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Abstract: Reverse engineering technology was used to reconstruct three-dimensional models of the incisors a well as top and bottom
first molars which played a major role in the chewing movement. The simplified chewing movement models were constructed by modem
occlusion theory and temporomandibular articulation movement theory, and it was divided into three modes: cutting mode, compressing mode
and grinding mode, which simulated the whole process of chewingand crushing food. Based on the elastic-plastic constitutive model of food
materials, the joint strength theory was introduced to analyze the effedt of chewing movement rule on the degree of material damage. Five
different rates were taken by uniform.mation mode, and the results showed that under the grinding mode, the higher rate of chewing had good
effect on the destruction of the food. And the greatest shear stress and mises stress were achieved after chewing for 0.3 s, being of 16.07 MPa
and 14.20 MPa respectively. When the simulation time of variable motion model was 0.2 s, the effect of chewing acceleration was relatively
weak. Therefore, the larger shear stress and mises stress were produced by uniform variable metion, which were 15.64 MPa and 13.86 MPa,
respetively. So it was more suitable for grinding flexible and durable food.
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Table 1 The simulation parameters of food materials

AR E AN B o F
E/Mpa WA plgemd) e
20 0.35 1.0 0.2

B PIRREH 2R AP RIS, X FEtE
B, WIREBIANEZIR TRtk a &, )
BRI 2T HRRR, X ELS| B G R 18
UWE & SRR AEROR B X B B b e
K BATR = o SR 280 UEA T R AN P

B KBNS HEN: TR AR AR T PIRES, R B
KALIET T 6 IEEN VPRI AIRAEL Wbl A A 2R
o UL THREN TZAC T A EE R TR
ITAFFEROH B PR I — PRI W AE N ).

[GI’JZ’GS]max S0y @

E: vor-RMEIF—ER T or RMEFEZE R o
MEGFHE =T op- B RS AR IR KA 7

JETE RN TER TR RS, R BT
DI ST 7 IEBIVPRHIAR BRAE, PR A iR . &
W 185 A E M N 2 R AR ARREAS T, R
TR A e, X — PR EARAEI A

T = 222 < T (2)
2 2

148

E: -RMMRKEIEA; o BMERDEILET; o
MEGRIR I R 77 o

TAMHEN: TSRATR R PR, R ETAR AR
LU REIA S A BEHAE AT G — IR BRAE, ARkl &K A4
Mo AL FrEEAYER e, B R
WP, AT DM RSO L e L R v ), X
— BT RN A

\/l[(% - 02)2 + (‘72 '03)2 + (03 - 01)2] R ©)

2
i o RHUE— LB o) RHMHZEEA; oy -
RHEOBEZLRA: o, AL

2 EYEEEREREY

2.1 HBF AT HdE

DU BRI FI SR GONR R A, SRA 55
[ GE A 7] light speed #Ji€ CT 341, H N+
DR S IECET N 52 R AT W2 44, A ERE 1.375
mm, JZ/F 0.625mm, [AlfE 2.5 mm, HIRTG L1
(1) 239 sk 4k CT KR BORL, W FTA I CT Wi/Z4$
B S mimics10.0 H, #HT=4EE 4, WEHL 5
(MGG A T (A 53 TN X IR RFAE S, 3R A3 E A 71
MR BUAD ) R s 8 dE, s 1R,

\'._::-? = ot
';.7_'- \"QJ.\\\, 3 ~ T ':, ,¢' ..\‘fi"
‘R’\ L RV S B
Y>35
'
~)
5] o
& ¥,
w5 N o
N N L e
C AN SR
Ly \
(a) (b)

1 FiERaHIE
Fig.1 The point cloud data of teeth
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Fig.2 The reconstruction diagrams of top molar
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Fig:3 The simplified diagrams of cutting movement
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Fig.4 The simulation of movement process in the cutting mode
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Fig.6 The simulation of movement process in the compressing

mode
JE: a: T=0.0s; b: T=0.1s; c: T=02s; d: 24349 tresca
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Table 2 The influence of rate on cutting effect

S’ To Vo Omax Tresca Mises
/mm /s /(mm/s) /MPa /MPa  /MPa

telo,T,] 4)

141, 05 283 645 1078  9.44

141 04 354 639 1079 945

141 03 471 648 1083  9.49

141 02 707 627 1070 939

141 01 1414 616 1085 953
& 3 REMMFEIRAFM

Table 3 The influence of rate on compressing effect

S’ To Vo omax ~ Tresca  Mises
/mm /s I/(mm/s) /MPa /MPa /MPa

10 05 2.0 345 1113 10.49

10 04 25 352 1111  10.48

10 03 33 364 1115 1051

10 02 5.0 372 1117 1054

10 01 100 372 1116 1053
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Table 4 The influence of rate on grinding effect

S’ To Vo omax  Tresca  Mises
/mm Is /(mm/s) /MPa /MPa [/MPa

141 0.5 2.83 541 1570  13.90
141 0.4 3.54 5.56 1578 13.97
1.41 0.3 471 5.46 16.07 14.20

141 0.2 7.07 5.44 1549 13.79
141 0.1 1414  8.64 1513 13.58
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Table 5 The influence of acceleration on cutting effect

S’ To omax  Tresca  Mises

ZH 7 /mm /s /MPa /MPa /MPa

£ Fo R 1.41 0.2 6.37 1073  9.39
FRAE 1.41 0.2 6.32 10.73 9.41
5 7% 141 0.2 6.27 1079 949
= 6 R B XA E SR AR
Table’6 The influence of acceleration on compressing effect

S’ To Omax

Tresca  Mises

BATR /mm /s /MPa /MPa [/MPa
£ 2R 1 0.2 371 1116 1053
=334 1 0.2 372 1116 10.53

SR 1 0.2 370 1116 1053

R 7 MEE R EHREF M0
Table 7 The influence of acceleration on grinding effect

S’ To Omax Tresca  Mises
/mm /s /MPa /MPa /MPa

23 % K

QAd 141 02 603 1564 13.86

$%E 141 02 655 1529 1369

M 141 02 726 1557 1385
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