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ABSTRACT

Operations need to be optimized to improve working efficiency and worker
utilization in vegetable nurseries. This study conducted a computer simulation based
performance analysis for automatic vegetable seeding production, in which seeding
systems with circulative and accumulative types were studied. The simulation



72

EH ST 57115 513H] 2002F 9]

showed the results as follows. In the circulative type seeding system, the labor
utilization was 48.7%, and the production capacity was 172 trays per hour; by using
an improvement plan, the labor utilization was upgraded to 70.4% and the production
capacity was increased to 240 trays per hour. In the process of the accumulative type
seeding system, the production rate was 161 trays per hour, and the labor utilization
was 8.1%; by tuning up the feeding speed to 20 seconds per tray, the production rate
was increased to 176 trays per hour. Under a similar production rate (about 170 trays
per hour), the labor utilization of the accumulative type seeding system was 9.9%,
far below the circulative type seeding system, 49.4%. Compared to the circulative
type seeding system, the working time of the accumulative type seeding system was
much less by an amount of 80%. Both systems worked very well as a result of
automation. The results of the simulation models could be applied to the nurseries
for better planning and operations.

Keywords: Seeding System, Computer Simulation, Vegetable Nursery, Automation
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Fig.1 Circulative type seeding system
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Fig.2 Material flow layout in a working house for accumulative type seeding system
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Fig.3 Accumulative type seeding system
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Fig.4 Material flow layout in a working house for accumulative type seeding system
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Fig.5 Automatic destacker for flexible plug trays
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Fig.6 Automatic stacker for flexible plug trays
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Table 1 Work time data for circulative type seeding operation

TER HEREA FRRY . o .
Mean (sec ariance  Probability Func
Duty Unit Observations ean (sec)  Variance robability Function
7 A E 1aM|
) 2. 4.9
Medium Supply I pack 6 32.96 0 Constant
Bk E b fE
AL AE X 118 & 50 723 2.03 Extreme Valre B
Tray Exchange 1 tray
E
wwmsgyes O0® 36 9.59 261 Inverted Weibull
10 trays

*Moving Trays to Hastening Germination Area
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Table 2 Work time data for accumulative type seeding operation

lgﬁuq';f% # i:jﬁ T Oii{jtiins Mean, sec Variance  Probability Function
e 5 o
]\1 i:i }Eﬁjy : 1@;3’125 7 3234 4.77 Constant
AEIBREEL o
. f g:pf . 3 2237 1.52 Constant
Destacker 130 trays
HYREEREY 1? ffyf‘% 19 13.15 9.46 Log-Logistic
*Moving Irays to T'emporary Storage Area
IO 4 EEa s ORBXEERS
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Table 3 Simulation results of current circulative type seeding operation

¥ 2 () (2916 0N )|
Operation Throughput (trays/hr)
— ATAA %
Capacity BB A REE % £ (%) B T4 Worker Utilization
(trays) Simulation Standard Error (%) AR R R (%)
Deviation
500 169.4 0.15 -59 0.7 494
900 178.1 0.14 -1.1 0.8 47.5
1000 169.4 0.15 -5.9 0.9 49.3
F3
Average 1723 0.15 -4.3 0.8 48.7

*Number of times for forcing worker to catch up
1 FEREZERAMES 180 B/ hEF o
2 EARABAF LS BEF L EEHS 104 -
Remark 1: Measured operation throughput is 180 trays/hr.
Remark 2: During circulative type seeding operation, number of trays on the conveyor is 10 trays.
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Table4 Simulation results of the second improvement proposal for circulative type see-
ding operation (working capacity=1000 trays)

BFlefEamitF L  HBERE VB & (/) HAE
TR 3 (#/°1\85)  Operation Throughput (trays/hr) Work B T 3% bk
BEE  Uilization Tt - DHALT
Number of Trays Seeding Speed PRBEME o =ato (%)
. . Standard (%)
on Conveyor (trays/hr) Simulation ..
Deviation
10 211.8 161.5 0.19 474 0.0
13 275.3 202.5 0.33 59.4 0.3
16 338.8 240.0 0.45 70.4 2.7
18 381.2 262.8 0.60 76.7 7.7
19 402.4 273.8 0.64 79.6 11.6

*Situation of forcing worker to catch up
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Table 5 Simulation results of current accumulative type seeding operation
T Y 1¢ N
V¥ %(ﬁ%) Operation Throughput (trays/hr) BT Ak 8 _T_%l]imi $_
Capacity . . | e « Worker Utilization
(trays) A 2k E BE%) B EERH %)
Simulati Standard E o
imulation Deviation rror (%)
500 160.5 0.0012 2.7 0 8.5
600 161.0 0.0008 -2.4 0 7.9
800 161.6 0.0003 2.1 0 7.3
1000 162.0 0.0002 -1.8 0 8.5
T35 A
Average 161.3 0.0006 2.3 0 8.1
*Number of times for fixing the problem of squeezed trays
1 AAEREZTAMA 165 BN -
2 HHABRARIBEGE  BRA128/& EBH22H/E
Remark 1: Measured operation throughput is 165 trays/hr.
Remark 2: Stacking of 12 trays/stack and destacking of 22 sec/tray were set during accumulative
type seeding operation.
6 TEHEUBEERTRE TINREERRE 2 R ((FE87% 500 )
Table 6 Simulation results of accumulative type seeding operation with faster destacking
speeds (working capacity = 500 trays)
RS =i xd ERE | HERE
£ M £ o P ES
8 ?ﬁﬁ“éf”%‘#kﬁ BIamiits B R REHA (BN | (S
(R 4R) g % 1 0 R BF n= Worker Oerati Seed;
Destacking | Swation of | yizajon | OPeration | Seeding
queezed Trays o
Speed (sec/tray) (%) %) (trays/hr) (trays/hr)
22 0 0 8.5 160.5 160.5
21 0 0 8.9 167.9 167.9
20 0 0 9.2 176.0 176.0
19 21 4.2 12.9 175.5 185.3
*Number of Times for Fixing the Problem of Squeezed Trays
BB RETAES 228/8
O AMA 12 4/%
Remark 1: Measured destacking speed is 22 sec/tray.
Remark 2: Stacking with 12 trays/stack.
FIRBLE I‘P%bijlzﬁ PUgiEEe o F 6 [IIIRLEL 5 Fi 6 5T PRI PRES (115 227
PrELT AR SR fRFE Ak (B e IR F - W ER R 20 P SR (R ENA R SRR
FSEE T PR PR o SRR SR T 1090 0 R %m AR
i B P f] SRLEE E AR AR N o AR (R ?éﬁ 0 [ P ST op b &) Eﬂ‘j 176 -
Hed £ 500 44 < L Ui Bk R R (B R HH(J [ 180
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Table 7 Comparison between circulative type and accumulative type seeding systems

(working capacity=500 trays)

B A E Ve ¥R BRI
Worker Utilization Operation Throughput
(%) (trays/hr)
LESE - 49.4 169.4
K R g 9.9 167.9

*Circulative Type Seeding System
** Accumulative Type Seeding System

1 ARAREEET REAFTLOEEBHB 104 -

2B AB ALY REAHI0R/E  BRA 2 /K -

Remark 1: During circulative type seeding operation, number of trays on the conveyor is 10 trays.
Remark 2: Conditions with stacking of 12 trays/stack and destacking of 22 sec/tray were set during

accumulative type seeding operation.
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