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Fig.1 Mechanism working principle diagram of seedling-picking
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Fig.3 Planetary gear train of deformed oval gears

REVTHC I I e i FI- TR A5 21, ASCLL 516C e 1 Rl 1 42
ENFEIIALE, LLE M R INES.

1T RZEF AW SR 5, SN o i
1 CKBAE) [, TR 2 Rk Rk
B3 TR %), MR 2 5Ui% 1 w64k 0,
HAr st 3 AL LIRS 1 e R 0y N R,
HAL XO Y MR R, Orn O3 AUEE 24 3 [JiEEe L, M.
P oNVIEE 2 HUGEE 1. 3 MIMES 55, AT ZLEEA o=ct.

2.2.1 THIIHEBITESREZGAZES 54
BN ZIE OM. OP 733 H ri(p) r(p) KRR
rl(go):R((pz+(p) 2
n(e)=R| e —%er 1i(9) de (3
2 () : 2a—r1((p)
W 20 3 T MES LI A va(o)s ws(p) N
_" nle)
valo)= | 2a-1,(9) v

" h (QD) e ) (§D)
3 =|————dop- d (5)
v ((p) ‘([261—1’2 ((,0) ¢ ¢3—A'.:p2(<p) 2a-r, ((,0) ¢
PL Bo(0)B3(0) R /A 58 2.3 B2 B ZIH) A8 5 pa(9)
(@) FNNES 2. 3 HIAS I ZI H 3 A

{ﬁz((p):%"‘yl((p)"'(/’ )
72 ((P):(Pz +m—n/mm, +Q+y, ((p)
{ﬁ3(¢):¢3+72(¢) 7
V3 ((P =72 ((p)+n_n/”1m11 +¢, ty, ((P)

Bh Xy (@) Y, () TR IR 2 Hebt ot 4 20 A
i X (@) Yy(0) Zmtih 3 el bt 4 I 20 4 5

{on (¢) =2acos B, ()
Y,, (@) =2asin B,(p)

{Xm (@) =Xy, (@) +2acos B (p)
Yo (@) = Y5, (@) + 2asin B,(p)
2.2.2 BHIPHERATERLZGARE

Uoy(@) « (@) Bt 2. 3 1 F1# Fi ks

or(p)
2a-1(p)

(8

9

(10

,(p) =

_on@) ()
2a—-r,(@)
2.2.3 THIPHEATES R Ak

ARVERGIE AT IR T RE R BORR B AR B
PRACKR FIENSREFH ZHL Bli(e) v 7(0) En r(p)
n@E) X o MFE, a,(p) a,(p) Nk 2. 3 FHET
fnag g1,

o, () =—

200", (9)

. (12)
(2a-r(9))

a,(p)=



11

B SIEE . ARRE A R AL AR I R T A e S B R & S LEE S 11

(2a-1@) (@) (@) (1-1(p)) 0o, (9)i(9)
(2a-r1,(p)) (2a-r(@))
(13>

as(p)=-

3 ‘IR HBEIRE

CERHERT B A LA BV e A A A T B AR 1)
s, MU EIRE s B A 4z s, 456
AN, TERGTA “EHTE” ER “HOR” Bk,
B O (Y= S N 11 S 3 W E DO N 7 1) R N
SRR, HERR I AR B, KSR B A .
3.1 SHESH

BRI E S 7R AS, T H TR K R 2T
AR BIBE RSB, T AR S AT e
THREEWME 4 s,

e b k% 3 thO BB OLRIEER, Siv S 4r AR BT TS A
5 3 L BIBE R BRSO ABILAR S
B4 BAHRETEH
Fig4 Schematic diagram for stretching movement of
seedling-picking arm

0 = arcsin (ij (14)
S

1

Szzdtmf—h2+ASY+hz (15)

