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A Simulation Study of Grinding Nickel-Based High Temperature Alloy GH"” with a
Single Diamond Grit
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Abstract: Based on ABAQUS simulation software, a thermal coupling model has thus been established for GH
single grain three-dimensional orthogonal grinding. An investigation has been made of the effects of grit morphology,
grinding speed, and grinding depth on grinding force and temperature during the grinding process. The simulation
results show that the minimum average grinding force experienced by hexahedral grits is 0.14 N; the grinding force
and the surface temperature of the workpiece after grinding are positively correlated with the grinding depth and speed;
the highest temperature of the workpiece during the grinding process occurs in the second shear zone where shear
deformation and frictional work occur; the highest temperature of the grit occurs at the sharp corner of the front cutting
edge of the abrasive grain, among which the average unit temperature of the hexahedral grit front cutting edge is the
lowest, at 689.9 °C .
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Table 1 Physical and mechanical parameters of nickel-based
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high temperature alloy GH™" and diamond grits
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Table 2 J-C model parameters of nickel-based high
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temperature alloy GH
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Fig. 2 Cutting edge morphology of different diamond grits
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Fig. 3 Schematic diagram of 3D orthogonal grinding simulation with a single grit
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& S W Al AN — B ) X R & AR A T Y IX
B, S YD) IR TR — S AT B 4 5 2
FESEFTIE G FR T B ARRB N 1 1f0 2 [B] R B 88, 55—
B XA FEERLA G T o Sh—A B X e d KN )
IYAREIX IR, F R 1k 2 000 MPa LI F . AAFHOW
E, HTHE B XE UK, sy 255
RIZTFUR S BRI, 4 AR IR T 0 TR AT
YERTR, WriEBLIrrsT g se, Mmr=A4: ik
FOTES, BN ST, S X S 7 5 7 A i

AR AN TAEAL .
2.3 EHIASH
Kl 6 SEEHI 18T A

FESEIRIIN
ZIE Pl
LA

Jﬁ, y
T Z _
I'1E a A a7

B 6 EHlIAREE
Fig. 6 Schematic diagram of grinding force

(& 7 2 7E BS HIl 3 2% v=100 m/s, JB5 Il IR BE a,=4
um I, BB ) AR L . &l 7a WA,
VI B 2 7P ETF, PRREh . G TR RE 3
B P ETHYE, RS AT IR R A AR Y
FE, TARRASEIETEAS, A4 . B R —
WIEA, TG AL BT, R TR .
SRR HIBTEL, RS TR, PR A P
L TR ETF I FURE T TR
FIES, Bp B B R T K AR B I A% TR AL
VBRI, B 34— Y R N AR e 8l o T R B
VERL 5 AR A P TR 80/, B0 S ) e R
B, P AR (B GH 8N 3 0. AUIET b T LR
H L PR I B B TR A AR F U 1) % 1) P 1 3 53
HIFEIZE0.14 N1 0.03 N |- Fifal, /\IaiiARE A
TR B R ) 70 o) A0 o P 1) 13 7031 FET 8 0.18 N1 0.04
N, 0.23 N F10.06 N _ETFesh, =#him i

SN ) BTN AT N A i) = O NN LN 27 N
Z, NHARER RN Xt TR TR ]
AN [R) S T A A5 P L 5 TR itk 8 1) B VE A
TRRANTR] A T ARB R HEAZ 81 A4 B ) R

— I
Y1t NI PR
WIS iR

34 5 6 7 8 9 10
IR (107 s)

a ) Py Bt ) A A AL

025
e A, 0.23
020l EH ?ZZ‘I:’UJ:
I e Ay, 018
015k 0.14
Z
g o010
E 0.06
£ o0s 0.0 0.04
0.0005 5 0c1]
90004 3 6e—4
010002 2.0c—4
0.000 11
NI EERL PANITE N A TR ERRL

b) PR B
B 7 BEE| 1 RER a2 i 2k R R
Fig. 7 Grinding force curves with time and

average grinding force

RN RL, IR 4 pm, BTG5
AR U] 1) g 03 1) 7 Bt ] 2R A LA 8 iz
P 8 WL, CHEEHIEEE A 60 m/s $EF) 120 m/s B,
A LA BT] 16 A 1) B )RR /IR B S T X AT
RESZ R BEE I BTG A, BRI A S RERE A
RIS TAFRPE I e AR R, ot AR5, B
A /NI JE B3 T



