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Modeling and Prediction of Grinding Force on Belt Grinding TC4
HUANG Zhi, DONG Hua-zhang, ZHOU Zhen-wu, WU Xiang, ZHAO Liao
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ABSTRACT: The work aims to explore the mechanism of TC4 abrasive belt grinding and optimize the quality of surface proc-
essing. The geometric model of the abrasive belt per unit area was built based on the assumption of the ordered distribution of
abrasive particles and the consistency of the equal height, and a numerical simulation model for the corresponding grinding was
established, accordingly. The elastic deformation analysis of contact wheel in grinding process was carried out, and the predic-
tion model of belt grinding force closely related to the indentation was established. According to the TC4’s Johnson-Cook con-
stitutive model and Johnson-Cook shear damage failure criterion, the thermal and force characteristics of the grinding area were
simulated. The tangential grinding force increased when the grinding depth increased, and decreased with the increase of belt
line speed, while the trend of the change with the depth was greater than that along the belt line speed. The grinding temperature
increased when the grinding depth and belt speed increased and the trend of the change along with the belt speed was greater
than that along with the depth. The error between the predicted grinding force and the actual experimental value was less than

9%. By analyzing the experiment data, the optimal processing parameters under the experimental conditions were obtained: the
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abrasive belt line speed of 5 m/s, the feed speed of 1 m/min, and the grinding depth of 5 pm. TC4 of ceramic belt grinding was

verified to obtain the consistency between the predicted value and the experimental value. The simulation model and prediction

model of belt grinding established by such method can nearly predict the grinding force and grinding temperature of belt grind-

ing at TC4 and provide references and guidance for the selection of processing parameters to improve the surface quality of belt

grinding.
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Fig.1 Grinding model of abrasive grain in abrasive belt

1.2 EHIBHEXLR

DA e el JBE I 00CR  F AR eR R, DL T 4 e 2
Vi WAL Voo BEHIRE a, WIS E R
3 A G I ) A AR — R I, Vi < V<
Vinaxs 5 pm<a,<80 pm, HH Voo s Vinor 70510 TAE
BRI /NS

DR T DRI T AP 4B D i R 2R 20 [ s
FIE TR IHIBE L R, MBS DI mT o AR B



- 252 - E-3 TR N

2018 4 9 H

T A SRR I UE R, BEHIAS SRR 251

V,-1=V/(D-a) <C, (1

A VONETERE (m/s); D NEPHEBL S 4%
(mm); I RHEVES THEMIMEK (mm); C, M
MR LR AR, 5 T R e T L A
X, BHRHBEE | BRI RATN C, N, 5%
B

S TR 5 5 B IR P30 B Rymae W #3021,
Horh B ORRPHETERE N T IR E T 0 3 R R
W E Ruman <Ry, Ry 9 T FETH B SR (¥ HDRE B

2
6 2(a s(v 1)

R, =136V5(coty)’| 2| | =, |— 2

tmax 2 ( ”[BJ[V 5 (2)

S

2 W EHIEERNHTEE

21 ETHERTEELTEHIKE

P 2a Sy Al AF ] 4053 25 Bl e el S A )
MO R, ATRNZHD A R = AT, I
e PRI AR UG 5 TAFIE JCTHI , 3k 7 B B b A by
LRI RCR I Ry, HLE I AR B RO I T
b

..
JHATAAT
AT

b B BRI RTARE
K2 R bty B i) A
Fig.2 Ceramic belt grinding modeling: (a) microscopic
photographs of ceramic belt, (b) finite element
model of belt grinding
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Tab.1 Material properties of TC4 and
Ceramic abrasive grains

Material properties TC4 ggizlslil\i;
Modulus of elasticity/GPa 114 320
Density/(kg-m™) 4430 3460
Poisson ratio 0.33 0.23
Specific heat/(J-kg™'-'C™") 526.3 178
Condl;:);l.vr;t}/l ﬁoceiflf)lment/ 6.7 20
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Tab.2 TC4’s J-C constitutive model parameters

Material A4 B C m N  tpa/C t/C
TC4 973 617 0.001 0.72 0.144 1630 25
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Fig.3 Temperature simulation in belt grinding process:

(a) the simulation of temperature field, (b) the simulation
of grinding temperature with different V
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of contact, (b)Indentation picture of simulation and experim-
ent, (c)Indentation contrast of simulation and experiment
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Tab.3 Prediction of abrasive belt grinding force
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Tab.6 Record of experiment value

Number 1 2 3 Average Number 1 2 3 Average

F./N 29.5 30.8 30.5 30.27 F./N 35.7 35.9 36.2 35.93

1 F/N 15.6 14.8 14.8 15.07 5 FJ/N 17.8 16.9 17.3 17.33
t/C 527.6 528.1 528.5 528.07 t/C 631.2 624.9 626.3 627.47
F/N 29.9 28.2 29.8 29.3 F./N 52.5 54.2 50.1 52.27

2 F/N 14.1 13.2 13.8 13.70 6 F/N 243 23.4 249 24.20
t/C 578.6 575.8 580.4 578.27 t/'C 650.8 648.4 647.5 648.90
F/N 29.7 29.8 27.7 29.07 F./N 58.7 65.8 56.2 60.23

3 FJ/N 13.4 13.6 13.0 13.33 7 F/N 26.8 25.9 27.8 26.83
t/C 594.8 600.8 598.4 598.00 1C 686.6 692.6 689.7 689.63
F/N 31.7 32.8 32.5 32.33

4 FJ/N 16.5 15.6 16.2 16.10
t/'C 629.6 628.1 630.8 629.50
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Fig.7 Comparison of predicted value and experimental value for grinding force:
(a) primary signal, (b) filtered signal, (c) comparison chart
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