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Abstract: The oxide film of large particle size multi-layer brazed diamond grinding wheel had poor
quality and insufficient thickness during electrolytic dressing, which led to poor grinding perform-
ances. MCMB were added to the abrasive layers to improve this situation. The effects of different MC-
MB contents on the performances of the grinding wheel and the electrolytic dressing grinding charac-
teristics were investigated. The results show that MCMB may significantly improve the electrolytic
film-forming ability of the grinding wheel, the maximum thickness of the oxide {ilm is as 104 pm, and
the compactness and adhesion are improved. The ground surface morphology of the test groups contai-
ning MCMB has higher integrity and fewer fracture pits. Compared with the test groups without MC-
MB., the values of surface roughness Ra of the MCMB test groups with a volume fraction of 5% de-
crease by 29.8% when the workpiece speed is as 40 mm/s and the grinding depth is as 15 ym, and the
subsurface damage depth is reduced by 47.9% when the workpiece speed is as 30 mm/s and the grind-
ing depth is as 20 pm.

Key words: multi-layer brazed grinding wheel; electrolytic dressing grinding; mesocarbon mi-
crobead(MCMB) ; oxide film; subsurface damage
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Fig.1 Compression molding test system and mold
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Tab.1 Bending strength of grinding wheel segments
with different MCMB content

JF% | MCMB AR omems/ % | PP SR E 6/ MPa
1 0 248.44
2 5 402.47
3 10 196.63
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Fig.3 The fracture morphology and energy spectrum

point position of the specimen
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Tab.2 Results of energy spectrum composition analysis

— B A A w/ %

HE TEr 5L

8 C Cu Sn Ti
1 25.90 41.56 8.14 24.31
2 56.83 22.45 4.30 16.42
3 31.27 145.26 6.03 16.99
4 81.82 6.30 1.80 10.08
5 67.31 13.15 6.89 12.65
6 73.54 18.07 0 8.39
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Fig.4 EDS layered enlarged image at the abrasive joint
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Tab.3 Electrolyte additive composition and proportion

B Wiy 4w/ %
ZOKA R 8
TKEBRE M 1.5
oK A 1 0.5
Hh 0.5
XA 0.3
AR = T B 0.2
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Tab.4 Electrolytic dressing process parameters
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Fig.8 Thickness of electrolytic oxide film on grinding

wheel segment without MCMB

Fig.9 Thickness of electrolytic oxide film on grinding

wheel segment containing 5% volume fraction MCMB
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Fig.14 Grinding wheel segment fixture
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Fig.17 Surface roughness of the workpiece in the

tset group without MCMB



1] K A SRS 22 J2 BT AR < I A 10 4 o £ 8 s ) 4 RE 0

1574
5

X WER g %

070 oy — 5 um

5.0'6' =Ja, = 10 pm

&S S 3 ®

‘g 0.51 Ea, = 15 pm =

g 04T =

®0.31 —

& 0.2t =

= =

® 0.1r =
0 =

20 30 40
THHEE v,/(mme-s)

18 AR H 5%MCMB iR 56 48 1 T4
R E AN
Fig.18 Surface roughness of workpieces in the test

group containing 5% volume fraction MCMB
ARFEA R R ) B . LU, S AL R
4185 0 BE 25 99 T £ 19 MCMB i B8 185 o637, 6 fin
T TR B AT I AR . P, i A MCMB
Ja A1 2 T RDRE 2 (BT /D
3.3 EREHRG

(PR FR 20 R 1 00 S AR I 00T P A A
LAY A i T R AT IR ok Ak P LA R i T A T
o' e B A ST L A R 3 4 5 TR
g 19 .8 20 fros . fF v, =30 mm/s,a,=
20 pm i, & MCMB & 5 21 (19 W7 3% 1 453 1 TR )%
(9.28 pm) B E/NF AT MCMB Wil 5641 (17.82
pem) 5 Y ZRSCAE 1 S A BOR R v o B

s>

o X

PR A i B ) ok b S A TR B T o R S A AR
FH 800 7 s B % T R T A S R e L B AR
T RO RSN BRI A e A AR IR A D

B Bl =& T

B 19 A& MCMBRBAMIHTRET
Fig.19 Subsurface of the workpiece in the test
group without MCMB

B Hl =&

20 & MCMBiXBAMTHITRE
Fig.20 Subsurface of the workpiece in the test

group containing MCMB

PERILA K MCMB R 4 A9 1 15 OR d A B T
VS ) T = T 458 T

&b

i AE Cu-Sn-Ti A 4 8 A T B i b (8] A 2%
ik (MCMB) , B & 58 % 50 R Fl B 25 5 45 T
28 T ORTE & e MCMB (14 22 )22 4T 6 4 I A b
BRI T AR & i MCMB X b %6 M e K Ho e,
fiff A B I R B I R G A Y . AR R

DMCMB & 3 19 38 i 20 48 35 Je i Bt 25 3
JEE S B8 i U5 L 7 R B 4 Bk 5 00 sk B i K
{ 402.47 MPa, % EDS »#r kWM. 45 &7 54
Il B S B T A2 iR s A IR BUE i .

