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Kinematic Error Analysis and Test of High-speed Plug Seeding
Transplanting Machine for Greenhouse Based on Parallel Mechanism

YANG Qizhi SUN Mengtao CAI Jing SHI Xinyi MAO Hanping GU Jun
(School of Agricultural Equipment Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; The greenhouse plug seedlings transplanting machines applied to industry are mostly with
three-dimensional gantry structure. There are some obvious shortcomings like large size and inertia, low
relatively rigidity, high prices and poor flexibility in operating capacity and not suitable for filling the gaps
with seedlings or rejecting seedlings in high-speed operation. In view of these problems, it was intended
to design a transplanting machine system with main body of parallel mechanism. The main structure of
parallel transplanter and its five kinds of end effector of matching design were introduced. And then the
quality of these end effectors was calculated. First of all, the rigid-flexible coupling multi-body dynamics
model of parallel mechanism was established in ADAMS. Secondly, a longest diagonal trajectory was
picked for simulation, and the error between the theoretical trajectory of the rigid model and the actual
trajectory of the flexible model was compared. And then, the influence of changes of mass to motion error
was set and explored by rigid-flexible coupling multi-body dynamics simulation in ADAMS and the
feasibility of the parallel design was verified. It was found that there was oscillation at the end of the
transplanting track. Finally, the positioning accuracy was tested by the physical prototype. Position error
of the moving platform to each point was counted and the control system was compensated. It was turned
out that the average positioning error was reduced from 7. 611 mm to 1. 208 mm. And most of the errors
were systematic errors. During working process, the transplanting machine was with low deformation and
high accuracy in taking and delivering stage during acceleration peak was 20 m/s” and average speed was
2 m/s. But when the average speed was 3 m/s and the acceleration peak was 30 m/s’, the error was
increased and the radial support force needed to be improved.
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Fig.9 Displacement of X, Y and Z coordinate components

Bl 10 ~ 12 235 R 3P 5 A8 B B B 7 LA
B rp 8] B Be A 7 B 3l 6 A O

P11 R 12 23 530 0 T fi B BER Hh 18] B B f)
2, 5 iSO IR LA ], O 46 B B i = 22 HR DN
W B F 5 5 4 DR 22 8 A0 1R, v A By BEiR 22
U7 AR AR AR Bl TR A B S B DR iR 25 B
IR AE ST B 5 900 g LLR I, o a] B Bk

75 1 BAEL I 2R 2 80, B AR 2 RO AR BEK, U A [
B R 0T 4500 R R /DN T A IR AR R R
o, HLA LB BRAR . R 2 B B BT
NG ZHTA AR, d 13 /94 B, R R B B
X B AR o BB AR AL, 7 A H AL B AT
(9, FC A BE AN PR AL, B I Bl 2 U B ARl 4R 4R
U, R E BT RRE , ZHTR 2 Tl TR E R



22 & ol HLOM ¥ R 2018 4
x2 BHTEERETUNUABRENFIE
Tab.2 Effect of changes of moving platform mass on displacement error mm
. Filit /e B B Bk 22 B B BLiR 22 o ] B B i 22

X Y Z LR X Y Z AR X Y Z L)

S 5 227.69 0.14 0.41 0.29 0.54 0.09 0.22 0.15 0.28 0.95 2.33 1.65 3.01
FFiER 48175  0.18 0.45 0.32 0.58 0.23 0.58 0.41 0.75 1.24 3.03 2. 14 3.91
B 483.29 0.19 0.47 0.33 0.61 0.24 0. 60 0.42 0.77 1.24 3.04 2.15 3.93
S A 580. 88 0.20 0.50 0.35 0. 65 0.33 0. 81 0.57 1.05 1.28 3.14 2.22 4.05
B AL 800. 24 0.23 0.57 0.39 0.72 0.41 1.02 0.72 1.31 1.61 3.95 2.79 5.09
BT HY 829.61 0.23 0.59 0.40 0.72 0.70 1.71 1.01 2.21 1.62 3.96 2. 80 5.11
i i 1 900 0.24 0. 60 0.42 0.76 1.03 2.53 1.39 3.26 1.93 4.72 3.34 6. 09
[ i 2 1 000 0.25 0.61 0.43 0.79 1. 16 2.84 2.01 3.67 2.17 5.32 3.76 6. 87
[ i 3 1100 0.26 0. 64 0.45 0. 82 1.25 3.08 2.18 3.98 2.50 6.13 4.34 7.92

0.3

i/
B 10 {78 bl 3 F & 5 AR Ak il ;

