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Abstract; Aiming at the phenomena of imperfect filling of substrate leading to shallow and exposed root
system during potting and transplanting of non-woven containers, and slow transplanting efficiency due to
low automation degree of transplanting machine, a fully automated secondary transplanting device based
on non-woven containers was designed in combination with the growth characteristics of young forest
seedlings. The mechanical claw installed on the transplanting arm realized XYZ three-dimensional space
transplanting operation without dead angle, and the transplanting efficiency was improved by alternately
picking up seedlings through the two-way assembly line platform. Through the design and force analysis of
the key components of flexible gripper, the influence of deformation coefficients of seedling substrate
under different gripper pin spacings was explored, and the motion state of transplanting arm was optimized
through kinematic analysis by combining the RecurDyn rigid-flexible coupling simulation. Considering the
key factors affecting the success rate of transplanting, the secondary filling force rate, moisture content of
seedling substrate and clamping pin spacing were determined as the test factors. Taking 60-pin capillary
seedlings as the test object, the relevant parameters were derived from a one-factor test, and a multifactor
orthogonal test was conducted to determine the optimal operating parameters of the automatic secondary
transplanting device for non-woven container seedlings. The test results showed that when the force rate of
the secondary filling mechanism was 83.51% , the needle spacing was 19. 66 mm, and the water content

of the seedling substrate was 33.45% , the transplanting success rate was 95.29% , which was basically
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the same as the results of validation test (95.33% ), and the requirements of high-speed and high-

efficiency transplanting were met, which provided a reference for the field of secondary transplanting of

non-woven containerized seedling in forest trees.

Key words: non-woven container seedlings; transplanting robot arm; flexible mechanical jaws; rigid-

flexible coupling
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Fig.2  Schematics of seedling hole tray and soft

plastic flower pot structure
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Fig.3  Schematics of transplanting robotic arm structure
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Fig.7 Simulation diagrams of transplanting robot arm
3~
Sl A SEINEA R L SR
T = —ZRE WA B S
T L TR ZmA iz sh L
E or / Yornrntnneany p
-l
! o
-2 %7
v

3 1 1 1 1 1 1 1 |
0 05 10 15 20 25 30 35 40

i} 1] /s
(a)
- = SN G S
- SR ETR G B

‘—£7}\glﬁf§LKﬂfJuﬁi
— OF ,'"‘ 3R
2ot
=
B[
b 2
R gL

10 ! ! ¥ ! Lil I |
0 05 10 15 20 25 30 35 40
Hi ) /s
(b)

K8 R MLBRE O 2l £&

Fig.8 Simulation curves of transplanting robot arm

IR 8 T, 3 iz sl Y R il 4R DL
T R 2R RN AR A . i B 8a BTN SNk
LU SR R RS B AT LK 2.53 m/s, =R
Z 02 B B e K A% sl ol 3 T LUK 31 92 m/s,
ok 2 WX s g B e KB dh B T DL gk )
2.31 m/s. fY &l 8b AJ I, A5 Jin i 45 e s Bl PR AR B
R BE 0T LAk ) 6. 43 m/s”, =k 230 X48 3h A
S AN BT Lk #) 9. 38 m/s”, HIR Z WA 15 S
R RN AT LUK ] 5. 61 m/s’, A T BESLIERS
Rt B v b BRI 3 3 S, W0 B R 6 B R R
FLn 3 B 5 /N 0 32 3l R R BCR S BS AR MLE 132
1o FILARE TR ALE R ik 20z



BT

F IR, 25 YRR A SR B KRB R BOT 5 il 89

SR, PRUEAS BT & B B i 12 LA R i 3k & Ak
TENFRR s AR, AT LUA Sb = AL Y 5%
BT LA SR

3 BNKE

3.1 Wwm&EHG

TP RS A AL SO 3 x4 1 HE L) AR S A
YA 56 X G2, i B 8 WL 4% 1R L B i 36 5 R0
PR BT B IR LA 9 TR o

K9 R
Fig.9 Test prototype
3.2 RBWEFRSHER
AR YR K N R T E AR R AU R
TCY5 A1 25 i Bk BT AR DA R e st T . Herh —
U L MLRAE 0 %) 4y AR JR B0 e B R R R, 2
RS U AE T N I B N O R IR B
W) 2l D, 45 5 T BRI B I A b B AR e vk
PRI IO, 52 WD R AR 5 402 e BT 55 7K A4 0 28 T F) 47
JE e AT 2R, Hoh S oK Fad i, ) 2 5 BORk B s
AE 155, 50 2 PEAILBROTC R B R B e, 4 72 3 K
ARG, T 2> S BRI T IR AR, A AT AR A Y
A K5 A I U 22 M) A Th) R /)N DU 2 £ 45 e B
Z 18] B EAR T, R e S BB AR i e R
SR, R rh g 5 Y i B 5 o S ) R R R 25 5
B TAE 52 UG TC ik B i B 7%, 52 e B R R A
e P56 45 B O B B R ) AR B BRI ) i i
24 T 95 A 5 A v DA B B A B v SR BB O, PRI R
TR S8R E B RS A BB E Rk 2 . B AR
IR TR /AW
W-M-N-V
m= W
Krp W——1X5 4 B SR EL
M——J& U Xk £
N——TJC 2 13 il ¢ FE SO TR KX
V——R % 2 4005 SRR bk AL
3.3 zEAFRAE
e I A 4 B AR D 0 B, MR BIL & B S PR

x 100% (10)

