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Synthesis of Rice Transplanting Mechanisms
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Abstract

The utilization of rice transplanters is very popular in our country.
HoWever, it is still lack of basic data or methods for designing of
transplanters. So, the authors intend to conduct studies on the synthesis
of the rice transplanting mechanisms. Main objectives of this study are:

1. To investigate related mechanism design methods, thus establish
principles and methods for designing of transplanting mechani-
sms.

2. To construct a complete set of computor programs for design
and analysis of transplanting mechanisms.

In this study, general mechanism design methods are reviewed in
order to choose a or some suitable methods for designing of rice
transplanting mechanisms. The method developed is compared with the
graphic method for applications. A complete set of mechanism analysis
and synthesis computer programs is obtained.

- POREER T SR BRI o A B RIS
—~5 &' S » DRABN ARSI T DS
B4 » T AR Rk a2 TR
BCORINE » AR ERERR NS - 8 DRKROIETT » F LGN EEERTEA
TREH MREHEZ) - FREHEGRRS

RS HRIFREKGER - ERYE—ER

|

BITRGTHETT - Bt » AW RZERBNR ¢



LIRSt Tk o SRR
RS 2 AR o
2. @ r S TR AR -

X Mo

L iR EBLEE

TEFRIS B EBNRE L BEE RS/
POEEEEN R AEBRNEER (Prec-
ision point) - @1 Hfy Pi~Ps o

W1 N

BRI ®
(BB TEB (Upper part of seedling) » Py
QWK EZ (Surface point of seedbed) »
P,
G)VEIKED (Bottom point of seedbed)
' P
@EAVELE: (Point to enter into the
soil) » P,
G)RES (The lowest point) » Ps
(6)EEBAYE -2 (Point to go upward from
the soil) s Ps
Hep s B Pi~Ps BRGEFEENERE NS
HREFREDEE » REKEHINBIG o Hil
AR Py WBAAE ~ HERD - EERINEE
S P EIFEORT » NERBETTEEEREH
R EEEEKE - B Ps WALE RIS B
ARE + Ps IRBR{E » BIFREEARS s Ps X
BRSNS o B P, 5 Ps WIEREIMBRR
BRI L AR S BT IR o
EMFRHEBEBORR  BLEAEEEE

BB _EHBRGRETHE
2. R
(DR

JLEFTARBSER AR » RERNHPAE
B ARMTBARE ©® o mNSRBEHI
HEB BB L AER B EAR » R NAEBER
B 5| R DR R EIREBY R, o IR
TEAAIE IR R ~ MR ERE Y o

QF mES)

FraBny T EE B2 1R — s SRS BN SR
A—TEE o MBEAERADERFTERNRES -
RSB BET LA RN A BSMRA—TEE »
BmES o

(Q)iRFEPI AR B 1

HRERAAEY (Lower pairs) Ry -
AR — B E B R b A PR &8 (Constr-
aint Motion) MEHHEATE® - ~BREERH
SEBMKE » JUES B HESNILRENRARE
EE

YIRS S » it Kutzbach criterion
ae2b  H B SUE R B ERRERTS ¢
f =3(n—1)—2ji—jg oereremrsseseeee o))
Hepo f - HEBE
n o ERE

: {E¥ (Lower Pairs) gy8(H »
: &% (Higher Pairs) W% H o
Zl‘ﬁiﬁ%ﬂﬂ’ﬁﬁ%ﬁﬂﬁ—‘ﬁ@}\ﬁﬁ |
Griibler$ criterion® » QXL ¢

mERAE > n LBAK - 8 n=2,4,6,8

FE P B RO R B R DR A TR - RIS
FHEERES  AAA~ERARE (ZHHEE
) o RIERR ER - MARHREESNHAEE)
SRRYEIR A B/ AVER BURPD O 0 Ll
R AR BHEBER N ENERRESK -
8. RETHE

R — g R E AR d « BRRE ~ WB
RABRIREIEZ AR 00 o el HEBBNR
PERMERERERER » WRIBERHRM
REMERENTESEEGRBZT » FR—
U - GEH AT R E AN E o

— 55 —



PUEARAREHE B IR » RITTSR AP
: (DRIBA S M) D EEs A QMR Z Bk o i
RS REIERET » N LERBE RN o RiLB
B IR ZEE] o EREHRETEEF : BLEW
Ay~ BB  HE R OB RRE: ~ MBI
BNEEER SRR RO

OB ERA

Frag TR ER ] » SRS 2 KR
BENEEEREBERRES » HEHTRBHER
F=EE 610 o fFEEEMET R LR E AN RE
HEHEAT AT R ERIR o BIR/HER ARG
BIXEM LERS B - RAKETRMEEEE
EEMRE o DABUBKEST O ¥ BREERTAGT
HIIERE TS & P E SRR R INEEER

