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ABSTRACT: The work provides a systematic overview of the research progress and future development trends in the field of

wear-resistant coating preparation for steel surfaces by EDM deposition technology in recent ten years, focusing on its technical
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principles, material applications and process optimization. Firstly, the basic principles of EDM technology, including its process

and influencing factors are described. Secondly, from the composition of electrode materials, different wear-resistant coatings,

including refractory mono-metal coatings, traditional alloy coatings, high-entropy alloy coatings, amorphous alloy coatings and

composite coatings, are analyzed in detail, and systematically discussed from the aspects of deposition conditions, microstruc-

tures, hardness, and tribological properties, respectively. Finally, the development trend of EDM deposition technology is de-

scribed, focusing on the in-depth study of the coating formation mechanism, the development of new coating materials, the op-

timization of deposition process parameters, the large-area low-cost preparation technology, as well as the automation of the

deposition process, so as to provide ideas and directions for the subsequent research in this field.
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Fig.1 Schematic diagram for principles of ESD
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Fig.2 Characteristics of sparks in tungsten alloy coatings deposited by electrospark under two different atmospheres:
a) air; b) argon
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Fig.3 Classification of ESD wear resistance coatings
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Fig.6 Surface morphology of Mo coating
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Tab.1 Tribological properties of three kinds of ESD refractory single metal coatings
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Fig.8 Microscopic morphology and phase composition of W alloy coating: a) surface morphology at low magnification;
b) high magnification in area A; ¢) XRD pattern

R IR R AR & T 47.4%, BEEIRECH
0.22~0.25, BEWURESLIRREAL 53.7%, B EZHL
PR AL G D) ) B4 A0 SE AL R A R PR ok
AEVURRE R AE CrNi3MoVA ‘B K T T W-Ni-Fe-Co
BE, EEH o-W . y-Fe #l NiWO, 4., BER
T BE A LB RS Cr IRJZFRAIE 18%, IRJZ M EESHLHI N
RMB RS ER . SH Cr REMIL, ZREEN
H I 1 R RN P, R R R BRI 2 N
F R EACY R T AW IIEE . Kreivaitis 255
i H K AL TR AR TE 45 S840 46 T W-Co IR )Z,
H: I AR B P23k 5] 840HV , AL T C45 BRAN LA,
TR Z LI B, BEENECH 0.11~0.12, KT
Fetk, Bon LS EPERE

W 52 S PR T L KA DR R CrNi3MoVA
R RS T AR AL NiCrAlY TR 2,
YIAR 4 R 9 FiR i IRZ2 7 B-NiAl il y-Ni
WA, WRJZ MR R SR AR = 22%, BRI ECH
0.45~0.55, ELA7 WA b st EE T B4, L3R T WL 1)
ZHBEE 7 5 1 T AR A A 2 O L B 1) R A, TR )ZE
JEBHIL R U 1 L BB 41 . Zhou PR K AE
VIR ARTE 45 SNEmUTTR THRESSRZE, Ik
JZ R EIE S M EE SR 10 fiR. RIRES &
B, HECR, W T mEEAEY, XHERZHT
SRR R o v, DA e B MR O S AR TR B . R AR
FOAMIGEE T, DURUZ B S B 32 BT S P

1800 [ 1 1B-NiAl
1600 | 2y-Ni
~ 1400}
o 2
S 1200]
2z ! 2
2 1000} 2 ¢
E g0l ‘
600 |
400 |
200 1 1 .
20 40 60 80
20/(%)

K9 NiCrAlY #®)Zf% XRD K%
Fig.9 X-ray diffraction patterns of NiCrAlY coatings

[P B e VIR DL R i

Kayali 25"R F o K AEDURE R AT 5I7E ATSI4010
A AISIT040 R EPIF T M24 Wik )Z, AISI4010
MRMEISE FE N Fe-Ni Ml o-Fe WA, BZEH
JEE SR EN 0.46, BEH R 4 1.989 96x10* mm’/(N-m);
AISI1040 NETHIR)ZEEEH a-Fe F y-Fe PiFI4H
W, BRIZBEEB A 0.49, BRI 1.027 61x
10 mm*/(N-m), ¥R)ZEA W 5 0% s it B A A

