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Selection of Optimal Machinery Systems by the Sizes
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Summary

This study was conducted to select the optimal machinery systems for the Mechanized Farming

Groups (MFG) by their sizes. In order to achieve the objective, a survey and systems analysis were

taken for 50 MFG of Chungnam province. Then a mathematical model was developed.

Based on it, a computer program (MFSDINGP) was developed by the Iterative Nonlinear Goal Prog-

ramming (INGP) and Hooke & Jeeves pattern search algorithm. Using MFSDINGP, optimal machinery

systems were selected and presented with annual costs of machinery for the sizes of 5—40 ha of MFG.
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Table 1. A model of agricultural machinery for mathematical model development j=region
F Model of agricultural machinery Varizble Unit
Paddy field PA; ha
Power tiller 8PS X1 No
10 PS h.C¥ No
Small (21-23 PS) Xay No
Tractor Medium  (33—38 PS) X No
I Large (50 PS) Xs; No
4 row broadcasting & walking Xe.; No
4 row drilling & walking Xa.j No
Transplanter 4 row drilling & riding Xs.; No
6 row broadcasting & walking Xo.; No
6 row broadcasting & riding Xio.j No
40A—Power tiller attachment Xi.j No
Power sprayer 60A — Power tiller attachment Xiz No
Mist & duster Xis; No
AST—400— Tractor attachment Xisj No
Binder (2 row) X5, No
Harvester Combine (2 row) X, No
Combine (3 row) X, No
Power thresher (portable) Xus j No
Thresher
Power thresher (stationary) Xis.j No
Continuous flow (21 surk) Xoo.; No
Grain dryer
Continuous flow (36 surk) Xon.j No

Table 2. The mathematical models developed for selection of optimal machinery systems

Mathematical model
Objective function -
Minimum machinery costs ; Z;
Z;=PA; (CM;—VAM,), W
Constraint functions :
a) Conditions for mechanization
b) Optimal hours for field operation (h)

¢) Labor for machine operation (man)

where,
j:l'......’g H ;{]q
Objective function?] 2|2} A4 ; where,
: : - 2] N Al .
Value added by mechanization s VAM; PM; (Main product) =% Fi& A
kg / ha
VAM,;=PM; X PPM; X EMT;
PPM; (Price of main product) =X¥ F3E
21
EMT;= z:l (EMijXSL) 7VA 3 W/ kg
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EMT(Total of EM) =713 &3}e] %3}, deci- FB, =A% vhd-& A8H] I W /hr
mal WA=AZ7E =9 5 ¥ /hr
EM,; (Effect of mechaniaztion) =743} &3} (F CF =789 984 ;W /hr
28 A THHE), decimal CLi =71%9] &8/ i W /hr
SLi (Machinery selection factor) =717 d A+ Ei =motors AJ7tF HEw) ; W /hr
(BA =1, 98" =0) Ni =Fan? 9% U(motord® N=0, 71&L =
N=1) _
Cost of Machinery s CM;; (% / ha - d}) B; =Fan? €% Y(motord™ B=1, 7|2
FCXP; 10 B=0)
M= T sweER - Bu. R EM Q =AZF;ke
+CF+ CLt+ WA) DT=%% 29 - wW&s Az 234
where 21E 5 hr
=1, 195 71 MTC =% A8 3% 4% %
J=h, 95 A DR =A% 2% % /hr
FC, =<2k 11%¥) 8§ ; decimal / year
P =tdxe ATy W/ o o Constraint function 23} # <
PA, =<dXFEHEH S ha/year 1) 71As=4
S =3YE=km/hr é:l X, > 1 (unit), k=344
;o =FEZYE I m If X5=0, Xu=0, Xp=0
EF;, =ZFEE&; decimal 2) A7) 2YAZH(Hy; ; br)
EU; =474 ; decimal ©® 7&%<(Tillage)
CF, =td=9] Ag &84 s % /hr- o 1
CL =td=e) AT &84 W /hr- o) PA <Hy
Z MG Xy
WA, =tdEe] A0 =9 s W /hr- o .
R&M=8H] W /hr- ] where,
i=71%
Cost of Machinery (Dryer) ; CM;; (W /ha - o) =10, 9 AY
MC, =Machine capacity (tillage) : ha/hr
M, = FCPZP +%%L [ (FBi+WA) + N:(CF; ol
+CL)+B. E] Xy =713¥ 9d ANANSE; o
PA, =x4¥ ¥ H5HH ;5 ha
DC; :m H, =A%% 43¢ 2780 A2 hr
where, @ A A%< (Leveling)
i=20,21: 71% 1
j:1. ...... ’g;z]o_d’ PAJ-’ . _<_H2_j
FC, =%t 244] ¥] & 5 decimal / year Z MG Xy
P =714 7474 W/ d
PA; =972t 283 ; ha/year where,
PMj=ha? B #% i kg/ha MC, =Machine capacity(leveling) 3 ha/
DC=A13 HEZF 5 kg/hr hr - o
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H,; =z AX A& AZF s hr

