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Abstract

In the field of modern materials processing, grinding, as an important machining process, is of key
significance for its related research. However, the number of experimental studies on grinding is lim-
ited, and the complexity, high cost and time-consuming experimental conditions make it challenging
to explore the grinding process comprehensively. In order to compensate for the lack of experimental
studies, it is feasible and necessary to simulate and analyze the grinding results with the help of crystal
plasticity model simulation. The crystal plasticity model can effectively describe the plastic defor-
mation behavior of the material at the microscopic scale, and by accurately modeling and simulating
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the mechanical response of the material, microstructure evolution and other key factors in the grind-
ing process, it can provide important theoretical support and guidance for the in-depth understanding
of the grinding mechanism and optimization of the grinding process parameters, so as to promote the
further development and application of grinding technology.
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Table 1. Chemical composition of martensitic steel 17-4PH

% 1. DKM 17-4PH BILFE RS

C Mn P S Si Ni Cr Cu Nb Fe
0.04 0.28 0.027 0.021 0.51 4.15 16.5 34 0.3 RE

Table 2. Physical property parameters of martensitic steel 17-4PH
2. DKW 17-4PH (YR BESH

PyEL R YIRS HfE
W A E 2.04E5 MPa
B PW 7780 kg/m?
THRALE v 0.291
JeE 8 B2 os 1235 MPa
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Figure 1. Grinding experiment system
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Table 3. Combination of grinding process parameters

3. BYHMIIZSHAEE

B AUt
WA EIRIE vs (m/s) 10, 15, 20, 25, 30, 35, 40, 45, 50
T AR BE vw (m/min) 1
DI ap (um) 4
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Figure 2. 17-4ph before and after grinding
B 2. 17-4ph EEHIFIEE

BEHRE RS B A P AT R B — AN EESR, N, FFE BRI R . RN T
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FRAE AR SRS S, DT £ B ) e e U e 2

Figure 3. Force signal acquisition device
B3 hiESREXE
FEAHTFCAT, SRR R AT JE B3 A e O AT S N . PR LR Ao 2 A A b )
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SEI AR AR I P X N BB E T o I ORBEIN RS, RN OB EGARL, DLRRL
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AL T AR A S (R 2 G, AR TR R R 5 AN B R BR P SR B T B, A0 T SRS 5 i kA%
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BT R IR AR 5 SERER AR A . Herh, RERFEIRBE Y 100 Hz, A [ 1) T2 1R J8 L B2 45 SR A
RAPIR, FHIEBRAEEARFERE, A E SRR A — B T L2 R L 2 X .
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Figure 4. Thermal signal acquisition diagram

& 4. AESREE

Table 4. Temperature results for different grinding processes

F 4. TEEHIZTHRELSR

S WL vs TAFHSE vw P& HIVRE ap P& )L 2
ST . .
(m/s) (m/min) (um) ©)
1 10 1 4 40.6
2 15 1 4 51.2
3 20 1 4 60.4
4 25 1 4 69.8
5 30 1 4 76.4

P 00N BB 0 K, R Kistler-9139A M /X5 7145 5 RAE A HIES:, MR NI T 24167741
VB 045 5 SR A o RN K E Y 20 72, SRR E Y 2500 Hz, RE A5G, 121 Dyno
Ware BAFXSBE B 7045 5 AT JE AL B, AR BR TR 5 (K2 o S X R A 2 IR B I 045 5 Bt 4
910 Hz FRIEJEE AL, HRAREE TZHE T HFEI B 58U

[ LI E N 1 m/min, R PR ) TAFS AT IR S0, SRS Rk 5 PR,

Table 5. Experimental test results
5. LIMEER

W EREIE v TAFEEE vw  BEHIRE ap R IR VLR BB H 7 Y1) BB 71

S B

(m/s) (m/min) (nm) (©) N) ™)
1 10 1 4 40.6 9.16 5.13
2 15 1 4 51.2 7.43 4.51
3 20 1 4 60.4 6.16 4.38
4 25 1 4 69.8 5.03 3.33
5 30 1 4 76.4 4.61 2.68

3. hEEREE

REAE AR TT R TR 2R P R RAL B AR BT SRS (0 B MR AL o X — AR TT I RS
AR AR, BRE R, DLTE 0 REDUM RO 5 F O AN B AL, BB &G R, i fR 4t
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Figure S. Flowchart of Dream.3D generated RVE
5. Dream.3D 4 p} RVE 2
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AT R R A BT i BV L RS LS AT R SEBR IO SRS, i 6 P

B 13T SEPR KR, Dream.3D i Al LIGE I AUE AT 154 i RVE, FEX A7 20T, BAFA Ry €
R R SR R S R UL I AR O K o % T 2 ARk, T DU R UL SR Y A% . AR R R R A
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U R R Al AR ECB A, A TR FEAS R ROW S5 MR AR XS A RHE RE R . ] 7 o i i
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Figure 6. RVE model generated by Dream.3D software
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Figure 7. RVE construction process in Dream.3D
7. Dream.3D & RVE &5 18
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Table 6. Force thermal results with different grinding processes

F* 6. NEEHITZTHARER

S E)%iﬂiﬁ}ﬁ TAREE BEIRE BRI R b BLAR T FE(SE LR L (17 R bl e

b8
El (m/s) (Jmm (ﬁn (%) HIZI0N) - HIZ3N) %Eﬁys Eﬁﬁys PRE(%)
1 10 1 4 40.6 9.16 5.13 2.63 2.83 7.6
2 15 1 4 512 743 451 2.85 2.89 1.4
3 20 1 4 60.4 6.16 438 3.26 3.17 2.7
4 25 1 4 69.8 5.03 3.33 3.57 3.46 3.0
5 30 1 4 76.4 4.61 2.68 3.85 3.93 2.0
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TR AT Ve . BN 1 AN F BE I T Zrh AR T 32 a8 6 O, SRR T HEAT S
RS B RGN, SR AR, JF S SLREIATX Y, RGHFEREN 5.15%, AHf
TR T DAL FCh g0 B B R op 1 AR RS IR A 8, S o0 2 i R v g e e TN o
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