JUR L K AETTRUE G 4 TR 2 1 R 82 M BE DL
F2, HER2UTLAEN, BAEIREREGERZH
A R B ERE, A SR E A — o B
T HA B IR SR

a REFESH

b BEEH

K10 BREES G 0R )2 MR IS B m 5
Fig.10 surface morphology and section morphology of Ni-based alloy coating: a) surface morphology;
b) cross-sectional section morphology



B2k 1M

W, A AR B DU B U J2 F S e M e e e -37-

®2 LHMBAERREZESRENEREF A

Tab.2 Tribological properties of several ESD traditional alloy coatings
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Fig.13 Surface microscopic morphology of electrospark deposited AICrNiFeTi coating: a) sedimentation site and splatter pattern;
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Tab.3 Tribological properties of several kinds of ESD high entropy alloy coatings
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Tab.3 Tribological properties of several kinds of ESD high entropy alloy coatings
kR R TrsH st mems EOE e 28
(mm”*N"-m ) Sk
FLAR EAEN 4 mm;
FLRR RSN 50 mm;
PO 800 W3 FiR; EN3L AN
AISI410 R854 AICOCrFeNi /S ik 12 L/imin; Z4fih 2.5 N; 3l VL it [31]
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Fig.14 Cross-sectional microstructure of electrospark deposited coatings: a) Invar coating; b) Invar/amorphous coating;
¢) Invar/amorphous/Invar coating
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Fig.15 Worn morphologies of electrospark deposited coatings: a) substrate; b) Invar coating; ¢) Invar/amorphous coating;
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Tab.4 Tribological properties of several kinds of ESD amorphous alloy coatings
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Fig.16 Microstructure and phase composition of Cr7C3 NiCr coating: a) surface morphology;
b) cross-sectional morphology; ¢) XRD pattern
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Tab.5 Tribological properties of several kinds of ESD composite with ceramic phase coatings
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Fig.18 Surface morphologies of W-WS2 coatings deposited at 40, 60 and 80 V
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Tab.6 Tribological properties of several kinds of ESD composite with self-lubricating phase coatings
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R EAR N 4 mm; - .
=i 15 BK;
B Jy 50 mms i;j ijZErN5 ¥
_ , BRI Ny 1200 W PR JER A
CrNi3MoVA  Ni+tMoS, ., . .~ , AEE R 6mm;  0.17~0.20 2.85 mg e [42]
RS E N 12 L/min; e — 957 57 R4
HLA 3% 3 500 t/min; aﬂ;ﬁq om ’
N N N N min
DURRE (A1 57 T AR 2.5 min/em
R EAR N 4 mm; -
2236 GCrl5 4REK;
LB 5 50 mim; s SO
. . TURRTIAA 1000 W PRy, .
CrNi3MoVA  Ni+WS, EREHEERN Smm;  0.14~0.16 FhEER [43]