BB, ZUIE U AE T AR e 1E 3% e B0 55
FOKE 143 9 5 B N 80% \90% (100% , ] LA ikt G
BUAEF T3 AS 2 00 B 52 5 X 7 T 25 A7 45 4 v 2 0 3 K
R 25% 35% A5% , T L3k B AR ST B PR HfE
S R R K a3 A/ R BUTC 97 A0 45 4% B AE TG AR B
G5 % I & BUET () BE Ry 18,20 .22 mm , ] LA 3 4 ) BE
e U v 5 I B 1 KB4

o NS RN T TR TN & W R TS
BRMBAM TAESECA A iR 50 DL R B WL AR
FH 28 e JUET TR] R AR 5 5T 3 K 3 il e R R
IR BT % Y 1M 8 b , i Design-Expert 13
AR EAT = IR PR ] ) I SR A0 . AR B A
ZIRIG LR IR E N EHLIE 1 R, R TRS
GEARER 2 iR, X, X, X R GRS, 25 00
W3 s,

x1 EHRFD
Tab.1 Factors and codings
Hifh TR Je BB ] B/ AR T
YERI 13/ % mm KE/ %
-1 80 18 25
0 90 20 35
1 100 22 45

x2 REARS5ER

Tab.2 Experimental scheme and results

e RYES
X, X; Y/ %
90.92
91.16
95.03
1 90. 38
1 86.55
0 94.17
1 87.90
82. 60
0 96. 18
87.15
-1 87.90
0 93.16
0 92.40
1 87.85
0
0
1

B o9E s

>~

T R = Y T e N I
I — o oo oo o~ o~ 1
—_ —_
|
—_ _ -
! I o o o

—_

—_ = =
w e W
— =

95.05
95. 09
91.16

c oo o =~~~ =l ol -~ o oc o o !
—_
—_

—_— =
~N O
- o o |

A5 % 2 B g Eds , 3 ) Design-Expert 13 4t
PFA5 3B R i e Y Ry [l H 75 1
Y=95.10-0.06X, -1.02X, - X, +1. 79X X, +
0. 13X, X, - 1. 14X, X, - 0. 2983X" —
5.82X% —2.90X2 (11)



3

s

i 20234

90 g Ak L
R3I AEHW
Tab.3 Variance analysis

FEEKRUE FHR AME By F P

H 222.88 9 24.76  39.04  <0.0001*
X, 0.028 8 1 0.0288 0.0454  0.8373
X, 8.26 1 8.26 13.02  0.0086*
X, 8.06 1 8.06 12.71  0.0092 "
X, X, 12.74 1 12.74  20.09  0.0029*
X, X, 0.067 6 1 0.0676 0.1066  0.7536
X, X, 5.18 1 5.18 8. 16 0.0245"°
X2 0.3745 1 0.3745 0.5904  0.467 4
X; 142. 66 1 142.66 224.89  <0.0001*
X3 35.31 1 35.31  55.65  0.0001*

T R (P <0.05) 5 =+ LAt (P <0.01),

<o SO
SRS

S
BOS:
3

(b) X =

SRS
SRS
‘\\
\:“\\

Xt [l AR R AT B2 A KWL fE @ =0.05° 2
& 2T AR AT LI IR AERL P <0.000 1,35
W BETHA [ 7 Rt . % o 53 AM RN P =0.328 2,
W 2 7R 3% 05 R TE G AU I R AR A, R AR Ysd it 9 1m]
VA T7 e A LA AR RS R R A T o X T A R R
W R Y, HE X, X, XX, G O R E, HER
XX, 3 o SRR Y /9 O R HE Y O« e B
BrIEIEE X, (B RSE  K R X kI R AL AR
J13R X, o Herp R E 52 5 R R 64 R 7 it T 1 40 1] 10
PR o

AR [ 5 775 7 LA R o 7 oy Tl g AAR R i BB
[F1) B 5 A o 5 K R L B — R LA A T g R

s erees:
o 27 7A4L
N 77547
A AN 775005
D

G lreit 00 %%
05 0:%
'00'0’0‘0

P10 R ok i 2 2 00 157 Hh T
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