5\ EAOE AR 2 S18 B LAE 5 MU 7> 29

ATRE F=HRELARE RN F[IARITSIRE
SR 1,2 3 1,2 HUER 1,2 B 1,2 K40 1, 285 4 1,2

(1. AEstfl R T22BE,  JEaT 1000835 2. Molkést 5 H shit B Mol e 7= s sei =, kst 100083)

O [HE NS T AR SR A AE M B R . S MG N TR VA E R R 505 RCERIRIBLIR,
ot e el U1 ) 2 A T SEA LA TR A B S ARSI A 7, DA il A MRS TAE RN UL H g, [
1Y ASCHER TR R L TAER R, {3 SolidWorks FAIZE = 4ERIRY, Yeit#iEHa REHIM . 17 ENLIM 5
BH. IERIFIERSCRATIE T, 1/ ANSYS Workbench Explicit Dynamics #EATHIHIG HikE, IR H =K R =/KFIE
ASARITFARTC PR S BTS2 LI H B B SR o A S S A B IORE LA T AR BT, 36 TIF H ks ML A R Te
itk (45 FE 0T BOash S BRI 7 B AT T A S E k. DIEIG ARG 45 R ML E N 50.84
kg, JIETIFR 21.00° , VIHIREN 2.52 m/s I, B2RT 52 5 REE RN T iARN 4.5586 MPa. ARIENIRALE TR W] BhiHL
& B SRR L I AN 30's, B KEEER BT 1L 6.03 m, SR R TTA 3.12cm. (4516 ] ABF R BHHHI B
AL EAT AR B TCEE R A, A M R ARG REE AN, A R B 2 3 A R R R, RE R B A MR VS AR B
BB T IRERE S

KBEIA: MR MRHUG: BEEEE SR dhs iRK5

HHE RS S776.27+4 CERIRRIS: A SCEHS: 1001-7488 () -0000-00

Design and experiment of automatic pruning machine for live trees in artificial
fast-growing and productive forests

Ban Yichen'?, Liu Yang'?, Ba Shihong'?, Lyu Kun'?, Wen Jian'?*, Li Wenbin'?
(1. School of Technology, Beijing Forestry University, Beijing 100083, China;

2. Key Lab of State Forestry and Grassland Administration onForestry Equipment and Automation, Beijing 100083, China)

Abstract: [Objective] Living tree pruning in fast-growing forests is an important partof the targeted nurturing of quality fast-growing
forests. In response to the high risk and low efficiency of the traditional manual pruning method, we optimized the design and conducted
experimental research on the impact cutting type fast-growing forest tree pruning machine to improve the mechanization and
automation of fast-growing forest pruning and nurturing work. [Method] This paper describes the design scheme of the pruning
machine and its working principle. We used SolidWorks to build a 3D model, designed and determined the parameters of the clamping
mechanism and walking mechanism. On the premise of ensuring good pruning effect, ANSYS Workbench Explicit Dynamics was used
for cutting simulation experiment. The experiment adopted three factor and three level orthogonal experiment to explore the best d esign
parameter combination when reducing the stress on branches. [Result] Theoretical analysis and kinematic simulation verification
showed the feasibility and rationality of the design. The cutting simulation experiment results showed that the maximum equiv alent
force on the branch was at least 4.5586 MPa when the mass of the whole machine was 50.84 kg, the tool edge angle was 21.00° and
the cutting speed was 2.52 m/s. The results of a forest test with a prototype designed with the best combination of parameters showed
that the average operating time of the pruner for a single tree does not exceed 30 s, the maximum climbing height can reach 6.03 m
and the maximum pruning diameter can reach 3.12 cm. [ Conclusion] The grooming machine designed in this study can be used for

climbing and grooming of fast-growing forests, which can greatly improve the grooming efficiency of fast-growing forests and provide
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equipment support for the research of grooming and nurturing technology of fast-growing forests.