3.2 ABERFESH

BB B IT AL B HER P 18], A EERRE X AT — [
SEAEHL, B IER I, ASCRRBEES:, 1E i HF
JEICFRRTT ARSI, HJR BN 5 Jros, Ny No2 midb
2 MR 73 0l 7 B R AELE (Y 2 AN HERRAT 538, R 1
HUS TR o 4 BORE R HE AR AR B K PR Y 7 7 1) fi
MU, B ST T AMI, AR, SEELREE,
FFRENBELIO; AR, BET 2 T
M, B esl, FATTRRET, TR HCEEBET 5 HE WTAT f AR
X2 Bl 56 T -

T L PYRBE S BIP IR TR BB B, 01 0, 23 A R B EH I AT S A
FHEENTTIIEA, VIEDGBRINTT, AL IERIBEES, Ad AR,

Niv Ny A ferl
B 5 BetRFHXREH
Fig.5 Working schematic of picking needle

L sin@, = Ltan 6, + Ad
cos6,

2 2
VA B L U VY
cos 6, sin 0,

LONFREH T B, AL REHATRE, Ad Bk
R AR, 3 S Mg E )R, ANAS, AT
IBILR A 60, LI F1JE 0,0

4 SRAIRE

AR GR T tA 8 KRB VI RS AL > LR S LA A A B
EhReAT R R EA NG & R BEr, B
AT CEHET MR BB Rkl )5 ey
PrAEifE, Hosshima i, BB ABIEEH
Siash AT INAERIZ s 34, S0k, fEdkAfies) b,
BB BRI 188, FAFHIPE R L KE D).
4.1 SEAIRYERNZ HREY

RN I ASE ARSI T 5 a8 A PE O
FE LIS A B AOAT e R AU IR T AES 2 /)
TEAEDHTe BL o Fom WG AL BB R R A %8 3 ol
ML S e 3 KAk A, WA

{Xm (§D) =Xos ((p)+S1 COS()/3 (§D)+§D4)
Y, (§D) =Y, ((,0)+ S, Sin(% ((P)+(p4)

{me ((D)Z_WY(); ((P)_wz ((D)Sl Sin(73(¢)+¢4) (18)
Vo (

(16

an

(0) =X, ((0)""603 ((D)Sl COS(}/3 ((0)+(P4)

Apix ((D) =0 ((p)Sl COS(}/3 ((P)+(P4)
+200;(9)S, cos(;/3 (go)+go4)
Apy ((D) =0y ((D)S1 Sin(73 ((P)+(D4)
+200,(9)S, sin(;/3 (p) +(p4)
F4 BT A, R VB Gl sR1G 0 B i 3k
s Wil 6 By “BOB” #Ehal, BEr, Bk
PE NS, ARETE RN BB E .

QL))

S N

B 6 oA ey sk ik
Fig.6 Mother locus of picking seedling machinery

4.2 SEHMBRLZEHIEE

ASCR M B0 BB i ik 5 0 5 s s ol
BE B Siash ] 4 IR, HERE . ik, IR 4 ANz
e, LUF o 4 Bl AT o0 e

D ok SRR REEYIGIRE, RIS AN,



12 ek TR 244

2012 4F

PASHESE S eIERi E I P

2) HERE: HERIRR R M R, WAHERE X TR
N @ € (markl,markl+wt), ¢ J¥EABAEME, &
PSRN, L AR, L N i o KR, S(e)
HRREHAR AL, m AR SR, Fpoh A IS R FE
J1o WIHAALE

S(markl) =0 (200
V(markl):O QD
k(L-L —S k1))-F
a(markl): ( ! (mar )) 22>
m
HARE A

V(p+oAt)=V(p)+a(p)Ar (23)
S((p+a)At):V((p)At+%a(go)At2 Q4

k(L-L —S At))—F.
a(p+wAt)= ( Slore )) ! (25)

m
KBRS 2% )L S A, R AR A i 8 1R
JEANTH RS o b, BOE BT AS=20 mm, [A] AR
I ORI 6] SRVF (I (R TR, SR A5 3 W R K R
SBUS A BN BIEAEE ), SRIFIZ BT I m i e s
gy, SR