QEBY: O

EE—RERSRY  EANTRELMER
IR o HERUREREBSREAZEREE
o HEBERWKEARE ~ A —EHRBARE -
RS BB FREE WA o

(EB R OB dhig s 202D

v L TS e R e B i AR PR B DO AR HY
BB » ARTARHENERETEFIA Burmester
2 FEE AHELU ERIAREA o BN
B2, i i % o0 B v AR T R ey » HEREMERR
[1] 3190

WHRBRLk T

WEEEN AR R FEANS
o BHELUEHEECHREBHRRE » HER
HEBEEERD | DERRHENEBRREEIE
Wi > BRI EE B ASERE > R ER: o HIL
SF) FE o s R T R B R (R BT ARG T RO T AR AR RE RE 1Y
BBE e - B e HEHZRR o TR
HIPO R 7E BLE R R B A A E TR » Bk
BEEAETER

BRIk 810

bk R BB Rk 0 B8
FimgEER] » BEMEEZRNT IR/
BT o HIETT AR SREEERET » AWREERK
BEREZRE » AREESEBRER  £RTRnE
e AR TR o

(BB AR O

RSB RR KN AR RN E R LA
E—#zE o BB HEAMS R ARERRY

ALAAR—HEMEEE o BB HERM—KRES
» A TTEEEEE I ABR S o bh RIS AE B N
FELHILETINE]L -

1 WEE®% BOFHERRIEER
e B R RO B IR R LA

HE %
®| cpepa)

5] o

# e

BOEHEE | HERERSES

(LST) (SPS)
/-a:.: ;Z‘e,%e.&

T o mEHE
1 @gé =

@ | TV RS | T IS M
BRI . | mEEte

W LA I 41| BT R 60 e R
B | BT .
PR
% | B
REGHER R 8| TR EIAR
DH B £ o

it e REEBEI—RH
BB o

B BADH AT 3| AR B
#hke | ERERRN o

TARS HEHH
Bt o

BraEt R
By s BERE: o
ATLABES 18
MY o

TR R o

E~FRERRBNRSRREZER

Mo REpTRASE B o BEHAPLL TTEE
%] (BERVEREBEGEER) & MNEH
ka2 MEHEREBR RSN
R AR W T RMERE -
L{EEEZIEA
% rEsvrERAE] ® TEak] a56ER
Hn RS SRR o T ARG ER A SR Y
o ARACBPLAMIRIER o SABE ST Bk A L o
OMRABWIER &
FE—EEBAE (nE 258 C~Cs) 1
PIHRN BRE ¢
() Y (Pairs) DIEAEH o HHl
g (Cy, Gs) & (CpCy) o
@fe CCs & C.Cs HBET S Cis & Cus
s BRI O.85 - O BB MER N EE



Bz—o

Q¥EMA—RKIFEBR - B B—RIERE
1o B O B o AEREEN O BB »
DGR Cpy B » B C BEHF
C s FUERR CLoESE B C BF
—HRC # o (i@ 3@) o

WKEBHKL O, BB ELEE » EEHENE
W bR AZzEEERE (UE3G)  #
BB -

G C BEEL  —EERERSEEN
2 0 B AL BB G BRED
A—PEEM > 22 0,6 7B A Bio (W
B4) o

(6)E A1A; BIREIR a1, a2 3T azs (22
B C/Oy $E ¢23/2 THEB) B O Bio
0. BeSmERn S —Ees 5 O.A &
BB EERERE -

MLk O; BED » OA B4LRHE  £HE
EH As~As Bio

@l C: BELD » CO BLREI 5 BLL Ay
BED » A0, BLREI » FMINATHRE23
o IR IR EHE4 o fF—HEER 23
~BiAT O HEDR Bre

(990:04A:B,; EIEEA Ci~Cs B o
Ci BBhRE AB, WEEf o

BB/ ERERE R

HE—ERAE (@4 CG~C R C/ B

) WRER » FEWMT -

WEEARE (n Ci~GCs) » LUBRAENT
ok B—mmER 0.0,AB -

@ E—H B » MAKEANERE (G,
) LA (n CS B R > BfER
—japEE 0,0,AB' -

(GyEBAEMm#EER 0.0AB” iy B
AT BEIR B Bz DIERASRER
Ho

2R ARBEIER

— B REE M R B RS - X8R

HWE)r; AE > MEPHEED o AER MBRE
{EE RS T E B e R I R FF R
B h—HRHBRAREY - HEREEIERY

(b)
E3 BaEkE C/ R C & I LCE SRR A — R -

BER—-ERHRREY  IHF1IBRE I

—57 —



B4 DUEAE R BRI E

» HEPARAGER » 2RE5) » TRR :
Vi=R;—Ri+Z;+Z,(1—ei¥i) -ovee- (3)