Keywords:fast-growing forests; forestry machinery; pruning equipment; optimization design; experiment
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1. Frame 2. Walking mechanism 3. Clamping mechanism 4. Cutting mechanism
B 1 A S SR SR DL R S 1 1]
Fig1l The overall structure of the automatic tree pruning machine for artificial forests

K1 FEEARSH

Table 1 Main technical parameters

T H Ttems ¥ Parameters
#4-5 Model BL-01
AR (KX 8 X D

Dimension (lengthxwidthxheight)/(mmxmmx mm) 580340730
FEHLFT E: Machine quality/kg 50.84
fic &3l /1 Matching power/kW 26
YIH175 3R Cutting method eI Impact cutting
PN B RS 10~20
Adapted trunk diameter at breast height/cm
5 KNEFHEE Maximum climbing speed/(m-s-) 2.52
FR T ¥ Maximum climbing height/(m) 6.03
% K&k B4% Maximum pruning diameter/(cm) 3.12
FRRBE L AR Time spent on single tree work/s <30

1.2 T{EREE

A MRE SLAR BRI ) 7R B & AR S i a4y, AR . RN, s, 3
JIUE I LR B B O BRI L B AR KR Ty, Wl 2 R AENLITARIS, BERHLE T TR,
WA 2 A7 4 e e n) 1R PG G S BN AT D) BN, RRB BB BT AR O B % B 24
FEESSE, EANREICT RS, HAMLLE =T i R poa] R s 21 AT B, Rk B AR =
JEFFURIRIVE BB, dRELEAT N — B B R L.
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1. Whole pruning machine 2. Electro-hydraulic gas integrated pipeline 3. Hydraulic station 4. Air compressor 5. Electric control box

Kl 2 TAR R ]
Fig 2 Working schematic

2 REEHUR B

R E RS U BT S8, T VEME S R BEAT M. BT S b 5 Ll AR 37 Ak T B A )
s M FA . BEA = MR 50 ST IR, BTRAE SR E AR R 2 s BT REsF 10~
20 cm Z B[ EbioR, BIAAEARNM T 1~3 em 2 F SR, JUFEE EE KT 3 om IR %%

2 WF RSB ERSEE
Table 2 Trunk diameter at breast height and branch diameter data
L K 3% JERCS
W Ff . Bt Bt
Trunk diameter at Branch
Tree . Percentage/ . Percentage/
X breast height/ diameter/
species % %
cm cm
10~13 36 1~2 44
MiAr 13~16 30 2~3 46
Cedarwood 16~20 28 3~4
<10 8>20 6 >4
10~13 30 1-2 38
RS 13~16 38 2~3 47
Larch 16~20 28 3~4
<10 B>20 4 >4
10~13 32 1~2 62
EEY
13~16 38 2~3 30
Mao
Bai 16~20 26 3~4 7
alyan;
vang <10 5>20 4 >4 1

2.1 EFENE

211 M 545 A

G I BN HEAT AL . BRI KRR R, W 3 Fs. fEEENL TAEERE, @i REF
HEFFSELE) R JE S, AR B4 STl Ik e, wISe il B IE R T BEAR A, B RETEF T B
HEZ RN
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LAHEFFUT 20880 3R %R

1. Push rod cylinder 2. Connecting frame 3. Clamping wheel
K 3 ff BN A R A

Fig 3 Clamping mechanism structure diagram

AWENS-X % ¥4
FRIE AT HAXS A MG PR A, B T B A R R BLAZRTE 10-20 cm 28] . f#F] SolidWorks #4547
RS AT, P T /D B4R 100 mm, iz KEAR 200 mm, 0E 4 Fis, 0T E S EATRERN KT 146

mm.
146
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If
/
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a. 100 mm fif% 32 BoRAS

