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Abstract

Objective: To achieve high-quality and low-damage grinding of silicon carbide ceramics, this study
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conducted grinding experiments using diamond grinding wheels. Based on the actual grinding
wheel topography, a grinding particle trajectory model and an undeformed maximum chip thick-
ness model were established. The variation laws of surface topography, grinding force, and subsur-
face damage during grinding were systematically analyzed. Combined with finite element simula-
tions, the influence of the undeformed maximum chip thickness of grinding particles on the surface
formation mechanism of silicon carbide ceramics was further explored. The results showed that as
the grinding wheel feed rate, rotational speed, and grinding depth increased, the grinding particle
trajectories tended to be interlaced and dense. During this process, the maximum residual height
of grinding surface grooves significantly decreased, with the maximum reduction from 13.11 pm to
4.85 nm; surface roughness also decreased, reaching a minimum of Ra = 1.362 um. The subsurface
damage depth followed the same trend as chip thickness and grinding force, increasing with the
increase of grinding wheel feed rate and grinding depth, and decreasing with the increase of grind-
ing wheel rotational speed. The maximum value was 8.87 pm, and the minimum value was 4.82 pm.
Within the range of grinding parameters selected in the experiment, the actual chip thickness of
grinding particles was within the interval of [-31.86%, 13.95%] of the critical chip thickness of sil-
icon carbide ceramics, indicating that the material removal mechanism was between plastic re-
moval and brittle removal.
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Figure 1. Grinding device diagram
E 1 BHRER

Table 1. Grinding parameters and results
#F 1 EHIMISHRER

PEAL BSHIEPET AEUE BEIRE MRSE RIVAMERKRE  BEHD ERTESGIRE

EIRe] (m/s) (mm/min) (um) (um) (um) (N) (um)
# 5.23 10 20 1.932 14.65 452 5.903
#2 5.23 40 20 1.655 13.11 5.27 6.033
#3 5.23 70 20 1.635 12.39 5.27 6.697
#4 5.23 100 20 1.423 10.02 6.13 7.195
#5 157 40 20 1.864 13.92 5.81 6.112
#6 3.41 40 20 1.689 1358 5.44 6.055
#7 3.41 40 10 1.884 8.64 211 4821
48 3.41 40 30 1.362 4.85 9.35 8.873

“BEHIEE 1.57 m/s. 3.41 m/s. 5.23 m/s 23 AI P HE B AT 12 mm A3 #3000, 6500, 10,000 r/min #5155,
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Figure 2. Grinding force obtained by different grinding parameters. (a) Change feed rate, (b) Changing the grinding wheel
speed, (c) Change grinding depth
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Figure 3. Surface and three-dimensional structure of silicon carbide processed
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Figure 4. Surface morphology of machining changes with grinding parameters. (a) Change feed rate (vs = 5.23 m/s, ap = 20
um), (b) Change the grinding wheel speed (vw = 40 mm/min, ap =20 pum), (c) Change grinding depth (vs = 5.23 m/s, vw = 40
mm/min)
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Figure 5. Maximum height of residual grooves on the machined surface under different grinding parameters. (a) Change feed
rate, (b) Change the grinding wheel speed, (c) Change grinding depth
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Figure 6. Measurement of subsurface damage
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Figure 7. Subsurface damage depth obtained by different grinding parameters. (a) Change feed rate, (b) Change the grinding
wheel speed, (c) Change grinding depth
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Figure 8. Measurement results of diamond grinding wheel grains. (a) Measure the average spacing between abrasive particles,
(b) Measure the height of abrasive grain cutting edge, (c) Distribution map of abrasive particle spacing, (d) Distribution map
of abrasive grain cutting height
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Figure 9. Simulation diagram of abrasive particle motion trajectory. (a) vs = 5.23 m/s, vw = 40 mm/min, ap = 20 um; (b) vs =
5.23 m/s, vw = 70 mm/min, ap = 20 um; (¢) vs = 5.23 m/s, v = 100 mm/min, ap = 20 pum

E 9. BRIz mhilEIE . (a) vs =5.23 m/s, vw =40 mm/min, ap=20 um; (b) vs =5.23 m/s, vw =70 mm/min, ap=
20 um; (C) vs =5.23 m/s, vw =100 mm/min, ap=20 um

43 IMNEEESRIATRENYIEEEITH
RSP RARAL,  SERR BRI BN RN

_ o Vi ap (L(i)'vw/VS)z
SR U i T T @

X, a, WEHIAREEL: d N THER: h ABEETE.

HEIR T EA XN MATLAB H, B3R B T Z S8 T BERY) RGBS, ik 10. iR
GEREN], BERLECK V)G R B RS RS A 1 45 a5 R R FE R S K G n,  BERb R e iR THfT gk . 7
STk TS H, UEREE v = 5.23 mis. BHIARE ap = 20 um (REFARRS, KL 10
mm/min 34K 2] 100 mm/min i, 5] 8 /55 B 0.293 um 3 K F] 1 0.462 um . i (R FF LS 8 v, = 40 mm/min.
FEHIATE ap = 20 pm, UL RMACHEE M 1.57 m/s 85K 3 5.23 m/s, AHXT RS R H 0.39 pm AL
0.337 pm. BEHIGR X T V)8 JE BRI 2 o & 1, B A RR S V)8 JE AR IR, Aibi e
Vo =5.23 m/s. BELTHFE vy = 40 mm/min CREFASARINS, K B R EE A 10 pm 42 5 2 30 pm, Y18 JE RN
0.217 pm W22 0.493 um.

£ 30 g g 50

S 20 2 %o g0

¥ i 30 T 30

4 10 7 20 i 20

uig ¢ 10 > 10

0 < E = 0

#_10 # #e-10

=0 #-10 PYRN

sy @%$§ 23“&@% égé 10, 2 3.4 5@&
@%10 liﬁ‘é’a\ﬁgmm 2,10 1 iﬁ,é,aféy‘ggmmlmm

Figure 10. Simulation diagram of maximum chip thickness without deformation of abrasive particles
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Figure 11. Simulation model for single diamond abrasive grinding of silicon carbide ceramics
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Table 2. JH-2 constitutive model parameters of silicon carbide particles
2 2. BRALEERURL JH-2 AMIREISH

A B C M N o /GPa P /GPa T/GPa

0.95 0.35 0.009 1.0 0.65 11.7 5.13 0.75
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Figure 12. Fragmentation and internal stress distribution of silicon carbide ceramic particles
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