TR ESN 15 L/min;
L B R 3 000 r/min;
UUA A [a] B3 AR 2 min/em

N 0.1 m/s;
WA} 5 min




- 46 - H A& W E TR 20254E 1 A
k6 JLMBAERRESBEBHEESHANELRZENEESZELE
Tab.6 Tribological properties of several kinds of ESD composite with self-lubricating phase coatings
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TR 15 min S JE A 400 r/min;
A i) A 20 min
A4
R EAS N 3 mm;
FLARJEERE A 10 mmy;
A 3 R A 250 r/min;
JURRETE A 6 min;
Jok e R 50 V5
Jik b e 40 pS; Ei;
A4+ AN 40 Hz; 304 NEEHER; "
% =}
454 oy oy FATIEEY 6 mm; % 0213 FEFE 029mg BB [48]
R EAZN 3 mm; At 8] 24 20 min
FELARJEE A 10 mm;
FH R 3R A 250 r/min;
JURRET A4 6 min;
Jik e R 60 V;
ok gE B 40 pS;
LTI 40 Hz
. 2 GCrl5 #Ek;
R TIEN 60 uF; X oo
- SINi N 10N; T P 45
45 $i%k 40 Hz; piop . LZE 0247 HAKZ 0.1 4
i R aE %Kﬁ”‘z . fEEHEE N 5 mm; IR 0247 ke mgﬁg@ﬁ[9]
L R 140 r/min a ]
I 18] A 20 min
3 &iE RN, JUHSE X 2 B iR R ) R T s A 5 18

FL K AE DR D BRAR 3R 1 £ AR T 1) (1 — 290 22

HAR, MR i L JURESFES b a8 7

SLTEBLT T R i L RS o PLoS S L HUR A R 2 T
i3 KAE TR B AR DA BN AG 1 1 2R, R s
o HE T Y BE S 2 M BE o O B M o 2 BRA AL Ttk Y



B2k 1M

W, A AR B DU B U J2 F S e M e e e - 47 -

S Stz 2L, al UL JLJ7 X i K AEDURR P 2k J=
AT T A SR AT S0 -

1) R AL AR R . B KAEDURRE AR
TR S R EOAR | ST AR RS
Z PSS FEDIRUS R, AR AR (] L K A
BCRUIRZS | U2 SRR Z M A N TE RO HLEE | 252
LS R I BE )R R AL A5, 1 B RS o 58 4 A
WIRR, WHTHE—PRRER.

2) BBIRIZMBH T K o LG BTRIZE ok
L B2 20T 2 T O IR BOR, 75 BE it — AR R % b
R PERERZ KL, i B R DI RERR L (N34
P SRE) MEGHE . RHaE. FRa e
Lzt et iRz, s e et 5
PR L TR R AR Z A B i B DT RCHE , BRAS 1R RE
DRI )= o

3) DI T ZZ 8t ik AETIRLE e,
RS (DURALE . DI . DURURAE ) S il
HAR PP B R IR 2 PR A B R, i it
— BT ZZH, T2 AR5 w5 o TR U 2 B9 S A o
[l il DU SR, i B A A Tk
JZ LA AR A TR R BE A [R] 3 L ) 1R RE 7 K

4) REFRBA BN . HAT ESD £ T/
TR R B AL, B e B T AR TURURS R 31 e HL
FIRER . SUCRm, A BREREAR ESD B ML il A4k
AR, R AR B2 M Tl A 7

5) DIBASMEm s, 5T TR KAEDTRR TR
J2 Bt 52 i TARAEROR R RE , IG5 | AT AL
P ARG, T LAEORS B P e . s R PR
APk SERE , e v ORI e i ) B A2 MR AR 2 o A
FETE. R, SIABPLES AT LISEEL A sh ks, $2
PR, WA NTRZE, JFRERSAL B R Y
ek, WIS EL T 228G DU AR RO B FE ], )
EDIRUS R AR E TR S IR 21

SR :

(11 FR, FigE, @, 55 BIGETTRRER B SR &
HRR[I]. AINT. T2, 2018, 47(20): 25-29.

XIN H, WANG H T, GAO L, et al. Research Status and
Development of Electro-Spark Deposition Technology[J].
Hot Working Technology, 2018, 47(20): 25-29.

2] BRBMEZE. HKAERTSRAC T 2 M]. dEat: AU Tl
Jitkt, 1987
CHEN Z X. Electric Spark Surface Strengthening Tech-
nology[M]. Beijing: China Machine Press, 1987.

