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Effect of milling parameters on cutting force and quality of vascular bundle
fiber extraction in bamboo

HU Xiaojun, TIAN Ze, XU Yunjie, GUAN Xun
(School of Engineering, Huzhou University, Huzhou 313000, Zhejiang, China)

Abstract: [Objective] This study aims to explore the optimal cutting parameters for cutting force and
extraction quality when extracting bamboo (Phyllostachys edulis) vascular bundle fibers by milling, and provide
theoretical reference for efficient acquisition of high-quality natural vascular bundle fibers with uniform
thickness and good consistency in length and size. [Method] Cutting speed (V,), feed per tooth (f,), and
cutting depth (4,) were taken as variables, unidirectional milling and orthogonal cutting experiments were
conducted on bamboo boards using a double-edged straight groove hard alloy woodworking carving knife. The
influence of cutting parameters on cutting force was verified by range analysis and variance analysis. The

experimental data were analyzed by multivariate nonlinear regression method to establish an empirical formula
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for cutting force. Based on transient cutting geometric model and single-factor experiments, the effects of
cutting speed, cutting depth, and feed per tooth on the quality of vascular bundle fiber extraction were
investigated. [Result] During the cutting process, only X-Y-directional cutting forces were generated on the
workpiece, while the Z-directional cutting force continuously fluctuated near zero value. Cutting depth had an
extremely significant impact on cutting force. Within the X-Y plane, cutting force mainly acted along parallel the
feed direction of the tool, and feed per tooth had a more significant influence on cutting force than cutting
speed. The vertical tool feed direction was mainly affected by extrusion force, and cutting speed had a more
significant effect on cutting force than feed per tooth. The coefficient of determination (R*) of nonlinear
regression equation for cutting force along the tool feed direction was 0.956, which could accurately predict the
magnitude of cutting force. The determination coefficient of the nonlinear regression equation for cutting force
in the vertical tool feed direction was 0.697, but the error between its predicted and theoretical value was within
+5 N, reflecting the overall trend of cutting force in this direction. The error between the average fiber length
obtained by milling and the target length was within 0.1 mm. Within the range of cutting parameters, when
cutting parameters were V,=188.5 m-min', A,=12 mm, and f,=0.2 mm, vascular bundle fibers with larger
diameters and higher aspect ratio were obtained. [Conclusion] Cutting depth is the most important factor
affecting the magnitude of cutting force. In the parallel tool feed direction, feed per tooth has a greater impact
on cutting force than cutting speed. In the vertical tool feed direction, cutting speed has a greater impact on
cutting force than feed per tooth. The nonlinear regression model of cutting force can accurately calculate
cutting force in various directions and the overall trend of change. The milling method can accurately control
the target length of vascular bundle fibers. Higher cutting speed, greater cutting depth, and smaller feed per
tooth can help obtain vascular bundle fibers with larger aspect ratio and diameters. [Ch, 9 fig. 5 tab. 26 ref.]

Key words: vascular bundle fibers; milling parameters; cutting force; fiber morphology
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Table 1 Forces of orthogonal experimental cutting

o DILRFE) AR TRBY IR DN g DHURIE) FHRHEAEB) DIHIRIEC) IHIAN
(m*min") mm mm F, F, (m*min") mm mm F, F,

1 62.8 0.2 4 2370 —8.89 6 125.7 0.4 4 3478 —10.86

2 62.8 0.3 12 81.04 —25.87 7 188.5 0.2 8 3722 —24.62

3 62.8 0.4 8 69.56 —23.88 8 188.5 0.3 4 27.01 —-15.82

4 125.7 0.2 12 55.84 —19.59 9 188.5 0.4 12 85.16 —42.63

5 125.7 0.3 8 51.97 -16.12
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Figure 2 Dynamic distribution of cutting force
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Figure 4 Influence of cutting speed on cutting force
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Table 2 Range of cutting force orthogonal experiment
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K; 149.399 189.497 222.037 K; —83.078 —77.373 —88.096
ky 58.100 38.921 28.499 ky —19.546 —17.701 —11.858
Fy ky 47.527 53.341 52.916 F, ky —15.526 —19.273 —21.541

ks 49.800 63.166 74.012 ks —27.693 —25.791 —29.365
R 10.573 24.244 45.514 R 12.167 8.090 17.507
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Table 3 Variance analysis of cutting force

Ty KR B2 IR 3y F e Ty 2 KR B2 ¥y F Y
v, 245.647 122.823 14.032  0.067 v, 230.558 115279 18291  0.052

v 5 860.307 430.153 49.144  0.020* F, 5 110.412 55206  8.760  0.102
4, 3125.755 1562.877  178.556  0.006%* A, 461.497 230.748  36.613  0.027*
B2 17.506 8.753 = 12.605 6.302

PERE . * 2 F BEP<0.05), **. ZRHEEP<0.01),

KSR THIR 2SR A9 B0 BCE 3647 2 oo AR bt a0 #7220 FARZR PR R TR @ R0 (R M
0.956, ULHIX NS R REARRE 95.6% ML, BIBIIARORRY . F, ARLPERIA T R 24 0.697, UiHIXT
ARV BEfFRE 69.7% HIAE S,

F,=37.818 34,0863 £, 0688y ~0135 " g2 _ 0 956; (3)
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Table 4 Test of predicted value of regression equation of orthogonal experimental parameters

55 N s J55 N s
I WO iR A%l BUUE  R2%/% I BN R RBME BOUE  R2%/%
1 2431 23.70 —2.57 —8.89 -7.53 -18.06 6 33.16 34,78 4.66 -10.86 —14.66 25.92
2 77.81 81.04 3.99 —25.87 —24.71 —4.69 7 37.25 37.22 —0.08 —-24.62 —19.01 —29.51
3 73.81 69.56 —6.11 -23.88 -21.17 -12.80 8 25.41 27.01 5.92 -15.82 -13.80 —14.64
4 57.63 55.84 -3.21 -19.59 -23.57 16.89 9 84.00 85.16 1.36 —42.63 —41.97 —1.57
5 49.00 51.97 5.71 -16.12 —21.80 26.06
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Table 5 Test of predicted values of regression equations of non-orthogonal experimental parameters

) FJ/N Fy/N
F5 L memin ) S R DI mm

R BOE R2E% R BOME R2E%
1 62.8 0.3 4 31.33 32.72 4.25 -9.80 -13.73 28.62
2 62.8 0.4 12 98.78 104.34 5.33 -29.79 -35.13 15.20
3 125.7 0.2 4 21.59 22.24 2.92 -9.35 —8.35 —-11.98
4 125.7 0.2 8 39.32 39.29 —0.08 -16.75 —14.65 —14.33
5 125.7 0.3 12 73.80 73.09 -0.97 =30.67 -29.17 —5.14
6 125.7 0.4 8 63.34 62.86 —0.76 —26.29 -20.00 -31.45
7 125.7 0.4 12 89.95 90.53 0.64 -36.98 -37.37 1.04
8 188.5 0.2 12 52.86 56.42 6.31 -26.75 —-37.78 29.20
9 188.5 0.3 8 49.20 46.38 —6.08 —24.74 -22.04 -12.25
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