhardness of the left, middle and right sides of the spalling pit on (a) the standard rolling
contact fatigue sample and (b) service wheel
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Fig. 7 Near-surface microstructure deformation of (a) the standard rolling contact fatigue sample and (b) service wheel
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Fig. 8 Transmission electron microscopic observation of (a) (b) the standard rolling contact fatigue sample matrix, (c) (d) deformed
layer and (e) (f) service wheel deformed layer
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Fig. 9 Schematic diagram of rolling contact fatigue spalling
on wheel sample surface
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Fig. 10 (a) Triangular directional crack diagram and (b) statistical diagram
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Fig. 11 Crack propagation path of the rolling contact fatigue sample
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Table 4 Statistics data of the rolling contact fatigue crack

Crack number "2 3’ 4 5 6 7' 8’ 9 100 11" 12 13"
Crack straight lengthd inward/pm 113 143 167 205 220 222 241 249 253 380 448 732 892
Crack propagation depth/um 88 99 113 149 154 131 158 123 159 214 288 410 219
Crack propagation angle, 5/(°) 42 29 42 46 52 33 39 33 40 33 42 37 27
Statistics (13) Mean value Maximum value Minimum value Range Mid-value
Crack straight lengthd inward /pm 328 892 113 779 241
Crack propagation depth /um 177 410 88 322 154
Crack propagation angle, f/(°) 38 52 27 25 39
S =exd (1)
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Effect of Mating Material on Fretting Wear
Behavior of 690 Alloy

MI Xue', XIE Hai', PENG Jinfang”, ZHU Minhao”’

(1. Science and Technology on Reactor System Design Technology Laboratory, Nuclear Power
Institute of China, Sichuan Chengdu 610213, China
2. School of Materials Science and Engineering, Southwest Jiaotong University, Sichuan Chengdu 610031, China)
Abstract: Fretting wear tests of 690 alloy against two anti-vibration bar materials (annealed 405 stainless steel and
quench-tempering 06Cr13) have been carried out using a fretting wear test rig (MFF-3000) with a contact configuration
of tube-on-plate. After tests, the worn surfaces and cross-sections were examined through optical microscope, scanning
electron microscopy, energy dispersive X-ray, electron probe microanalysis and a 3D optical microscope in order to
obtain information of morphology and surface chemical composition. The results indicated that the damage of 690 alloy
was severe when the contacting material was annealed 405 stainless steel. Under the same experimental condition, the
damage of quench-tempering 06Cr13 anti-vibration bar was worse than that of annealed 405 stainless steel. The wear
particles of annealed 405 stainless steel was smaller than that of quench-tempering 06Cr13. Meanwhile, numerous
delamination cracks were observed on worn surfaces of quench-tempering 06Cr13. In general, with increasing
temperature, more wear particles and higher level of oxygen content were observed. The most severe damage was
obtained at 90 °C and oscillation amplitude of 100 pm. The main wear mechanisms were delamination and abrasive

wear.
Key words: fretting wear; 690 alloy; 405 stainless steel; 06Cr13; tube-on-plate
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Effect of Acid Solutions on Friction and Wear Behaviors of
Nuclear Borosilicate Glass

QIAO Qian, HE Hongtu’, YU Jiaxin

(Key Laboratory of Testing Technology for Manufacturing Process, Ministry of Education, Southwest
University of Science and Technology, Sichuan Mianyang 621010, China)
Abstract: Using an environment-controlled linear reciprocating tribometer, the effect of acid solutions on wear
behaviors of nuclear borosilicate glass were studied by rubbing against a stainless stain ball under different pH solutions.
Experimental results indicated that the steady-state friction coefficient increased slowly, and the wear damage of the
borosilicate glass increased firstly and then decreased when the solution pH increased gradually from 1 to 7. Further
analysis showed that the wear mechanism of borosilicate glass in acid solutions strongly depended on the electrostatic
effects and contact conditions of the sliding interface. When the pH was less than 2.5, both the borosilicate glass
substrate and stainless steel ball were positively charged, the interface repulsive force reduced the direct contact and
shear stress of the interface, resulting in the decrease of wear volume of glass materials. When the pH of the solution was
2.5, the borosilicate glass was almost zero-charged, the direct contact between borosilicate glass and stainless steel ball
led to the substantial material loss. In contrast, when the pH was higher than 2.5, the borosilicate glass substrate and
stainless steel ball were negatively charged and positively charged, respectively. The interface presented the attractive
effect, and the hydration layer between the interfaces lubricated the sliding interface, resulting in lower wear volume of

both borosilicate glass and stainless steel ball.
Key words: borosilicate glass; wear; pH; electrostatic effects
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Fig. 1 Friction coefficient (a) and steady-state friction coefficient (b) of borosilicate glass substrates when rubbing with a stainless
steel ball in various pH solutions

BT IR Eh BB LA (R pHI R o ) BE A 2 4 (a) L S A S BE 2 R B(b)



e Tz, 55 KL PORHRERR B8 35 R CE MR ME VR A B8 T X R BE vk e 325

3 3
2 r 2 |
E £
= 2
= =
& )
D D
g+ Tt
pH=1.0
0 0
-120 0 120 -120 0 120
Distance/pm Distance/pm
(a) (b)
3 1.5
E
E
2 r E 1.0 -
= ] —
o =
2 : 0.5 E\]:l
- S -
1 s \ﬁ
2
0 I 0‘0 1 1 1 1 1 1 1
-120 0 120 1 2 3 4 5 6 7
Distance/pm pH
(© (d)

Fig. 2 Characteristic line profiles (a~c), and wear volume (d) of stainless steel ball surface after wear
tests in various pH solutions
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Fig. 3 Optical profilometer images (a~c), characteristic line profiles (d), wear depth (e) and wear volume (f) of
borosilicate glass surface after wear tests in various pH solutions
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Fig. 4 SEM micrographs of the wear track (a~c) and subsurface damage (d~f) of borosilicate glass after wear
tests in various pH solutions
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Simulation and Experimental Study on Sealing Performance
of PEEK Rotary Seal Ring

QIN Zizhen', ZHOU Ping", ZHANG Bin’, LI Hongwu’, ZHANG He’, GUO Dongming'

(1. Key Laboratory for Precision and Non-traditional Machining Technology of Ministry of Education, Dalian
University of Technology, Liaoning Dalian 116024, China
2. Institute 53, China North Industries Group Corporation, Shandong Jinan 250031, China
3. Science and Technology on Vehicle Transmission Laboratory, China North Vehicle

