TGN PLER AN29Y AE EAE ) =5 pp. 377~382, 2005. 4
o] %1 9] Pooling & 342lo] wa gndag A a3

Shef 3 x - AR G - 2 GA wnx

s, o BTALEANLY HSTFFVATAE, ~BIAGNGD EFALYT NS 2S

A study on the productivity effects of transport vehicle
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ABSTRACT : This paper deals with productivity improvement of stevedoring system by pooling operations of transport vehicle at
automated container terminal. Usually, in traditional container terminals, grouping operations of transport vehicle are applied for
container crane because vehicle routing path is simple and vehicle assignment is easy. But this static assignment(SA) operation
that arrsign vehicles to container crane at apron reduces flexiblity of vehicles. Therefore, This paper presented 4 dynamic
assignment(DA) mehtod to improve efficiency of vehicles. These 4 dynamic assignment method consider present situations of
container crane such as sequence(Se), queue time(Qt), productivity(Pr), numeric of vehicle assignment(Nv), numeric of buffer(Nb)
at vehicles assignment. At the results, dynamic assignment operation to consider Qt, Nv, Nb is most efficient and by next time,
dynamic assignment operation to consider Se is superior more than static assignment operation. but, dynamic assignment operation
to consider Pr or Qt of container crane only is inefficient than static assignment operation

KEY WORDS : automated container terminal, close loop, static assignment strategy, dynamic assignment strategy., AGV
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Fig. 1 Stevedoring system of target container terminal
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Fig. 2 Close loop operation of AGV
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Fig. 3 Concept of static assignment method for AGV

Table 1 Patterns of routing path by static assignment

Patterns of routing path(1 cycle)

Case 1 | AI—-C/IC #1-B1—-CLA—C1—>BK—D1->CLA—AL

Case 2 | A2-C/C #2—B2—CLA—C2—BK—D2->CLA—A2

Case 3| A3—C/C #3—B3—CLA—C3—BK—D3—CLA—A3

Number of Case: No. of G/C

SR o] ZA9oE Clangelable Lane Areac]X 573
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Fig. 4 Concept of dynamic assignment method for AGV

Table 2 Patterns of routing path by dynamic assignment
Patterns of routing path(l cycle)
Al-C/C #1-B1—CLA2—C1-BK—DI1—-CLA1—A%
AF-C/C #1-B1—-CLA2—C1—BK—DI1—CLA1—A3
AZ-CIC #2-B2—CLA2—-C2—-BK—D2—CLA1—AT
AZ-C/C #2-B2—CLA2—C2—BK—D2—CLAI—Aj
A3-C/C #3-B3—>CLA2-C3—-BK—D3—CLA1—AL
A3—~C/C #3—B3—CLA2—C3—>BK—D3—CLA1—A2
Number of case: :C; x 2, (n: No. of C/C)

Case 1
Case 2
Case 3
Case 4
Case 5
Case 6
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Fig. 5 Cycle path of single trolley

Table 3 Productivity and cycle time of C/C

Loaded Unloaded

Hoist 240m/sec 240m/sec
Trolley 90m/min 180m/min

Path 1525345678
Productivity| 48.00lifishr | Cycle Time | 75sec
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Fig. 6 Cycle path of AGV

Table 4 Travel distance and cycle time of AGV (m)

Mo1 | M02 | M03 | Mo4 | Mos | Mo6 | Mo7 | Mos
Dis. 200 | 100 [ 200 | 40 | 40 | 200 | 100 | 200
Speed 6mys | 2m/s | 6m/s | 2m/s | 2mys | 6mys | 2mys | 6my/s
Total £:1,080m , Avg speed=3.95mys
Productivity | 13.16lifishr | Cycle Time | 273.41sec

Table 4 o1$73uls] SqAe] e Hol2 EIS A
# Aoz SRS B HUNRS EHT AAN o)
9 & Hol2& FaR the3t golA.

Table 5 Cycle Time of AGV include load and unload time
s | 25 [ 3 | 4 | s | 6
load time: 20sec, unload time: 40.61/sec
334.02 [ 167.01 | 111.34 | 83.51 | 66.80 | 55.67

load/unload
Cycle Time

Table 55 AGVY 84l o =] HolF Eelglez,
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Table 6 Dynamic assignment sterategy of vehicle for C/C