31 BMmg, XA, AR5, S i KRAETUR R KO HAR
MPEREMITF R HERE[T]. T T2, 2021, 50(12): 1-7.
LIANG HN, LIU Z Q, LIN N M, et al. Research Progress
of Electrospark Deposition Technology and Its Surface
Properties[J]. Hot Working Technology, 2021, 50(12):

[12]

[13]

1-7.

BRICZE. s K AERTAIN TR HOR M. Jbat: HUAR Tl
AL, 2011

CHEN C J. New Surface Processing Technology of Elec-
trospark[M]. Beijing: China Machine Press, 2011.
SRER, RFE. AL KAETURREORDISE 5 B R[], A4
BRI, 2023, 37(21): 221-234.

ZHANG J B, ZHU C. Progress in Research and Applica-
tion of Electro-Spark Deposition Technology[J]. Materi-
als Reports, 2023, 37(21): 221-234.

CALDERON VELASCO S, LOPEZ V, ALMEIDA
ALVES C F, et al. Structural and Electrochemical Char-
acterization of Zr-C-N-Ag Coatings Deposited by DC
Dual Magnetron Sputtering[J]. Corrosion Science, 2014,
80: 229-236.

WANG X R, WANG Z Q, HE P, et al. Microstructure
and Wear Properties of CuNiSiTiZr High-Entropy Alloy
Coatings on TC11 Titanium Alloy Produced by Electro-
spark—Computer Numerical Control Deposition Proc-
ess[J]. Surface and Coatings Technology, 2015, 283:
156-161.

R, A, T, Rk KBTI Ti(C,
NYALO; &AW IZ R AL K IIHITERE(T]. KM AR,
2014, 43(5): 29-32.

GAO Y X, YI J, FANG C. Microstructure and Cutting
Performance of Ti(C, N)/Al,O; Composite Coating on
High-Speed Steel Drill Produced by Electro-Spark Depo-
sition[J]. Surface Technology, 2014, 43(5): 29-32.
ENRIQUE P D, JIAO Z, ZHOU N Y, et al. Dendritic
Coarsening Model for Rapid Solidification of Ni- Super-
alloy via Electrospark Deposition[J]. Journal of Materials
Processing Technology, 2018, 258: 138-143.

E/NE. RRERORKAEBAE DU Ti-Co-Cu-Fe-Ni-Cr
WG EIRIEIIFD]. MR M/RE TR, 2017.
WANG X R. Study on High Entropy Ti-Co-Cu-Fe-Ni-Cr
Alloy Coating Deposited by High Energy Micro-Arc
Spark Numerical Control[D]. Harbin: Harbin Institute of
Technology, 2017.

skth, BRRE, B, S5 i BTN BR A% Ak 4 P
BRIWEBORA LS ERED]. WA & mA RS TR,
2019, 48(2): 601-607.

ZHANG Y, CHEN Z G, WEI X, et al. Microstructure and
Properties of Chromium Carbide Based Metal-Ceramic
Coatings Prepared by Electro-Spark Deposition[J]. Rare
Metal Materials and Engineering, 2019, 48(2): 601-607.
FETE, WA, B, 55, 55 5L ROk
WC-4Co HUKAETLRRIR 2 il PERELT]. #4274l 2017,
38(7): 49-53.

WANG J S, TANG M Q, LYU R L, et al. High Tem-
perature Properties of Micro-Crystalline WC-4Co Alloys
Deposited on Cast Steel Roll by Electro-Spark Deposi-
tion[J]. Transactions of the China Welding Institution,
2017, 38(7): 49-53.

R, FWY], KM, % SRR KRS TR



< 48 -

202541 A

(18]

[19]

(20]

(21]

(22]

TiN )2 212 R T B P B (0], b [ 3% TR, 2019,
32(3): 115-122.

XU AY, WANG X M, ZHU S, et al. Microstructure and
Wear Resistance of TiN Coating Synthesized by Electric
Spark Deposition with Cluster Electrode[J]. China Sur-
face Engineering, 2019, 32(3): 115-122.