MEEmMBEED > Bk EXTH (m—1)
BEHER Kk > 2, VAERABHREHEER
sERBL: S
‘ A V;—Zs) <hy, § =2, 3, m;~~--“-(4)
& T Zy R -

Z,=X;+iX,
{zz=x3+ix4
BERRAGRS .
Vi(x)=[Rea(R;j—R1)+ X3+ X1(1—cosg;)
+X,sing; J+ ilInag (R —R1)+ X,
+Xz(1—cosg;) —Xising;J

. . j _2’ 3’ ...... TLeveornonsvnsoesescnns (6)
BERRAQRE .
|Vix) =y (X (X2 <h;, j =23,+mp
...................................................... (7
ﬁl:[:l s Vj (x): |Vl (x)l ..................... (8)

HORFHEREREAT SR 2(m—1) @
AER ) 2 (m—1) EREFATRFTRRE

HRERMCERMAHX o '
. X::Exl’ X2, X3, x‘j ..................... (9)
REBXR > REERHEEROLERERTL
REMT :
K Zo:l{l‘_‘Z‘—Z2 ......... SOIERRLRIILL Y (10

Z, BREARNERNEEEZ—HNMER
o |
R EN BT B R > T RER
FEEEERAEERNN  BESEeEEED
TEA c S —EHARHER :
Zy+-ZeiitZ ' =Py, j =1, 2, mg

Hep s PiHIRSIES | BB HENNMNE -
Ri—Ry+Z;+Z,(1—ei?) ] ,;,(12
Ct Zz J

7; =arg[

B P GNBAEHSEER - Bl
KRS -

. IRi—Pj| <hy, j ;2, 3yeeeeee Mgee+e k)
%Gbﬁ%ﬁﬁ%ﬂ—"{kﬁkﬁﬁ :
Z;igzije“i+Zzii’;eW:Sie“i, j=1,2, e mo+--(d

Hebs; ¢ 8 BhdhEE ;
0; = 8 j BEAEEEAY 5
HOEORXRRUYRTEE s B r; 558 :
§=p a1;by; — a5 by
s

a;;8ind; —ag;cosd;

byjsing;—bycosd; SRIE]
aljsinej—azjcoSaj
Sebr
ay;+iag = (x4—ix;)eiri
. T e )
bli"‘lsz:(_—._-Xz-I-lxl),"h

] ARERNEETS U BAASE



FmEHK,;» Al
— ¢ Bubg—agby oo
U= ¢ a1jSi;1051—825’C0,50j | <K@
Hfrrn<mo

BORTE 2n@ARFX » MEHOR » 7IH#
BRAMEREESERMTHX o

B5 HEARFTEAHRE

MARORBARNSER OGRS » #RE

MR X THRARSE o BBRELRN > DL

Fiacco-McCormick#75 4 RiE “SEHK” @
TERREANBEERR » YLl Hooke & Jeeves
HFHGE O EREER ©
HENGaERBRPRARERK » B
EHMBIHEBEMES BERE o #H# Fiacco-
McCormick ¥ » EHEINEREP)E :
1

POO=%, 75y TIXE 1gi(x)[ 08

g;(x)
j =1, 2000 2(m—1)
SELEIREMNS P(x) B/ » MRHIEHES
MNEROR -
Hooke Jeeves {ij¥: » ZHEMR—E X{E
v IR X =[xy, X, X3, Xo) X E » FP(X)

g/ 1L “Pattern Move” BIEEBEE (I
B6@) o BiLEFHEEPHIER » ¥ink
100 AR X/F IR (M@ 6 (b)) o Hooke &
Jeeves MIFBEMEEME 7 5 o

UG Bhir & RIS 3 HE » FIA Hooke &
Jeeves MF{EBRHNBAFBMBEEH (1)

=]

; ) ‘
B 6 Hooke & Jeeves HBETIHE

me® Bl S W
B R REESHERERBEEEGES
MRS AEEENRET  HELERES
EEAR O FHERE » Y HE® &z BE

% o |

WP TR 2 58 o Kbz — R A
“ERE o

8 ) PP B O R A B SR B B S R B
MR » WRERZ EOEEE » B5% 308
S5 B LA PR B RO B A R M B3 VAT
R BER ST © RS
HRIMER » 5% o

3 4 T4 R RUERE SRS AR
VRS Rt » PR B R HE R E
BRK » REE T BBEMERRE 2 A o



~no

given x and
stepsize ss52l

y
call vector x the
old base point ...