a. 100 mm chest diameter clamping state

1501



5\ EAOE AR 2 S18 B LAE S MU 7> 2

b. 200 mm 15 Je EIRAS

b. 200 mm chest diameter clamping state

F 4 B R BOIRZS
Fig4 Simulated clamping state diagram

DN E HERT RSy, X G R BN AT i, IFEAT 2 000, Wl 5 B

v

Bl 5 3271504
Fig5 Force analysis diagram
POERRZ. SRR ARG AW SN R, w3 sk 1 i T e
Fsina-b+Fgsing-d+F,cosg-c=Fcosa-a (1)
1 FOAMEAFRELHE YD, N; Fag WRERRE T, N: ST EAS Y 20 om I, HEFFUELHE 771k 3]0
H, @EREWEAT IS a=2.17° , B=35.46° , a=283.08 mm, b=99.35 mm, ¢=294.19 mm, d=306.67 mm.
SRIETTAF Fo Al Fg IR FR 09 -

F, =1.50F, 2)
FEPRS) Fethk 3 75
F =uF, =mg 3)

KA FeONEEE 7, N p NBEERREL, 0.1; FnARRET), N; m AEMLRE, 61.25kg; g AN JjhnE
&, 9.8 m/s?,
RRUEEEAG AL LAERS Ab TP HEIRAS, T i 2 R &k 4 7= A2 BN 7348, 78 SolidWorks #5447 % i 40,
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FEPLEHAT A& BB, RSB Trh b 47 7oA, 78R 4 oz
FN1 = FNZ = FN3 :]/ 3 FN 4
R 2. 3 M0 4 BESL AT LR AS F1=3001.25N, BIHEAFELHE /1% KT 3001.25 N.
B A SUEZERL KR 39 7.0 Bar,  TUHEATSUELELAR A AT 043

A:F )

AP A NHERRELELAS, cm?; FORSELHES), 306.04 kgf; P M7y, 7.14 kgffem?.

AN HUE 7T LR AS HEAT UL GLAE A=42.86 cm?.

2.2 {TEHNE

221 BARLZEM X T

N E EE R ARUUTER, B ALiE I AR e, RN, AHLAT EN L SR B ik K
FXUBA T, FEQFEIUE W A BOREES RS, WK 6 A, HAhXUE W s s iE £, KRR
FSCHER s MR AL SN R G2 IR I8 2 AL Bl S — 26 JB A 50 i F 30 Fe A, PR 4% J A S iy 350 1
Sy T B S AU A AR 5 101 HE GRS LA SR A .

4

LR E A 2. 63048 33045 49K ER 5 L HERRR ELA RIS 6B ik
1. rubber track 2. main wheel 3. support wheel 4. tensioning wheel 5. 1:1 bevel gear right angle commutator 6. hydraulic motor
Kl 6 ATE N R R
Fig6 Walking mechanism structure schematic diagram

222 % JE R RAH R

BENAENTCTHERE T, PR HUCT R 1) S0 B BU R v=3m/s, JETh& Pyt 3 7o ik ) 75 2
FIZhZ Py RSB BE R Z M TIZR Py, FEAFBITIHIIE T, EENEEIMSE, P P Mg, WA
ThZ Pyl i 6 15

P=R+PF,=2mgv (W) 6)
RYUERNAAE T 7 15

n= X, X0y @)

Xy NEAEBRCR o NBUE SiE 5 LSRR, 0.98; no NIEKGHEALE R, 0.95; 5o 1:1 #EiA
FEE A SRS R, 0.90,
TUE Sk it 2h % P Al ok 8 453
R

p== ®)
n

TR DA n ATE 0 9 19
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Vv
n=—— 9
2xr ©)

b r vEs R 42, 0.056 m.
VR DA AE T AT fhiat 10 75

T= 9550% (10)
RN E R4S P=5002.08 W, n=8.53r/s, T=93.29 N m.
3 WU E R B

3.1 NI RIS E4R

BN CE R, TIRMBRAE M UIEIE TR, Bk m A WA . TIRAEMRL
HREAZ R, AR B ) 2w AR G 2 FE #Eie, fH Ansys Workbench Explicit Dynamics 545
DIHE AR, DAMENV I R 5 RS RN 1 i fiads, FAE Wl 11 s (R, 2016), 78 i D) M S Ho
B2 B 15, RAERER ORI RT3, 3R AR KRG RN I s e W S5 &