)

o134 (Rice Transplanting)

1
PA; - < Hs;

1%
i=Eﬁ MC; - Xi,,'

where,
MC: =Machine capacity (rice transplan-
ting) : ha/hr - tH
H; =A94 o] #7124 Akt hr

@ A%< (Spraying and Dusting)

1
PA, - < Hy

14
z MCi ' Xi,j

i=11

where,
MC: =Machine capacity (spraying & dus-
ting) s ha/hr * o
Hy; =A98 4A A71%4 A7 hr

=

® &= (Harvesting)

1
PA; - ” < Hj
T MG Xy
i=15
where,
MCi =Machine capacity (harvesting) ; ha/

hr-
Hs; =X 8 37148 At hr

® ¥3%<(Threshing)

1

PA; - = < Hy;
5 MG X
i=18

where,
MC, =Machine capacity(threshing) 5 ha/
hr - o
Hy =49 93 #7184 ARt hr

J

@ Az2A(Drying)

1
PAj ° PNIJ SH?.i

21
2 MCI : XlJ

i=20

where,
MC; =Machine capacity (drying) : kg / hr -

=

AEE) BAF S kg/ ha

T4
Ax H71H4 AL hr

3) =%% (Man—power) 5 L;} man
O ZEAY =59

j:L ...... ’95 x]g_:l'

MT: =71%4¥ Z&3Yhe] Bad =59 ;
man/ o)

Xy =714, A9 7Ads; o

@ BA&Y =FY

-‘-é: ML - X; < L
where,

ML =724 AA o] Bag =59

man/

@ ol =¥ H

10
i'—=26 MRT, * Xi_j < Lj

where,
MRT, = 7158 o|Y&del Hag =53
man/ ™
@ PARY =FY
v_lEAH MS:; - Xi,j < Lj
where,
MS, = 7158 HA g 4ag =59
man/ th
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@& 83U =57
g MH - Xy < L

where,

man /

® en4q =59
i;‘_JE)]BM’I‘I‘L ‘X < Li

where,
MTH; = 71%¥ 23340 "ad =%59;
man /

@ Bz2AY =59
21
i=218 MD. * X;,,-g Li

where,

MD; = 7|58 AxzYgel dash =59
/

Ct HFE =272 1Y
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fResol 714 AAsky) g oo 2ol AFH
Z2aYW-g st o] T=1Y-E MFSDINGP
(Mechanized Farming System Design by Iterative
Nonlinear Goal Programming) 2} #4&3tth

