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Performance evaluation of double stack vehicle
at container terminal
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ABSTRACT : The purpose of this pdper is to analyze transport ability of Automated Guided Vehicle(AGV) and Double Stack
Vehicle(DSV) at Automated Container Termianl(ACT). Usually, the main difference of AGV and DSV is aapacity of container that
they can transport between apron and yard block at once. AGV can carry out two 20 feet or one 40 feet maritime containers, but
DSV can carry out four 20 feet or two 40 feet maritime containers. Therefore, DSV may improve more efficiency of stevedoring
system o container terminal. In this paper, a simulation model using a graphics simulation system is developed to compare the
proposed DSV with the current AGV at automated container terminal. The paper includes examples, performance tests and a
discussion of simulation results

KEY WORDS : Automated Guided Vehicle, Double Stack Vehicle, