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Microscopic Cutting Mechanism of Unidirectional Carbon Fiber Reinforced

Plastics Based on Zero Thickness Cohesive Element
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Abstract  In order to explore the microscopic cutting mechanism of carbon fiber reinforcement plastics
(CFRP) , the zero thickness cohesive element was used to simulate the interface phase by finite element method. The
carbon fibers were cylindrical and randomly distributed in the matrix to reflect the microstructure of CFRP. Different
constitutive rules, material failure and evolution criteria were set up for each constituent phase. Four typical
orientation (0°,45°,90° and 135°) were simulated to investigate the microscopic cutting mechanism of unidirectional
carbon fiber reinforced plastics (UD-CFRP) under different fiber orientation. The results show that the microcosmic
damage of CFRP is different at different fiber orientation. Interfacial cracking and fiber breakage are the main failure
modes in cutting 0° CFRP, tool invasion is the main failure mode in cutting 45°and 90° CFRP, fiber breakage and
cracks along fiber direction occur in cutting 135° CFRP, fiber breakage point is below the edge of the tool. Finally,

the accuracy of the microscopic model is verified by experiments.
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Fig. 1 Different fiber orientation models
FHMETZ hip://www.yhclgy.com 20194 55514 — 23 —



2 HEERSH

0°£F 4 ff1 £ CFRP I HIl 7 H 25 R an &l 2 (a) ~ ()
B o 24 0 ELAE fl 4 RE I, 21 4 U5 25 U081 7 1) R %
B AR 71, 24 FE 40 0 3k 31 R 4 o B B, BT 2R 8K
IR B, AN 2 Ca) FE s o Bl 0 EL AT 7 18T i) 7] 3

¥ , ST 2L, Wa v 21 4 0Tt 32 i 25 i, O ELAG S 2F
HE TR b T B R AT T R WA AR S
5577 Bk 25 9 SUE A T T 27 4 o i 7k 52 1 25 i
AWK, fie 28 5 FET 4R R BT, A& 2(b) ~ ()
7R

(a) Step time 1.2 x 10755

TE UL ZESL AR DT I iy % B, 38 0 S AR A T A
D1 HBAT 58 A F fib ) 9t © 28 Bl SR I B3, 4 ] 3 e
N o kUL ST 1 AN 58 a2 th T HATHI S R
. (EJ) BATH R b, —FR 3 F A AE ) B A DT H
YERI IR BV A | i 55— 0 W2 72 2F 4
B AR IR SRR, 12 R R B 41 48 52 45 B kL e
P BBl 2T 248 0040 1 00 A0 A 2 L, 1P 2 i JRE A PR
FHZEROR, 02 Ja & W A8, 25 1 B AT U
I, A L 2T 24 S Pt ik B RO i 52 T 2R 288, SIS 1Y
B 41 4 IR 56 4238 B BEIR ot B2 T 45 LA B A7, X R0
LR AR ST BT AR R BN A b e vp v ] R
FEpATE i ZUEE T, 5 BUR R mIR

K3 EARDTEI EAE R

Fig. 3 Simulation results of matrix cutting
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Fig. 2 Simulation results of CFRP cutting failure of 0° fiber orientation
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Fig. 4  Simulation results of CFRP cutting failure of 45° fiber orientation
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Fig. 5 Simulation results of CFRP cutting failure of 90° fiber orientation

(a) Step time 9 x 105

(b) Step time 1.6 x 107 s

(d) RO’

(c) Step time 3 x 105 s

6 135°2474Ef & CFRP UIHI (1 HL4,
Fig. 6 Simulation results of CFRP cutting failure of 135° fiber orientation

3 SEISISIE

DL CFRP B A Ry SERG X 52, SE 80 V- S A F K AE
DU 4 = 5% 3l 57 28 T A0 KVC800/1, Kistler—9253B
= A I A . SR 5 R 5 05 EAR R A N T-=
0, Horb 77 B 50K 2 000 n/min ., #F 25 3 2K 30 mm/
min PJER 0. 1 mm, UL AS [5] £F 4 /7 £ CFRP A Jn)
M AT VI S50 R AEVIHI Ty o o T 5006 5 0y Ut
R RUBE R ZE 30K, P S 36 5 0 B 25 SR I BT TR
BE L YIE AT B 6 He s SR A 7 s

22

I F1/N + mm™!

0 45 9 135
LA )
K7 Ses 505 Bt L

Fig. 7 Comparison of experiment and simulation results
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Fig. 8 Microscopic destruction topography of different fiber orientation cutting experiments
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