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1.5, Battery; 2.H 3h#HL Motor; 3. 8¢5l #% Coupling; 4. %4l
Soft shaft; 5.1 4 #% Coupling; 6.3 3l JF & & Z8 #i #% Starter
switch and frequency converter; 7.3 /EFF Operating lever; 8./£3h
il Drive shaft; 9.2 Sleeve; 10.4E 4 # %t Bevel gear pair; 11.%f
3k Ah5E Shaft head housing; 12.18 #:4% A Disc saw blade; 13.%i
4 Output shaft; 14,4852 % Shell cover.

Bl HaXEsmemilsgsE

Fig.1 The whole structure of the machine
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Fig.2 The physical photo of prototype
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Fig.3 The motion diagram of the machine
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Fig.4 The process of the cutting sawing
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Fig.5 Force of the circular saw
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Fig.6 The chart of the sawing trajectory
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Table 1 Factors and levels of orthogonal experiment
KT PO H (A / R B (B) BT HAR(O)/mm
(r/min) Saw blade Saw blade
Level . .
Sawing speed number diameter
1 2 000 40 180
2 3 000 60 230
3 4 000
4 5000
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Table 2 Orthogonal test scheme and results

o e ﬁ:fﬁll 1 3':35'] 2 A/ FE/ kW b B*ﬁﬂ"ﬁg/pm
Index Test number A B C Empty Empty (N + m) Powerl Incision
column 1 column 2 Torque consumption roughness
1 1 1 1 1 1 0.692 0.152 5.38
2 1 2 2 2 2 0.685 0.166 5.21
3 2 1 1 2 2 0.694 0.255 4.85
4 2 2 2 1 1 0.693 0.265 5.11
5 3 1 2 1 2 0.686 0.291 4.54
6 3 2 1 2 1 0.681 0.306 4.16
7 4 1 2 2 1 0.695 0.379 4.85
8 4 2 1 1 2 0.702 0.387 5.21
K, 1.377 2.767 2.769 2.773 2.761
K 1.387 2.761 2.759 2.755 2.767
T K, 1.367
K. 1.397
R 0.030 0.006 0.010 0.018 0.006
K, 0.318 1.077 1.100 1.095 1.102
K 0.520 1.124 1.101 1.106 1.099
p K; 0.597
K, 0.766
R 0.448 0.047 0.001 0.011 0.003
K\ 10.59 19.62 19.60 20.24 19.50
K 9.96 19.69 19.71 19.07 19.81
R. K; 8.70
K, 10.06
R 1.89 0.07 0.11 1.17 0.31

XF 2 2 P IE AZ I AG B E AT B 2 M 2 ROE A C> B U R R JRE B/ G SRR G, 0
B R BZ R R R SE U AR B Y SR R DIH iR N RESEEH A ABC . ZiE Bk AT
MR RO, AR 2 AT, BRI R XA W U EA S B.C Ll TR IR A N B 30 mm,
Wie A>C>B, Z BB A MR, R FIRCRE4r . SR UHH AR B IE B2 O 3.1 00, JEAS A8 ThAE
XL A e S BB O AGB Crs MR DI IIAE R Fe KRR IR EE  154.6 00, 48 AL W] Ik 5 AR 32 fie R
M EYCRE A>B>CL N BEARAE 3T DR, X R e D0 ARG 48 i R S B A 7 R s = AR Al
MRS G N A B Cs XD HBE BERY 2 £ BRORA N IIFE Rt e S B4 & I FE P it £ .

x3 HEDWE

Table 3 Variance analysis

Eisgan 25 W
SS df MS F
Index Source of difference Significance
A 0.064 477 3 0.021 492 333 58.668 789 810
B 0.000 544 5 1 0.000 544 5 1.486 351 228
P =l
2 le (Error le)y .
"2 eAE A) 0.000 554 3 0.000 185
®#% 2¢ (Error 2e) } REe rrore 7 7
B3t Total 0.065 868 5 7
T % PRIRTE P<<0.01 KM W%, “* %7 indicate extremely significant difference at P<C0.01 levels,
Wty 250 A, 2D AR WX S R Y I8 2 A1 3 AT, X T U B B R L U TR RS B

XEFIIAETT 220 M DR A CHR U ) Xl & B98N - e AW A2 S B TR 28 A A A
RAPEEMELN(P<<0.0D), HER BUEFKHED . A RN, R4 6 2 8OY W i KO8 DI FE . 521
B 7 H A2 C il 86 45 R 8 B 3F M RIS AR R N R OB R IR . Y Ak e e 8
(P<C0.05)", BT EAR 30 mm SR, HHAR B AR AL D)
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Fig.8 The branches of quality effect
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Table 4 Prototype performance test results
B ) 5 LRy bn (12 by kW Y O HL R R
e g ﬂ%L/ 5 R4 HE R HAR/em S /(N » ) #E/ 7] *ﬂfx}f;/;tm
(r/min) Saw blade Saw blade Power Incision
Test number . . Torque .
Sawing speed number diameter consumption roughness
1 2 000 40 180 0.686 0.159 5.34
2 2 000 40 180 0.695 0.152 5.16
3 2 000 40 180 0.689 0.157 5.20
. b
YR 0.690 0.156 5.23
Average value
A A »
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Design and test of a knapsack electric fruit branch trimmer

MA Panyu LI Shanjun
ZHANG Chaoyu LIU Hui

ZHANG Yanlin
ZHANG Chi

GU Yue
LI Jie

College of Engineering s Huazhong Agricultural University sWuhan 430070,China
Abstract A knapsack electric trimmer was designed to perform dynamic and kinematic analysis of
the sawing process and to build a functional model based on power and torque. Taking the trimming
power, torque and cutting quality as indicators,the main influencing factors were selected by theoretical
analysis,and the mixed orthogonal test was carried out. The optimal combination parameters were pre-
dicted by range analysis and variance analysis. The results showed that the optimal number of cutter
teeth,the diameter,and the speed was 40,180 mm.,and 2 000 r/min,respectively. The test results of ver-
ification test of citrus branches with a diameter of 30 mm using an optimized pruning machine showed
that the average incision quality and the torque was reduced by 2.8% and 0.3% ,the power was increased
by 2.6 % ,and the variation was small. The rationality and effectiveness of the bench test was verified.
This combination of parameters can effectively reduce the trimming power and meet the trimming re-
quirements.
fruit branch; cut neatly; electric trimmer; bench test; saw disk parameters
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