)W FL %08 5% B9 MCMB RE AT 2L 2k
SR 0 R A A TP L BB R B KGR E] T 104
e, B0 5 B B 2 A s R A AR I A AL
KA S MG AE .

3)MCMB 15 B (5 T 5 i J85 o 11 B 1) E %
B TR HI R R A AR T I SR T Y e sk
MTHHAREE v, =40 mm/s JEHIIRE o, =15
pm B RFUH0R 5% ) MCMB iR 56 4] Ra {H Lb
A& MCMB it 5 40 Ra {38 /N 29.8%; 4
v, =30 mm/s.a, =20 pm K% 1 5 15 2 R B ik
BT 9.28 pm, FE— 0 P SR AR R
Xof S 1) IV 6 T 3 i %) 95 405 DN

4

B
2

S % 30k

[1] MIAO Q. DING W F, FU D K, et al. Influence of
Graphite Addition on Bonding Properties of Abra-
sive Layer of Metal-bonded CBN Wheel[ ] |. The In-
ternational Journal of Advanced Manufacturing

Technology, 2017, 93(5):2675-2684.

K. EAYL, TOCH. 4F4R CBN b4 59 % CBN

WhHE 5 HIRY R 16 6 i IR & 8 000 T BE X et

1. &R 5k BT, 2021, 41(4) :64-71,

ZHANG Xi, LI Benkai, DING Wenfeng, et al.

(2]

Comparative Study on Machining Behavior of Brazed
CBN Wheel and Vitrified CBN Wheel during Grind-
ing Powder Metallurgy Superalloy[ ]J]. Diamond &
Abrasive Engineering, 2021, 41(4):64-71.

MG AE. Cu-Sn-Ti STk b 2 4 W43 70 48 0 BF A 5
REWFSE (D], 7g 5« Fg 5 ALZ MR K%, 2020.
ZHAO Pengcheng. Research and Development of
Cu-Sn-Ti Cermet Diamond Grinding Wheel [ DJ.

[3]

Nanjing : Nanjing University of Aeronautics and As-
tronautics, 2020.

DAI ] B, CAOS Y, WANG Z B, et al. Experimen-
tal Investigation on the Feasibility of High-efficiency

(4]

and Precision Grinding of Silicon Carbide Ceramics

* 1157 »



FEPL TR 4 36 % 5 6 0] 2025 4F 6 H

[5]

(6]

7]

(8]

[9]

[10]

[11]

[12]

[13]