0':\/%[(0'1-0'2 )2 +(0,-0, )2 +(0'3-0'1)2] (11)

KXo o,v o ARE— B, B=FERJ), MPa.
3.2 R AHE

7t Solidworks F A4 o g A [FR S (1) i D) I SER A AL, 5N Ansys Workbench Explicit Dynamics H;
HRHEE J) T s R g i 8 55 A 0B VA AL TT B D AR M S e, W BMRLA M ZHN R 3 s (A £ s,
2018; P s, 2013), BB JIE NI, BEMBFARVER, B olis REf Ay BERE e, B B
RN 0.3; FEHSE S BTl BT A0 & 58 @, CER TSN 8] 5 SCHE A DU T AR PORS R 43 77 v, 4y
R AT S5 T R, J1E 45 mm, A 25 mm, k%% 5 mm, ERPA SINETEEIGEEE, D7
Wz HOER: WE TR 0.02s, JFER MR, I R A ) 45 R AR 100, SKRARAS AR5
LI R RS T T . P FORES AR I F2 an & 10 Frow

R I EAELR
Table 3 Simulation of material properties
o i IR o
RCET ) HE HEL/NEA
. . Young's modulus/ . .
Geometrical structures Density/ (kg-m3) Gp Poisson's ratio
a

JJH Cutting tool 7850 200 0.3

Hi% Twig 605 1.6 0.3
BT Tree trunk 639 2.0 0.3
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/

10 AR FE

Fig 10 Simulation of the test process

3.3 MWAREHERD

33145 AR £

I ATAE R TS R T LA, BN S J) B ) AR U) T8 FE 2 22 s e b RSN T o BRI
iR JIETIfA . UIHBEENRIG R ER, A Hx s U o R A 2% Bl 52 85 R S5 RN 0 R 52 o 36 B 1%
BN R XA 50.0~65.0kg, JIEIIMIXI[EN 15~30 ° , DIHIEEZX AN 2.50~4.00 m/s, Kk
BUSEA Xov JIETIA Xon VIBBEREA Xa, HREIBIR BRG] o, K45 Box-Behnken 551t
TNEER LS, 2021; ZEKES%, 2020; FhE9RsE, 2021), sHHBEAT 3 &R 3 KPERRE, 560K 2K
MERWE 4 FiR.

F 4 RREREKF
Table 4 Factors and factor levels of experiment
[X| % Factor
JIRT) A -
KF BPLT R i DI
. Cutting edge .
Level Machine Cutting speed
lityX/k angle Xa/(N* ) (s
m-s”
qualityA,/kg m)Xy/* 3
50.00 15.00 2.50
0 57.50 22.50 3.25
65.00 30.00 4.00

3.3.2 97 EHHT
AR MR SR BRI B AE S48, B F Design Expert B XHREE 25 Bt 47 — ik B350 #7,
AT Z T A& (Bkom BH A, 2021), 19 B K& ) o WS FE bR I AT, sl 12 fos, FFxT H
AT T 20, B 7 EANG: RANEE 5 B
o =4.74+0.046 X, +0.067 X, +0.099 X,
—0.039X, X, —0.011X, X, —0.045X, X, (12)
~0.028X,” +0.32X,> —0.001547 X ;2
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R 5 BRITRMER
Table 5 Test plan and results
R 2H
No. | Xz X3 n
1 -1 0 -1 4.5761
2 -1 -1 0 4.8839
3 0 0 0 4.7334
4 0 1 1 5.1993
5 0 1 -1 5.0889
6 0 -1 1 5.1353
7 0 0 0 4.7289
8 1 1 0 5.1052
9 -1 0 1 4.7913
10 -1 1 0 5.0601
11 0 0 0 4.7184
12 0 0 0 4.7121
13 1 -1 0 5.0838
14 1 0 -1 4.7121
15 0 -1 -1 4.8286
16 1 0 1 4.8324
17 0 0 0 4.7126