Research Institute, Beijing 100072, China)
Abstract: In order to study on contact state and sealing performance of low-stiffness expanding rotary seal ring, two
kinds of seal rings, untextured ring and V-shape grooved ring, were investigated. A fluid-structure coupling model for
the rotary seal rings was developed, based on the finite element analysis software COMSOL, and the sealing state was
analyzed. Also, friction torque and leak rate of the seal rings were tested on a test rig. Simulated results showed that,
under external loads, the deformation of PEEK seal rings significantly influenced the distribution of contact and fluid
pressure on the sealing faces. Experimental results showed that, due to hydrostatic load carrying in grooved area, the
friction torque of V-shape grooved ring was about 40% lower than that of untextured ring, whereas the leak rate was
10% more owing to the reduction of local radial sealing width. The friction torque of neither rings decreased with
rotational speed, indicating no obvious hydrodynamic friction reduction on the end face of the seal rings under test
conditions. The research results provided further understanding of the sealing mechanism of the expanding rotary seal
ring and guide the design of new seal rings.
Key words: rotary seal; fluid-structure coupling; PEEK; friction torque; leak rate
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Table 1 Parameters for simulation

Parameters Specification
Inner radius of the seal ring, R;/mm 59.6
Outer radius of the shaft, R,/mm 62.35
Outer radius of the seal ring, Ry/mm 62.5
Thickness of the seal ring, B/mm 2.6
Young’s elastic modulus of PEEK, E,/GPa 3.7
Young’s elastic modulus of 38CrSi, E,/GPa 206
Poisson’s ratio of PEEK 0.2
Poisson’s ratio of 38CrSi 0.3
il density at 20 °C, p/(kg/m’) 876
Viscosity index of oil 161
Dynamic viscosity of oil at 65 °C, 5/(Pa-s) 0.031 1
Dynamic viscosity of oil at 30 °C, 5,/(Pa-s) 0.123 5
Oil temperature in simulation, 7/°C 65
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Fig. 5 Schematic diagram of the test rig
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(b) Morphology of V-shape groove

Fig. 6 Schematic diagram of the test specimen
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Fig. 8 Effect of working condition on friction torque of the seal rings
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Fig. 9 Fluid pressure and contact pressure on sealing end face of the two rings (p;=1.0 MPa, 7=65 °C)
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Fig. 10 Comparison between experimental and simulated results of friction torque (7=65 °C)
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Fig. 11 Comparison between experimental and simulated results of leak rate (at 65 °C)

B 11 IR EARE L BT 65 °0)

S5 4 R A A [, (A 3 /Tl
iR, KRR AP OF B g%
JEE B PR UT CAL kR, TS FR L B A 1 A7 AR
St s @SEFR TOLN, TR TR IR ZE
BB MRS E N R, 2 T BOE R A R
5E, T EOA B AR 2K T BUE T RS 2 e .

4 g

a. FT AR L M-COMSOL, #1571 ik P8l e % 5%
P AR SR (7 B2 AR I AR S T KR
TR, GO d T A B ) AR AR R D 4 A
FRIANTE) 50 . JEE Bt e R G 2 P o B 5 R e 7 1t TN 3K
B0 45 T, i P 2 s 2R M e ) IO B 4 T A AL
Hik.

b. LATCAE R AN VI A 24 9 F PEEKJIK Bl B %% 45 1
ARIG X G, HEAT T B AR 2 1ML 45 SRR
B, VIEREIRTEAN R T B BE B A AR AR T O R BR 24
40%, 1HIE M K10%4L 47 . X2 KON E VIR R AL, i
P R BLARAE A, BB TP R AR, JRN TR

{0 2] A ik 7, AT D/ BE SR B HE. (ELV T PO A7 A2 AH
2T SR BRI/ 3 e i 4 ) B S AR
IR, TSR T . Rk, 76 U 3 Ao VF B 1 0
T, FEEE I LIV REA RERAR B EEHE, lME
P ES e

c. FEMFIA T S 37T PR A B 5 e i o e T
WRE LTHES, BT R 2 N G, X2k T
BERFE BT e 1 BB D) 77, T 3 T ve P I Jr v R
PE, N RARSI YL, S8k, AR RIREE T, R R %
S S50, B S A AR AU

2 E Xk

[1] Peng Shiyi. Rotary seal device[M]. Beijing: National Defense
Industry Press, 1976: 66-81(in Chinese) [#2 44 3. Jig #% % 1 35 B
[M]. dbxt: BB Tl H it 1976: 66-81].

[2] Liu Yanmei, Sun Yang, Song Hongda. Study of seal ring of turbojet
engine[J]. Journal of Propulsion Technology, 1999, 20(6): 45-47
(in Chinese) [XI¥EHE, M7, Rk, Fipm A shHLE B ERHT ).
e 3 B R, 1999, 20(6): 45 —47]. doi: 10.3321/j.issn:1001-
4055.1999.06.011.


http://dx.doi.org/10.3321/j.issn:1001-4055.1999.06.011
http://dx.doi.org/10.3321/j.issn:1001-4055.1999.06.011
http://dx.doi.org/10.3321/j.issn:1001-4055.1999.06.011
http://dx.doi.org/10.3321/j.issn:1001-4055.1999.06.011

