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Adaptability analysis of impact-cutting performance of Populus tomentosa
branches based on the goal of nurturing and pruning

Li Kun Ban Yichen Ba Shihong LiuYang Wen Jian
(School of Technology, Beijing Forestry University, Key Laboratory of State Forestry and Grassland Administration on Forestry
Equipment and Automation, Beijing 100083, China)

Abstract: [Objective] In order to increase the impact-cutting efficiency and improve the pruning quality of
Populus tomentosa branches, the adaptability of impact-cutting performance of P. tomentosa branches was
analyzed by studying the influence of internal factors of the branches on the cutting performance.
[Method] In this research, the branches of the fast-growing forest species P. tomentosa, which were widely
planted in forest farms in northern China, were taken as the research object, and a self-developed branch
cutting platform was used to carry out branch cutting tests. On the basis of single factor test, based on the
Box-Benhnken central combination test method, experimental and theoretical studies were conducted to
investigate the influence patterns of three internal factors, namely branch diameter, moisture content and
branching angle, on the peak cutting force and fracture effect. [Result] (1) Cutting mechanism model of

impact-cutting performance of P. fomentosa branches was established. (2) Through the optimization analysis
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of the model, the optimal parameter combination was obtained as branch diameter of 14.7 mm, moisture

content of 14.0%, and branching angle of 90°. The peak cutting force under this combination was 370.48 N,

and the fracture quality score was 4.6, and the relative deviation between predicted and measured values of

peak cutting force and fracture quality score was both less than 5%. (3) Peak cutting force increased linearly

with branch diameter, tended to increase and then decrease with increasing branch moisture content, and

increased slightly with increasing branching angle. [Conclusion] Selecting the tree age of 7 years for

pruning operation, and choosing the season of operation in autumn and winter can obtain better pruning

quality. This study can provide data support for the research and development of pruning equipment for fast-

growing forests in combination with the optimization of forest nursery methods.

Key words: mechanization; tree nurturing and pruning; impact cutting; Populus tomentosa branch; cutting

adaptability; cutting quality parameter
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Fig. 1 Impact-cutting based pruning machine of Populus tomentosa
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Tab. 1 Equipment structure and working parameters
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is the branching angle, which is the angle between the branch growth
direction and the vertical direction on the opposite side of the pruning
equipment. d, is the tool cut-in angle, which is the angle between the
branch and the horizontal direction on the opposite side of the cutting
tool. The two values are equal when the tool is cutting in the vertical

upward direction.
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Fig. 3 Schematic diagram of branching angle
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Fig.4 Forest farm environment (a) and specimen branches (b)
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Tab.4 Design and results of the Box-Benhnken central combination test

FE AT Bk I VL)) oy
No. Branch diameter/mm Moisture content/% Branching angle /(°) Peak cutting force/N Score
1 13.0 14.0 70 381.23 4.0
2 17.0 14.0 70 566.96 42
3 13.0 22.0 70 303.03 3.9
4 17.0 22.0 70 821.11 3.6
5 13.0 14.0 50 469.21 4.0
6 17.0 18.0 50 742.91 3.8
7 13.0 18.0 90 508.31 4.1
8 17.0 18.0 90 840.66 43
9 15.0 18.0 50 342.13 43
10 15.0 14.0 50 381.23 4.1
11 15.0 22.0 90 391.01 4.6
12 15.0 14.0 90 498.53 42
13 15.0 22.0 70 645.16 43
14 15.0 18.0 70 625.61 4.2
15 15.0 18.0 70 674.49 4.1
16 15.0 18.0 70 664.71 4.2
17 15.0 18.0 70 654.94 4.0
x5 MAEAABEAESN
Tab.5 Regression equation analysis of variance
R I&{E Y1#] /7 Peak cutting force 1F4> Score
KA
Source 175 H i ¥ e P - J5 A H i YrE F P
Sum of square Freedom Mean square v Sum of square  Freedom Mean square v
1% Model 4.429 x 10° 9 49215.14 12199 <0.000 1 0.758 1 9 0.084 2 9.91 0.003 2
D 2.145 x 10° 1 2.145x10°  531.60 <0.000 1 0.020 8 1 0.020 8 2.45 0.161 4
w 13 006.43 1 13 006.43 32.24 0.000 8 0.100 8 1 0.100 8 11.86 0.010 8
0 11478.40 1 11478.40 28.45 0.001 1 0.000 2 1 0.000 2 0.0183 0.8963
DwW 27614.13 1 27614.13 68.45 <0.000 1 0.062 5 1 0.062 5 7.35 0.030 1
Do 859.96 1 859.96 2.13 0.187 7 0.04 1 0.04 4.71 0.066 7
Wo 1170.32 1 1170.32 2.90 0.1323 0.01 1 0.01 1.18 0.3140
D 10 983.38 1 1098338 2722 0.0012 02476 1 02476  29.13 0.001 0
w2 1.456 x 10° 1 1.456 x 10°  360.96 <0.000 1 0.000 2 1 0.000 2 0.0279 0.872'1
& 17 129.83 1 17 129.83 42.46 0.000 3 0.073 9 1 0.073 9 8.70 0.021 4
5% 7 Residual 2 824.07 7 403.44 0.059 5 7 0.008 5
4] Misfitting 1409.69 3 469.90 1.33 0.3824 0.007 5 3 0.002 5 0.1923 0.896 6
%7 Error 1414.38 4 353.60 0.052 4 0.013 0
KA Total 4458 x 10° 16 0.817 6 16

P < 0.01FRR FIABAR L2, 0.01 < P <0.05FR/RFABR L2, P> 0.055% R IR 2 A 3% . Notes: P < 0.01 indicates that the
regression model is highly significant, 0.01 < P <0.05 indicates that the regression model is significant, P > 0.05 indicates that the regression model is
not significant.
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Fig. 6 Response surfaces of peak cutting force (a, b, ¢) and fracture effect scores (d, e, f) to the interaction of test factors
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Tab. 6 Results of validation test

Frs WEE IR ) W
No. Peak cutting force/N Score
1 322.58 4.4
2 293.26 4.1
3 342.13 4.6
“FII{A Average 319.32 44
HI%H R % Relative deviation/% 2.68% 4.35%
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