Table 3. Goal programming of mathematical
models developed

Min(dy +d;+ di+ di+ ds+ de+ di+ di+ dsHdiot
di+dh+ diFdhHdE+ditdh it dht
df) ,dx

R0 = i Xi+d—di =1

10
R0 = T X+d—di=1

1
R0 =  Xi+di-di=1

— 249 —

F(O= T X+d—di=1

Fs(X)= :izmx+ di—di=1

Fe(X) = };mx+ di—dé=1

F(X= é:l PA /MG, - X;+di—di=H1
Fo(X)= % PA/MC. - Xi+di=di=H2
Fo(X) = égs PA/MC - Xi+de—ds=H3
F(X) = ignPA/MC; * Xi+dp—din=H4
Fu(X)= T PA/MC; - Xi+di—dii=Hd
Fu(X)= X PA/MC: - Xt di~ dis=H6
Fu(X)= % PA/MCi- X+ di— diz=H7
Fu(X)= I MT, - X+ di—di=L1
Fio(X)= % ML - Xi+dz—di=L12
Fu(X)= % MRT; - X+ dis—dis=13
Fo(X)= % MS - Xi+di—di=14
Fu(X)= T MH, - X+ di—di=15
Fu(X)= £ MTH, - X+ di—dis=L6
Fu(X)= ' MD, - X+ di—di=L7

Fu(X) =PAX (CM—VAM) +dz—d:i =0

0 C X £ constants, i=1,--,21

(1) AH&<¢le} I FORTRAN77
(2) 7199&% . 60KB
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Fig 1. Flow diagram of INGP algorithm with the modified Hook — Jeeves pattern search
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Table 4. The upper limits of constraints for selection of optimal machinery systems

. Optimum Labor required
Constraint time of for machinery Mechanization
operation operation conditions
o . (h) (man / unit)
peration
Tillage 140 1 Power Tractor X
tiller
Leveling 124 1 X X X
Transplanting 100 3 X X X
Spraying 5 3,4* Sprayer  Sprayer X
for for
power tractor
tiller
Harvesting 103 2,3** , X X Binder
Threshing 162 6 X X Thresher
Drying 175 2 X X X

% 3(40A, 60A, AST—400), 4(Mist)
% % 2(Binder), 3(Combine)
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Table 5. Statistics of the mechanized farming groups(MFG)

S 2355 1990 4

“9 H

No. of 9.061 Junior operation 1,783 19.7%
MFG ’ General operation 7,278 80.3%
No. of Total 136,010 men(15,448 men)*
members Ave 15 men / MFG(12.3 men / MFG) *
Paddy Total 141,484 ha (17,873 ha)*
field
of MFG Ave 15.6 ha/ MFG(14.2 ha/ MFG)*

¢

(Ministry of Agriculture, Forestry & Fisheries, 1988)
. Chungnam province

Table 6. The ownership of agricultural machinery by the mechanized farming groups

Machinery Nation Chungnam province

No. of Ownership No. of Ownership

machinery ratio( % ) machinery ratio( % )
Tractor 6,100 67.3 745 59.3
Transplanter 12,069 1332 1,606 1279
Combine 7,103 78.2 903 719
Binder 2,275 25.1 226 18.0
Reaper 305 34 24 19
Grain dryer 2,765 30.5 548 436
Misc 6,102 67.3 494 39.3
Tatal 36,719 - 4,546

z/\}% 7]74134]'%b=ﬂ.,] ')".3» .'i'.-ﬁ'7]%° b=} ,\.1
Aste K73 2L, o7 A8 BTl
e vde A

71 Rol EfrEx

(Ministry of Agriculture, Forestry & Fisheries, 1988)
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Table 7. The ownership of major agricultural machinery by the mechanized farming groups surveyed

hatd

gagh-

&

87 el 2

Machinery Model S-Z:cf(zr};))t (z::ir;ex('s(;,n)p
Power tiller 10 PS 494 152.0
Tractor Small (16—28 PS) 45.2 28.0
Transplanter 4 row broadcasting & walking 57.3 78.0
Sprayer 70A 38.5 90.0
Binder 2 row 100.0 220
Combine 3 row (walking) 46.5 400
Reaper 3PS 60.0 6.0
Thresher Automatic 57.1 56.0
Grain dryer Continuous flow (36 surk) 69.7 32.0

— 252 —
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ACHIEVEMENT FUNCTIONS
AC 1= 00000E+00 AC 2)= 00000E+00

