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Simulation and Experimental Study on the Ultrasonic Vibration Trepanning of

UHMWPE Fiber Composite Materials

ZAl Jinqi'?, ZHENG Lei'*, WANG Yaoting?, XU Zhengya', GAO Chao', HE Zhiwei?
(1. School of Mechanical Engineering, Suzhou University of Technology, Changshu 215500, Jiangsu, China; 2. School of Engineering,
Tongren Polytechnic University, Tongren 554300, Guizhou, China; 3. School of Mechanical Engineering, Yancheng Institute of
Technology, Yancheng 224051, Jiangsu, China)

Abstract: Ultra-high molecular weight polyethylene (UHMWPE) fiber composite materials are characterized by
low density, high tensile strength, high toughness, etc., and have broad application prospects in the field of armor
protection. In order to study the axial force and damage characteristics of UHMWPE fiber composite material during
trepanning, a three-dimensional simulation model of UHMWPE fiber composite materials with 0°/90° layup is
established based on the Hashin failure criterion and the mechanical constitutive model of UHMWPE fiber composite
materials. The finite element simulation analysis and experimental research are conducted using brazed/sintered thin-
walled diamond core drills, and a kinematic trajectory equation of abrasive grains in the process of ultrasonic vibration
trepanning is established. The results indicate that the axial high-frequency vibration extends the grinding trajectory
of abrasive grains in ultrasonic vibration processing. The impact effect of intermittent cutting is beneficial for fiber
removal, effectively suppressing the fiber burrs and delamination damage, and significantly reducing the roughness of
the hole wall. Compared to conventional processing, the average axial force is reduced by 9.38%, the average torque
is reduced by 13.63%, the average delamination ratio is reduced by 8.74%, and the hole-making quality is significantly
improved in ultrasonic vibration processing, which provides a useful reference for the promotion and application of
UHMWPE fiber composite materials.
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Fig.1 Model of ultrasonic vibration assisted trepanning
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Fig.2 Motion trajectory of abrasive grain
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Fig.3 Simulation model
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Tablel Abrasive grain parameters
L SRR
(gem? /GPa
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Table2 UHMWPE fiber strength parameters!?3]
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4 HfE/GPa

Xut 4.50
Xat 0.70
Xat 0.70
Xic 4.50
Xac 0.70
Xac 0.70
S12 0.34
Si3 0.18
Sa3 0.18
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Table3 Mechanical properties of UHMWPE fibers!?*!

ZH B
EFE pl(g €md) 0.98
% KI5 & E1/GPa 153
¥ IKIH & Eo/GPa 113
% KA & Es/GPa 113
TAFA EE vi2 0.3
TAFAEE v13 0.3
VAFAEL vo3 0.4
BIY)ME 8 Gi2/GPa 6
B Gia/GPa 6
BV Goa/GPa 35

1.4 BRTAHEERSH

KIS~ N 45634 000 r/min, BEAAEE 15
mm/min. AR 20 kHz A A JRIE N3 um L8 M)
HESEIGHh A St S (o) FTAN, ZERMET
JEFZMA, T A% MR BT AR T 22 B, 7= AR AT T (1 WA
Hhw) JJBEET LB N SRR, REETRENT,
RPN AR O ICIAE 4 WA N e Y e =k |
F1 A W2 vT k0, A BN TS S8 N T ) ARk
I — B RE, 1 B S SR ) ) B R ZE T
10%LAIN, [A] B SCRR[20]15 2 B /N, 28 BH A ST )
7 A FREF N SE . HAh, EFEERET, 8
PN R Sy WS s O I s, RS vh R A
T RTINS SRR B, BT LA R B R B 4 4



[ e i T 3 )R R IS TR 4 RF B A, il

N

0.4 0.6

H‘f [H—‘I, S

0.8

Filrpoy JiN

1.

) D BUE AR, LA E T .

] J/HIW" I i |

Ca) D5 N A s b CEONH RN, Aouk A in T

(a) Comparison of axial forces in simulated processing (left: conventional processing, right: ultrasonic processing)
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(b) Comparison of axial forces of experimental processing (upper: conventional processing, below: ultrasonic processing)
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Fig. 5 Comparison of axial forces
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Fig.8 Curves of axial force and torque variation
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