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Prediction analysis of subsurface damage of work-part ZnS in fixed

abrasive lapping

Zhang Yufei, Wang Zikun, Hu Weidong, Niu Fengli, Zhu Yongwei
(College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The subsurface damage of workpiece formed in lapping and polishing process is the main reference to
evaluate the quality of processing technology and decide the machining allowance. Therefore, the accurate
prediction of subsurface damage is helpful to improve the machining efficiency. Discrete element method (DEM)
was used to simulate the subsurface damage of the fixed abrasive lapping process of typical soft and brittle
material ZnS, and the depth of subsurface microcrack layer after diamond machining with different particle sizes
was predicted. The angle polishing method was used to polish the workpiece to an inclined plane as the sub
surface damage observation plane. The corrosion of hydrochloric acid makes the subsurface microcracks appear.
Under the metallographic microscope, the end point of microcracks disappearance was found and converted into
the depth of subsurface microcrack layer, and the simulation results were verified by experiments. The results
show that the predicted values of the depth of subsurface microcrack layer caused by grain size of 5 um, 15 pm,
25 um and 30 pm are 2.28 pm, 3.62 um, 5.93 pm and 7.82 pum respectively, and the measured values of angle
polishing method are 2.02 pm, 3.98 um, 6.27 pm and 8.27 pum respectively. The results show that the wear
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particle size has a great influence on the subsurface damage of ZnS. With the increase of wear particle size, the

depth and number of micro cracks increase. The deviation between predicted value of discrete element method

and measured value is 5% - 15%. The subsurface damage of soft and brittle material ZnS after processing can be

accurately predicted by using the discrete element method, which provides a reference for the formulation of

polishing process.
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Tab.1 Actual value and two-dimensional model value

of material property parameters
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Tab.3 Average cutting depth corresponding to

different diamond particle sizes

E/GPa v op/MPa opp/MPa
Actual parameters 85.5 0.27 50.0 103.0
Model parameter 89.2 0.28 49.1 110.5
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Tab.2 Preparation parameters of consolidated
abrasive pad
n Ao E*/GPa
0.12 0.44 1.085

Particle size/um Average cutting depth/nm

5 98.2
15 294.7
25 491.1
30 589.3

1.3 BHETAEARRIT

T 181235 B LI S i A v, S0 D~ BRI TS I
R 09 2R N TR | ERRLAR | )
ATREE WML g, BERLAR X T A% 13z 2l B2 LA K4l
JCR Y20 5355 o

S AN o B O IR 20 BT T 45 R o G A
PR R A S T P I AP P 2 T R A B R I o 6 M
A ERLIY 7] AR A T REHLIRZS, YIHI 21 RIRG s ) i
IR AR AR A AL

SO B x WA B REIE IR O IE TR, fE 4R
DEM 54U by, 5 A4 Ak 9 70 1 a] LUIRBC B, HL
Xt AT LS AR | i

TEBIF I o R v, BEORE A X T A S Jie e o 2y, 4L
w32 Bl R B, AT LA B A R AR X T A
WA AR IE Bl o A A RS R W A1 B R A
1B, X RERISE R A I L2 i 29 SR AL RS, 7l LAfR
TEAA AR TR0 A (D) F 4SS 0L A 3o 0 o e v ) o7 ' DR
A

SR HER DR 2R N 0k, A E B R 1) o Bl i, A2 Al

e N\ X (Direction of abrasive movement)
Abrasive S >

85 R TS 4 SR

Pl 1 SRR (4 1 e A
Fig.1 DEM model for fixed abrasive lapping
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Tab.4 Processing parameters of Zinc sulfide

Load/ Rotate speed of Rotate speed of Lapping time/
kPa pad/r'min”’ workpiece/r-min”' min
20 85 80 3
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Fig.2 Polished workpiece
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Fig.3 Schematic diagram of angle polishing
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Tab.5 Process parameters of angle polishing

Polishing pad Polyurethane Flannelette
Pressure/kPa 10 10
Rotate speed of pad/r'min 85 85
Rotate speed of workpiece/r-min”' 80 80
Polishing time/min 10 40

A2 (AC), I F H NanoMap — ZEJE S AL, FAHE T
PR 30 M 28 K 2853 Boltzmann 816 J5 148 B il 26 2
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(4) F£ XIX-200 4 FH 5 il B8 T 45 s 12 A WL N 255 42
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Fig.4 (a) Profile curve of polished slope; (b) Curve after fitting

WL T AP 1R 0 3% 1T AN [R] R B2 18 ol 2R 800 A i O, AR
TR BUIH O B2 S MIT R A5 Z 18] ARG B B, 414
PR A RO 4 BB I 2 P 5 SR T R B TR

3 HR5ITE

3.1 BRRTFEER

5 SRR [RPRLAR B R DA A, 03 1 3
LA tE Ol . AR, 4 NI B RL A RAR T [ 45
JERHIF A o P A 2 B R B S T P R AR 2 52 i
KUIARER FEHNERZ —. EMHRFE T2 %0

Number 209
Depth 2.28 pm

“\ \J Q

X2
5

wog AT wee O
P 5 AN IR RO W3R T ARSI FLAE H: (2) W55 (b) W55 (¢) W25; (d) W30
Fig.5 Simulation results of subsurface microcracks with different particle sizes: (a) WS5; (b) W15; (c) W25; (d) W30
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Fig.6 Subsurface microcracks at different depths after W25 abrasive grain processing: (a) 0 um; (b) 2.30 um; (¢) 3.04 um; (d) 3.57 pm; (c) 4.39 pm;

(d) 6.27 um
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Fig.7 Microscopic observation of microcrack end point: (a) W5; (b) W15; (c) W30
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Fig.8 Schematic diagram of subsurface damage during grinding
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Fig.9 Comparison of simulated and measured depth of microcrack layer
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