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Finite Element Analysis on Non-destructive Testing of Dental
Defects

ZHANG Cuiping, XU Xiaoting
( Department of Stomatology, the Second Affiliated Hospital of Henan University of Traditional Chinese Medicine

(Henan Province Hospital of Traditional Chinese Medicine) , Zhengzhou 450001, China)

Abstract: Objective To study the detection effect of different dental defects by using the finite element non-
destructive testing method, and provide some theoretical support for clinic practice. Methods Based on
continuous medium ultrasonic propagation method, the dG-FEM model was used in COMSOL software to
simulate ultrasonic transmission and reflection patterns. The ultrasonic reflection intensity was monitored by
changing dental defect types and ultrasonic detection angles inside the model. The time and intensity of detecting
mutated ultrasonic waves were used to study the detection effect of dental defects. Results Dental defects could
be detected within 16 us by ultrasonic non-destructive method. For different types of dental defects, the best
detection effect could be observed in rectangle-shaped defects. For different detection positions, when the
ultrasound source and the defect were aligned in the main direction, the ultrasonic reflection intensity was the
highest. Conclusions For defects of the tooth, the ultrasonic non-destructive testing method can be used for fast
detection of defect types. The effect of defect detection can be increased by changing the detection angles, which
provides theoretical references for its practical application.
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Fig. 1 Propagation of ultrasonic non-destructive

testing wave of dental defects
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(a) Setup of defective tooth and ultrasound probe,

(b) Different dental defects

1.2 #EhEER

B4 JE MHAL &Y B A BRI AL RE 1k
PSR P R AN UL A5 At R o5, R i T 1 AL
SRR P16 3D FTER ' S5y, W
TR, AR SCECE 3358 RS 4 Ja R 2 145 1A
WERE ;B8P I IR AL L 1E FH O 5 ) A kL, 32 B
ZHANE 1 PR,
F1 pESHTY

Tab.1 Parameters of the simulation!!”'®]

ZHU B e

AR IR £,/ MHz 1.0

AR, T/ s 1.0

P55 7 th BT E0 %3/ (mmes™") ~1
W58 3 R FE/ (mmes™!) ~2.08
T FE %/ (kgom ™) ~1 200
5 S 5P i/ GPa ~3.3

NIATWRIEL/NEA 0.35
A/ (kgem™) ~6 520

AP/ GPa ~88

BRIAMA L 0.35

L3 FiRZE

IR ERER U i Wl I S B B AN
AR AL R SIS R R AVER i & 7 e S
AL, SR P BE B B TP R B B T YRR, R
PRBHE /DN o A SOR I T 2 A I, K 3k R i O T
LR35 o3 A1 PR R BT kR P I 1] 3 A e
Boh

t=2T,\> t
V=exp(— 7,72 ) -sm(21TT0)

b T, W IR A
1.4 ME%I5Y

RSP SN RES AR R Y & SR
AP IR P IR 1A PRI A% 3 T A L
SR BRIy WA RS 55 P B AR A Joi o A 128 3 38 A7
TARAT O, A% R R e 5 = A B 26 70 A e K
INRSF

S = ¢
"k * fo

S, AR RS €, D9 539 U1 A A 145 b
BHPALRE L o f, R Sy UTRE A 5 b SR 43 W A% R
INRE ARG BT AR IR AT AT 1. 5~5, M EEAR
(] e e A 22 i R AT X A 30 43 ke B S L 4 I A
4tk
1.5 tEK#

— Mok U, 7E A BR JT AR A K fig i 7R £ IR
SRARRG BE B 00T, — s | 2P KA A
EWS

TO
" 20
Kb T, A EH R A B R, SR K
F B TG 7 9 RS R TR A R e S S B 4
B BEIUE /N KN S 1 KRBTy, BT
B ARSCERIUE R R T 1720, T S8 7R i AR
B0, W n] REAR T A, DLW R T o
SR FH B 38 0 1 o 0 A7 H 5, DL AR A dG-FEM
BRLR AR

HRAE 52 bR A #h ROSF, A S0 7t #5580 K

4 em,$i 2 em, THEEIE] A 25 R i B 5 14 P9 Rk
B I35 B 75 P I A ok (LR 3)

At



EREMAE $£38% FS5H 2023£108
902 Journal of Medical Biomechanics, Vol.38 No. 5, Oct. 2023

BHE]: 2 ps

3 FiEERPARIIA KRR

BFIE]: S ps

BFIE]: 8 us

B (ms™)

3 600

2400

1200

Fig.3 Propagation of wave before and after testing dental defects
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(c¢) Crackle defect, (d)Starlike defect
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