with Monolayer Brazed Diamond Wheel[ ] ]. Materi-
als Today Communications, 2023, 37:107037.
LIK]J, LIAO Y L, ZHOU Y M, et al. Study on-
Grinding of SiCp/Al Composites by Micro-textured
Monolayer Brazed Diamond Wheel[J]. The Interna-
tional Journal of Advanced Manufacturing Technol-
ogys 2023, 126(9) :4607-4615.
YU X L, HUANG S T, XU L F. ELID Grinding
Characteristics of SiCp/Al Composites[]J]. The In-
ternational Journal of Advanced Manufacturing
Technology, 2016, 86(5):1165-1171.
MAS -V, BREARE 55, BHEL, 2. BRYRE X OB £
J2 AT AR 4 W A 0 A R A 1 A T ) 4 R 1Y 2 TR B 5
(1. HLA TR 2E4] , 2020, 56(7):231-239.
WU Qiaoping, OUYANG Zhiyong, YANG Hui, et
al. Influence of Carbon Nanotubes on Electrolytic
Dressing Grinding Performance of a Multi-layer
Brazed Coarse-grained Diamond Wheel[ ]J]. Journal
of Mechanical Engineering, 2020, 56(7):231-239.
ALQAHTANI B, ZHANG M M, MARINESCU I,
et al. Microscopic Characterization and Modeling of
Oxide Layer for Electrolytic In-process Dressing
(ELID) Grinding with Focus on Voltage, Elec-
trode-wheel Gap, and Coolant Flow[]J]. The Inter-
national Journal of Advanced Manufacturing Tech-
nology. 2019, 105(12) :4853-4862.
TiMobk, B, XEEIIE, 45 ELID B HI BiE 8L 5 A
AR sz e R LT, MUBRE % S8R, 2021,
40(3) :410-416.
WAN Linlin, LUO Ye, DENG Zhaohui, et al. In-
fluencing Factors of Pre-dressing and Oxide Film
Formation in ELID Grinding[]]. Mechanical Science
and Technology for Aerospace Engineering, 2021,
40(3) :410-416.
WU QP, LIBX, OUYANG Z Y, et al. Precision
Grinding of Cemented Carbides Based on a Multi-
layer Brazed Diamond Wheel Using an Electrolyte
Containing Carbon Nanotubes[J]. The Internation-
al Journal of Advanced Manufacturing Technolo-
gy, 2021, 114:2899-2909.
CHIKAODILI A V, IKENNA C V, VINOTHET
S, et al. Sulfur-doped Graphitic Carbon Nitride(S-
G-C3N4) as an Efficient Corrosion Inhibitor for
X65 Pipeline Steel in CO,-saturated 3.5% NaCl
Solution: Electrochemical, XPS and Nanoindenta-
tion Studies[ J]. Process Safety and Environmental
Protection, 2022, 164:715-728.
ABRAHAM A R, GEORGE S C, HAGHI A K.
Carbon Nanotubes: Functionalization and Potential
Applications[ ]]. Tribology &. Lubrication Tech-
nology. 2023, 79(2) :80.
ALAZEMI A A, DYSART A, POL V G. Experi-

1158 -

mental Investigation of the Mechanical and Surface
Properties of Sub-micron Carbon Spheres[J]. Lu-
bricants, 2020, 8:77.

WEF, HIOT, FM, AF. B4R X Ti-TiC/
Ti FRE G MEHER SHEREZm [T, bR b
24, 2024, 45(10):10-17.

JIANG Mengling, LONG Wenyuan, JI Song, et

al. Effect of Sintering Temperature on Microstruc-

[14]

ture and Properties of Ti-TiC/Ti Laminated Com-
posites[ J]. Transactions of Materials and Heat
Treatment, 2024, 45(10):10-17.

LB, AEAE . AR TR, ELID ¥ 38 BUE B il A
PR 1 B ma A e [ ], = M d B 2
2017, 47(4) :42-47,

ZUO Mingze, REN Chengzu, WANG Zhiqiang,
Experimental on Characteristics and Effect of Ox-
ide Layer in ELID Groove Profile Grinding[]].
Aerospace Materials & Technology, 2017, 47(4);
42-47.

AR P KR A A XS A, 45 7 2k v A 48 A S ) 4R
PRI B K R LT, T E AL L F, 2018,
29(17):2023-2030.

WU Qiaoping ZHENG Weijia, DENG Zhaohui, et
al. Research Status and Perspectives of ELID
Grinding Oxidation Films[J]. China Mechanical
Engineering, 2018, 29(17):2023-2030.

g, T, B R, ELID B HI 20 % % i A 1k
BERAS B RAELT ], THEAR, 2011, 45(6):40-43.
YANG Lijian. REN Chengzu, JIN Xinmin. State
Characterizing of Oxide Layer on Surface of ELID
Grinding Wheel [ J]. Tool Engineering, 2011, 45
(6):40-43.

BEA, BExwr, ARDASHEV D V. 72 i fif 15
B A0 4 A BB A T S N B B BRI AL B[,
SR H TR, 2023, 31(20):2975-2985.

KUALI Jicai, DUAN Yungian, ARDASHEV D V.

Interfacial Reactions and Forming Mechanism of

[16]

[17]

[18]

Compositeabrasive Grains in Oxide Film on ELID
Wheel [ ] ].
2023, 31(20):2975-2985.

Optics and Precision Engineering.

(RE THEmW

TEERE % A 55,1986 4F A4 I R, BESE T
HOR B R GEB AR . BRI A0 KA. E-mail: lw1986tiger@
163.com,

A5 IIRE X

KA B AR L AR T, S o )R R Bk X 22 2 AT AR 4 NI A D A
HL A P RE B S A LT ). R HLAK TR L 2025, 36(6) 1 1151+
1158.

LIU Wei, CHANG Jiaqi, LI Boxin, et al. Influences of MCMBs
on Electrolytic Dressing and Grinding Performances of Multi-lay-
er Brazed Diamond Grinding Wheels[ J]. China Mechanical Engi-
neering, 2025, 36(6):1151-1158.