22 7 = T O /2 N = S ¢ 2025 4
0.24
020
z 0.16
R
ﬁ 0.12
=
R 0.08 —— v=80 m/s;
=100 m/s; |
0.04 ——— v=120 m/s, A
\\\
0 2 4 6 8 10 12 14 16 0o 1 2 3 4 5 6 7 8 9
I P04 A 1 (1077 ) I E)E K (107s)
a) Yl b) 177
0.05 B9 v=100m/s B, J\EEREERIEHE] S RERT E 340 gh 2k
Fig. 9 Variation curves of grinding force with time for
0.041% octahedral grits, with a grinding speed v=100 m/s
E 0.03 2.4 BEHIFSHT
E . TEREHIREE R 4 m, BN 100 m/s 54T, B
— V= m/s; . .
Z0m v=80 m/s; M HIl Ak A i AR R = AN R 10 e iR AT,
- —— v=100 m/s; . N "
rome | PR RT 53 Ry RS TE RIS Sy, R AR TR e
0,01} e
\ KIET TG T AR
\ -
NN N wipn TERC
0 2 4 6 8 10 12 14 16 R { '%% 7es+m
il LK (107s) | Eﬁ:g §§$
b) WIS ; s
B8 BEHIRAE a4 mm B, J\EAERRLAE T ML B - i i
T AR S R 1AL B e i

Fig. 8 Variation curves of grinding force with time at
different grinding speeds for octahedral grits with
a grinding depth a,=4 mm
Pl 9 SR /N KL . BE IR EE A 100 m/s 2%
PER, BEHITREE A 2~8 um JuHEIA, BEHI 7 FfiRs a]
Abhek . MR 9a FIE 9b W LLR H, — @ REEE
W, NIRRTl oA F R ot T
HIRBESE N, FERLAS A b i ARG o, P A LB
FEAE PG . SR, B A ™ A A v R
I HERAE B RLRT Ty, XS RLAA T HERE I T —E 1Y
BELAS, T AT] o S 1) 38 R (3%

0.50
—ap=2 wms;
0.45 _ ap:4 um;
0.40F ——a,=6 um;
035 T ap=8 um.
Z
R 0.30F '
= 0.25
&
= 0.20 \
R
0.15 \
0.10
0.05 “
\
0 1 2 4 5 6 7 8 9

3
I g B K (1077s)
a) Ylmd

E 10 EHdEFIHERERE
Fig. 10 Workpiece cloud map temperature during
grinding process

VAV JE R F i A I, S B e 3 Ty o
I RIBCY A, e BRI (ERL IR 11 fr
AN FHPE 1L nPn, O EE 2k 330 “Cafl s b2
560 CHFZENE T RER] 380 o 0K R A S T AR AR 4
it EEORIET AR IMEASTE, WY BRI PR —
BO) DR e, XA R TR R PRI
FIEE S IE RN A, L E 5 25 S AV,
AICPDRIME, SOl RER g o S 1S B 2k e o i 18
NREIE P O B R T 1, - s A
0By SO e B 1 4 S e

TEMP/C S < Hefith T

(¥ 75%)
+2.370e+03 |
+5.000e+02
+4.604¢+02
+4.208e+02
+3.813e+02
+3.417e+02
+3.021e+02
+2.625e+02
+2.229e+02
+1.833e+02
+1.437e+02 P¢
+1.042e+02 |,
+6.458e+01
+2.500e+01

a) JBJBILE M = K




541 BRZEHF, 5 REENIA R HIER I SRS 4 GHY BT AT

600 P 12 FIE 13 235 AR ] OB SR T, A
5501 AL AIRLRE 73 A = 8] o TR, A0 e e e
Soor A — HBAESE BT DIIX, DRI A Ik DI Ay PR A
%m’ AAEBE R LA R 8 8 A S AR TR S m] 7 A A I A
7 400p FR X B R T 1 RO f b, FLrp T (AR
380 \/ — SEREITIR I 1 600 . — )7 T 5 74
00y s WA, BEMIARR K, TR L
B0z o (;}.(éggﬁ(;?ﬁ_t%}?ggggﬁf 0010 0012 s A7, T R R R LI XA AR
) DI PYIK, RO, AR, HOtah TR

