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Performance test and mechanism analysis of moso bamboo chainsaw cutting

Chen Yang®, Luo Wusheng®, Deng Zhaohui®, Yu Shengfei’, Wen Tao*

(a. School of Mechanical and Intelligent Manufacturing; b. School of Chemistry and Chemical Engineering,
Central South University of Forestry & Technology, Changsha 410004, Hunan, China)

Abstract: [Objective] To explore the effects of process parameters on the cutting performance of moso bamboo during chainsaw
cutting, and to establish a mechanism characterization method applicable to hollow round bamboo structures. [ Method] 3-5-year-
old moso bamboo was selected as the test material. A dedicated test bench for bamboo chainsaw cutting was constructed. Chainsaw
specification, bamboo diameter, feed speed, and moisture content were selected as experimental factors, and peak cutting force and
specific sawing energy were adopted as evaluation indices. Single-factor tests and Ly(3*) orthogonal array tests were conducted. In
addition, the equivalent single-tooth average cutting thickness and normalized peak cutting force were introduced to carry out mechanism
analysis. [Result] The results showed that when moisture content increased from 40% to 80%, peak cutting force decreased from
48.14 to 34.29 N, and specific sawing energy decreased from 13.4 to 8.1 J/cm’. As bamboo diameter increased from 70 mm to 110 mm,
peak cutting force increased from 31.18 to 52.40 N. When feed speed increased from 8 mm/s to 32 mm/s, peak cutting force increased
from 26.44 to approximately 90 N, and specific sawing energy reached its relatively low value at around 24 mm/s. The orthogonal test
results indicated that the factors affecting peak cutting force rank in descending order of influence magnitude as feed speed, chainsaw
specification, moisture content and bamboo diameter. For specific sawing energy, the order of factor influence magnitude is chainsaw
specification, feed speed, moisture content and bamboo diameter. Mechanism analysis revealed that when the equivalent single-tooth
average cutting thickness increased from 0.07 mm to 0.41 mm, the peak cutting force increased from 18.66 to 101.51 N. The normalized
peak cutting force exhibits a linear upward trend with the increase of equivalent single-tooth average cutting thickness, with a coefficient
of determination R* of 0.702. [ Conclusion] This study demonstrated that the peak cutting load of moso bamboo during chainsaw
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cutting is mainly controlled by single-tooth chip load. Moisture content, bamboo diameter, and chainsaw specification exert a modifying

effect on cutting performance. The equivalent single-tooth average cutting thickness and normalized peak cutting force can be used to

characterize the cutter tooth load and the stress intensity per unit effective cutting area in the chainsaw cutting of moso bamboo.

Keywords: chainsaw; moso bamboo; peak cutting force; specific sawing energy; equivalent single-tooth average cutting thickness;

normalized peak cutting force
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B2 s#EVHKES
Fig. 2 Physical image of the chainsaw cutting test bench

I i R R I I 453 25 U5 17 23 3 AN i I
17T 18193 J3 0 2% 18 B BE A5 U i) Dy 22 b U] 1] B A 5



242 M %,

S BETR VIR BT RE Bl S HLEE >

%9

BEAE D) HIE IR e, HIR S DI T, S52%
BT S V)R 5 I — AL WA DT ) 0 73 W 120 B
SRR VI 8 T, oA S s Se T R U H
JIBVEEYIHI T, $948 BVTE AESRSEIZ AT J7 1)
EforE, RIVIEVIEIT

35+

30

25

20

15

YIHI 77 Cutting force /N

10

0 1 1 1 1 1
0 1 2 3 4 5 6

VIHI A 8] Cutting time /s
—— EEYIRT —— YAy

3 RERMTIH SRS
Fig. 3 Representative time-domain waveform of cutting
force in chainsaw cutting

1.3 N IERSHIERIES &

L3.1 DRI 59 DIt o)

WAL D7) 1) 10 B IR A0 6 D) AT 44 T R R ol
BEIZAT T 17 BT it o AR AR e K8, 6 U L T e Bk
LR AR R TR RER . —FHE N Z
JIKFRVBERE KT PR B 5 V) B PE RE,  Ox i A 45
AN B SE B RARAR A ML By B X

H B B ) F B R AT R, R BT ) P D1k RE
FURIERVILLTh (KO PPUr, SRUIETh R E Rk 1
RLVBEDE SR D) ITAA IIg B2, BE VD EL Dh /), BEAE 0
TAERCR B, SR LR P, AHT SR 0%
EVIHI ) SRS DIHI h 2, IR & FR & Br

FIPEERETILL D, H T A [F LA AE X RE
AP . BRI IR A 2UA
Q:Vfbh H P
pP= Fmax c 3 (2)
P Fmax c
Q vibh, ° (3
X O MBI LERER, mm's; v WA THESE,
mm/s b JARAETERE, mm; h, AR RV

BRKE, mm; PAHEUIIIZER, W; F,, NIEHED)
%'UJ N: v, NBEERVIHIEE, m/s; K NEEVILED),

J/mm’.

