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Optimum Size Selection and Machinery Costs Analysis for
Farm Machinery Systems

— Programming for Personal Computer —

FE®R, £Bx, HA4B, w®ERAT, FHEE, & 0 B
W.Y. Lee*, S.R.Kim**, D.H. Jung®, D.L Chang'* D.H. Lee®, Y. H. Kim***

Summary

A computer program was developed to select the optimum size of farm machine and analyze its ope-
ration costs according to various farming conditions. It was written in FORTRAN 77 and BASIC langua-
ges and can be run on any personal computer having Korean Standard Complete Type and Korean La-
nguage Code.

The program was developed as a user-friendly type so that users can carry out easily the costs analy-
sis for the whole farm work or respective operation in rice production, and for plowing, rotarying and
pest controlling in upland.

The program can analyze simultaneously three different machines in plowing & rotarying and two
machines in transplanting, pest controlling and harvesting operations.

The input data are the sizes of arable lands, possible working days and number of laborers during
the opimum working period, and custom rates varying depending on regions and individual farming
conditions.

We can find out the results such as the selected optimum combination farm machines, the overs and
shorts of working days relative to the planned working period, capacities of the machines, break-even

points by custom rate, fixed costs for a month, and utilization costs in a hectare.
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Table 1. Model of farm machinery for analyzing.

j= Farming step

Model of farm machinery Variable Application
Power tiller 8 PS (PD) Xi; 8~10 PS
Tractor 22 PS (T22) Xo; 19~23 PS
25 » (T25) Xs; 23~30 ~
35 ~ (T35) Xij 30~35 ~
38 ~» (T38) X, 35~45 ~
50 ~ (T50) Xe, 45~55 ~
74 (T74) Xz 55~  ~
Rice- 4 row, walking type (TW4) Xsj Broadcasting & drilling
transplanter 4 row, riding ~ (TR4) Xoj
6 row, riding ~ (TR6) Xuo;
Power sprayer 40 A (404) X Power tiller attachment
60 A (60A) Xz z
70 A (708) Xus “
TM-400 (TM4) X Tractor attachment
Harvester Binder 2 row (BT2) Xis; Inculuding threshing
Combine 2 row (CM2) Xigj
Combine 3 row (CM3) Xy,
Combine 4 row (CM4) Xusj
Thresher Power thresher(stationary) Xus; Inculuded to binder
Grain dryer Continuous flow(21*surk) (D21) Xaoj
Continuous flow(36 surk) (D36) Xy
Continuous flow(46 surk) (D46) oo
* 1 surk : 100Kg(paddy)

L. afk@Ein RE BE
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Table 2. Effective width and operating speed of farm machinery.

Machinery Model Effective width | Speed(Km/hr) |Field efficiences
Plow |Rotary | Plow |Rotary | Plow | Rotary
Power tiller 8 PS 028 m|055 m| 3.10 198 |84* % |78 %
Tractor 22 PS 0.59 1.33 468 1.84 |71* 78*
25 ~ 0.73 143 4.36 184 |71° 78"
35 ~ 0.82 1.54 443 187 |71* 78*
38 ~ 0.93 1.67 4.59 198 |71* 78*
50 ~ 111 1.74 432 212 |711* 78*
74 - 1.22 2.02 443 257 |71* 78*
Rice- 4 row walking 1.20 145 74**
transplanter 4 row riding 1.20 192 74**
6 row riding 1.80 1.52 74**
Power sprayer 40 A 108 1.80 60" *
60 A 11.7*** 1.80 60**
70 A 135 1.80 60**
TM-400 144 1.80 60**
Harvester Binder 2 row 0.60 2.88 65"
Combine 2~ 0.60 2.15 70**
Combine 3 » 0.90 1.86 70**
Combine 4 ~ 1.20 3.24 70**
* BB (B0, BB (R ERIHGA @IS KRB, A& KBREHRED)
* % BRBBCEBER(EBAOKER
* ok ok RARERIERGE (P MraER( 1), (1D (BARE 24, 26—2)59
Table 3. Real working efficiences, Efficiences of available working day and Working hours (%)

Farm work Real. \fvorking Working hours Efficiences: of available
efficiences hours/day working day

Plowing 66— 72* 2 ** 82*
Rotary tilling 68—173° 12 82*
Rice-transplanting 59—67* 12.3** 86*
Pest controlling 68** 61*" -
Harvesting

—Binder 60—66" 106** 72*
— Combine 62—72* 106** 72*
Drying 57** 24 ** 72"

*  BEEBERGESRD), RIS (RBIRAEE AR, A& KBEIHRE)
* kAP AT E DM (BREBBRILFTEH)
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Fig. 1 Division of zone by climate condition in South Korea.*