338 BE ¥ R %40 %
[3] Niu Limin, Li Shuying, Sun Haiou, et al. Design of metal ring reduction of seal ring for automatic transmission by applying surface
contact seal[J]. Journal of Harbin Engineering University, 1995, texture[J]. Tribology Online, 2017, 12(3): 151 -154. doi:
16(1): 1-6 (in Chinese) [ [, ZRUHE, FMEFBR, 5. 4 ) ik B 4 10.2474/trol.12.151.
ol 30 B T S [0]. PARIE TR K22 2E3R, 1995, 16(1): 1-6]. [12] Gronitzki M, Poll G W G. Optimization of the tribological
[4] Hul, Wei C, Li X. A uniform cross-speed model of end-face seal performance of rectangular seals in automotive transmissions[J].
ring with spiral grooves for wet clutch[J]. Tribology International, Proceedings of the Institution of Mechanical Engineers, Part J:
2013, 62: 8-17. doi: 10.1016/j.triboint.2013.01.015. Journal of Engineering Tribology, 2007, 221(3): 259 -270. doi:
[5] Li Shan, Zhang Hongzhuang, Shi Jiangtian, et al. Seal hoop of 10.1243/13506501JET247.
packing material PTFE used for military vehicles[J]. Materials for [13] Wang Leqin, Meng Xiangkai, Dai Weiping, et al. Analysis on
Mechanical Engineering, 2003, 27(2): 50-51 (in Chinese) [Z=[A], 5K sealing performance and fluid-solid coupling model of contacting
FM, HEIT R, 2. AR JEFEPTFEM B 25 3R 7). Mk T2 mechanical seals[J]. Journal of Engineering Thermophysics, 2008,
# kL, 2003, 27(2): 50 —51]. doi: 10.3969/j.issn.1000-3738.2003. 29(11): 1864—1866 (in Chinese) [T 5 8, T tf4d, ®4ge T, 5. e
02.016. UM UBE da AL 5 R 15 2R e P e 20 (7], R M B 241, 2008,
[6] Gong R, Liu M, Zhang H, et al. Experimental investigation on 29(11): 1864-1866]. doi: 10.3321/j.issn:0253-231X.2008.11.016.
frictional behavior and sealing performance of different composites [14] Stupkiewicz S, Marciniszyn A. Elastohydro-dynamic lubrication and
for seal application[J]. Wear, 2015, 342-343: 334 -339. doi: finite configuration changes in reciprocating elastomeric seals[J].
10.1016/j.wear.2015.10.001. Tribology International, 2009, 42(5): 615 —627. doi:
[7] Ministry of Industry and Information Technology of the People’s 10.1016/j.triboint.2008.08.008.
Republic of China. JB/T 8547-2010 Alloy cast iron rings for [15] Liu Xiangfeng, Wei Linzong, Huang Weifeng, et al. Theoretical
hydrodynamic drive[S]. Bejing: China Machine Press, 2010(in analysis on fluid-structure coupling of hydrostatic mechanical
Chinese) [F1 46 N\ B ILFIE Tl A{E B A4630. JB/T 8547-20105 11 seal[J]. Journal of Tsinghua University(Science and Technology),
FESN A &k S B IRS]. dbat: HULAR Tk H R4, 2010]. 2011, 51(12): 1839—1843 (in Chinese) [XI] [ £, B Bk 5%, % 5 i,
[8] Gong Ran, Che Huajun, Li Hongwu, et al. Prediction and 25 IR MU O R B O B AR A BT (0], VR AR R (AR
experimental research on evolution for frictional contact of FEEERR), 2011, 51(12): 1839-1843].
isothermal sealing ring[J]. Journal of Mechanical Engineering, 2011, [16] Peng C, Guo S, Ouyang X, et al. An eccentric 3-D fluid-structure
47(17): 66-71 (in Chinese) [E %, R0 7, Ut 5. SRR % B0 interaction model for investigating the effects of rod parallel offset
JEE 5 R 25 08 738 T L5 X B0 W T [J]. HUB T FE %4, 2011, 47(17): on reciprocating-seal performance[J]. Tribology International, 2018,
66-71]. doi: 10.3901/JME.2011.17.066. 128: 279-290. doi: 10.1016/j.triboint.2018.07.028.
[9] Gong Ran, Li Hongwu, Zhou Xiaojun. Tribological properties of [17] Yang Xiao, Meng Xiangkai, Peng Xudong, et al. A TEHD
seals in integrated transmission of vehicle[J]. Tribology, 2008, lubrication analysis of surface textured mechanical seals[J].
28(6): 541-545 (in Chinese) [ B ¥4, 2, W%, & 2h%5 B % Tribology, 2018, 38(2): 204212 (in Chinese) [# %%, d ¥, 2/
I BEE BEAR A BERIT FC[0]. BEHE 22 274K, 2008, 28(6): 541-545]. doi: IR, B RIS AU 2 PR Tk e 2 0], BE R 227
10.3321/j.issn:1004-0595.2008.06.011. %, 2018, 38(2): 204-212]. doi: 10.16078/j.tribology.2018.02.011.
[10] Gong Ran, Li Hongwu, Zhou Xiaojun. Experimental study on [18] Andrade T, Wiebeck H, Sinatora A. Effect of surface finishing on
dynamic sealing performance under high pressure and high speed[J]. friction and wear of Poly-Ether-Ether-Ketone (PEEK) under oil
Lubrication Engineering, 2008, 33(2): 100-103 (in Chinese) [ ¥4, lubrication[J]. Polimeros, 2016, 26(4): 336—342. doi: 10.1590/0104-
2Pk, IR ZE. e R A R RE A BRI FE 0], W 1428.2183.
$, 2008, 33(2): 100 —103]. doi: 10.3969/j.issn.0254-0150.2008. [19] Patir N, Cheng H. Application of average flow model to lubrication

[11]

02.027.
Watanabe K, Seki K, Tadano H, et al. A study on the friction

between rough sliding surfaces[J]. Transactions of the ASME, 1979,
101(2): 220-229.


