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Abstract: With increasing demand for ecological garden maintenance, pruning equipment faces challenges in effi-
ciency, stability, and environmental performance. This study presents a high-efficiency pruning device driven by a uni-
directional motor. By optimizing the transmission system and employing a customized lead screw-nut structure, the motor
can complete both cutting and resetting with a single-direction rotation, avoiding the need for motor reversal in conven-
tional devices. Finite element analysis verified the static and dynamic performance of the cutting components and trans-
mission system, ensuring sufficient strength and stiffness for long-term operation. Calculations indicated an upper-bound
required thrust of approximately 650 N (design baseline) for the motor-lead screw under the worst-case static condition.
Under the specified dynamic simulation condition, the peak thrust was about 380 N, meeting the cutting and reset re-
quirements with sufficient margin. Through a series of cutting experiments, the working performance of the equipment
under different branch diameters was evaluated. Results demonstrated that the device outperforms traditional manual
tools and standard electric pruners in efficiency and energy consumption, with strong continuous operation and energy-
saving characteristics. The equipment is well-suited for ecological garden maintenance, meeting the high-efficiency re-
quirements of ecological garden operations.
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Fig. 1 Schematic diagram of the overall structural model
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(a) Nut structure
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(b) Lead screw structure
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Fig. 2 Schematic diagram of the lead screw-nut structure
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1. Handle connection; 2. Motor bracket; 3. Gear motor; 4. Lead screw; 5. Nut sleeve; 6. Return spring; 7. Fixed blade; 8. Moving blade; 9.

Long rod; 10. Motor housing.
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Fig. 3 2D Structural schematic diagram of the pruning equipment driven by a unidirectional motor
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Tab. 1 Motor parameter list

i HEBE/V BEINR/W  BEREE/(N-m)  FEHE®E/(r-min™)  SEHEE/(r-min™) HUE B/A TEER/A

Model Rated voltage Rated power Rated torque Rated speed No-load speed Rated current  No-load current

57BL55S06 24 60 3.18 2000 3000 3.3 0.3
2 BETS M, XF B8 T] 7] SRR E R 2 DA SR R A TR

TEER I . BYTITIRRLN 450 R B A

2.1 XEBHHBNDERERZ BER Q235A , B R B S HEL S AR 2.

NEUEEA SR & £ R A Ry e 2 5 A&

®2 XEBEHHSHILCE

Tab. 2 Summary of material parameters for key components

BB kLR MRS E/GPa FEL/N=ATS % p/(kg-m™) JeE AR 58 6,/ MPa #iE
Part Material properties Elastic modulus Poisson’s ratio Density Yield strength Notes
5717]

; A5%4R 206 0.269 7 850 355 JJJE3 mm
Scissor blade
REERE Q235A 210 0.288 7 850 235 55
Nut sleeve

NS AR TARRAN TR E , E57 ] 7]
JIFTRbJitEfIT 400 N SIHT)EL T CRSEPR Tk 380 N BB #
&), JEHE R R A S A IR R E AR ETY] )
R IR INER AT A R o PREB (AR ST R
5= B BI0E 4 FOE S Fis o

AR AT B T JT TR RSN ]22. 068 MPa
(NEFRTTICEERX) , 218 45 0 ERRE 355 MPaft6.2%;
B RGBS 0.000 113 71 ; B A5 0.001 298 70 mm
(RETTIRG) o EHLRRE =2 RN IL
177.5 MPa B9 4514 T , LB 484515 B 2K T4 E.
IREFERE (Q235A) ( K ERNL ST 65. 648 MPa(fii T5
XORIREGEAL) L 2900 Q235A JE AR5 235 MPa ] 28%
BARFERNAL 0. 000 417 79; H KAEHZ0. 016 653 0 mm
(RF53hyTiERR ) i 2 st R 2R,

2.2 #HMAEDHR

NG e B NiEsh 52 IR, R
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Time: 1 s
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(a) Force loading and constraints of the pruner blade
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(c) Strain cloud diagram of the pruner blade
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(b) Stress cloud diagram of the pruner blade
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(d) Deformation cloud diagram of the pruner blade