Fig. 10 Changing curves of displacement with

moving platform mass

0.015 0 ) 0.045 0.060

BT BOR B B B B 3l ~F- & AR Akttt 26
Fig. 11

Changing curves of displacement

in picking stage with mass

)

1100 g

Pl 12 v B BE A3 R i 3 1 5 Ak 2%
Fig. 12 Changing curves of displacement

in middle stage with mass

T FRARA , BT LLIFOR S BRI G2, i st Pk A 15 22 91 2
AEUHA 243 B0 A A A 15 R R B B, R R B BUdiR 5 1
R LW (9 R R K, AR 3 5 i ik B 900 ¢
ZE, MR IR ZE IR C 255 1 3,26 mm, #1
SARMDIGAE , W70 55 155 4R 5 4 R e A RE 1% B e
RIEAT L, WA U, 75 1%08 17 3 5 5 ik JEE L

800.0

792.5

0.60

N ES
B3 R B B BB 37 5 T a B Al ith £k

Fig. 13 Changing curves of displacement

in delivery stage with mass

T, HLS R T R B I A2 R T BRI b B s
[E1) , e B 4 o AT M3 o

M 2 rRT L R BCHT B BT B B, X G i
M Z 3R CPAT T /RERT 2 ) iR 2K
AN BISE LR 2 BN FE B F- & T 900 g K DLTR
B X Z i e R IR 2208 139 mm, X F fie /)
30 mm {9 7L B R B AT DA A7, E TR i AT
i B R B R AR Bl 1k R i AT 7 B s B i 22 5 X
FRAT W, 3 IR

JyAN, NFR 2 BT LU B, 45 B B i 22 R U
F Y4y (2 BTSRRI ) o KT
AR L ) IR A B R IR T L R R
TG Ay AR B sl i 5 8 B T B E
A, ) 2 70 s 2R 8 R R R VR S R B 1 0
I ER BRI A

SPRia AT AR, FE IR ILA R & & 1Y
TEOLT Bl i £ iR 22 30 5 ¥ H R & VI,
R ERE A — SR K Pl EiE AT il
A B BORS BEAR =, o ) B BE IR 22 IR REE 3 T &
Ji iR IR 22 B AR K A L B T R G, &
ARG A, SR R R 45 W 1A B F Bl R
Ui P AR R, R R U, TE 3 T & TR A
11 900 g i, A HLA T F B 4 L 1 AT 58 R 1Y T AT
M O MR R L i AT R TR, TE B T B T
55T 900 g B B FAIK 2R 45 B0 W (i 3 13 A0 A 1 i




531

MR A A A R IR R R LA N2 SR A 5 A 23

JEE DR i R
3 HERENGMESIKE

BT PLC #5417 R SR il il 40 & 48, AR LI 5
F L TRV E R iz st se .
3.1 BN

FEBL A HUBRIIA T H8 53 4245 I AL 2% A F2 440 oC
B Rk R (K 14)

K14 JRBRR R ALA AW AL
Fig. 14 Prototype of parallel transplanter
LB#E 2.C3HE 3.8 FH 4. A 5. 3HFE 6%
w17 RiEA 2 8 g 9. fdlE 100 ML

B3k 2R G 57 WA SR P D E R S ML L R AR
JEER RN A TE A B SR BUR B4 PLC E
e g o ARV A 3 4l iR B AL R 5253 5
P 3 S5 SCHE R IR B B, 5 3l oF & AR BRI 4 4 i
3

AR L T A 2 S PLC, #5 i — B JF
W RS A M AL 3R B 5 A B B — 5 19 ]
R 4 AR 0, i ax LT O 00 O B 4R = 98 A
PLC ™ T 9 5 1 B 3 SR FH B 1) 2 % Ik v 465 ] I H AL
FE AL T A AR S5 4R] IR FE ML K 3l 2% R 5 45 PLC 1) 4 1
55 PR IEAT RS R BE o 3 A G DAL AU A 73 4
TEZER MR ALZR G T 0 A0 68 7, K il e [ 5 AL
PR 2 (RETC IR 22 N TR 22 55 ) 5| kS 19 5 o7 1% 22
BERE

8 {54 XDM24T4 — C % PLC, B4 4 B ik o
v, T HEAT DO BB S, R T C IR E R
AT LS 3050 4 kb A 3R Bl ff B i s A, i PLC fii
FHE T 50y 188 1% o 72 06 5 1 1K 0 15 DU A 28 47, I
H. 7 T 18 ML