A, 2REAHA HEHE AGV AT E 7Iger
A9, Fig. 79 Table 7~11¢14 ¥2AF SA, DA-S,
DA-QNN& 25 AGV 20t} sjxlAle]l C/C9] o]&3u]ul7]A]
2ol 1% ol3tz yEhton, DA-Q, DA-PY A%l AGV
A AAAE 2090139 & C/CY ol U7 EE B
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s | AL AA9A A9 ool aa edAes 3 of o} ] LT 2 5H83e e e vag
#5314 AGV_e%(consider Se) Holghs RS & F ULk
CLAL AjgelA GC dAN7IAZL, AGV 3
DA-QNN | W4, AGV ®lHt]7]148 zeste AGV &= Table 8 Simulation results by SA for AGV
{consider Qt, Nv, Nb) cc AGV
paQ | LAl NAANN AA ol Anity7| Ao 71 QRate |Productivity | Q-Time [ Cycle Time [ Interval
¢ g o jor ysmie e e e
CLAL Ao A ¢/Cel &R CCAAol 7+ ' : - :
DAP | o cyco] AGV #FeHcomsider Pr) AGVSs |  48% A8 000 2839 14446
= AGV 12| 24 32 000 2915 %638
o N AGV 16s| 4% 563 009 31466 B
ojAte] 47kA] FAYGATL Y i AlBdo) A NS £33 [agvas| 212 6% 16 014 643
7 AE Edz Ay v R, AGV %s| 032 7% 1816 45046 7508
Table 9 Simulation results by DA-S for AGV
4. Al 0] E4 o AGV
Q%) [Proddifish)| Q%) [ Cydle (sec) [Interval(sec)
41 BOlE ME 2 AL A AGV4s | 7413 122 000 291 2891
ol = AGV & | 48% AR 000 A 14447
- AGV 12s] 239 N5 000 2P %231
Ageol Mol A8 Bode AANGS Table 63} ek P m T T T
AGV2s| 012 a4 217 3424 485
Table 7 Terminal Configuration for simulation AGV s 000 4800 1338 4359 471
i A7 Table 10 Simulati ults by DA-QNN for AGV
#loj ok B/ B, 229 a1vo), 99 5¢ e a‘°c‘/‘cm Y = =
Qre Ay |2 17) A 24(400m)ol) 44 .
G T B B ) M = ey 7 T 0
ZYEE | 165mjmin = ' ‘ ‘
op= ) == L . AGVSEs |  #8% U8 000 B39 14447
Zdoie| 140h, 23+ 2] wiX] AGV 125|250 70 000 29D %4
Aga e 2R GCR 1060 nE YR AGV 16s| 4% 5% 0z 31232 808
BAEG| 499] GCo 4t~ THIG AGV 2s| 04 a8 406 37491 7498
AGV %s| 000 4800 1917 4390 U0
42 H3EY Table 11 Simulation results by DA-Qt for AGV
. . cc AGV
W ErdE AEHAd daE ¥4 a2, Q00 |Prodiifwh)| QG0 | Cycle (sec) [Intervalise)
AGV4s | 0 1238 000 29087 2087
o AGVSs | 839 237 23 3081 16045
o0 AGV 12| 3521 3110 702 780 11593
oo AGV 16s| 2187 3150 145 B %71
< AGV 20s| 2180 35 3119 47831 %66
E ‘3:: e — AGV us| 2169 3150 4271 57309 %51
£ 0 //)//"/ Table 12 Simulation results by DA-Pr for AGV
§ 2500 clC AGV
Q 000 i Q09 [Prod(ifwh)| Q) | Cycle (sec) [Interval(sec)
a0 AGV 4s | 7419 129 000 2056 2956
10,00 AGVS8s | 5413 20 381 260 16301
500 AGV 25| 4109 828 138 B8L07 127.02
AGV 45 AGV 8s AGV 125 AGV 16s AGV 20s AGV 24s AGV 165 3171 :Q’]S 2373 438.% 10357
[—¢—SA —8—DA-S —— DA-GNN —%—DA-Qt ——DA-Pr | AGV s 2432 R 206 497183 957
AGV 2s| 2016 B2 202 56264 RT7

Fig. 7 C/C productivity graph by assignment strate & of AGV
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Fig. 8 C/C productivity of AGV 4s~8s

Fig. 9 C/C productivity of AGV 8s~12s
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Fig. 10 C/C productivity of AGV 12s~16s

Table 13 Simulation results of DA-S for AGV (55~23s)

cC AGV
- Q% |Prod(iftshr)] Q%) Cycle (sec.) | Interval(sec.)
AGV 55 61.66 1552 000 28391 23112
AGV 6 61.19 1863 0.00 28890 19260
AGV 7s 473 2173 0.00 2891 166.09
AGV 9 41.79 219 000 28891 12840
AGV 10s 333 31.04 000 28894 11557
AGV lls 2.8 15 000 28891 10606
AGV 13s 16.48 4009 0.00 2908 8949
AGV 14s 11.39 4254 0.00 20623 8.5
AGVY 155 6% 4466 000 0126 0.4
AGV 17s 178 4715 001 3352 76.12
AGV 18s 152 a2 0.06 171 B
AGV 19 1.28 41.39 063 3560 48
AGV 21s 002 479 784 39276 7481
AGV 25 000 4300 12.06 41141 7480
AGV 23s 000 4300 1294 43006 7479
Table 14 Simulation results of DA-QNN for AGV (55~23s)
C/C AGV
Q%)  |Prod(liftshr)| Q%) Cycle (sec.) { Interval(sec.)
AGV 55 6766 1552 0.00 28891 231.12
AGV 6s 6119 1863 0.00 28390 19260
AGV Ts 5473 2173 000 2891 166.09
AGV 9 4179 AR 0.00 28891 12840
AGV 10s 3632 3104 0.00 28391 11556
AGV l1ls 2883 AU14 0.00 239.00 10609
AGV 13s 17.17 3076 003 23.26 90.24
AGV 14s 1220 4.14 005 29191 .13
AGV 15s 7.7 427 009 303.9% 81.06
AGV 75 291 4660 0.39 32130 7101
AGV 18s 0.84 4759 1.31 339.38 .42
AGV 19s 0.74 4766 1.76 3189 5.5
AGV 21s 0.01 4799 6.52 392.81 74.82
AGV 225 0.00 48.00 1191 41151 7482
AGV 23s 0.00 4300 17.42 430.22 7482
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