http://dx.doi.org/10.1016/j.triboint.2013.01.015
http://dx.doi.org/10.3969/j.issn.1000-3738.2003.%3Clinebreak/%3E02.016
http://dx.doi.org/10.3969/j.issn.1000-3738.2003.%3Clinebreak/%3E02.016
http://dx.doi.org/10.1016/j.wear.2015.10.001
http://dx.doi.org/10.3901/JME.2011.17.066
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.06.011
http://dx.doi.org/10.3969/j.issn.0254-0150.2008.%3Clinebreak/%3E02.027
http://dx.doi.org/10.3969/j.issn.0254-0150.2008.%3Clinebreak/%3E02.027
http://dx.doi.org/10.2474/trol.12.151
http://dx.doi.org/10.1243/13506501JET247
http://dx.doi.org/10.3321/j.issn:0253-231X.2008.11.016
http://dx.doi.org/10.1016/j.triboint.2008.08.008
http://dx.doi.org/10.1016/j.triboint.2018.07.028
http://dx.doi.org/10.16078/j.tribology.2018.02.011
http://dx.doi.org/10.1590/0104-1428.2183
http://dx.doi.org/10.1590/0104-1428.2183
http://dx.doi.org/10.1016/j.triboint.2013.01.015
http://dx.doi.org/10.3969/j.issn.1000-3738.2003.%3Clinebreak/%3E02.016
http://dx.doi.org/10.3969/j.issn.1000-3738.2003.%3Clinebreak/%3E02.016
http://dx.doi.org/10.1016/j.wear.2015.10.001
http://dx.doi.org/10.3901/JME.2011.17.066
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.06.011
http://dx.doi.org/10.3969/j.issn.0254-0150.2008.%3Clinebreak/%3E02.027
http://dx.doi.org/10.3969/j.issn.0254-0150.2008.%3Clinebreak/%3E02.027
http://dx.doi.org/10.1016/j.triboint.2013.01.015
http://dx.doi.org/10.3969/j.issn.1000-3738.2003.%3Clinebreak/%3E02.016
http://dx.doi.org/10.3969/j.issn.1000-3738.2003.%3Clinebreak/%3E02.016
http://dx.doi.org/10.1016/j.wear.2015.10.001
http://dx.doi.org/10.3901/JME.2011.17.066
http://dx.doi.org/10.3321/j.issn:1004-0595.2008.06.011
http://dx.doi.org/10.3969/j.issn.0254-0150.2008.%3Clinebreak/%3E02.027
http://dx.doi.org/10.3969/j.issn.0254-0150.2008.%3Clinebreak/%3E02.027
http://dx.doi.org/10.2474/trol.12.151
http://dx.doi.org/10.1243/13506501JET247
http://dx.doi.org/10.3321/j.issn:0253-231X.2008.11.016
http://dx.doi.org/10.1016/j.triboint.2008.08.008
http://dx.doi.org/10.1016/j.triboint.2018.07.028
http://dx.doi.org/10.16078/j.tribology.2018.02.011
http://dx.doi.org/10.1590/0104-1428.2183
http://dx.doi.org/10.1590/0104-1428.2183
http://dx.doi.org/10.2474/trol.12.151
http://dx.doi.org/10.1243/13506501JET247
http://dx.doi.org/10.3321/j.issn:0253-231X.2008.11.016
http://dx.doi.org/10.1016/j.triboint.2008.08.008
http://dx.doi.org/10.1016/j.triboint.2018.07.028
http://dx.doi.org/10.16078/j.tribology.2018.02.011
http://dx.doi.org/10.1590/0104-1428.2183
http://dx.doi.org/10.1590/0104-1428.2183

H40% H3W JBE P A A iRk Vol 40 No3
2020 5 H Tribology May, 2020

DOI: 10.16078/j.tribology.2019174

RENGEULHRE TN ZS FRIFENES
BEER IR EEF TR

W44 RIS, mERS, FiREY, RER
(1. HEIN 2B g7 2R MR, L 7R 480 253023,
2. o ERFEE B 24 P Ak S B T BT [ A R S S =, 1R 220 730000,
3. H B I 22 R AT T A G, H 221 730060)

W OE: AT PR IR R Th AR AL I DR T 57 3R 2 T A DOSS-1F1DOSS-4. 5K Al SRV-Vi 3l JBE #i B 451 3 46 i1 A0
Bruker-NPFLEX % [l AR B2 fil 6 2 = E 48 8R4, 5 50X P P 8 T3R8 D25 52 & 20 5R 1818 IR (G) I sl BE L 5 S I 771
) JBE P 2 P R BB SRR W 3K R o T R A DK P 5 YR AR A8 D 3125 2 6 L TR T T (G) R S8 3R B L 8 5 P ik
FEGUEEERE. TEIR IR S &4 T, KEEIDOSS-43K It A T DOSS- 1115k BE B B 14 BE. 2498 T3 &= 73 20N 3%,
DOSS-4F1DOSS-1 195k BE 4T BE PE e fi ££. I F R T 48 BR AN 3l B2 3E— 25 0 it 7 BE BER T TS, 1R 45 6 Xt 46
T RS XPS)HE— 25 /i T BE BRI 32 AL S0 2 A, ) O L BB LI 12255 VA B0 Y 2 M AR I B 4
AT N A PR R R TR B T NG R RIS TG EK L B

SEHRIR): WRAE; DRI B TR 20 e BT G, B S R

FE 5 2S: TH117.1 SRR A XEHE: 1004-0595(2020)03-0339-07

Effect of Urea-Containing Imidazole Halogen-Free Ionic Liquid
on Tribological Properties of Composite Lithium Grease
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Abstract: Two urea based-functionalized imidazole halogen-free ionic liquids (IL), DOSS-1 and DOSS-4 were
synthesized. As reduce friction and anti-wear additives for 2" lithium complex grease (G), their tribological properties
were investigated using friction and wear tester (SRV-V) and surface non-contact optical 3D profiler (Bruker-NPFLEX).
The friction test results show that lithium complex grease with addition of ILs had excellent friction-reduction and anti-
wear performance. The addition of 3% DOSS-4 (or DOSS-1) produced excellent improvement for friction and wear. The
tribological property of DOSS-4-G is superior to DOSS-1-G of equivalent addition amount of IL. The surface
morphology of the worn surface was analyzed by a Bruker-NPFLEX 3D surface profile and scanning electron
microscopy. The chemical states of the main elements of wear spot was determined by X-ray photoelectron spectroscopy
and the lubrication mechanism was clarified. The significant effects for IL on the friction-reduction and anti-wear

performances were attributed to the formation of tribofilm containing elements N and S on the worn surfaces.
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Fig. 1 Molecular structure of functionalized imidazolium ionic liquids
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Table 1 Thermogravimetric temperature of the samples

Thermogravimetric temperature/ °C

Sample
10%Loss 20%Loss 50%Loss
Pure G 293.43 334.52 410.71
1% DOSS-1-G 309.19 349.28 419.75
3% DOSS-1-G 302.71 344.56 417.23
5% DOSS-1-G 297.62 335.51 430.48
1% DOSS-4-G 298.07 335.71 419.35
3% DOSS-4-G 306.72 350.29 421.79
5% DOSS-4-G 302.38 347.21 422.83
100

80

60

0%

‘Weight loss/%

40 | 1% DOSS-1-G
3% DOSS-1-G
5% DOSS-1-G
20 | 1% DOSS-4-G
3% DOSS-4-G
5% DOSS-4-G

0

100 200 300 400 500 600
Temperature/°C

Fig. 2 TG curves of functionalized imidazolium ionic liquid
grease and blank grease.