BT E SR

Fig. 4 Cloud map analysis of the scissor blade section
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(a) Load and constraint of the pruner nut sleeve
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(c) Strain cloud diagram of the pruner nut sleeve
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(b) Stress cloud diagram of the pruner nut sleeve
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(d) Deformation cloud diagram of the pruner nut sleeve
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Fig. 5 Cloud map analysis of the nut sleeve section
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Fig. 6 Cutting schematic diagram of the pruning equipment driven by a unidirectional motor
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Fig. 7 Dynamic characteristic simulation of the pruning equipment driven by a unidirectional motor
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Fig. 8 Mechanical simulation of the pruning equipment driven by a unidirectional motor
x=3 BHERlAMUHESRETIENSH
Tab. 3 Model of the multifunction tester and its measurable parameters
N, - R S E/V LR & Y /A I 1) 00 £ 98 Bl h The i & e /W AEWEIEHE/A
WEER S ; .
. Voltage measure - Current measure — Time measure — Power measure — Capacity mea —
Equipment name Model
ment range ment range ment range ment range surement range
%I}]ﬁﬁ?ﬂﬂiﬁ‘{)‘( OLED/DC 100V/20A DC 0~99.9 DC 0~20 0~99.983 3 0~999 0~999
Multifunction tester
ZIREMIA  PMS2SBNEHERAE | SEi0 AL
Multifunction tester ~ Data acquistion card Laptop computer
(a) RT3 (b) Frohik
(a) Experimental platform (b) Field test
9 WBERIEE
Fig. 9 Experimental setup construction
x4 HREH10mmEENIZIEHIE
Tab. 4 Cutting test data for 10 mm diameter branches
HAGRS HE/V /A IhER/W #A8/mAh ENIEIR
Sample ID Voltage Current Power Capacity Time
1 24 0.7 17 0.6 25
2 24 0.7 17 0.6 2.4
8 24 0.9 22 0.6 2.6
4 24 0.8 19 0.6 2.5
5 24 0.9 22 0.6 2.5
FHE 24 0.8 19 0.6 2.5
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(a) BT I 45T IE] (b) BY T AR

(a) Front view of the scissor structure (b) Rear view of the scissor structure

(d) 7 i SR B (c) SET2ZFT.

(d) Custom nut (¢) Custom lead screw
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Fig. 10 Main structural schematic of the pruning equipment driven by a unidirectional motor

x5 HERI5 mmEENHIEEIE

Tab. 5 Cutting test data for 15 mm diameter branches

[EZ Ny HBE/V /A hEE/W Ai&@/mAh i 1) /s
Sample ID Voltage Current Power Capacity Time
1 24 1.0 24 0.7 785
2 24 11 26 0.7 2.4
8 24 11 26 0.7 2.6
4 24 1.0 24 0.7 24
5 24 0.9 22 0.7 26
f\frgﬁge 24 1.0 24 0.7 2.5
*6 HREH20 mm M6 &R
Tab. 6 Cutting test data for 20 mm diameter branches
MRS HE/V HR/A /W A&/mAh A Al/s
Sample ID Voltage Current Power Capacity Time
1 24 11 26 0.9 26
2 24 12 29 0.9 24
3 24 12 29 0.9 26
4 24 13 31 0.9 2.5
5 24 13 31 0.9 26
FiE 24 12 29 0.9 2.6

Average
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Tab. 7 Cutting test data for 25 mm diameter branches
HARRS BE/V HLR/A hER/W AE/mAh i1 /s
Sample ID Voltage Current Power Capacity Time
1 24 1.5 36 1.2 2.8
2 24 1.4 34 1.2 2.7
3 24 1.6 38 1.2 2.9
4 24 1.5 36 12 2.8
5 24 1.5 36 12 2.8
P 24 1.5 36 1.2 2.8
Average
£8 HRH30 mm Bk eIik I8 &R
Tab. 8 Cutting test data for 30 mm diameter branches
HARRS HE/V HLi/A hE/W AE/mAh i1l /s
Sample ID Voltage Current Power Capacity Time
1 24 1.8 43 14 2.9
2 24 1.7 41 14 2.9
3 24 1.7 41 14 2.8
4 24 1.8 43 1.4 2.7
5 24 1.9 46 1.4 2.8
FIIME 24 1.8 43 14 2.8
Average
x®9 FARHELHEDKEFHESRIT
Tab. 9 Average values of cutting tests for branches of different diameters
EBf#/mm BE/V H/A /W AE/mAh it |l /s
Diameter Voltage Current Power Capacity Time
10 24 0.8 19 0.6 245
15 24 1.0 24 0.7 2.5
20 24 12 29 0.9 2.6
25 24 1.5 36 1.2 2.8
30 24 1.8 43 14 2.8
FiE 24 1.3 30 1.0 2.6
Average