* SSEEA e BHOFIAEE(1988, BEBMBIREA Y

Table 4. Available working days in different climate zones." (day)
Farming Plowing & Rice-trans- . .
Rotary till planting Harvesting Drying
Zone -ing
(D Mountains-chill 4.12—-522 5.15 — 525 9.20 — 105 9.20 — 10. 8
(40 days) (10 ) (15 ) 17 )
@ Mountains 412 — 522 515 — 525 9.20 — 105 920 — 10. 8
( 40 ) ( 10 ) (15 ) (17 )
@ Middle and northeren 412 — 522 5.15 — 5.25 9.20 — 105 9.20 — 10. 8
inland ( 40 ) (10 ) (15 ) (17 )
® Middle and north- 412 — 527 5.15 — 5.30 9.20 —10.15 9.20 — 10.18
western coast ( 45 ) ( 15 ) ( 25 ) (27 )
® Middle and western 417 — 6.1 515 — 6. 4 9.25 —10.25 9.20 — 10.30
coast ( 45 ) (2 ) ¢ 30 ) ( 32 )
® Middle and inland 417 — 527 5.15 — 5.30 920 —10.15 9.20 — 10.18
( 40 ) (15 ) ( 25 ) 27 )
@ South and inland 417 — 6.6 515 — 6.9 9.25 —10.25 9.25 — 10.28
( 50 ) ( 25 ) ( 30 ) ( 32 )
South coast 412 — 6.11 510 — 6.14 9.25 —10.30 9.25 — 11. 2
( 60 ) ( 35 ( 35 ) ( 37 )
@ East coast 412 — 522 515 — 525 9.20 — 105 9.20 — 10. 8
( 490 ) ( 10 ( 15 ) (17 )

* FRIEWIRGHR( 1989, & HEMIERE) & ER2 #HED .
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Table 5. Life of farm machineries. (year)
Power- Tractor Trans- Power- Binder Threaher Combine Dryer
tiller planter sprayer
Life 7" 8* 6* 5% 6* 8* 7* 8*

¥ EBHERN1991, BAHOKER BB ®
* & BEREEEEBOARARHE 2EER1987 H & EMRKEEAT)W

Table.6 Variable costs of farm machinery in an hour working

Purchase  Coefficients Opera-  Labor Labor  Fuel Fuel Oil*** Vanable
price R&M costs  ter costs costs consumption casts costs costs
won/unit % /hr man won/day won/hr  €/hr-ps won/hr  won/hr  won/hr
© Power Body 1178600  0017° 1
tiller Plow 453600 001" 1 26,225 3167 0.24 295 38 3720
8ps Rotary 164200 0.135° 1 26,225 3,078 0.29 356 46 3903
O Tractor Body 6132000 001" 1
22ps Plow 702000 0.027°* 1 26,225 3,167 0.19 642 83 4941
Rotary 1049500 0.025°° 1 26,225 3078 0.21 713 93 5,005
© Tractor Body 7164000  0.014°° 1 .
25ps Plow 884000 0.027°° 1 26,225 3,167 0.19 729 95 5.233
Rotary LOS4000 0.025°° 1 26,225 3.078 0.18 701 91 5114
© Tractor Body 9542000  0.014" " 1
35ps Plow 912000 0.027% " 1 26,225 3.167 0.15 820 107 5,677
Rotary 1231000 0.025°* 1 26,225 3.078 0.17 898 117 5736
© Tractor Body 9550.K)  0.014** 1
38ps Plow 820000 0027% " 1 26,225 3.167 0.16 940 122 5788
Rotary 1320000 0.025°° 1 26,225 3,078 017 975 127 5847
O Tractor Body 18590000 0.014%° 1
S50ps Plow 1133000 0027 1 26,225 3.167 Q.17 1,275 166 7427
Rotary 1316000 0025% " 1 26,225 3.078 0.18 1,383 180 7572
O Tractor Body 23500000 0.014°%* 1
7dps Plow 3050000 0.027%* 1 26,225 3167 0.16 1819 236 9.336
Rotary 2480000 0.025"* 1 26,225 3078 0.10 1,106 144 8.238
O Trans- 4row walking 1605000  0.050°* 3 68.467 8.836 0.44 255 33 9.927
planter 4row riding 4300000 0.050"* 4 89588 11,561 0.34 330 43 14,084
6row riding 6222000 030" ° 4 89,588 11561 045 641 83 15,397
O Power- 40 A 229000 0.080% " 3 68467 16458 0.24 98 13 16.952
sprayer 60 A 266,000 0.080"* 3 68.467 16458 0.24 167 22 17.060
70 A 279300 0.080" " 3 68467 16458 0.24 178 23 17,082
TM-400 1300000 0.080°* 4 89588 21,535 0.24 350 46 23829
O Harvester  Binder 1465000 0041°° 2 47,346 7.070 0.46 359 47 8077
Thresher L5000 0.06* " 5 110,704 13.018 0.24 170 22 13.295
O Combine 2row 6.976,000  0.042°° 2 47,346 7184 027 460 60 10,634
3row 909000 0.042°%"° 3 68,467 10.389 0.26 727 95 15.028
4row 19,266.000  0.042°° 4 89588 13,593 0.24 1217 158 23,060
© Grain dryer 2) surk 2788000 000:** 2 47.346 3.461 3.10 671 7 4330
(Continuous 36 surk 3215000  0004" " 2 47,346 3.461 421 911 118 4619
flow) - 46 surk 3556000 0004 " 2 47,346 3,461 5.40 1.168 152 4,923

