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Optimization of Sawtooth Structure Parameters for Electric
Chain Saws Based on Design—Expert

LIU Jiuging', ZHANG Tianyi', JIN Pan®, ZHU Binhai'*
(1. College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China;
2. Yongkang Natural Resources and Planning Bureau, Yongkang 321300, China)

Abstract : In order to improve the cutting efficiency of the electric chain saw, the tooth structure parameters of the saw teeth of the e-
lectric chain saw were studied, and the unit cutting power was used as the measurement index of the cutting efficiency of the electric chain
saw, through simulation research on the cutting process of the electric chain saw, the unit cutting power of different structure sawteeth was
obtained. Using the structural parameters of the external front angle, side edge wedge angle, and top edge wedge angle in the sawtooth of
the electric chain saw as influencing factors, a Box—Benhnken center combination test method was used to design a multi factor orthogonal
experiment, and the optimal combination of tooth shape structural parameters was obtained through data analysis using Design—expert soft-
ware. The research results indicated that the selected tooth shape structural parameters had the following order of influence on the unit sa-
wing power, from large to small. external front angle, side edge wedge angle, and top edge wedge angle. The optimal combination of
tooth shape structural parameters was obtained, with external front angle of 10.92°, side edge wedge angle of 45.7°, and top edge wedge
angle of 45.41°.

Keywords : Electric chain saw; sawing efficiency; tooth structure parameters; Design—expert; unit sawing power
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Fig. 1 Schematic diagram of electric chain saw

cutting mechanism
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Fig. 2 Schematic diagram of the structure of the
electric chain saw chain
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Fig. 3 Schematic diagram of sawtooth structure

of electric chain saw
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Fig. 4 Schematic diagram of sawtooth structure parameters
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Tab. 1 Structural parameters of cutting tool teeth

W/ (0)  TIES/(°)

s, () MIVIEISA/ (o) IR/ (o) MIISMERTS/(©) T fwaa/ ()

Edge wedge Side cutting Side edge Front corner of Top edge Top edge back Top edge “Ij[ﬁj:‘Lil/lmmt Ff;l?:'t /Elm
angle angle back angle side blade shape wedge angle angle deviation angle atenal fimt e
48.6 50.6 2.8 1.7 43.2 7.6 30.5 0.87 10
2.2 HEREMAESERSN Ry LI v 3 SRR A i 28 S A8 A, A R

P PR B P AG AR RS k S0 5: A B LS—PrePost JEMEILE 2,
A AT R AL HE T AE 76 T ST 5 HL B AR AR i FERARE BB N 65Mn, HobbRHE WL 3,

R2 MARWENFER
Tab. 2 Physical and mechanical properties of pine wood

ol SRS B/ MPa HELVN 24 B 5 B2/ MPa

Varieties of trees Transverse elastic modulus Poisson’s ratio Transverse bending strength

LAY/

Pine wood

B/ (5 om )
Density

1103 0.33 66 0.55
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£R3 65Mn HFHEEESH

Tab. 3 65Mn mechanical properties parameters

M2k B/ (kg - m™)  BRAPERLE/MPa EE/N A
Material name Density Elastic modulus  Poisson’s ratio
65Mn 7 850 1.97x10" 0.282

FEHUEESR ARV 1 R, VI D) U 5 R b 2Z 6] 7
AR, B AR AR IR, DRI A G
iii] * CONTACT - ERODING _ SURFACE _TO _ SUR-
FACE B335 3 22 ) B4 4% fik 05 5, 5 DT )

Effective stress(von mises)
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

(a) 0 ms

Effective stress(von mises)
1.727 x 10°*
1.554 % 10°
1.382 % 10°
1.209 x 10*
1.036 x 10*
8.636 x 10’
6.908 x 10
5.181 x 107
3.454 % 107
1.727 x 107
0.000 x 107

(c) 4 ms

Effective stress(von mises)
1.858 x 10*
1.672 x 10*
1.487 x 10*
1.301 x 10*
1.115 x 10
9.291 x 107
7.433 x 107
5.575x 107
3.716 x 107
1.858 x 107
0.000 x 107

(e) 8 ms

Vi G AM Z 0] 1 A B R A BN 0. 4 Bl
BERBOEE N 0. 5; T R4 88 b 72 p AR A 2
[ 2 114, R) OB 500 X A A ) DI 1 i o7 1 e
TE 4137 « SET-NODES_LIST 33 #4714 5 4%
PFRE , SR 7E 48 1A] « BOUNDARY —SPC_SET i
T aRAN 3 A5 [ IR AR 5 3 ANy ] B e 29
W, FESRAESS 58 U , 13T LW S A4 1) i A
HER G RSO ) B A R O, Ak 7 BT

Effective stress(von mises)

2.858 x 10°
2.572x 10
2.286 x 10
2.001 x 10
1.715 x 10
1.429 x 10
1.143 x 10
8.574 x 107
5.716 x 107
2.858 x 107
0.000 x 107

(b) 2 ms

Effective stress(von mises)
2.601 x 10°
2.341 x 10°
2.081 x 10°
1.821 x 10*
1.560 x 10°*
1.300 x 10*
1.040 x 10
7.802 x 107
5.202x 107
2.601 x 107
0.000 x 107

(d) 6 ms

Effective stress(von mises)
9.737 x 10
8.763 x 107
7.790 x 10
6.816 x 10
5.842x 107
4.868 x 107
3.895 x 107
2.921 % 10
1.947 x 107
9.737 x 10°
0.000 x 10°