{XD(‘P):X01(¢)+S(¢)COS(73(¢)+¢4_8) (26)

Y, (9) =Yy (0)+S(p)sin(r: (0) + ¢, ~0)

{VDX (@) =Vpix (‘P)+V((/’)C°S(73 (0)+o, _9) (27)

Viy ((,0) =Vyy (‘P)+ V((p)sin(y3 (QD) + 9, _9)

Apx ((p) =dapiy ((p)+cos(}/3 (§0)+(p4 _0)
(a(0)+2(w+w,(0))7 (0)) %)

Apy ((P) =dpy ((D)‘*'Sin(?’s ((D)+(D4 _9)
(a(p)+2(w+,(0))7 (0))
3) ke BESEARHRES, N, B S E
ﬁm?‘ﬁﬁ%*lb‘ﬁ’]ﬁfhxﬂ{ HIz F))Fs U E 3 AH
» B (5 /K S, BARIERRIZ S P S, DT g
%Eﬂj}y_ﬁiﬁj‘ﬁﬁ’hﬂb%ﬁ LA Xpa(9)~ Ypo(p) s FoAir
o Vooxdo)s Voo o) RaIHE, apadp)s apalp) It
4) [FIRE: S R G s A AR ], g R
HIERENEF N G R T2,k JRE G 340 58 Rk 22 1)
SRR IR SN, s g R R s SRR A
[FIREX 6] A @ € (mark2,mark2 + ot) , 5(p) H NBEIHFE A,
o) T, ay(e) A fMINEE .

5(¢):A5.[¢—n;ark2 _Zlﬂsin[%;(q)—markﬂjj 29

cob((p):MwT?((M(l—cos(%((p—markZ)D (30)

Wsin[%(@—marﬁ)} 1)
LL Sy(@) Vi(@)F1 ap(p) R~ HAER H B2 3wk 1)

HA SIS . R BE, LAIR SO bt b IR e,

FREFJ7 A X BT AR R & XOY, Wl 7 FToR.

a,(9)=

S, (¢) =L, (cos(o +8(¢)) - cos (o)) (32)
V,(9) ==L, (¢)cos(c +5(9)) (33)
a, (@)= ~La, (@)cos(o +5(¢)) (34)

| =
W
() 4 4 KX

/
e o) W XFEBN L, o IR SHRiR
B 7 W64 REH

Fig.7 Working schematic of picking needle motion controlled by
shift fork

B BB RSB BE FERRIZ B, KA R X W]
BREH [ e iz 5l T e

{XD((p):XDZ( 9)+S, (@ )cos(y3((p)+(p4—9) (35)
Y, (9)=Yn, (9)+S5, (¢)sin(r; (@) + o, ~0)
{V i (0)=Voox (0)+V, (@ )005(73(‘P)+‘P4_0) (36)
Voy (@) =V (@) 4V, (@ )s1n(y3((p)+(p4—9)
Ay ()= o (@) +c0s(7: (@) +9, - 0)
'(”b(¢)+2(a’+a’3(¢’))Vb ((p)) (37

Apy (QD) =dpyy ((p) + Sin(73 ((p) T, _0)

(a, (9)+2(0+a,(9))7, (9))
5 MBS EIL

51 MUBIREZEES

I RRBUR AR AT — 5 25K, il it 454
SHGRAT, 1 AU P 85— AN R 2% 2 S 4L
Z Hirm A i, & Hbs m BAT s vk ARt
AR PE SR i, BEAh, 4% H AR Z D InBCR HOEVE A
PEAER LR . HEH A H AR

IDIVN S NN S will /=P SR

2) M2 1 BEANNTE T HRARIN AT (K F 5 22 5

3) MR 2. N B BRI ALE, BTN

4) WA FERREFRE AN BRI 4 AR A 2 R B A
(R 17 A2 B P 5

5) NBR: BB, BREFR S SRR EOCR

6) NPRIRIE: BT HEAPRELROREE, BIFFRIE s



11

B AR KRR TR R A LA YL I TE A e 20 BRALAA (32 S HLER 20 B 13

7 ERGERE: BREFRLET CEET I TEE

8) NFEARAEL: ARVE ORI A Fe IR .