Bl BEREAGZERTABERETLNE o
Fig. 11  Cloud map of grit abrasive chip temperature P 14 SRy B R i TG 90 1 Ak B v R R Bl ) [

distribution and change rule for temperature in the nodal path

1=2.001 x 107 s 1=3.760%10"" s 1=6.560 x 107 s

a) TLHIAEAL

o

1=1.1620x 107 s 1=3.600 1 x 107 s 1=6.3001x 107 s

b) NI AR

<

1=1.350x 107 s 1=3.690 x 10”7 s 1=6.210x 10" s

¢ ) JNHIARERL
B 12 AE7OFSEBENEHZENTIHREERE

S(’ I\v,!l;eS/CC %) S, Mises/C

F: 75% CT3Y: 75%)
1416ei0d +1.077e+03
+1.386e+03 +9.897e+02
+1263e+03 +9.020e+02
+1.139¢+03 +8.143e+02
+1.015e+03 +7.200e+02
+8.913e+02 +0.389e+02
+7.675¢+02 +5312¢402
+6.438¢+02 +4.635¢+02
+5.200e+02 +3.758e+02
+3.963e+02 +2.881e+02
+2.725e+02 +2.004e+02
+1488¢+02 +1.127¢+02
+2.500e+01 +2.500e+01

a) HTAREER

b) AL
B 13 AE7OFSHERLRES = E
Fig. 13 Cloud map of temperature distribution of grit with different edge morphologies

+
)
OOl
—
"

(o Xed
+
O
1]

+4+++++ o+ +
BT T OO
N ORI O

(72 P 2 AN AP 3t BE R AT

S, Mises/C
CF4: 75%)

+1.646e+03
+5.000e+02

S, Mises/C
(P
+7.492e+02
+5.000e+02

+4.604e+02
+4.208e+02

75% )

S, Mises/C
(T

75% )

Fig.12 Workpiece temperature cloud map of during grit grinding with different edge morphology

S, Mises/C

CF¥): 75%)
2370e+03

Boeeins
8e+ §

ottt ttttttt

(A LI

c) JNTAER



24 (= R DR /A N S S 14

2025 4F

3000
—— NI
2500 INTHI PR AL 5
—— TR

2000

@1500-
=

=

1000 [

500

o 1 2 3 4 5 6 71 8
I A I (1077s)
a) J)E FRITIR E B ] AR A A
2000
1800 1779.1

16001 1485.7
1400f

£ 1200}
22 1000}
\]

&
B 8008 689.9
6001
4001

200

AT AN 5
b) J) IR
B 14 7]O8ITEEMEREZ W AR AT FRE

Fig. 14 Variation law of blade unit temperature with time and

TR R

unit average temperature

P 14 AU 51, 3 R0 B L A BT I 14 I e I 334
TOZW FIt, UKL /T AR Y B TR L
BT HLs TS TR B RL . 32 R i & L 5 1
PR EAE IR DI T 10 S SR, BEH R
ZHHR, HIEXIEO N IR, FEEAEREZ,

TEREHIEEE )y 100 m/s, BEHITREE g 4 pm 25K T,
VA REVIA RO AT, I BERL R 25 D7 1] S J 42 4>5
Mo ARERIZEAET, TARE TR B AR
P ATHLER AN 15 iR . thIET 15a AT, PR T
PRI, BEEEEAETT 1 BRI R, RS T
BXJE R T ER AR Jy ), AR R Y A B R B
AT B BRI TR I AR A, BT LA R T i 2
HT T S IR A — I e AR IS ) A 52 IR, BURE D 1
T TR AR PR RS 1 A g DD TR T) 10 B 5 7
e, BEHIIER, HPE Z e R R,
R VR IR 2, WUB I S B TR R
JEdR iy o H T TR L IS o A P 5 AR AR
FHTHEBE KT 7S R RL, i LLE RS . FH Rl 15b
AT, A A R B R g b X2
T AR S R 8 B 1) AR AV R,
FORNE BRI N, R B O, A P fi