B, B, WIR, SF. R R R RE M BRI K
JE[T). EERARIRLA S TR, 2018, 41(6): 108-112.

HU S L, LYU Y, HU J, et al. Progress in High Strength
and Toughness of Steel Material for Thick-Wall Can-
non[J]. Ordnance Material Science and Engineering,
2018, 41(6): 108-112.

A, 2T, R, 4. PCrNi;Mo R IR F I 5
CIN WRZ T2 B ERE[T]. APRHAAL 4R, 2018,
39(2): 132-138.

JINH, LID Y, GUO C A, et al. Process Optimization and
Properties of CrN Coating on PCrNizMo Steel by Magne-
tron Sputtering[J]. Transactions of Materials and Heat
Treatment, 2018, 39(2): 132-138.

LIU J, WANG R J, QIAN Y Y. The Formation of a Sin-
gle-Pulse Electrospark Deposition Spot[J]. Surface and
Coatings Technology, 2005, 200(7): 2433-2437.

AT HRAETURRE R i I 5 DURRZE I iiad 7 0
WEFE[D]. KifE: KEISHE AR, 2022.

SU Q N. Research on Simulation of Droplet Transfer and
Coating Formation Process in Electro-spark Deposi-
tion[D]. Dalian: Dalian Jiaotong University, 2022.
LIANG Z, ZHANG H, WANG S S, et al. Comparative
Research of Electrospark Deposited Tungsten Alloy
Coating in Two Kinds of Gas[J]. Digest Journal of
Nanomaterials and Biostructures, 2021, 16(3): 793-800.
WANG Z, ZHU G, LU F, et al. Friction and Wear Per-
formance of an Electrospark-Deposited Ta Coating on
CrNi3MoVA Steel[J]. Material in Tehnology, 2024, 58(1):
17-23.

IRRRRE, TSCRL, JRIERE. H13 B m K AL TR ND I
JZHLUSTERENTSE[]. SRIMHEOR, 2019, 48(1): 285-290.
LUAN C Q, WANG W Q, KUANG L X. Microstructures
and Properties of Niobium Coating on H13 Steel Sub-
strate by Electrospark Deposition[J]. Surface Technology,
2019, 48(1): 285-290.

WANG W Q, DU M, ZHANG X G, et al. Preparation and
Properties of Mo Coating on H13 Steel by Electro Spark
Deposition Process[J]. Materials, 2021, 14(13): 3700.
TR, A, RN MR A K AE TR & R
JR B ERBIERE)]. TLPHEL T 2R, 2021, 40(2):
44-48.

ZHANG H, LI D M, LIANG Z G. Friction and Wear Per-
formance of Electrospark Depositing Tungsten Alloy
Coating on Gun Steel[J]. Journal of Shenyang Ligong
University, 2021, 40(2): 44-48.

WA E, SR, BT, 45, CrNisMoVA HY3R T HL K
FETLR W-Ni-Fe-Co I = U BEEHE A PERELT]. AHRHTR,
2017, 31(12): 35-38.

[24]

[25]

[26]

[27]

[28]

(31]

[32]

[33]

YANG J B, GUO Q P, ZHAO B Y, et al. Friction and
Wear Performance of W-Ni-Fe-Co Coating Electrospark
Deposited on CrNizMoVA Steel[J].
2017, 31(12): 35-38.

KREIVAITIS R, AUDRIUS Z, KUPCINSKAS A, etal. A
Study of Tribological Behaviour of W-Co and Cu Elec-
tro-Spark Alloyed Layers under Lubricated Sliding Con-
ditions[J]. Tribology International, 2016, 103: 236-242.
B E, Tl MEHE, . CrNisMoVA #3&1H HL K
FEVUER NiCrAlY ¥3J2 0 e SR I MR RE (], BHRL S
ik, 2017, 31(2): 51-54.