B2 ThReA RIS I A AN A2 i R O TG i 2

222 HRBEETE IR L R

¥ H K br 1 GB/T 269-1991F1 GB/T 3498-
2008 il I 152 5 B A58 JL i Vi I RS I AN [ 5 = 49
BTN Re Al B IR 125 5 G R VTG 1D R
NFE. 2B T 25 5 A A L v i A0 40 B s I AS [
Ji 553 B RE A DR P B8 YA 125 2 A 4 i 0 i
[ RUFHE N BE . B 20T A1, S IIDOSS-14#1DOSS-
4J5, 275 524 B T AR B HE N BE R A BT N, R A
Th e ok e B8 VAR B I N2 5 A A S i g 1
J A 45 KA S AL /I . o 3 S 0 79 o = 2 P 38 o, 25
AR R 00 SR BT R R, HRT280 °C, &

®2 BHRAOENEFHES
Table 2 Penetration (1/4) (0.1 mm) and dropping point/°C
of the samples

Sample Penetration(1/4) (0.1 mm) Dropping point/C
Pure G 219 295

1% DOSS-1-G 223 291

3% DOSS-1-G 227 288

5% DOSS-1-G 231 283

1% DOSS-4-G 227 286

3% DOSS-4-G 233 285

5% DOSS-4-G 234 281
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Oil Supply in EHL Performance for the Logarithmic
Profile Roller

SUN Haoyang , ZHANG Hongxin

(College of Mechanical and Electronic Engineering, Qingdao University, Shandong Qingdao 266071, China)
Abstract: Because the factors of oil supply are not taken into account in current crowning design, the influence of oil
supply on the elastohydrodynamic lubrication characteristics of logarithmic roller was studied. It was concluded that in
the middle of the roller in the axis directions, the lubrication characteristics of logarithmic roller were similar to those of
infinite line contact under elastohydrodynamic lubrication. At the axial end, when the oil supply was low, the film
thickness was low and the axial oil film neck shrinkage was not obvious. With the increase of oil supply, the film
thickness increased gradually from the middle to the end along the axis direction of the roller, and the axial oil film neck
shrinkage was gradually established until the end closure effect of the film thickness took into effect,. Therefore, full oil
lubrication was reached. The edge effect of pressure tended to be significant in the process from oil starvation to oil
enrichment. Therefore, the results of crowning design under fully oil conditions can not be directly applied to oil-
starvation conditions, and the crowning value needed in oil-starvation conditions was less than that of fully oil
lubrication.

Key words: EHL; finite line contact; logarithmic profile roller; oil starvation; crowning design
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Optimization on Key Friction Pair of Cam Mechanism
Based on Load Spectrum

WANG Junfeng', MING Shilin’, WANG Xiaoguang', ZENG Qiwen', LI Yan’,
CHEN Guangyan', CAI Zhenbing”

(1. Institute of Electrical Engineering, China Academy of Engineering Physics, Sichuan Mianyang 621900, China
2. Tribology Research Institute, Southwest Jiaotong University, Sichuan Chengdu 610031, China)

Abstract: The load spectrum of a cam mechanism was measured via a bench test. Thereafter, the load distribution along
the cam profile was obtained by dynamic analysis according to the load spectrum and the mechanism sizes. Aiming at
the severe abrasion of the cam mechanism key friction pairs at the position near the maximum load, a specific sample
experiment based on load distribution was conducted on a UMT tribo-test rig to explore the tribological behavior of the
friction pair materials, and eventually, optimizing friction pair material. The results showed the tribological behaviors of
these materials were related to their hardness and toughness. For those materials without great extent of toughness
distinction, their abrasion resistance got stronger as their hardness increased. For the material with lower hardness and
higher toughness, an adhesion layer on worn surface protected the base material from further abrasion and produced
higher friction force. According to the experiment, it is predicted that an optimal combination of TC4 as the cam,

022Cr12Ni9Cu2NDbTi as the roller, and 07Cr17Ni7Al as the roller shaft for slowing down the increment of the cam
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rotary shaft resistance torque. Finally, a verification test under the condition same with that of the real work was

performed to validate the correctness of the prediction.

Key words: cam mechanism; load spectrum; abrasion resistance; abrasion mechanism; material optimization
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Fig. 1 Schematics of the cam mechanism and the load spectrum measurement instrument
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(a) Picture of expermental equipment

Servo motor

(b) Schematic of the sample contact

Fig. 3 Schematic of the experimental equipment
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1) £ 30 BEFR B A RE, M4 REX L R 43 51 F- 2227 . AR
f1 B 2 e ek o T LA P R A M, BT AR T
B 8 B 451 7™ B PR VR T AR, g T R L v T A
022Cr12Ni9Cu2NbTi. 90Cr18MoV Hl— Fft 7] ¥4 =5 ) 4
BEICr18NI9OTI. AH XS T V8 ¥, 43 il e 38 Al i 4 = 1Y)
07Cr17Ni7AURIE FE 5K (1 40Cr 134 N ¥R Tl 44 K,
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Table 1 Information of friction pair materials

RIS HOH B F AT ST dEn, fEHLR
BRI 9 1.28 N, MR 24 3 R BEAE, 21K
B KA A 7 3 5 AL S o T V00 o K ik %7 9 A 45 )
LT, I HAT N

b 1 1
Cam/Roller : F¢ = 2 x1.28 x(— + —) X Pm
b, P1 P2

b 1 1
Roller/Roller shaft : Fy = 2 x1.28% (— - —) X Pm
bs L3 Pa )
(1

b O i 1 BERE RO S R ER 34T, b,=1.5 mm
iR R AR A, b1=1.3 mm LA R e/
R T BB R Al L, py=0.5 mm g WL B K 3%
if Ak Xk ISP o % B AR p,=0.8 mmI LRI T