I8 LIS AL, ARSCEET VB AT R T,
TR AR GF T A 8 T e X LA A B 23 AT 5 DA R A
¥ H R DEEMTE S NKEE, ENARE&AE, RIIAML
AT, WM GBS EE T A Ak
Bk 8 Frar,

HEHEREEEEERENEE
EEREEERNEEREER MA ALy
sEEEEEEEEEEE

B8 HHAMMEATE &
Fig.8 Optimization platform of picking seedling machinery

5.2 BEMUER
5.2.1 B4R E&GHE

DLZK R TR RN TAEX G, BUVBRAR /N KA
BHR RS, 03R4 24 ¢=25.69mm,
=2+ k=0.12. m;;=0.92. s;=156mm. ¢,;=204°. ¢,=162°.
03=61°. @=17% A% 1 KN 3.2°0 "R KE 18.6 mm.
MR 2 mm. A2 2.4 mm, L BUBREESK ;. FE400)
12 B IR R SR R A2 B 1) 5 i b T )
% 26.6°, HEASHEARSHBU IS, WLTk, K
9a 2 EH U IR, 1] 9b S BN BUE (1) Bh Lk

&

SHrg e AL

a. SPRRNLIAEHEIE

b. RN BT

B9 ARAE ST A
Fig.9 Moving trajectory of picking seedling machinery

5.2.2 FRATR HA9RE

W R 9 P (0 R T E 55 3 DAASEER 1 7 20 N R4
o, BT R 2R K =180 r/min, SHEANLEE KRG,
E BT AT SRR O s i B R gk (&
10) o FREFR SR R v=3.83 m/s, 1% K
AP, BB IR ) ) SRR, M BER A A
FREFHENBRBLRS, B 2 TR BE I (3% v=1 m/s Ao,
G T R PR SRR AR, MRS T R

40

%)
(=}
T

g
<)

—_
=]
T

B SR A s

0 100 200 300 200
ATHBEEE 1 9/(°)
B 10 BATR EREQEESNER

Fig.10 Theoretical analysis result of velocity of needle point

6 FEREHIALE

ESHRE R T EGENGEWSE)E, 7T 4
SERBET AR, T ADAMS A, XA ER
TE Wk e K FEER TR ML BRA LR AT B F U 3L, —3RkA3
AT BN AR O 2 (9038 B AU R S, AT 36 UF 2 1
MR PEN TS,

B 11 R RARELAR I AT 2 O RER O s R, 1%
L B AT AR B I ER L (T 9a) FEA—FL
Bl 12 K IR HLR IR 1S 2 R ER O s TR i 2k, TLim
KHE v=4.2 m/s, BEF B T B B2 B IR U FEAE v=1
m/s Zidy, PiECHE g Bk S B 2k CaniEl 10D
FEAR 0 7 FLIRE il £ )R H I3 B RS S i) 2
JRR: A FHLR = iR S N ADAMS B IHAEAE—E
R IL LA AP R T VG 50 04 B R AR AR — i R 22, F 3
VIS Z MAFAERG/N IR B s[RI, 7638 3l 45 B R s
TR RN R LN, SRR RS R
FLanto200 N F I i 22 R0 7 BUAS B 0 oK
15 BRI RS R I A A

B 11 ESAFR I Huid
Fig.11 Locus from virtual prototype test



14 ek TR 244

2012 4F

FREFR B m/s

B 12 BATR Bk E 6 R LRI 4 R
Fig.12 Velocity results of needle point from virtual prototype test

