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Vibration Reduction Optimization for Edge Trimming of Thin-Walled
Composite Component With V-Shape
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[ABSTRACT] To solve the vibration problem during the edge trimming of thin-walled composite component with
V-shape, and to explore the influence of cutting parameters on cutting force and workpiece vibration, experiments are
designed based on the central composite response surface method in this study. The effects of spindle speed, feed rate, and
cutting depth on cutting force and vibration acceleration are explored, and prediction models for cutting force and vibration
acceleration are established. The optimal cutting parameters are obtained with the lowest cutting force and lowest vibration
acceleration as optimization goals, which are spindle speed of 6000 r/min, feed rate of 400 mm/min and cutting depth of
1.4 mm. Research results of this study will help guide the selection of edge trimming parameters for thin-walled composite
components with V-shape, so as to reduce vibration and improve surface quality during machining.

Keywords: Thin-walled composite component with V-shape; Cutting force prediction model; Vibration prediction model;

Response surface method; Process optimization
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Fig.1 Experimental setup
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Table 1 Physical and mechanical performance
parameters of workpiece

Gl | B SRR BEb |
HREE /MPa | B /GPa W) MPa | Kkt /GPa | (kgm’)
640 20 530 19 1630
F2 HWAR
Table 2 Experimental schemes
i i M JA S
gy | EREGE A IR o
1.68 8682 668 2.34
1 8000 600 20
0 7000 500 15
-1 6000 400 1.0
—1.68 5318 332 0.66

2025465568 S5 1210] - B BlEHA 135



‘_‘i.‘ »
H{%tﬁi RESEARCH

Jrgerh, DLEREE o n SRR fRIVTEIREE a Rl A
Aty LAV AR S SR 0 AR 5, AR 7 25 i
AN 175 28, e 88 32 % 2 7000 t/min |, 45 HE
500 mm/min FIHIREE 1.5 mm EAFAER R, 45
= A R SV E R=1.68, I 4L
H X= (xx, ) /Ax, X AR S T4, Hrp, X, o A48
TR IE s X o F AR G ELSEE ; x, IR O s Ak
H AR R A ELSE(E ; Ax, i AZAS AR LA K

2 HBRER5TE

R A rC 355 o 7 T T AR SR T 20 A B
Hil: , s AR A ge U 43 ) F AR SIInE R 4,
I - A DI T AR 2 hn B A WaAE I (A il
50Nk 3 iR,
2.1 YIBI A RARBN TN

I A R B A OC R (3R 4), S B — R

RO RE AR VIEN 1 MR8 5 T ESHZ KA,
AT USSR S O T U S

ZWRIENE R, 4 fC2) s, K1) Rk E
Wl HEZG R fUTHIIREE o FIUIHI ) F, Z 1A Y
ZRIEE AR, 2 2) O T R L UTH]
REE a PRSI A Z [ B9 — R A5 #E ., DIEI )
Lo AR Sl A6 1Y 14 58 3 L 4 25318 1/min<n<8682 r/min,
332 mm/min</<668 mm/min, 0.66 mm<a<2.34 mm,
F.=243.67-0.022n—0.44f —99.36a +
7.78x10°n « £ =9.5x10°n « a+0.12f «a+
1.47x10°n* +2.78x107* f* +17.294°
(1)
A=-1214+0.38n+1.31/-26091a—
34x107*n « £ =0.0197 « a+0.21f «a— (2)
1.4x107° n* +0.0013 /> +110a’

DI 3 04 sl o s A T A -5 S0 A A G 2R
(18 2) =B, VTEI I B2 Tt {5 S U {ELAR 3 400,
(ELI % Sl o3k 2 A 2R T 45 S =2 () A 7 —
TR ZE , R R AR SE BN T MR R SRR E M ke

3 HWiEITIIKIEER

Table 3 Experimental design and results

=2 T4 n/ (r/min ) WL f/ ( mm/min )

1 6000 400
2 7000 500
3 7000 500
4 7000 668
5 6000 600
6 8000 600
7 7000 500
8 5318 500
9 7000 500
10 7000 500
11 7000 500
12 6000 400
13 7000 332
14 6000 600
15 8682 500
16 7000 500
17 8000 600
18 8000 400
19 8000 400
20 7000 500
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IR a/mm DIHIJy FJ/N PRFINHE 4/ (m/s®)
2.0 17.86 305.44
0.66 22.49 406.46
1.5 20.03 361.73
1.5 40.48 503.09
1.0 20.86 406.93
2.0 52.52 353.31
1.5 20.01 382.05
1.5 22.92 353.30
1.5 21.12 331.74
1.5 20.55 319.73
1.5 20.06 332.52
1.0 18.17 299.45
1.5 17.42 320.57
2.0 44.48 503.09
1.5 27.67 319.88
L5 20.95 372.33
1.0 28.91 34291
1.0 23.29 324.87
2.0 22.61 341.15
2.34 44.19 501.94
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Fig.2 Relationship between predicted and actual values of cutting force and vibration acceleration
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Table 5 Variance analysis for the regression model of cutting force

e -5 A B HE ¥or F{H P{E
iz 2025.34 9 225.04 97.05 <0.0001
n 84.39 1 84.39 36.39 0.0001
A 788.38 1 788.38 340.01 <0.0001
a 501.19 1 501.19 216.15 <0.0001
nf 4.84 1 4.84 2.09 0.1793
na 0.0181 1 0.0181 0.0078 0.9314
fa 290.65 1 290.65 125.35 <0.0001
n’ 31.12 1 31.12 13.42 0.0044
& 111.10 1 111.10 4791 <0.0001
a 268.32 1 268.32 115.72 <0.0001
B 2= 23.19 10 232 — —
ES ) 21.96 5 439 17.84 0.0033
afijR s 1.23 5 0.2462 — —
pEv | 2048.52 19 — — —
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Table 6 Variance analysis for the regression model of vibration acceleration

HeUs S5 A A Hh
FEETR 67429.01 9
n 3194.54 1
f 30257.17 1
a 6131.10 1
nf 9448.31 1
na 711.97 1
fa 888.10 1
n 2871.84 1
1 2274.57 1
a 10860.98 1
hkZ= 11958.54 10
PR 8739.87 5
ali{R 2 3218.67 5
S 79387.55 19
40
30F
Z
R
r
=
R0l
10
-1.000 —0.500 0 0.500  1.000
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¥ F1 P
7492.11 6.27 0.0042
3194.54 2.67 0.1332
30257.17 25.30 0.0005
6131.10 5.13 0.0470
9448.31 7.90 0.0184
711.97 0.5954 0.4582
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Fig.3 Influence of process parameters on cutting force and vibration acceleration
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Fig.4 Influence of interaction between process parameters on cutting force
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Fig.5 Influence of interaction between process parameters on vibration acceleration
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Fig.6 Optimization results of cutting parameters
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