Group Part Material Hardness(HRC) AR LAR pp=T mmN AR I A T AR EE 1 A0 42 Fo AR
com S 2 TR BE S LA BRI AT, by=10 mm Y K
Al Roller 022Cr12Ni9Cu2NbTi 52 . " . . .
Roller shaft 07Cr17Ni7Al 52 'Liﬁiqé E,:J g%j%%i‘[xﬁy‘{’ b3=1 4 mmj\j *ﬂ»m E/‘J R %Mff@ %iﬂi
cam 52 G B K. ps=0.390 mmy BT T4 0 25
A2 Roll 1Cr18Ni9Ti 20 > V2s NUA
oner R 12, ps=0.406 mm N HLATE T N 42, #8 bk, ] g s
Roller shaft 40Cr13 37
Cam TC4 32 FC:336 Ny FR:647 N.
A Rolle 90CHEMoV 56 LML P 0 7 958 T AR (9 5047 726,52 mm
Roller shaft 40Cr13 37 N TN S VS
s . B BE 45 B 4550 (R AT FE SRR . HUAG 1R 12 11 75 i
F2 MEXMRHLERS
Table 2 Chemical compositions of related materials
Material wC)%  wFe)%  wTiV%  wAD%  wV)%  wCr/% wN%  wNb)%  w(Cu)%  w(Mo)/%
TC4 <0.1 <03 balanced 5568  3.5-4.5 - - - - -
022Cr12Ni9Cu2NbTi <0.03 balanced 0.8~1.4 - - 11~12.5 7.5~9.5 0.1~0.5 1.5~2.5 <0.5
07Cr17Ni7Al <0.09 balanced - 0.75~1.5 - 16~18 6.5~7.5 - - -
1Cr18Ni9Ti <0.12 balanced <0.8 - - 17~19 8~11 - - -
40Crl13 0.36~0.45 balanced - - - 12~14 <0.6 - - -
90Cr18MoV 0.85~0.95 balanced - - 0.07~0.12 17~19 <0.6 - - 1~1.3
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Fig. 4 Relative slide speed schematic of the cam/roller
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Fig. 5 Friction and wear properties of the cam/roller pair
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Fig. 6 Wear morphology and element weight percentage of the 022Cr12Ni9Cu2NbTi plat sample
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(c) Morphology of the plat sample with the whole travel
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Fig. 7 Wear morphology and element weight of the 1Cr18Ni9Ti plat sample
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(c) Morphology of the plat sample with the whole travel
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Fig. 8 Wear morphology and element weight of the 90Cr18MoV plat sample
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Fig. 9 Friction and wear properties of the roller/roller shaft pair
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Fig. 10 Wear morphology and element weight of the roller shaft
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The Logic Relationship between Macroscopic Characteristics
and Mesoscopic Velocity Field of High-Speed Rotating Flow
Field of Dry Gas Seal
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(1. School of Mechanical and Ocean Engineering, Jiangsu Ocean University, Jiangsu Lianyungang 222005, China
2. State Key Laboratory of Hydroscience and Engineering & Department of energy and power engineering,
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Abstract: Because of the complex fluid flow in the rotating flow field, especially under the high speed and micro scale
conditions, the fluid flow state and its judgment methods were lack of a complete theoretical model. This paper chose the

dry gas seal as the research object of high speed rotating flow field, with its opening force and leakage rate as index
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parameters of macroscopic property characterization. The shear (circumferential), radial and axial velocity components
were used to give mesoscopic description of the velocity field. Fluent software was used to simulate and calculate the
macro and mesoscopic parameters of large-span rotation speed (from low to ultra-high rotational speed), and the internal
logical relationship between sealing performance parameters and velocity field was studied. The results showed that the
axial velocity component in the low-speed rotational flow field was small and negligible, but the increase of rotation
speed caused the axial velocity component to increase continuously. And when the rotational speed increased and
exceeded a critical value, the axial velocity component increased rapidly. The variation of the axial velocity component
was closely related to the fluctuation of the micro-scale flow field (the opening force and leakage). It is a key parameter
that affected the flow pattern of rotating flow field and a main factor that caused the change of macroscopic flow field
characteristics. The variation of the radial velocity component was basically consistent with the variation of the leakage
in the microscale flow field. With the increase of the rotation speed, the macroscopic performance feedback of the
leakage was earlier than the appearance of the opening force fluctuation. Based on the above research and according to
the definition of Reynolds number of pipeline, the flow factor determination model and the basic theory of fluid

mechanics, an ellipsoid determination model based on three-dimensional velocity component for the rotational flow field

was proposed.

Key words: dry gas seal; rotating flow field; flow state; macroscopic characteristics; mesoscopic velocity field
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Fig. 1 Geometric model
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Table 2 Numerical simulation parameters

Parameters Specification
Outer radius of the seal ring, r,/mm 77.78
Root radius of the seal ring, r,/mm 69
Inner radius of the seal ring, 7/mm 58.42
Width ratio of the groove to the ridge, « 1
Groove depth, h,/um 2~10
Film thickness, #/um 2~10
Medium Ideal gas
Inlet pressure, P;,/MPa 0.5, 1~4
Outlet pressure, P,,/MPa 0.1013
Rotation speed, Nx 104/(r/min) 1~10
Spiral groove number; N, 12
Helix angle, o/(°) 15

Fig.2 Mesh generation
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Fig. 3 Pressure distribution in microscale flow field under different film thickness and flow regime
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Table 3 Comparison of performance parameters under
different film thickness

Opening force, F,/N Deviation
h/um
2 3 1 2
2.03 35.67 35.17 34.62 2.93% 1.56%
3.05 31.62 31.50 31.08 1.71% 1.34%
5.08 29.35 29.37 28.93 1.44% 1.49%
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Table 4 Speed corresponding to the inflection point
N10*/(t/min) Opening force to the inflection point Leakage rate to the inflection point
r/min
Primary inflection point  Secondary inflection point Primary inflection point  Secondary inflection point
Laminar - - 9 -
h=3 pm
Turbulent 7 9 6 9
Laminar - - 4 -
h=4 pm
Turbulent 5 8 6 9
Laminar 8 - 4 -
h=5 um
Turbulent 3 8 2 10
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Fig. 6 Comparative analysis of macroscopic performance parameters and mesoscopic velocity components at
different rotating speeds
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Table 5 Critical speed corresponding to the two models

Type Decision parameter Decision value of complete turbulence Critical speed
Reynolds number model Re 4000 2.7x10°
Flow factor model & 1 3.0x10°
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Fig. 11

Ellipsoidal decision model
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Table 6 Orthogonal test factor level table
Factor h/um hy/im P;/MPa

1 3 1 1
2 4 2 2
3 5 3 3
4 6 4 4
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Table 7 Validation group-after the transition