7 %

D 8T TR R 5 AT B 58 R IGEIE, L T K
FEER TR ML A L) 1B Bl 2 A T

2) K HAESNM S B REMS S, )
TFH PP AR 1 5N B 045 5 e e X LR

3) MRS EE, T VB PRV WE
PR, 19 2038 H T K FEER R AR AL 0 B LA 1) 45 44
SR, AR N a=25.69. n=2. k=0.12. m;;=0.92.
s1=156. ;=204°, @,=162°. @3=61°. @,=17°

4) Sk R A LIS UE 2 B LA RIS B R 1 S e
IINTEE R — B, WA R

(& £ x #

(1] ey, FIrkt, RER, 55 KRR A EIR
LN Z T[] RIUEBITE, 20092): 1—4.
He Jinjun, Wang Lichen, Song Jiannong, et al. The progress
of rice planting mechanization and analysis of its restrictive
factors[J]. Journal of Agricultureal Mechanization Research,
2009(2): 1 —4. (in Chinese with English abstract)

[2] Ay, B0, U HEE A OB A g
FE]. RAHIMEEHR, 2001, 32(2): 30—33.
Li Qiyun, Lu Shanwen, Li Lihua. Experimental study on a
slideway parting-bowl-wheel transplanter[J]. Transactions of
the Chinese Society of Agricultural Machinery, 2001, 32(2):
30—33. (in Chinese with English abstract)

[3] #REEEA, kb, LA, BOK BB RN E AL 1
T P EOR A== ), 2000, 5(4): 58—60.
Xu Liming, Zhang Tiezhong, Shi Zhiqing. Design on the
picking seedling machinery in the maize auto-transplanter[J].
Journal of China Agricultural University, 2000, 5(4): 58 —60.
(in Chinese with English abstract)

[4]  [HAT L. Gl v SRRt CER)S
71.200480007602.4), 2004.9

[5]1 FME, BRIERE, B30, BUMIRELM]. Jbxnt: @5 8H
kL, 2006

[6] 4, B, Aral. BN EAT R RSB KL Sy
BRI HEHARAL[I]. Ak TRE2=4], 2004, 35(4): 78—8l1.
Li Ge, Zhao Yun, Yu Gaohong. Theoretical analysis and
parameters optimizing of separating-planting mechanism
with planetary elliptic gears[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the

[10]

[11]

[12]

[13]

[16]

CSAE), 2004, 35(4): 78 —81. (in Chinese with English
abstract)

HKEi, SIFEL, RN, A m AR A BRI T S sk T].
VI ZASBR 244, 2005, 7(39): 726—729.

Zhang Rui, Wu Xutang, Nie Gang, et al. Study and design on
high-order deformed elliptic gears[J]. Journal of Xi’an Jiao
Tong University, 2005, 7(39): 726—729. (in Chinese with

English abstract)
) ARNHU AT S 2R M]. dbat: HUBRC Tk AL,
2009: 188—242.

BA), AT, s, A HUEE T S4E M. b
A HUBRCME HERAL, 2005: 130—134.

FEKIE, XINEGL ATmgL, AF. KREER L2 HE L
WIE BT SR I]. AMHUEAR, 2005, 36(9): 41—
43,

Gong Yongjian, Liu Limin, Yu Gaohong, et al. Study on
rearward separate-planting mechanism of rice transplanter [J].
Transactions of the Chinese Society of Agricultural
Machinery, 2005, 36(9): 41 —43. (in Chinese with English
abstract)

ArEL, BRefE, BT, S5 IENAT RN E)
2RI, AL AEH, 2005, 36(4): S1—55.