A LS AE PR 2, BRSO HITRLEE
Pl 15c mlA, PR, BEEL S TR AR
JE e Ry o S T AR, AR I Bh REECR
TEATRE R P RS A AR S rp e A i, o
di RS 2

300
250
—— IR L
., 200f NI ;
< — NI AR
B
IE o>
=150 s
lm;g;ﬂwmgzﬁzmxﬁiﬁ;
50 1 1 1 1 1 1
0 0.01 002 003 0.04 005 0.06 0.07
W27 10) B ALFS /mm
a) AIRERIZER
200
180F a[‘:2 JULIH
ap:4 wms;
160k ap:ﬁ ums;
a =8 um.
P
o) 140F
wmo ..
2 120}
100
80
60 1 1 1 1 1 1
0 0.01  0.02 0.03  0.04 0.05 0.06 0.07
W27 10) EAE /mm
b) ARIEHITREE
150
140+
v=60 m/s;
130F v=80 m/s;
L v=100 m/s;
120 v=120 m/s.
g 110
i
% 100+
) T
3 SR
70F
60

001 002 003 004 005 006 007
A 77 1 LR RS /mm

¢ ) N[ B ) e i
B 15 FAESKGTEHEETHREMRES ML
Fig. 15 Temperature distribution curves of workpiece surface
after grinding under different conditions

3 ZHig
ASCFFE ABAQUS (7 EUECHEXT GHY'™ 453 25



55 4 39 WREEF, & BUBENIA

JE AT PR R 3 R iR A 4 G B ST 25

ST TR AL EI 05 H T, BEE TR R E
Xﬁﬂlfﬁ*ﬁﬂﬁﬂ@%JEﬁ%ﬁ,%ﬂﬂT

o o

i
e
1) 3R J1 I AR B BE M 7, PR I 11 /S 1]
IREERL A /I, M 0.14 N, RURHIT T TR B R Bk
470.23 N FESEFRN T H R R FH B 70 11 S TR AR S
K, DA R e, BEAREE I G A, AESRBS R B

2) BRI RE S, TR PR AR T T BRI ) 1
5T RS —BTYIIX, I AP TR 9
PEASTE R BRSO SR [R] 7 A s B ) e v T B
RAE B AT JITE 7] AR AL, BRRE T) F 7S TRMA A
B 7] TSI B CHREE M 689.9 °C, it/ INTHAT PRl

3) BEHIEE B R 60~120 m/s. TRJE K 2~8 um T
PRI, S I F A2 T B0 3 I s ) 38 3 R 1Y)
BRGS0 P 5 i 3 A s 1
JE o g R e R L S o RO 1 A il o
VRIS R Al NS T E AR, DT PRARAER T 3w
BE, e TR

S 3k

(1] mWle, &, FR, % REsRG
MR HE DA o2 25 i 3d 5 0E e [T
47(4): 27-33.

GAO Yalong, ZHAO Yihan, WANG Xiaoming, et al.

Progress and Overview of Ni-Base Supperalloy Used in

T
1. ¥ TR, 2023,

Combustor of Gas Turbine[J]. Foundry Engineering,
2023, 47(4): 27-33.

2] 3k f, £ FH, H Ot ¥ EEARRERS SN
WAL (7). B Jmai, 2023, 59(9): 1109-1124.
ZHANG Jian, WANG Li, XIE Guang, et al. Recent
Progress in Research and Development of Nickel-Based
Single Crystal Superalloys[J]. Acta Metallurgica Sinica,
2023, 59(9): 1109-1124.