THEAR VI D) 2 R AE V) Ee DI, B B U 11 e
v KM mis; THEAERCR T VT EI R IR, K
PEVIEIE FE v, He 508 moy/s,  PAORAIE & A 2 &40
—3. B RAE G — BN Jem’.
132 BEERDIHIE T

R ) ) O B R K B A A Y
PRANIR B e, B D HE B 1 5 A O

ztn
v°:6 o ° 4
X

K z NI EER A G ¢ REETETTEE, mm; n
NIXZENFEH, r/min.

BV AR R DI EE Do SR ) R AR
ZH, W 5 95 SR UG T I U IR BE R AE A
GRS =
1.3.3 SRR T DRI

AN [R5 Al KRS A2 15 R BT ORI T4 4 AT T
N EfEfEER, KRl —PRmERT) %
() P 45 20 B P S D I R 2 o T 4 Dy P B A
AR S 2 MR B T PO, AT I AN [ A R E
PR JINEEM NS B ZE R BT RS
B 1.

LA VIGEEFrs 2. A6ahE s 3. 8 s 48R 5. A VDiGEE .
1 Right cutter link; 2 Drive link; 3 Connecting link; 4 Chain pin; 5 Left cutter link.
4 EREEERELEMRE
Fig. 4 Schematic diagram of the structure of the electric
chain saw chain

*1 WREERSY

Table 1 Chainsaw Basic Parameters
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Table 4 Design scheme and experimental results

i 424 Lok FA e VI
e B LG NG ok AR W I 1 HDILLD)
Test No Chainsaw Bamboo Moisture Feed Peak force /N Specific sawing
’ diameter /mm content /% speed /(mm-s ") energy /(J-cm )
1 1/4 90 40 8 19.1440.64 14.234+0.25
2 1/4 100 50 16 36.78+0.59 12.74+1.40
3 1/4 110 60 24 61.37+3.07 12.484+1.83
4 3/8LP 90 50 24 58.20+1.35 9.46+0.22
5 3/8LP 100 60 8 30.83+0.95 13.714+0.25
6 3/8LP 110 40 16 62.96+5.21 13.70+1.09
7 325 90 60 16 54.534+3.09 9.53+£0.55
8 325 100 40 24 67.42+7.78 8.87+£0.38
9 325 110 50 8 30.11+£1.28 9.75+0.21
?j 39.10 43.96 49.84 26.69
M, 50.66 45.01 41.70 51.42 )
WEE LTI (ND
N; 50.69 51.48 4891 62.33
R; 11.59 7.52 8.14 35.64
Z 13.15 11.08 12.27 12.57
M, 12.29 11.77 10.65 11.99 .
FEUIELT) (Jrem ™)
N; 9.38 11.98 11.91 10.27
R, 3.77 0.90 1.61 2.30
TR TIST E A 3 U, WIS LTI + AREERR (n=3) 5 K, o M, . N, SBUEAREEE 1 20 3T FIERIEAR T, R .

J

Each condition was independently repeated 3 times. Data are presented as Mean &= SD (n = 3); Z s V/ and Fj represent the average value of indexes at each

level of factors; R;denotes the range.
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By SRR EES R Th B A B E R
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Table 5 ANOVA for peak cutting force

BACSER SFJ7 R H Y175 F18 P18 nEM
Factor Sum of squares  Degrees of freedom  Mean square F-value P-value Significance
HEHE A% Chainsaw 803.96 2 401.98 3238 < 0.001 o
Y14 E4% Bamboo diameter 298.66 2 149.33 12.03 < 0.001 **
7K % Moisture content 357.24 2 178.62 14.39 < 0.001 ok
45 Feed speed 6001.32 2 3 000.66 241.68 < 0.001 ¥
%2 Error 223.49 18 12.42
JSF Total 7 684.67 26
T OFRIRP <005 (0=0.05 KT E) , ** TR P <001 (0=0.01 KPEERE) .
* denotes P < 0.05 (significant at =0.05 level), ** denotes P < 0.01 (highly significant at a=0.01 level).
x6 BYLLTIMAES'
Table 6 ANOVA for specific sawing energy
BALDSES Py H i Y7 F1H P w2
Factor Sum of squares  Degrees of freedom  Mean square F-value P-value Significance
BEE AR Chainsaw 70.20 2 35.10 44.18 < 0.001 o
Y1# B 4% Bamboo diameter 4.03 2 2.01 2.53 0.107
%7K % Moisture content 12.94 2 6.47 8.14 0.003 ok
B4 Feed speed 25.68 2 12.84 16.16 < 0.001 *x
%7 Error 14.30 18 0.79
SN Total 127.15 26

T OFRIRP <005 (0=0.05 KTRE) , ** TR P <001 (0=0.01 KPEERE) .
* denotes P << 0.05 (significant at a=0.05 level), ** denotes P << 0.01 (highly significant at «=0.01 level).
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Fig. 8 Effect of equivalent single-tooth average cutting
thickness on peak cutting force
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