* §= 7)1 881 2] (1990 A158 235)
» AYAFRIA CsdrlA s T
*** Farm power and machinery management (1983, Hunt)®

—ama— 259




HHEREBE SR ¥ 16 8 5 4 5% 19914 127

2) ¥R

HES 790. 10 ¥ OZ PN, A
AR =4 B2A =Y 30% MEEE F
oA EHHSIY, FHBE 1Pv|o HELR
Adsle Aex AT o] FRdA e HEY
ol B&3ste] AT = KRB £t
RS 28301, REAEES BEFRES
H BARE Fustded, #8840 Ry
13% 2 A &3,

ola| g KMo 2 KulE WHRE AN &
R Table 6 & o}

2}, MBI FHR

BEERE ERRES S4sehe B B
T R EERE ANt
549 AguAe] e S BALRo]
fERTER 2710] o2} 94 4 ASE AT,
RIERERS TU%57179) BRE AR
2 Wro] AA01$AIZE FEI o710 AT
9 BEBE Fohol £ BHRE TR

9 SRIERS HREA ANE 5 JES
BN BRfERA 6972 Eheg e
WAl A FIMES) iRl we} BHE B,
BB eSSl chebolmt Bajo] FHESHES BHRY
o

1) BMENS Ao} FE
Minimize Machine Cost : MC;

22
MC;=Z g [FIX;+ HR; - VAC;] - X;

i=1 j=

where, MC;(Machine Cost) : 9/

i =1,, 22 3 71%
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FIX; =313H] s ¥/
VAC;="8%H]| ; /AT

HR;; =71A0] &A1t 5 A7/
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M (Fa3)
FIX;= (P—S)/L+ (Pt S)/2 « I+ SH;

where, P, =71A17Y712A P /o
S, =ZFEIEA(FY7E] 10%) 5 L/
I =9oa& : Decimal

SH, =R#a (U M) 3%) 9/

kol

VAC,,:[L.+ (R&M), Pt Fi+0i+T;=15+Ei=go—gz]

where, VAC; =¥-5Y] P QAR
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AC=S; - W; - EF/10

where AC, =%9¥3 ; ha/AIt
S =AAEE ; Km/AIE
W =234EF im
EF, =¥ & ; Decimal

—Ax7)
DCi=Q/(DT;+MTC/DR))
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Q =3d=% : Kol - 3
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WD)

where, HR;=0°18A13t ; A1/
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U =¢ &g AR
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WD, =37154 95 ; /AL,
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K =44
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HR,=PM - PA/(DC; - EU - U - ED, - WD)

where, HR=0©|-8A]3} 5 AIZH/A
PM=4A4 % | Kg/ha

& &8 R

SN;=[FIX; - X/{(1—VAC; - X)/RC}1/RC;
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END

Fig. 2 Flow chart for optimum selection and
analyzing costs program.
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ARE YOU COQRECT ?
INPUT DATA FORM

MANUAL INPUT
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L.

lMAKE SETUP DATA FILEJ

END SETUP DATA

NO
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Fig: 3 Flow chart for FDS program
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Fig. 8 An output sample of AMS program
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Machine costs per hectare(thousand wons)

Machine costs per bectace{ihuusind wons)
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Fig.10 Costs of rice-transplanting per hectare

Fig.12 Break-even point for plowing and rotar-
ying by custom rates.
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Table.7—1 The optimal machinery combination for(the regions of mountains-chill, mountains, middle

and northeren inlands, north-western coasts, and east coasts).