[ T7RE R J7 22 3 M 85 R AN 3R 6 B, B AIAR, SRS A8 /7 ) BB 404 FE A 3% (P<0.01) ,
HARABR R IA R, RHEIBRIE S, BAJUE 2% R?=0.9758, R & K& I KA
H 97.58% K IE T I6 N & HiAMFEMELL A 27.393, KT 4, RHBAEML A LLHTFSEIL. x1v Xo-
X3 X2 TR E (P<0.01) , XiXov XX T ZE (P<0.05) , HARTMIALEZE, W56 K Z0 5 RSN 711
ST IR Xi>Xo>Xs, @i AR 3 AN BZE T, 45 2 F 05 it =1 7772 8K 13,

o =4.74+0.046X, +0.067X, +0.099X,

—0.039X, X, —0.045X, X, +0.32X 2

R 6 BREHNLIRITTE T
Table 6 Analysis of variance for climbing efficiency
; R .
Heis H o7
Sum of
Variance o Freedom Mean F P
deviations
sources of degree square
squares
R
0.57 9 0.063 72.55  <0.0001**
Model
X 0.017 1 0.017 19.63 0.0030%*
X2 0.036 1 0.036 41.23 0.0004**
X3 0.078 1 0.078 89.45  <0.0001**
X1 X 0.00599 1 0.00000081 6.87 0.0344*
X1X3 0.00046 1 0.00046 0.53 0.4913
X X3 0.00826 1 0.00826 9.47 0.0179*
xi2 0.00323 1 0.00323 3.70 0.0957
x? 0.42 1 0.42 484.19  <0.0001**
x32 0.00001 1 0.00001 0.012 0.9174
. 0.0061 7 0.00087
Residual
KA
0.0043 3 0.00143 3.22 0.1442
Lack of fit
0.0018 4 0.00045
Pure Error
JE 0 Total 0.58 16

VE: xs xon 300N X Xy G HUKTPE. *RoREmEE, P<0.05; **RREMHKEE, P<0.01.
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Note: xj+ x; and x; are the level values of X7 X; and X3. * means the influence is significant, P<0.05; ** means the influence is highly significant, P<0.01.

3.3.3 X AR F AT AR 09 % v MAE AT

IR B KSR RN AT (i R R, e 2 DMlBR R E T 0 P, M H At R 206 I8 4R bR 1 i,
NS R SNV O LT AT < P VI e

HIP 1la AT 459, SUIHIE N 3.25 mis i, BENLGE—E, SRS 186 TR I) M g Inse i a
FEn . X2 TN IR T AR T NI RIBL Sy, BRI I3 IN,  HEnUTR J1 N T) B S R Ak R i

AL, VISR TIRIIf 58, BmRRE RN RS R A g n, ARk S A, S
N

HIF 11b AT 45, 211108 22.5° I, BHUGR &, SRR F1BEUIHIE FE A3 g i, 1)
IS — 5, B KA O8N 7 BE BEH LB B AR n i g o AR P ah f e B, LR AN ) B3k 5 oK S R
JIIELE, 5 uEaEs R

HIE 11c AI15, HEHUREY 57.5kg I, JIRIIff—5E, SRS RN 1 B8 UTHE RE i3 g mn ;5]
I RE — €, B KA U8 Bl ) E 70 A B S v/ e g . eh T2l U R, D) T R Y R
DI ESE N, S KSR Ty B ka3 218, 10 )5 70 Fi1 X e RS SN E B AAR R i K

o
g

g & oo

BAEHEN
Max. Von Mises Stress/MPa

2

10

C, .7 o D%

utt,,,g ef)]'%
Se

Nele, 0

BAREHEN
Max. Von Mises Stress/MPa

340 59.00
Cuty;, tﬂ//@é"‘ ’}:ﬂ\ﬁiip wl¥e
€ spee 250" 9000 q\la\\
¥ ) W

b.o=f (A,225,C)
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BAZHNN

Max. Von Mises Stress/MPa

3000
o t 340 2400 }
Cutt,-ngﬂijlg 310 < = nﬁaa—lﬁ:“g\e/o
A8

Ce, 2507 1500
d/ (”Vs) Q\rt‘" g ©

c. o=f(575,B,C)