Yu Gaohong, Chen Jianneng, Zhao Fengqin, et al. Dynamics
analysis of transplanting mechanism with planetary spur
gears[J]. Transactions of the Chinese Society of Agricultural
Machinery, 2005, 36(4): 51—55. (in Chinese with English
abstract)

WG, VR, JOR, AE. ARRARAT R R ENIGIZE)
SN, RMEH U =4, 2007, 38(12): 74—77

He Li, Xu Jigian, Zhou Na, et al. Kinematics analysis of
transplanting mechanism with non-circular planetary gears[J].
Transactions of the Chinese Society of Agricultural
Machinery, 2007, 38(12): 74—77. (in Chinese with English
abstract)

Moo, AREAR, X%, 55 KRR 2
B AR 44], 2005, 10(2): 19—21.
Chen Xuxuan, Song Jiannong, Liu Jianjun, et al. Parametric
optimization of transporting and evulsing mechanism of
potted rice seedlings[J]. Journal of China Agricultural
University, 2005, 10(2): 19—21. (in Chinese with English
abstract)

Chen Dejun. A study on the Rearward separate-planting
mechanism of rice transplanter[J]. Journal of Jinhua College
of Profession and Technology, 2001, 1(4): 1—3.

Guo L S, Zhang W J. Kinematic analysis of a rice trans-
planting mechanismwith eccentric planetary gear trains [J].
Mechanismand Machine Theory, 2001, 36(11/12): 1175—
1188.

BT, S, WHEHM. BT R R R 4 5 4 5
W), P ENUE TR, 2008, 19(15): 1796—
1799.

Wu Chuanyu, Jin Yuzhen, He Leiying. Numerical algorithm
of tooth profile of noncircular gear based on the characteristics of
cutter envelope[J]. Chinese Journal of Construction Machinery,
2008, 19(15): 1796—1799. (in Chinese with English abstract)



11

KB RS RN VAL YE I TE A e 20 B LA (132 SO HLER ) B 15

[17]

[18]

[19]

M, B, K8 MATLAB GUI i [M]. dbxt: §
Tk AR AL, 2008 129—204.

SO, BRA]. i Do AT AL B KRR LG K 43 T T 5
[7. R TFEZEHR, 1997, 13(2): 130—134.

Ying Yibing, Zhao Yun. Research in dynamic simulation of
separating-planting mechanism of rice transplanter [J].
Transactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 1997, 13(2): 130—134. (in
Chinese with English abstract)

ATELL, W, AT IR AT A ) A e e XA L
Wigz i Hr 5], RHEAR, 2008, 39(5): 45—
48.

[20]

Yu Gaohong, Xie Renhua, Zhao Yun. Kinematic analysis and
experiment of backward rotary transplanting mechanism with
elliptical gears transmission[J]. Transactions of the Chinese
Society of Agricultural Machinery, 2008, 39(5): 45—48. (in
Chinese with English abstract)

s, FHER, DA, S 7 HER RN T 45
FBt S B ]. PRI R 2274, 2007, 38(3): 437
—439.

Zhang Shi, Tian Subo, Qiu Lichun, et al. Structure design and
simulation on manipulator of transplanting potted tray
seedlings[J]. Journal of Shenyang Agricultureal University,
2007, 38(3): 437—439. (in Chinese with English abstract)

Analysis on kinematic principle for seedling-picking machinery of rice
transplanter with deformed oval gears

Xu Hongguang, Zhao Yun®, Zhang Yunhui, Zhao Xiong

(Faculty of Mechanical Engineering and Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In order to fulfill the work requirements of rice transplanter, a new kind of seedling-picking machinery was

designed. A new form of planetary gearing system that composed with deformed oval gears was introduced. Kinematics

model was established based on kinematics particularity of deformed-oval-gear planetary gearing system. A secondary

analysis and optimization software of seedling-picking machinery was developed autonomously. The parameters of

picking seedling machinery could be optimized by this optimization software in interactive optimization methods, and a

set of structural parameters were obtain and the virtual simulation was accomplished, it showed that the shape of static

locus from the seedling-picking machinery appeared like a peach with a sharp point . This locus can meet the work
requirements of rice transplanter.

Key words: transplanters, mechanism, design, seedling-picking machinery, planetary gear train, deformed oval gear