Group h/pm hy/pm P/MPa N/(r/min) Expected value, 4, Catastrophe value, 1 Match the expected value or not
A 3 1 1 50 000 >1 2.50 Yes
B 3 2 2 70 000 >1 5.13 Yes
C 3 3 3 80 000 >1 10.02 Yes
D 3 4 4 60 000 >1 3.36 Yes
E 4 1 2 20 000 >1 1.22 Yes
F 4 2 1 40 000 >1 3.61 Yes
G 4 3 4 40 000 >1 3.99 Yes
H 4 4 3 50 000 >1 4.69 Yes
1 5 1 3 20 000 >1 1.15 Yes
J 5 2 4 20 000 >1 1.18 Yes
K 5 3 1 50 000 >1 6.43 Yes
L 5 4 2 40 000 >1 4.69 Yes
M 6 1 4 20 000 >1 1.14 Yes
N 6 2 3 20 000 >1 1.34 Yes
O 6 3 2 20 000 >1 1.61 Yes
P 6 4 1 50 000 >1 7.57 Yes
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Table 8 Validation group-before the transition
N/(r/min) A B C D E F G H I J K L M N o P
1 000 012 034 060 08 029 011 072 052 061 087 014 040 090 0.68 042 023
2000 0.12 034 060 084 029 0.1 072 053 061 0.87 015 040 090 068 042  0.18
3000 0.12 034 061 085 028 013 072 053 0.6l 0.87 016 040 090 0.68 042 020
4000 0.14 035 062 08 028 022 073 053 061 0.87 023 040 090 0.68 042 024
5000 0.18 035 062 08 029 029 073 054 061 0.87 032 040 090 0.68 042 032
6000 023 036 064 087 029 036 073 054 060 087 038 040 090 0.67 042 038
7000 028 036 064 08 030 042 073 055 060 087 046 041 090 067 042 047
8000 032 039 066 090 035 047 073 055 060 087 055 043 090 067 042 0.3
9 000 0.34 0.43 0.67 0.91 0.42 0.55 0.74 0.56 0.60 0.87 0.62 0.48 0.90 0.67 0.48 0.64
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Effect of Amine Molecular Structure on Rheological Properties
of Polyurea Grease

XU Zhuang'?, REN Jia', ZHAO Gaiqing'?, WANG Zhuoqun'?, CAI Haopeng’, WANG Xiaobo'*"

(1. State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese
Academy of Sciences, Gansu Lanzhou 730000, China
2. Qingdao Center of Resource Chemistry and New Materials, Shandong Qingdao 266100, China
3. Qingdao lubemater Lubricating Material Technology Co, Ltd, Shandong Qingdao 266100, China)
Abstract: Three polyurea greases with the same mass fraction of thickener were prepared by the same method using
three kinds of monoamines with typical molecular structure. The microstructure of thickeners in three polyurea greases
was characterized by scanning electron microscopy. The results showed that the microstructure of thickener in
octadecylamine polyurea grease was entangled fiber structure, and which in cyclohexylamine and aniline polyurea
grease was stack spindle. Moreover, the thixotropic properties, storage modulus, loss modulus, and apparent viscosity of
three polyurea greases were investigated at different temperatures. The relationship between rheological properties of
polyurea greases and the micromorphology and intermolecular forces of the thickener was explained. This study
provided a good theoretical guidance for the design and development of polyurea greases, and promote the research and

application of polyurea greases.
Key words: polyurea grease; rheological properties; thixotropic properties; modulus; apparent viscosity
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Table 1 Typical properties of MVI 500 base oil

Ttem Specification  Test Method
Kinematic viscosity at 40 °C/(mmz/s) 82.12 GB/T 265
Kinematic viscosity at 100 °C/(mm’/s) 8.46 GB/T 265
Viscosity index (VI) 62 GB/T 1995
Pour point /C =27 GB/T 3535
Flash point/C 230 GB/T 267

1.1.2 FARIEE IR &

B e = FR A )\ ZiE T1 kefIMVI 500
FERH A, SRS TE RN E 2.4 kgIMVI 5005 il
W, FF R B EE, E I AMDIJG FHiE £ 80~100 °C, 434t
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Fig. 1 Scheme of synthesis polyurea grease: (a)OA, (b)CA, (c)AN
1 RIREMENE RS EE: (2)0A, (b)CA, (c)AN
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1.2.2 N HEOWIE SN AL 24 REM 15X *2 BEKEEBERENIELE
K B A FRE R 24t Euﬁﬁﬁl%%(JSMJMOF) Table 2 Typical properties of polyurea greases
R 5 1) 45 TR MR 12 ¥ UG A AR O ROV TR 3. b B i Propertcs ST
G — N R Worked penetration /mm 306 296 370
SRE SR YA I, 4R I8N IE Bt v L A Dropping point /. s e 301
ok, BRI NG oA R A e T, CE =R Oil separation/% (100 C, 24 h) 0.1 0.9 0.5
Roll stability/mm =5 +23 +29

TG PR S s 4 Ab B 5 AT 4R,

K F Anton Parr )it 2 X (MCR 302)ill i ] 2% %
ORI Vi P PR A 2 M i R e SRR FH SR e
B, PAR BB 9 1 mm, AR 7 7500 7R < BT 1) 38 2R e
0.01 s EHH K F500 s, THE V)G, BT U)# R i
500 s RHTBEALEI0.01 s s fif BE R (G )RR FE A
(G YA A P AR R 5 B2, T B] B T mm, B9
T A% 8 20.01%~150%; 2 W0 F FE WA R FH HE AR AR =G,
DRRAIEAE b 5 (38 21, DU RTEAT 1 minf¥ 85 1)
ARHE, FRETYIE A 100 s, MR E] 2 40.1 mm, 5
B R 91 000 s, PRI ] 95 min.

2 HER5ITE
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RN )\ B R IRIE T i (OA) 3 %R
JORE 7 i (CA) RIS IR 7 i (AN R B AR R RE. A
R HAE T A Y )\ B AN L ) 46 10 R iR
T8 i AOREN BERSE DS, RIVARI AL RE 70 00 s R fie SR TR 1
REHENFZBOR, BIBAAL RE 0 Bas. + )\ i SRR 1 e
F10 PR A 22 5 1k MR f) 2 5 TR LT