“

x 3 X

increment X; by
(ss)% of its range

retain new x|
component

irecurn to base point

A

for this component

try & pattern
wove from new

a direction
= (x' - x")

base point in >3

Retdin new base
no —J’point; X = x'

base point, x'

no yes

call this the new .

41

The current
base point
is now oid

try a negative

x" = xl

step of same

no

The current
x is a local
minimum

no

e

generate 100

yes - random

haive the step-
size: ss = §s5/2

numbers to
find 3 better
x* and P(x')

[

v 4

Retain pattern
move so that:
[ x = x' + (x' - X“)

A

B 7 Hooke & Jeeves HIBLWHEE

— 60 —



#2 BGHRHA

B - 1) R B = fl M P PR 1l
P, (275, 80) (213, —50) (175, 80) (190, 234)
P, (290, 50) (230, —61) (190, 50) (213, 192) v>1.0
P (300, 30) (315, —70) (200, 30) (230, 157)
Py (270, —100) (386, —153) (170, —100) (176, —190)  6v>80°
Ps (230, —130) (353, —120) (130, —130) (153, —215)
Ps (210, —100) (275, —56) (110, —100)  (137,-190)
it : OFE v Efr : m/sec
OFRMEFEL : (mm, mm)
#£3 LMEESERRENGSERERHE 2 ROAMREIZER
® 6l REthE% HR1IR HRZR EBRIR HEB4R HBESR ¢ 4
f¢ B  102.3 30.6 125.4 77.9 271.2 36 -73
1 SPS 101.34  31.93 125.47 76.68 266.96 33 -—74
B’ 6 1014 31.9 125.5 76.7 267.0 33.5 —74
£ B  166.4 73.9 201.4 92.6 430.7 26 49
2 SPS 168.45  73.58 293.46 93.28 436.58 28 46
B # 168.6 73.5 294.1 92.3 437.2 29 46
fe B  100.0 36.9 90.2 57.3 164.2 43 -7
3 SPS 100.01  37.53 90.64 58.12 166.63 46 —73
R & 100.0 37.5 90.7 58.1 166.7 45,5 —72
£ B  129.5 42.0 91.3 88.1 194.6 38 40
4 SPS 129.41  40.25 90.23 87.56 200.16 36 41
7 # 130.0 41.0 90.0 88.2 200.2 35 41

#: LERREREMRmmMo.
2.AEHEME degreeo
3."SPS” B Phis A RBE: o

— 6l —




#4 (FEREREENG S RIPREN EERGREMRT %

Btz d RN E # 1 g Hm 2 7 # 3 ' A 4

RIBIRR Ve ; SPS | fe@ | SPS | feEl | SPS | frE | SPS
BER1EE 0.89 | 0.06 | 1.30 | 0.09 | 0.00 | 0.01 | 0.38 | 0.45

| _
MB2RE 0 408 | 0.09 | 0.5 | 0.01 | 1.60 ! 0.08 | 2.43 | 1.83
T - R . A s ] . i i

 BE3EE 0.08 | 0.02 | 0.92 | 1.60 | 0.55 | 0.07 | 1.44 | 0.26
SEAEE 1.56 | 0.03 | 0.33 | 1.06 | 1.38 | 0.03 | 0.11 | 0.73
HE5EE 0.37 | 0.01 | 1.49 | 0.14 | 1.50 | 0.04 | 2.80 | 0.02
HE 6 8.95 | 1.49 |10.34 | 3.45 | 5.49 | 3.30 | 8.57 | 2.86
Mg 1.35 | 0.00 | 6.52 | 0.00 | 2.78 | 1.39 | 2.44 | 0.00
R 7.82 | 4.61 | 9.28 [10.39 | 3.10 | 1.11 |16.25 | 3.26
B 467 | 116 | 9.24 | 2.60 | 6.67 | 4.32 | 5.20 | 3.01
EARLED:

BUBRVE + 9.20 | 4.26 | 8.31 | 3.69  12.68 | 8.34 | 9.96 | 1.26
L i i) o : j

v s ]
EARLE

EAR 11.26 | 6.36 | 9.56 | 7.73 |19.26 | 3.01 |10.27 | 9.26
ZHEE : :
HEATEAE

11670 | 9.26 |10.26 | 8.23 .| 21.46 | 9.26 |14.26 | 11.02
CZIEE , . _

i LRPREZEMRY
- 2."SPS” REMERIGA B -

» FEBIERRER K o
(AR R AT L3Rra 61T BB AR R E
1987 G 3155 4 » BHBRF 5 BT EER A
W REHKIE AW o EREERRE
QLAER A BEERRET LR BEA T