[3] PERRUT M, CARON P, THOMAS M, et al. High
Temperature Materials for Aerospace Applications: Ni-
Based Superalloys and I'-TiAl Alloys[J]. Comptes Rendus
Physique, 2018, 19(8): 657-671.

(4] % W], R W%, WMFE, F.BRIEREESEN
THARDFFEIR [7]. 1L T A TR 2R, 2023,
43(3): 60-68.

CAI Ming, ZHU Tao, GAO Xingjun,
Status of Grinding Technology of Nickel-Based

et al. Research

Superalloy[J]. Journal of Liaoning Petrochemical
University, 2023, 43(3): 60-68.

(51 FARREE, XRRARE, IESOM, 55 . BUBUER I P Y
BECHE R G IR S (14 s ) S R RS A3 AT (0], AL TR
2023, 59(7): 200-215.

LU Lishu, DENG Zhaohui, YUE Wenhui, et al.

(6]

(7]

(8]

(9]

[10]

[11] X

Modeling Analysis of Grinding Process Driven by Single
Grain Grinding Mechanism and Data Fusion[J]. Journal
of Mechanical Engineering, 2023, 59(7): 200-215.
XEGE, #8 &, XKRE, 45 . 55T SPH JiikmmRAL
T AL A B 05 L (7). LA HUR S A shin T
A, 2022(5): 55-58.

LIU Ruihu, GUO Lei, LIU Yongsheng, et al.
Simulation of Single Abrasive Grinding of Silicon
Carbide Material Based on SPH Method[J]. Modular
Machine Tool & Automatic Manufacturing Technique,
2022(5): 55-58.

EfL5E . BT ABAQUS [ B Filaod it U1 o T £ L
[0]. FREL 7~ T 72, 2022, 42(6): 87-91.

JU Kongliang. Simulation of Chip Formation in Abrasive
Grinding Process Based on ABAQUS[J]. Ship Electronic
Engineering, 2022, 42(6): 87-91.

ZHU T, CAI M, GONG Y D, et al. Study on Chip
Formation in Grinding of Nickel-Based Polycrystalline
Superalloy GH*'®[J]. The International Journal of
Advanced Manufacturing Technology, 2022, 121(1):
1135-1148.

A, FESCIE . BT ABAQUS FY B B i B I
GH"® B & 4 A BROT AN 0] T H %R, 2023,
57(8): 86-92.

LI Chao, HUO Wenguo. Finite Element Analysis of
Single Abrasive Grinding GH"'® Superalloy Based on
ABAQUS[J]. Tool Engineering, 2023, 57(8): 86-92.
X, B JL, # &, 4. 3T DEFORM-3D
OB R DD 7 LS AT Y (0], PLAREE T T i
2016(10): 69-73.

LIU Xiaochu, CHEN Fan, ZHAO Chuan, et al.
Simulation and Research of Single Grain Cutting Based
on DEFORM-3D[J]. Machinery Design & Manufacture,
2016(10): 69-73.

XA, XU, AP, 4 ﬁ%ﬁ%ﬁ%ﬁ”ﬁﬁﬁﬁ
FEUEE [J]. AR T2, 2018, 48(4):

LIU Wei, LIU Rentong, DENG Zhaohul. et al.
Research Progress on Single Abrasive Grain Grinding
Simulation[J]. Aerospace Materials & Technology,
2018, 48(4): 1-8

[12] HUA'Y, LIU Z Q. Experimental Investigation of

[13]

Principal Residual Stress and Fatigue Performance
for Turned Nickel-Based Superalloy Inconel 718[J].
Materials, 2018, 11(6): 879.

BT, TOCE, UM, OSF L BRERIELS Gm EE
e AL ) A e R A = D FLAT ST (0], WA S R
BEE TR, 2020, 40(6): 58-69

XIA Jiang, DING Wenfeng, QIU Bo, et al. 3D
Simulation Study on the Chip Formation Process in High
Speed and Ultra-High Speed Grinding of Nickel-Based
Superalloy[J]. Diamond & Abrasives Engineering,
2020, 40(6): 58-69. (TF#%347)