B 11 A2 HL IR ZRON fe R A5 R0NE g e 2 T
Fig 11 Response surface of interaction factors to Max. Von Mises Stress
3.3.4 B H AL
FEGRAEMBECBOR BT 52T, NBRRBOR TN )y, 153 Wt S8 G, iR BEAT I
TR, 2021), @ESHACEARA, HARmE S AR %N
mino (X,, X,, X;)
50.00 <« X, > 65.00 (13)
5.t.415.00 <« X, > 30.00
2.50 <« X; > 4.00

NS HHEAT AR R, BRISE R . MEYLE &8 50.84kg, JJE 71N 21.00° , VIHIEE N 2.52
m/s i, BOR RN 1 I8 BBk 4.5586 MPa.

4 AREING

RIERTHER T, IEREES RS, TG, JFT 20234 4 H, EdbE B <EE0H
M AT RSB RE MG, AREIIA T A A 12 R
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P12 FRIEI AR L
Fig 12 Forest test operations
AR YIRS I AN [F) i 42 AR KOR L R AT B 0 25 AR, AR (B PT 45 R ML BY B AR AR~ 35 7l
AL 30s, R KZER AL 6.03 m, ARG EARTIA 3.12 cm, BABEICRINE 13 Prx. H
4 14 cm DU TR BT LS 4R 18 om DLEA T H B E I AR BLR, S Hi4
BRI R . MBCAT 1S AN B & N A T 42 VE [ Dy 14~18 eme IiHia b S LG R I3 7 fow.

a. FE b BHEEI R c BR
a. Smooth b. Slight splitting c. Splitting

B 7 BAAEECR
Fig 7 Pruning effect

xR 7R R HER
Table 7 Test indicators and their results
LR NIEES T e o . . = 4 . P
. . KR Number of e K251 Maximum i KAEH B Maximum BARMB R R
Trunk diameter at breast height/ Lo . . . .
tests climbing height/m pruning diameter/cm Pruning effect
cm
10~12 5 6.43 1.95 P-4 Smoothing
12~14 5 6.75 2.13 P-4 Smoothing
14~16 5 8.33 2.73 2 MBS Slight splitting
16~18 5 8.40 3.12 2 MBS Slight splitting
18~20 5 7.21 2.61 E£ZY Splitting
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5 45t

1) ONfRGGEA AR TAERRE R BORIK. R AREENIUR, AR T — s A RIS LA,
ML, W2 N F AR R AR o D i pReid A MR TSR R . ORI, R R B MILR, A3
R T — R ARG SEACER AL, RT3z B T AR AR B R AR

2)  ARSCHE A A LR A A I AU L AT AE MU A DT LA AT WAL B RS AT . B e T AT
RELRIER/MTHES 146 mm, 5 RHES12H 3001.25 Ns Uk ik /N Dh %8 5002.08 W, /N id y 8.53
rls, B/MHMN 93.29 Nm. LLESE e RIE 7B N TS B R AT S, AR 8B LA 15
ARG L R n = R

3 HHT Tl IR 0 FORS, ESL TN E . TI R I) MR 3 AN R 5 AR KA
N a2 R AR B, B T A S8 SR RSN 50.84 kg, JJE J) R 21.00° 5 YIH
TN 2.52mis I, BTS2 S K& RN J1 ik 9 4.5586 MPa. A ] et 2 $ 2 45 B0 A RERLEEAT AR ) 1)
W, BERPIE L R AT 30 s, BRNZBICEE A 8.4 m, & ANEHEAAIA 3.12 cm, BiAZEE
FSOR BT

ASCHT RN O & SR B T RE,  J5 8080 FORS e e il R Rt AT Bt il . A%t
AENEIRICHF &, #BRE P&, LI RIS TR K.

B2 3Rk
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