TERFRIE27 5 S RI695 EAE » SR R L ik
TERFRHEBAES - Bt EeEaRhga S8
PIRERER RIS - MEBSEEBRAER SR »
IR (ASSE D=

@) LkBIP » LIRS R B ERNERT



EREERALE R ES » TR LA BAEER
Sl » TR B B AR LR o IR T ENARERI 2 0 52
— R R A e A £ SRR I Y PR B

@R EE R o R BN » FHERARER
R IR OB R » TRE B B GRS
ERA A B BRI o B RIS
& BPERR AT o

(B)RR BT SRR A M VI KL L 55 W7 45 BB 0 LA 5347 5
HHERF A EE RSl
A o

E~H% W
e B3 AR ELAR OB T (R I R B R R

B o ARG LA & RPRRA A

TTRMELET ﬁl«)a%Tf%%ﬂE’JEﬁ%ﬂf&%ﬁ"
T BRR -
WET Pi~Ps & Pi~Ps BMHHRMHAAE

o BRI LU EE—RRER  2EBRIRER

BEGME « AETEH Pi~Ps & - MBSk 4 =R
BERNERENER T LR MR BB A A3
G EIRERGT RIS o

QETHBEHNEER IEBERH :

(3)kh Hooke & Jeeves S fEztH o

WHMERREENFERERERRERES
BEXp o W HES B EE P DR IRBE L
HIRLE o

LSRG & R R s et »
DR sRE — N E R 5 PR A RIBERY
AR SRR B - FEINEE ~ INEEHR
R RET - ARRERAEMNEE  FBEER
AERBERTAAEERE -

REBIENRT Mﬁ%@&%ﬁﬁﬁmﬁ#
AITRET BUSHESE © LS YLMEIE
BRI BEANBE | BRI RIS

BRGCER RN » bR BERE B

RHBREHRR » REINBIERGET

B HR T R e o BB A T »

BB ~ RYSRKER -
it - &R RERGT R ARG - FLH R
WA IRRE S R PG IRRE B ENRE

HE TR HELA LRSS RERl

BETVE - ~ATRNTEHEFR ¢

AT ORBERE

(V)7 H & FRRERE RV AL 1B B B e o
QURMER %G EBERE S Hook & Jee-
ves MFILMERE o
IMERRET Y 18 R~ U s 7 47 0 BREEER
iRE o
WHG S RE IR R » BRHBFT -
G)aeEtERU B B » MBI H5 BT » DARHE
REBRNBE o
H A B A AR 7o b 2 SR s s 25 uedh ey %,
D WRRETHF R o BEAKRTESHEaE
B -
2 EEKH
1 Bligx . 1986. FHEPUEIRBEZ SITREE B
EWRBRAETRBWENELR

L2 %W 1977,y = v R BEURBIE A AR

BABERmeegit Vol 37, No. 4, pp.533-538.
3. Allen, C. Wesley, 1959. Point Position Reduct-

ion, Machine Design, Vol, 31, No.2, pp.41-45,
Jan, 22.

4. Bereridge, S. G. Gordon & S. Robert, Schec-
hter, 1970. Optimization: Theory and Prac-
tice, McGraw-Hill Book Company,New York.

5. Beyer, Rudolph. 1963. The Kinematic Synth-
esis of Mechanisms, Chapman & Hall Ltd,
London.

6. Fox, R. C. & K. D. Willmert, 1967. Optimum
Design of Curve-Generating Linkage with
Inequality Constraints, Trans. ASME, Series
B, Journal of Eng. for Ind., Vol 89, No.l, pp.
144-152.

7. Freudenstein, F. & G. N. Sandor, 1959. Synt-
hesis of Path-Generating Mechanisms by
Means of a Programmed Digital Computer,
Trans. ASME, Series B, Journal of Eng for
Ind. Vol. 81, No. 2, pp. 159-168.

‘8. Goodman, T. P,, 1960. Four Cornerstones of
Kinematic Design, Trans. of the 6th Confe-

- _-rence of Mechanism, Purdué¢ University.

9. Hartenberg, R. S. & J. Denavit, 1964. Kine-

matic Synthesis of Linkage, 4Mc.Grav'v—Hill
* Book Company, New York.
10. Hrones, J. & G.Nelson, 1951. Analysis of the
Four-Bar Linkage, John Wiley & Sons, Inc.
11. Kramer, S. N. &G. N. Sandor, 1975. Selective

(GrE52H)





