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The Mathematical Modelling of the Field Performance of Machines
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ABSTRACT

An assessment of the field performance of machines for varied farming conditions may be essential
to the development of mechanization program and rational machinery management. The field perfor-
mance of machines is largely affected by the field capacity of machinery selected, physical size and
shape of field plots and their scatterness, farming functions and conditions, and labor requirement and
constraints.

The study was to develop the mathematical model for the field performance of machines and time
requirement of the rice farming systems, considering those factors which affect the field performance
of machines. The mathematical models developed were simulated to determine field efficiency and ca-
pacity of the different sizes of major machinery for a various size of paddy field plot and for prevailing
conditions of farming operations. The effects of the sizes of machinery and the plot geometry on the
efficiency and field capacity were compared for major rice farming functions.

F2 £°(Key Words) : 7148} (Mechanization), 5 &< (Farm operation), 232 % (Field capa-
city), 2388 (Field efficiency)
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Fig. 1. Patterns of field operation.
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Table 1. Time losses in field influencing on the field efficiency

Operations and machine Time losses
Charging and  Getting field .
Turn Idle travet . . . Maintenance
discharging in and out

Tillage

* Plow R R NR R R
* Rotavator R R NR R R
Planting

* Transplanter R R R R R
* Seeder R R R R R
Disease and insect controling,
fertilizing

- Sprayer(walking type) R R R NR R
. B.0<.)msprayer, broadcaster - R R R R R

(riding type)

Harvesting

* Combine, sack type R R NR R R
+ Combine, grain tank type R R R R R

R=related factor

NR=not related factor
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Table 2. Number of Turns by operation patterns.
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Table 3. Supplying or unloading of material during the operation

Seeder

Operation Machine Supplying or unloading
Transplant Seedling supply to the seedling board
T anter
Planti P on-levee and in-field
anting

Supplying seed to the hoppe

Spraying and Sprayer, mist and duster,

broadcasting boom sprayer, broadcaster

Supplying chemicals or fertilizer to the
hopper

Harvesting Combine (grain tank type)

Unloading harvested grain from the tank
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Fig. 2. Supplying methods and frequencies of seeding trays.
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Table 4. Mathematical model of operation time
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Table 5. Number of the machine-operators and
operation for different farming func-
tions

Number of operator(persons) Number of

Machine - i
Machine pssisnt | Totd operation
aperator {turn)
Plow 1 - 1
Rotavator 1 1~2
Transplanter 1 1 1
Seeder 1 1 1
Sprayer
{walking type)
Mist & duster
~misting
~dusting
Boom sprayer
Broadcaster
Combine
- grain tank type
- sack type
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Table 6. Machine and its specifications analyzed in the study

Model , Work o Work phine O
e Machine ing ing length tion
Width speed pattern
Plow m m/s n
PL1 * 32X 8+ tractor (over 70ps) 256 12 60 air
PL2 * 32X 6+ tractor (over 50ps) 190 12 55 cir
PL3 * 30X 4+ tractor (over 40ps) 118 12 52 con
Leveller
LEAl + Rotavator, 2.55m + tractor (over]00ps) 255 11 64 con
LEA2 * Rotavator, 2.20m-+tractor(over 70ps) 220 11 61 con
LEA3 * Harrow, 3.25m+tractor (over 40ps) 325 10 40 con
LEB4 * Harrow, 4.17m+ tractor(over 50ps) 417 10 50 con
Transplanter, riding type
TRAL * 6-row, rotary transplanting device 18 11 29 con
TRA2 * 6-row, crank transplanting device 18 0.6 29 con
TRB3 * 8-row, rotary transplanting device 24 11 34 con
Seeder
DSAL + 8-row, 7ps, self driving 24 0.84 31 con
DSA2 * 6-row, 4.1ps, self driving 18 034 21 con
DSA3 + 8-row+ tractor(over 45 ps) 24 09 40 con
DSB4 + 20-row+tractor (over 80ps) 60 09 50 con
Combine
Self feeding type ¢r
HSAl * 4-row, grain tank type 12 13 43 cir
HSA2 * 4-row, sack type 12 13 43 cir
HSA3 * 3-row, grain tank type 09 13 36 cir
HSA4 * 3-row, sack type 09 05 36 cir
HSB5 * 6-row, grain tank type 18 13 52 dr
Common type
HCB6 * 2.1m, grain tank 21 09 58 cir
HCB7 * 5.0m, grain tank 50 09 70 cir

Operation patterns : con= continuous pattern, cir= cireuitious pattern'
Source : Agricultural Machinery Inspection Yearbook. 1988~1995. NAMIO
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Table 7. Field efficiency by different plot sizes, working width and speed.

Plot sizes
Machine 0.2 ha 04 ha 1ha 2 ha 4 ha
Remarks
100X20m 100X40 m 100X100 m 200X 100 m 200X200 m
‘\:;gtkhmg ‘vsoéfl;é:j;g Elxy Index Efxy Index Efxy Index Efxy Index Eixy Index

Plow
30X4cm 12 606 100 678 112 730 120 &40 133 84 14l two-way plow
32X6em 12 588 100 683 116 756 129 84 145 815 149 one-way plow
32X8 12 53 100 608 121 696 138 812 161 840 1167 4
Leveller

255 m 11 386 100 463 120 526 136 595 154 614 159 rotavator
220 11 %6 100 49 123 519 42 500 161 6Ll 167 ”

325 10 573 100 710 124 829 145 893 155 928 162 harrow
417 10 516 100 665 129 803 15 85 17 918 178 4
Transplanter

12m 0.6 681 100 748 110 796 117 86 121 86 123 walking type
18 0.6 632 100 712 113 776 123 816 129 831 131  niding type LS
18 11 502 100 587 117 661 132 715 142 732 146 7, HS

24 11 417 100 519 124 608 146 676 162 698 167 », HS
Seeder

18m 084 640 100 733 115 803 125 868 136 886 138 self driving
24 084 590 100 699 118 786 133 866 145 880 149 ”

24 09 584 100 697 119 789 135 85 143 891 153 tractor attached
6.0 09 394 100 543 138 702 178 802 204 860 218 ”
Combine

09m 05 829 100 87 105 892 108 M3 14 948 114 self feeding LS
09 13 65 100 720 10 765 117 842 129 82 130  self feeding HS
12 13 602 100 682 113 742 123 81 13 85 139 s

18 13 515 100 615 119 695 135 778 151 798 155 4

50 09 336 100 450 13¢ 564 168 657 19% 691 206 common type

1) &, . Denotes the field efficiency in percentage at the plot geometry of xXy m

2) The referrence indices, 100, are given at the plot geometry of 100X 20 m

3) LS : low speed, HS ! high speed
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Table 8. Comparison of the field efficiency by

operation patterns

Field efficiency (%)
Machine and -
i Operation patterns
plot size - —
Contin- | Circuit- | On-road
uous ous turn
Plow, 4X32cm
100X40m 67.8 675 774
100X 60 706 704 72
100X 100 730 729 71
100X 120 736 735 770
Rotavator, 2.55m
100X 40 49 436 58.3
100X 60 485 475 581
100X 100 519 512 580
100X 120 528 522 579
100X 120 528 522 579
Transplanter, 6 row
100X 40 58.7 582 70.6
100X 60 62.2 618 70.6
100X 100 66.1 65.9 716
100X120 66.8 66.6 71/4
Combine, 4—row

100X 40 65.8 68.2 815
100X60 69.6 714 804
100X 100 730 742 796
100X 120 739 749 794
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