2.2 BREREBBERCTIOMURESR
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R (CA)YFI 2K & 5 k3 v Hig (AN A6 751 7 55 1) SEMUR
. IWER2HR AT BLE 1)\ R IRIE T s B4 A
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IR e 50 TR T P R0 0 e 7510 A 35 5 HERR R M IR 45 44
IR U 5 IR T e B AL ) R K 29°80.5 pm, K JFE
SRR T M AL R BRE K 298 1.0 pm. BEAS[R] 73+
G5 KE) B ) % 14D SR BRI T T ) B TR TR SRR /N AN
). SR MR Vi MR AR A 7R B 43 2 TA) 32 Bl AR
U AR ) E B R AL R 23 IR G5 4, =R 13
FEANIR] (1 A, A L) 45 1 SR R AR AL 70 o 2 TR R
SRS A AR ) 1 F RO SR EAIF], BT DA AR A7
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i 75 ek 2 P T A P A F AR B U1 )
IR B IR, 7k R A TLBIFE T, TR LR
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RibE. TR AR EAR R B IR Ve, 45 MR AR FE

Fig. 2 SEM micrographs of polyurea grease thickener: (a;, a,)OA, (b, by)CA, (¢;5 ¢,)AN
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Fig. 3 Thixotropic property of polyurea grease at elevated temperatures: (a) 25 °C, (b) 50 C, (c) 100 C
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Fig. 4 Storage modulus (G’) and loss modulus (G ") of polyurea grease at elevated temperatures: (a) 25 °C, (b) 50 °C, (c) 100 C
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Fig. 5 Phase transition point shear stress of polyurea grease
at elevated temperatures
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Fig. 6 Evolution of apparent viscosity with time for polyurea grease under shear rate at elevated
temperatures: (a) 25 C, (b) 50 °C, (c) 100 C
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Fig. 7 Viscosity of variation rate of polyurea grease under
shear rate at elevated temperatures
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Probing the Effect of Grinding Stone Strength on Rail
Grinding Behavior

ZHANG Wulin', FAN Xiaogiang”, ZHANG Pengfei', YUAN Yongjie', ZHU Minhao'”

(1. Tribology Research Institute, School of Mechanical Engineering, Southwest Jiaotong University,
Sichuan Chengdu 610031, China
2. Key Laboratory of Advanced Technologies of Materials (Ministry of Education), School of Materials
Science and Engineering, Southwest Jiaotong University, Sichuan Chengdu 610031, China)
Abstract: The strength of the grinding stone (GS) has a significant effect on the sustainable operational capacity and
grinding efficiency of grinding car, thus probing the effect of grinding stone strength on grinding behavior and rail
surface quality will be beneficial for the selection of grinding stone on the field. According to the compressive strength
of the Vossloh GS used on the field, three GSs (GS-10, 68.9 MPa; GS-12.5, 95.2 MPa and GS-15, 122.7 MPa) were
prepared to carry out grinding experiments, and the corresponding characterizations were applied to analyze the surface
morphologies of GSs and ground rails. The results showed that the GS-15 had a decrease of 80% on grinding volume but
an increase of 88% on grinding ratio comparing with the GS-10. The results indicated that the improvement of GS
strength produced a promotion of wear resistance and a reduction of grinding ability. The surface morphologies of GSs
and rail samples showed that the improvement of GS strength resulted in a worse self-sharpening which caused the main

grinding mechanism changing from cutting to ploughing. The results of SEM, EDS and XPS of the ground rail surface
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indicated that the cutting process had influences the production of grinding heat most, and the increase compressive

strength of GS caused an improvement of Fe*', a reduction of Fe’', and a lower burning degree. However, the

metallographic results viewing from the cross sections of ground rails showed that the thickness of the white etching

layer and plastic deformation layer grew with the increase of the GSs’ compressive strength, causing a more severe pre-

fatigue of rail. Therefore, the reasonable regulation of the strength of GS was of great significance to the improvement of

grinding efficiency and rail surface quality.

Key words: rail grinding; grinding stone; compressive strength; grinding mechanism; surface quality
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1. Three-jaw chuck; 2. Grinding stone; 3. The tangential force sensor; 4. The horizontal lead rails;
5. Damping spring; 6. Air cylinder; 7. Supporting platform; 8. Grinding load sensor; 9. Sliding block;
10. Cross roller guide way; 11. The fixture of rail sample; 12. Rail sample; 13. The fixture of grinding stone

(a) Schematic diagram of grinding experimental equipment

&9ee

(b) Rail samples (c) GS-10

(d) GS-12.5 (e) GS-15

Fig. 1 The grinding device, rail samples and the self-prepared GSs
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Table 1 The composition(mass fraction)of grinding stone
(the rest is abrasive) and the corresponding compressive

strength
Samples Resign Filler Compressive strength/MPa
GS-10 10% 5% 68.9
GS-12.5 12.5% 5% 95.2
GS-15 15% 5% 122.7
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The different grinding stones

GS-12.5 GS-15

Fig. 2 The grinding volume, friction coefficient and grinding
ratio of different grinding stones
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Fig. 3 The surface morphologies of the GSs before and after grinding
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Fig. 4 The 3D profile and roughness of rail samples before and after grinding
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(d) Rail surface and grinding debris ground by the GS-15

(c) Rail surface and grinding debris ground by the GS-12.5
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Fig. 5 Surface morphologies of ground rail surface and the grinding debris
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Fig. 6 The XPS analysis of rail surface ground by different GSs
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Table 2 The peak position of Fe2p XPS spectra and corresponding area ratio of ground rail surface by different GSs

Peak Position (P.P, 0.5 eV) and area ratio (AR/%)

Samples Fe'2p,), Fe*2p,), Satellite Fe''2p;), Fe*2py,

P.P AR B.E AR B.E AR% B.E AR B.E AR
RGS-10 726.1 12.04 723.4 16.98 718.2 15.12 711.9 30.86 709.9 25.00
RGS-12.5 726.2 9.33 723.7 20.52 718.0 11.94 712.4 20.90 710.1 37.31
RGS-15 726.0 5.68 723.7 23.58 718.2 9.61 712.3 17.47 710.4 43.66
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Fig. 7 The cross sectioned rail samples ground by different GSs
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The Development of Statistical Contact Model for Rough Surface
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Abstract: The engineering surface is rough on microscopic scale. The contact behaviour between rough surfaces has a
significant influence on various physical phenomena. Therefore, the method of contact modeling between rough surfaces
has been a hot topic in the field of tribology for a long time. The GW statistical contact model proposed by Greenwood
and Williamson is the most recognized rough surface contact model. The developments of rough surface contact model
based on statistical analysis were reviewed in the present work. According to the improvements of the main defects of
GW model, the research status of the statistical contact model was introduced. Some possible research hotspots of the

statistical contact model in the future were summarized.
Key words: rough surface; statistical analysis; contact modeling; asperity; elastoplastic deformation
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