R 4—ROAHI, FE A EE AR ET 24 VY
MR A ERH 10 mm BE %2 30 mm, T/EHIRHZ]
0.8 AJEZ 1.8 A KT NI AT 19 W FHE 43 W; IR
IR 2.5 s B 2.8 s, BonAEAEIT DL B
MG, s IR R T

FEINCAZIE A R E SRR K EESRRENEZ
= YN R R IR S IE S H ), 5R
(X)) FIEIR (X,) 43 A1 B B A8 i, i (] (Y) BRIR AR &, AL
R 10—3K 12,

x10 OEASITAYKEE(RERKENFEHE)

Tab. 10 Dataset for regression(averaged by branch

diameter)

I AL B X,/mm HR X, /A A iE] /s
Test group Diameter Current Time
1 10 0.8 2.5

2 15 1.0 2.5

3 20 12 2.6

4 15 1.5 2.8

5 30 1.8 2.8
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Tab. 11 Data results processed using stepwise regression with a quadratic polynomial
ESES R -1 5 BENKEP
Factor Partial correlation t-test Significance level
X, -0.994 4 05113 0.018 2
X, 0.989 2 06327 0.0151
XXX, -0.985 2 0.555 4 0.017 0
x®12 EARNKE
Tab. 12 Regression prediction results s
A SIE BEE MEIRE
Sample Observed value Fitted value Fitting error
1 2.5 2.468 2 0.0318
2 2.5 2.563 6 -0.063 6
3 2.6 2.589 4 0.010 6
4 2.8 2.757 6 0.042 4
5 2.8 2.8212 -0.0212

W JT 2, T K P=0. 018 2<0. 05, Fll 4%
FRUEZE $=0. 009 7, FHE R ELR=0. 919 302, ML E%L
PEREME 1T Y, U4 SR 5 [a] ) 7 R P ™ 25 22 = A
R /NT 5% , R 3R Je H a2 B IK 2 /K 3R A
KER T EET B = FAL S o N = AR R

11 Ay il A3 38 K ) P 3 R B YR B T LR )

TN BT S SERR UM FI £ 2. 60 s, BT
YRR (S EAL S EAERIFR) A5 so Bl 2 000 mAh £
F A, FEIE AT 52 A2 2 000 REGY] , PEREL T B H
B8, W3R 13, HE R R EEmTR R, 27E 1
PREE R A SRR R TE TG N BE IR e S
DERRRS FR B RIFRRER S SR,

2.0 1.6
—m— R DY D) AR AR 280F % DL ) A ) AR A L
Current variation trend with cutting diameter . Cutting time variation trend with
1.8} - ABENTUIHAZEILER cutting diameter
Capacity variation trend with cutting diameter ° 4114
-7 2.75F
1.6f
112 = 2 w270F
<z 2¢ =5
B E =3 BT¥265f
Bo 12 -1.0%5‘? =5
1.0f ) i 2.601
10.8
08t 2.55¢
0.6} 106 250t
10 15 20 25 30 10 15 20 25 30
BIYIEAE /mm BIHIE A% /mm
Cutting diameter Cutting diameter
BN 2EsHTHER
Fig. 11 Trend chart of equipment parameter variations
F13 IR
Tab. 13 Experimental data
wE BIRYIHIES /s B EFERYIHIREL
Equipment Single cutting time Number of cuts per full charge
FEiERERER 63 o
Manual pole pruner ’
Bk L E o 32 512
Pole-mounted electric circular saw
= Ak
B AR E R A 2.7 2000

Pruning equipment driven by a unidirectional motor
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