~ PATTERN SEARCH ENDED, THE OPTIMAL SOLUTION FOLLOWS.
~ NUMBER OF TIMES OBJECTIVE FUNCTIONS ARE EVALUATED= 6

DECISION VARIABLES

(1= 00000E+00 X( 2)= 00000E+00 X( 3)= .10000E+01 X( 4)= 00000E-+00 X( 5)= 00000+ 00 X( 6)=" 00000E +00
X(7)= 00000E-+00 X( 8)= 00000E+00 X( 9)= 000003+00 X(10)="10000E-+01 X(11)=" 00000E-+00 X(12)="00000E+00
X(13)= J0000B+01 X(14)= _10000E+00 X(15)= .000003+00 X(16)= 20000E+01 X(17)=" 00000E+00 X(18)= .0000OE-+00
X(19)="00000E+00 X(20)=".00000E+00 X(21)= 20000301

ACHIEVEMENT FUNCTIONS
AC1)= 00000B+00 AC 2)= .00000E +00

VALUE OF OBJECT FUNCTIONS

F(1 = 100000 F(2= 100000 F( 3= 200000 F(4= 200000
F( 5 = 00000 F(6)= 200000 F(7= 10904020 F(8)= 104400020
F9 = 8318343 F0)= 502061 FD= 7536382 F(12)= 0000
F13) = 11738510 F(19)= 100000 F(15)= 100000 F(6)= 300000
F(17) = 600000  FO18)= 600000 F(19)= 00000 F(20)= 400000

F21) = 648403700000  F(
0 COMPUTER EXECUTION TIME(IN SECONDS)= 00

Fig. 2 A final part of sample output of MFSDINGP for optimal machinery selection

of the mechanizd farming group of 15 ha size.
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Table 8. The optimal machinery systems by the sizes of the mechanized farming group

Paddy | Tillage & | Trans- . . . : Annual machinery
land leveling | planting Spraying  |Harvesting| Threshing| Drying cost(1000wan / ha-yr)
T Sprayer - I Kontinuous|
5 ha planter (404) | —— LBmder ]——— eresa — \flow drver 1,444,
(4cB& (2 row) i {36 surk)
e
Trane Sprayer rm’ = )
7 ha planter (AST-400) - ow dryer 2,937.
(4rB&W) (36 suri)
Tractor Trans- Sprayer P E :nnrinnnu
8 ha (22 ps) |[——/ planter |—— [(AST-400) ‘ ———— (flow dryer 3,219
(4rB&W) 2w (36 surk)
Tractor Trans- Sprayer Combi Continuous|
ombine
10 ha (22 ps) |—| planter |——{(aST-400) h—* flow dryer 3,012.
TOW.
(6r.B&W) (36 surk)
Tractpr Trans- Sprayer Combine Eontj.nuous‘
12 ha (22ps) || planter (AST-400) (3 row) flow dryer 4941,
(6r,B&W) + (21 surk)
Mist & 2 units
duster
Tractor Trans- Sprayer ! Combine Coatinuous
15 ha (22 ps) |—| planter |——| (AST400) | —— ! (2 ow) lmew— | flow dryer 6,484.
(6r.B&W) 2 units (21 surk)
B 2 units
uni
Tractor Trans- [ Sprayer [ Contbine Continuous
20 ha (50 ps) |~/ planter |——]| (AST400) | ——— | (2 row) e | flow dryer 10,164.
(6r.B&W) 2 units 2 units (36 surko) |
2 units 2 units
Tractor Trans- Sprayer | Combine us|
30 ha (22 ps) |—_| planter || (aST400) || (2row) — . |flow dryer 20,632.
2 units (6r.B&W) 3 units 2 units (36 surk)
2 units + 3 units
Combine
(3 row)
Tractor Trans- Sprayer Combine onnnuousb
(35 ps) |—| planter (AST-400) (2 row) flow dryer 37663
40 ha + (6r,B&W) 4 units 3 units (36 surk) 66
Tractor 2 units + 4 units
(50 ps) Combine
Lrow)
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Fig. 3 The annual costs of optimal machinery sys-
tems by the sizes of the mechanized farming

groups.
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