ARG AR B AR R B & 15 iR, %
RO T WA W, — % b 380 V=M AL 3 £l IR
B 25 78 P 4 i 1 200 VLR 25 2 SRS Tl Al H AL R
HL, 55— 1 220V H R 28 08 Uk 2% 25 A KA il F L
A FR 4 i i o 42 ) F % i PLC 25 fa] i FRL AL &
SRR A S, i 3 ) i H WL T 035G Bl 22
3B R IE S BT B, i R BRTUE 19 Bk

123, PLC 9 YO, Y2 Y4 iy 45 3 />l iz et WLk o
g O, Y1 Y3 Y5 B i 45 ] MR v AL D 1) 3 1o
o IR AR AL, R A TR 2 4 ) G A A A R
U/ RE VI T e SR VAP AR R V1V T v 1 T
NI, B 1S A TIRZ L. xFEIL S
AFEHRIAE LA 16 FiR

Bl 16 F s AR g ol &
Fig. 16  Electrical control cabinet and control box
L CZ e pLIRSh &7 2. B SCHEFEMLIR Sl A% 3. A SCHEMALIR3)
4 5SVHIE S HFIRES o6 SMEIREES 7.
8. A STHEH AL AR 9. C SCHEM ML M &% 10. B SCHE L ML
PrAs 1L AN AkE g 12.24 V YR 130 BUHUT R 4k v 2%
14 fa R E M Ak i g 1S, nlgnRef bl as 16 A4 I # £
17. ENL/BATHEEN 18 5 b4l 19. —HE IR 44l 20. 245
gl
3.2 EMFERE
TEBIF & B2 %+ TR0t & 1E ik 7 5 LM
EEA MR SRR, 1T B, 18 17a
XY opit BiR2E I R T7 2, K 17b Sy Z 4y iR
Bk W B A — A E LR, #RIE R T
JeaR e AR LB A S UINA RUE R S St
HAR 2.
e 3 A T7 1) B R 22 EAT GE i B, IR R =



2018 4

HE R A, AR Origin B Y = 4 2 T 400 5 3 28
LIS E] XY gr e B R2E S A, A 18 I,
ﬁ‘ﬁZ P B ARR 22 A AT A 19 Frs . MAaX sE ]
AT DL WL 0% 22 14 52 B 43 A A5 00, 8 23 B 18 22
AR FIR R o Fh T b i 22 43 A0 I DL OR B, AR P
B B b 3 A4S g0 o 0 52 0 v ()R 2 0, 2% 2 1] P
JE B s R, I AR BAT 7 a1, X ALY o) g A
A, T Z 2 W5 DU 13 SO IS AR 4 1
(@) ) AR ZE M, XA R ZE i I R B,
K17 ot % T B R G R 25 51, JU IR I TR 2 I i

Fig. 17  Installation of laser E](J'BDQE-

mm

7.5
6.0
4.5
3.0
|55}
0
-1.5
-3.0
4.5

(%22 /mm

1R /mm
o
R

-7.5

K18 XY jprar

X and Y components error distributions

R S5 H 3 BE 45 25 1 FL MBI 4 85 (1 5y R

B I 161 K ol B, X PLC o 0 i B8R 47 4

B FEUCHE T R R B 0 9 40 VB U R 2 4
i, WE 20 21 FiR .

ML 20 FIEE 21 07 LA th, FMES IR 2 oK 7 1

. B AR E AR R ME K b, Horh XY ZhBEAG i

o 25 AT R G ML T LA DA H R B LA 2 3 B T 2

waﬁmw Sy BEHOIR 2200 4 0 SR B AT 4 fﬁWﬁﬁE%ﬁm

-0 bt T ML B 5 15 R 2 DL % 5% 7 9 A i i 3t
619 2 ittt W@ﬁﬁﬁ%%%mﬁ¥ﬁm§%ﬁmﬁﬁmm
7.611 mm [FARBAMEE Y 1. 208 mm, H3E AR

|
[\S]

|
B
7% /mm

NN E W —=O
|
(o)}

Fig. 19 Z component error distribution

BH AR ZERN BHAMRERUR
H5? r?mfiiuﬂ(ﬁ AR AR BN,

mm mm

1.600 4 2.000
1.200 1.500
0.800 2 1.000
0.400 0.500
0 0
-0.400 -0.500
-0.800 -1.000
-1.200 4 -1.500
-1.600 309 -2.000 300
200
= 100 =
Gy 0 = 7 200300
%, 100 10 1 100
X & =200 s [y _()() 2 [