YANG J B, WANG Y C, QU J H, et al. High-Speed Fric-
tion and Wear Performance of NiCrAlY Coating Electro-
spark Deposited on CrNizMoVA Steel[J]. Materials Re-
view, 2017, 31(2): 51-54.

JAKAL, AR, 28, 55 BEL5 4 Deloro60 H KL
DU R RSP REIFSE[I]. B ILHLI, 2015, 43(2): 125-
129.

ZHOU Y Q, ZHOU Z X, JIANG T, et al. Study on Abra-
sion Characteristics of Ni-Based Alloy Deloro60 Elec-
tro-Spark Deposition Layer[J]. Mining & Processing
Equipment, 2015, 43(2): 125-129.

KAYALI Y, YALCIN Y, TALAS S. Electro-Spark Deposi-
tion Coating of AISI 4140 and AISI 1040 Steels by WC,
Ni and M42 Electrodes and Their Wear Properties[J].
Journal of Materials Engineering and Performance, 2024,
33(21): 11558-11568.

M, akitl, &, 5. B eI & 272
IS ER 5 R ER ], ARL SR, 2021, 35(S1): 342-
346.

TIAN H L, ZHANG X M, JIN G, et al. Research Status
and Prospect of High Entropy Alloy Coating[J]. Materials
Reports, 2021, 35(S1): 342-346.

GUO C, ZHAO Z, LU F, et al. Performance of High-
Speed Friction and Wear of Electrospark Deposited Al-

Materials Review,

cocrfeni High-Entropy Alloy Coating[J]. Dig J Nanomater
Biostruct, 2018, 13(4): 931-939.

TR, R, I, AF. B KBTI AlCoCrFeNi
T A R R 00 e T EE I IR RE (D). AAORE AR,
2019, 33(9): 1462-1465.

GUO C A, ZHAO Z K, ZHAO S, et al. High-Speed Fric-
tion and Wear Performance of Electrospark Deposited
AlICoCrFeNi High-Entropy Alloy Coating[J]. Materials
Reports, 2019, 33(9): 1462-1465.

CHANDRAKANT, REDDY N S, PANIGRAHI B B.
Electro Spark Coating of AlCoCrFeNi High Entropy Al-
loy on AISI410 Stainless Steel[J]. Materials Letters, 2021,
304: 130580.

YANG H L, CHEN X M, et al. Influence of Temperature
on Tribological Behavior of AICoCrFeNi Coatings Prepared
by Electrospark Deposition[J]. Digest Journal of Nano-
materials and Biostructures, 2023, 18(1): 145-156.
SREK, B, AFR, 4F. AICINiFeTi @& k)2
F4 FEL KB DURR ) 2 5 R I A0 R RE (0], A4ORE TR,



B2k 1M

W, A AR B DU B U J2 F S e M e e e - 49 -

[33]

(36]

[37]

[41]

2024, 52(1): 183-192.

ZHANG J B, NAN Z Y, ZHU C, et al. Preparation and
Frictional Wear Property of AICrNiFeTi High-Entropy
Alloy Coatings by Electric Spark Deposition[J]. Journal
of Materials Engineering, 2024, 52(1): 183-192.

ETDAE . AR AP BRI AS BRI E (). P03
2013, 33(5): 177-351.

WANG W H. The Nature and Properties of Amorphous
Matter[J]. Progress in Physics, 2013, 33(5): 177-351.
¥y, TEIF, HriEtE, % B AIETI Invar/dE i
EARENHLS S5IERED). &R, 2022, 47(11):
238-244.

HE Y L, WANG Y F, SI J J, et al. Microstructure and
Properties of Electro-Spark Deposited Invar/Amorphous
Composite Coatings[J]. Heat Treatment of Metals, 2022,
47(11): 238-244.

BAE, BRGHE, BhiE, 55 B AAEDIRTE% Fe-8B-Mo
MR ZE AT D). P EETE TR, 2016, 29(5):
16-23.

