H30% Ho & R @ T IR Vol.30  No.6
2017 4F 12 H CHINA SURFACE ENGINEERING December 2017

doi: 10.11933/j.issn.1007-9289.20170714001

20CrMo EinfR CrN 2B 1E M 8E KX SW/40 jEE T
B R38R 5 1 B

XIFHR,, BHAR, ¥ %2 B o, REMS, XK, %O
(1 Jb a3 TR 2% ML i< e, dbat 100081 2. Jbat i fa 4 vy, dbat 1008755 3. bt iisis K2 Rl 2= 5H AR 26,
b5t 100875; 4. HELESh 1 AR A RS Al PHBAPL AT S R d o S8 =, LD AR #Ed7 261001)

O AEIEERARL (20CtMo) YT T S FOR IS (19 CrN IR 2, BFFE 3Ly 24k B K & shLat SW/40 V¥ R
BEBEREVERE . ARt CIN IR ZMRETE A, B0 R, B, SRR =R IR 25 & R AT Tk, 3T T R
FEfl SRR TR 35 3 T CrN R JZ 58 &M (QSn7-0.2) Hifl A & AT 20CrMo 5 QSn7-0.2 Bl Bl 75 SW/40 Wi T M BE 4%
SVEREZE S, JEOHT TR, SRR WRIZVIBUE X CrN W2 W RS S 2= S0 R N, {H S R R R
FLEAMEREM A K, 7E SW/A0 I T, CiN & Z 5 QSn7-0.2 ft fll 7 H2 fil & 1 35 K B dse /N i) 38 43 IX a4 B A A
AR EE AL, HBE BRI /N

RPEIR): THEM; CINWRZE; JitRrERE; PEIESAMERE

& 45 H S TG174.444; TG115.58 HERPRED: A XEHS: 1007-9289(2017)06-0103-08

Mechanical Properties of CrN Coating on 20CrMo and Its Tribological
Properties Under SW/40 Qil

LIU Ji-liang', LIAO Ri-dong', LUO Jun?, LIAO Bin’, WU Xian-ying®, LIU Qing-yi*, HUANG Peng*
(1. School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081; 2. Beijing Radiation Center, Beijing

100875; 3. College of Nuclear Science and Technology, Beijing Normal University, Beijing 100875; 4. State Key Laboratory
of Engine Reliability, Weichai Power Co., Ltd., Weifang 261001, Shandong )

Abstract: Five CrN coatings with different thickness were deposited on the 20CrMo of piston pin material. The mechanical
properties and tribological properties under the engine oil SW/40 lubrication were studied. The surface morphologies, section
thickness, hardness and the elastic modulus and high temperature adhesion strength of the CrN coatings were tested. The
differences in the tribological properties of the CrN coating against the tin bronze (QSn7-0.2) and the 20CrMo substrate
against the QSn7-0.2 were investigated under the SW/40 oil as well as under different contact pressures and sliding speeds,
respectively. The contact resistance was analyzed as well. The results indicate that the thickness of CrN coating has slight
impact on the hardness and other mechanical parameters. In contrast, the high temperature adhesion properties are highly
affected. The CrN coating against the QSn7-0.2 exhibits lower friction coefficient in most areas of higher or lower contact
pressure and the wear volume is minimal under the 5W/40 oil.
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Fig.1 Diagram schematic of specimens
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Table 1 Deposition process parameters for CrN coating

Parameters Cr deposition CrN deposition
Vacuum / (107 Pa) 2.5 2.5
Arc current / A 100 100
Negative bias / V 200 200
Deposition time / min 5 45-170
N, flow rate / (107 m*-h™") 0 1.2
Substrate heating

temperature / 'C 200 200
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Table 2 Tribological orthogonal test scheme

Levels

Factors
Ll L2 L3 14 L5 L6 L7

0.1 05 1.0 15 20 25 3.0
10 30 50 70 90 110

Sliding speed / (m-s™)

Contact pressure / MPa
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Fig.2 Cross section morphologies of the CrN coatings with different deposition time
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(d) CrN coating, thickness of 8.83 pm

(e) CrN coating, thickness of 12.0 um

(f) CrN coating, thickness of 16.1 um
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Fig.3 Surface morphologies of the substrate and CrN coatings with different thickness
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Table 3 Nanoindentation of CrN coatings with different thickness E
Thickness / pm g o4
Parameters 3
333 7.64 8.83 12.0 16.1 é 03
Average hardness, =
H/GPa 22.11 20.32 21.59 21.36 22.23 = 0
Average elastic modulus, ’
E/GPa 244.9 247.0 258.4 235.8 2403
. . 0.1
zm/arll;nloadmg depth, 1072 889 751 777 804 15 30 45 60 75 90 105 120 135 150
P Load /N

Unloading curve slope,

S/ (mN-nm) 0.223 0.246 0.253 0.226 0222 IS RIAEERE CrN W KR i e 45 A 5
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Fig.6 Scratch morphologies of CrN coating with different thickness at the load of 15 N (annealed temperature of 800 °C)
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Fig.7 Optical 3D morphologies of the wear tracks for the three different test disks

D1 (10, 30, 50, 70, 90, 110 MPa)

D2 (10, 30, 50 MPa)
2 MWWYWF\/”

1+ D3 (70, 90, 110 MPa)

Depth / pm

Scan length / mm

K8 K73 MR R 4 EmIE
Fig.8 Section morphologies of the wear tracks for the three
different test disks in Fig. 7

2.3.2 PR $ i HBH

TE SW/40 Wi T, 38 BE AR IE 28 i 1 2
THTH T R EEREL KA, & T W
FEERB ARG E . (B 9 4 T Rl Ak 1K A7
Fe WU P Y EE R RO th . AT, R
TUFR CrN 4219 20CrMo 5 QSn7-0.2 BL &l -1
FERER SR/ IME N 0.03, ZATEREAE ) 90 MPa,
R =1.5 m/s MR . PR R ik

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

‘CrTTJ coa“ting { QSn7-0.2
Dzoc‘qu /QSn7-02
| T

Friction coefficient

PO AN [l fh 3 AR T 14 482 DR 265 o T 1€

Fig.9 Friction coefficient distribution at different contact pressures
and speeds
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