: _()() B Z,
/O/’ =300 =300 ;g\j\\}“ 3 ~300 4\‘;\\}\‘ i

(a) X415

1R Z=/mm

1R 7=/mm

XY

Fig.20 X and Y components error distributions after error compensation




531

mm
0
-0.250
-0.500
-0.750
-1.000
-1.250
-1.500
-1.750
-2.000

‘70”—1( )0 o \|“\\\\
~ = 7=k ,\ .
-300 -300 ,;.;.g\/\x\

K21 Z oy RAMEIE R 2

Fig.21 Z component error distribution after error
compensation
5 =
inl z X.
(=t (2)
Ab —FBRE N—HdR AR
X— iR 2%

g bl DAwe B 18 A&l 19 A iy REE 152 2=
J2 R ML T A2 2 OORS B 0 RS B AR R A
DA RZE g5 RE E A [h) 3 L ) R SR iR 22, i R iR 25
b RME JE AT AR AR BRI 8] 20 A iR 22 4 b Bl
BIL5 22 20 B, 3 A ABE 38 R B TC VA o, 254
FEfA R R IR2E B R R 225 Ay Sl L 52 E
VA IR 1 R 0 ok B IR X 2 R 22 . 300 TE R i R 5
e, SRR A% b A R 25 AN AN I Y Oy HL R ) 2K
{ECAMEZ TR 2 3 B R G LA — S M T R
kX i R G AT A s A XTI 21 T Z 4y
T D0 I 1 4 2% R FH o 5 M 1 7 153 B T ) 4 i
PRI 52 0
3.3 E=@hidiE

iz B 56 2 K I O B AL A 7 B 2l AR v i
RE A TR 50 SR FH A7 200 B8 15 25 1 I R FH I L3 . 4
AR b 20 A A5, o5 O R Y 3R Bl g
S W LI 4 U AR) IR R BILAT S B4 80 3R 0 fk i A )
PLC {504 B A6 B W&l 22 iR .

T 6 L T F ROt B a0 =4
i g R 2 AT 132 2, I R R R LN
THREESE R, NTWEHZIIE . K 22a R
ok X Z et is s i i A B 18 22b il sk Y. Z 4y
iz g A E

T 25 113z sh il A e DA B # B8 0 O Xtk A7
053, A G R Iy R A T8 AT B 1
HRAE & 23 1) B0 S AR, 78 2 UGB AT 13 F rpid 5t
UL E (BRI BN BT & 58 2 LG I iR is
)

RIS TE 2 B A7 & T kAT

Zj]"l*

Z o B

22 58 gk Re i a6 A A
Fig.22  Arrangement diagram of performance test
device of movement
L6 JFHebLE 2.7 A BOLAEMIFG 3.8, FEBE
4.10. T 5.9. ZF AL

K23 2% EU

Fig. 23

120 SEER 2. WOBARLHE 3. ARIC A 4. IR 2ZEVEH L
5. ZIBER 6. ¢5 HiE

Reference drawing

B E 9 PLC A A IE 52 N s0s 18 s e, 28 1 i
B AE T R 2 m/s IR B WA 20 m/s™ R EAT L 56
2 AMRIGAET 4 HME 3 m/s i I fE 30 m/sT R
PEAT o TESRESRUNZE 3 PR

M3 HBRE L AR 2 m/s T B AT ES, Al
DA 2 IO R B 2R, AN i 5 BEAR B i A 22 B
ERAEHEBEIRT] 3 m/s B, IR ZEHOR, JUHIEAE PT
P8 BRic I, 24 B F- & M\ die i 3 BE I I i T A
Rz B, 3R 2R R K 2 m/s (193958
AR AR R 2 R A AR AL AR N AP ORIEE B L Y [R]

x3 HFERE;RE
Tab.3 Displacement error of moving platform

mm

-5 3 m/s

5B HE 2 m/s

Bz A
Xpik VOrE Z4MR XS YA Z4
P1 0.8 0.5 -0.2 1.5 1.2 -0.8
P2 0.3 -0.2 -1.2 -1.8 0.9 -2.1
P3 0.8 -1.1 0.8 2.2 -3.9 4.8
P4 -1.4 -2.2 -1.8 -1.5 -1.9 -2.6
P5 3.6 4.5 -3.3 4.2 2.1 -1.1
P6 1.6 1.1 -1.2 3.6 2.2 2.1
P7 1.8 2.2 -0.5 3.1 2.8 4.2
P8 2.6 3.3 2.6 3.8 3.6 8.2
P9 2.5 -2.1 2.1 4.5 -5.2 3.6
P10 1.5 -1.6 1.2 3.6 -2.6 2.5
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