(f) 10 ms

7 AR RIS RERNE SIS

Fig. 7 Distribution of equivalent stress in sawtooth at different times
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Tab. 5 Multifactor orthogonal test results

SRR (1) g T A (C) SR HYIT/

zil F I‘Ofll corner E?ijg?ﬁfigi) Top edge (k%' : cmj’? )

sumber of side blade angle(B) wedge angle  Unit sawing
shape(A) (c) power

1 0 0 0 19.31

2 0 0 0 18.76

3 -1 -1 0 25.12

4 -1 1 0 25. 86

5 0 -1 1 20. 86

6 0 -1 -1 21.64

7 0 1 -1 19. 67

8 1 1 0 22.73

9 -1 0 1 24.87

10 0 0 0 18.25

11 -1 0 -1 25.36

12 0 0 0 19. 64

13 0 1 1 20.26

14 1 -1 0 23.47

15 1 0 1 21.56

16 1 0 -1 21. 86

17 0 0 0 18. 67

R NOKF I 4,
F4 RWSERRKTER
Tab. 4 Test reference factor level table (°)
- SMEFIF (A UTIESA(B) IS (C
r F f  Edge wed Top edge wed
Lovel Tont corner o ge wedge op edge wedge
appearance (A) angle (B) angle (C)
-1 5 40 40
0 10 45 45
1 15 50 50

3.2 RWER
3.2.1 ZHRIELZIREES

117 Box —Behnken qj'ﬂ.‘zﬁéﬁtg/ﬁ&iffﬂi@,
Wit =R =K IERRE R, it 17 4450,

TEAZ I 45 2R 04 0 X 56 {8 -5 52 P i 6 ()
TR EFA ANIA] 8 Fr

FRAEIEA I

Normal plot of residuals

IR R

-3.00 -2.00-1.00 0.00 1.00 2.00 3.00
ELERI Y=

Externall studentized residuals

8 MMESIEREXRE

Fig. 8 Relationship between predicted and actual values
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3.2.2  [IARIAYEE ST 5 B E PR

HRIER 4, 2 BRI D) Y, B ik 2L
KAMERTA(A) M IIELSf (B) TRIIELAF (C) 55 3
AR R R AR W (5) , g SR L 6,

Y, =18.93 - 1.45xA-0.32 xB -0.12 x
C-0.37xAB + 0. 05 x AC + 0.34 x BC + 4. 09 X
A* + 1.28 x B> + 0.4 x C*, (5)

®o6 v, BEAFEATENH

Tab. 6 Analysis of variance for Y| regression equation

LRI Y,

eSS Unit sawing power Y,
Source of variance ST i

I FriliiE )y . .

Sum of squares Freedom Mean square

8|

100. 62 9 11.18 30. 18 <0.000 1
Model
A 16.79 1 16.79 45.33 0. 000 3
B 0.8256 1 0.8256 2.23 0.179 1
C 0.120 1 1 0.120 1 0.324 1 0.587 0
AB 0.547 6 1 0.547 6 1.48 0.263 5
AC 0.009 0 1 0.009 0 0.024 4 0.880 4
BC 0.469 2 1 0.469 2 1.27 0.297 5
A2 70. 33 1 70.33 189. 86 < 0.000 1
B? 6.92 1 6.92 18. 68 0.003 5
c? 0.6720 1 0.6720 1.81 0.2200
F 22
Residual 2.59 7 0.370 4 — —
S
Lack of fit 1.39 3 0.4619 1.53 0.336 5
N
o 1.21 4 0.301 8 — —
Error
4
BA 103. 21 16 — — —
Sum

W 6, A HEvITh v, BRI P /T 0. 01,
RWIET Y, MECAA S B A OG, RAIY
WK P KT 0.05, 0045 LR Y, MECEEH
ARG, TR TIT) Y, AR HB A A
A? B* 1 P ¥/NF 0,01, 2B DL I [31 5 20046 [a] ) 45
BRI SE ARy B2, 1 B.C AB AC .BC.C* j P ¥
KT 0.05, F WL AT I 5% (=] I 5075 f1 52 S I
F o RBRIEAAL S N G )45 m A, X
SR EEB R HEA TR AL, DLk S B R =X (6) i
NGRS PR AT 7 25 50 BT, A5 Hh B B )
oy, BIEY P /N 0,000 1, 2 $8LI00 Y 2 K P
KT 0.05, SLEIOEAL G (1 [ A AR A ] 4
Y, =18.93 — 1.45 x A + 4.09 x A> + 1.28 x B* ,

(6)

3.2.3  FHRE AT

D s B T F ST R (K 1E R S
%, KA A7) 3(8) . lad it 5 nl 4%
A DTk LR 7, P U 450 S 800
AN AR TSR SE M R BE Sy - AME R A X B AR D)
s e K, Fok R JT42 S B, TRTIREAR C KB
VIR fe /)N

0(F <1)

5= (7)

1-—(F>1)°

|-

K =6 +%iaij +5,(j=A4,B,C) . (8)
Sop B Ol A R R R R B i 16
TR F A K R B2 TR

x7 BERERBMESN

Tab. 7 Analysis of contribution rates of various factors

WIBEZSEL

Tooth structure parameters

SMEHTF (A)

Front corner of appearance (A)

M 7IU1H1 48 (B)

Side cutting angle (B)

FREHE (C)
Material limit (C)

TR HEFP

Contribution ranking

YR AT Y,

Unit sawing power Y,

2.24

1.

77 0.72 A>B>C
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Fig. 9 The influence of interactive factors on unit sawing power
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