Paddy Tillage & Trans- Spraying Harvest— Drying Costs
land(ha) rotarying planting ing (1,000won/ha)
1 PT + TW4 + 70A + BT2 + D21 2,001
2 2 1,213
3 2 950
4 “ 818
5 ” 739
6 T22 + TW4 + 70A + CM2 + D21 906
7 T22 + TwW4 + 70A + CM2 + D36 863
8 T22 + TW4 + 70A(2 + CM2 + D36 796
9 T22 + TW4 + 70A(2) + CM3 + D36 816
10 T22 + TW4 + 70A(2) + CM3 + D36 847
15 T25 + TW4(2) + 70A(2) + CM3 + D36(2) 936
20 T50 + TR4(2) + 70A(3) + CM4 + D46(2) 959
25 T22(2) + TR6(2) + 70A(4) + CM4(2)+ D36(3) 1,234
30 T74 + TR4(3) + 70A(5) + CM4(2) + D46(3) 1,317
35 T38(2) + TR4(3) + 70A(5) + CM4(2)+ D36(4) 1,269
40 T22(3) + TR6(3) + 70A(6) + CM4(2)+ D46(4) 1,288
45 T25(3) + TR6(4) + 70A(7) + CM4(2)+ Da6(4) 1,410
50 T38(3) + TR6(5) + 70A(7) + CM4(2)+ D46(5) 1,423
Note : ( ) =Number of units
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Table.7—2 continue---(The regions of the middle and north-western coasts, and

middle inlands).

Faddy Tillage & Trans- Spraying Harvest— Drying Cosls
land(ha) rotarying planting ing (1,000won/ha)

1 PT + Tw4 + 70A + B2 + D21 2,001

2 2 1,213

3 ” 950

4 2 818

5 ” 739

6 2 687

7 2 649

8 PT + Tw4 +  70A(2) + BT2 + D21 640

9 T22 + TW4 + 70A(2) + CM2 + D21 745
10 ” 709
15 T22 + TR4 + 70A(2) + CM3 + D46 717
20 T22 + IR6 + 70A(3) + CM4 + D22 719
25 T38 + TW4(2) + 70A(4) + CM4 + D36(2) 773
30 T50 + TR4(2) + 70A(3) + CM4 + D46(2) 836
35 T74 + TR4(2) + 70A(5) + CM4 + D46(2) 810
40 T74 + TR6(2) + 70A(6) + CM4(2)+ D36(3) 1,042
45 T25(2) + TR6(3) + 70A(7) + CM4(2)+ D46(3) 1,186
50 T38(2) + TR6(4) + 70A(7) + CM4(2)+ D46(3) 1,191

Note : ( ) =Number of units
Table.7—3 continue* - (The regions of the middle and southern coasts).
Paddy Tillage & Trans- Spraying Harvest— Drying Costs
land(ha) rotarying planting ing (1,000won/ha)

1 PT + TW4 +  70A + BT2 + D21 2,001

2 ” 1,213

3 ” 950

4 “ 818

5 “ 739

6 2 687

7 v 649

8 PT + TW4 + 70A(2) + BT2 + D21 640

9 » 618
10 PT + TW4 + 70A(2) + CM2 + D21 679
15 T22 + TW4 + 70A(2) + CM3 + D36 666
20 T22 + TR4 + 70A(3) + CM4 + D46 681
25 T22 + TR6 + 70A(4) + CM4 + D36(2) 666
30 T25 + Twa(2) + 70a(5) + CM¢ + D36(2) 738
35 T38 + TW4(2) + 70A(5) + CM4 + D46(2) 710
40 T50 + TR4(2) + 70A(6) + CM4 + D46(2) 774
45 T74 + TR6(2) + 70A(7) + CM4a(2)+ D36(3) 1,016
50 T74 + TR6(2) + 70A(7) + CM4(2) + D36(3) 1,021

Note : )=Number of units
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Table.7—4 continue--(The regions of the south and inlands).

Paddy Tillage & Trans- Sprayving Harvest— Drying Costs
land(ha) rotarving planting ing (1,000won/ha)

1 PT +  TW4 + 70A + BT2 + D21 2,001

2 - 1213

3 950

4 818

5 739

6 687

7 2 649

8 PT + TWa + 70A(2) + BT2 + D21 640

9 . 618
10 g 655
15 T22 + TwW4 + 70A(2) + CM3 + D36 666
20 T22 + TW4 + 70A(3) + CM4 + D46 643
25 T22 + TR4 + 70A(4) + CM4 + D36(2 659
30 T22 + TR6 + 70A(58) 4+ CM4 + D36(2) 633
35 T25 + TR6 + 70A(5) + CM4 + D36(2) 601
40 T38 + Tw4(2) + 70A(6) + CM4 + D46(2) 700
45 T38 + TR6(2) + 70A(7) + CM4(2)+ D36(3) 976
50 T50 + TR6(2) + 70A(7) + CM4(2) + D36(3) 1008

Note : () =Number of units
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