WEI X, CHEN Z G, ZHONG J, et al. Feasibility on
Preparation of Fe-8B-Mo Amorphous Coatings by Elec-
tro-Spark Deposition[J].
2016, 29(5): 16-23.
BURKOV A A, KRUTIKOVA V O. Deposition of
Amorphous Hardening Coatings by Electrospark Treat-

China Surface Engineering,

ment in a Mixture of Crystalline Granules[J]. Russian
Journal of Non-Ferrous Metals, 2020, 61(1): 132-141.
KORKMAZ K. Investigation and Characterization of
Electrospark Deposited Chromium Carbide-Based Coat-
ing on the Steel[J]. Surface and Coatings Technology,
2015,272: 1-7.

BURKOV A, KULIK M. Hardening of FeCrMoWCBSi
Amorphous Electrospark Coatings with Tungsten Car-
bide[J]. Letters on Materials, 2021, 11(3): 304-308.

Ky 4r. M KAEDURR Fe BRI B IRIZ LG5 [
PERE[D]. ARE: HEAMRY(TEZR), 2019.

SONG Z J. Microstructure and Properties of Fe-Based
Amorphous Composite Coating Deposited by EDM[D].
Dongying: China University of Petroleum (Huadong),
2019.

ZHANG R Z, L1 J R, YAN D K, et al. Mechanical Prop-
erties of WC-8Co Wear-Resistant Coating on Pump Im-

[45]

[46]

[48]

pellers Surface by Electro- Spark[J]. Rare Metal Materials
and Engineering, 2015, 44(7): 1587-1590.

GUO C, KONG Z, HAO S. Performance of Friction and
Wear of Electro Spark Deposited Ni-MoS, Coating[J].
Chalcogenide Letters, 2019, 16(7): 309-315.

YUEA M, ZHAO W, et al. Tribological Properties of
Electrospark Depositing Ni-WS, Self-Lubricating Coat-
ing[J]. Chalcogenide Letters, 2021, 18(10): 557-564.

LIU T X, GUO C A, et al. Influence of Deposition Volt-
age on Tribological Properties of W-WS, Coatings De-
posited by Electrospark Deposition[J]. Chalcogenide Let-
ters, 2023, 20(10): 741-749.

CAO T K, LEI S T, ZHANG M. The Friction and Wear
Behavior of Cu/Cu-MoS, Self-Lubricating Coating Pre-
pared by Electrospark Deposition[J]. Surface and Coat-
ings Technology, 2015, 270: 24-32.

FLILSE. MO DA A T T U2 i BE R L B
FE[D]. LMH: FHE TR, 2021.

KONG F L. Study on Friction and Wear Mechanism of
Self-Lubricating Coating Deposited on Gun Steel Sur-
face[D]. Shenyang: Shenyang Ligong University, 2021.
B BT AEDURR AT IR R 1 TSRO
RERYBTIE[D]. 7. FBAHLIRE, 2014,

SHAN C S. Study on Process Parameters and Properties
of Self-Lubricating Coating Based on EDM Deposi-
tion[D]. Qingdao: Qingdao University of Science &
Technology, 2014.

EoH, ETEB, s, IR RETGE  E R A F TR
JZ i w8 SO EESR AR PR RERE 2 ). T HADR, 2023,
57(10): 59-62.

LYU Z, CAO T K, ZHANG W. Preparation and Friction
Loss Properties of Self-Lubricating Coatings with Bottom
Cemented Carbide Spacing Distribution[J]. Tool Engi-
neering, 2023, 57(10): 59-62.

IRPCEE, BRI, #Roeik. M B R DT -0 T
B4 AR R LR AR RE[D]. RIEHOAR, 2021,
50(6): 265-271.

TAN Q Y, CAO TK, XU Y T. Tribological Properties of
Self-Lubricating Coating Prepared by ESD with Graphite
and Cemented Carbide Alternately Deposited on Substrate
Surface[J]. Surface Technology, 2021, 50(6): 265-271.



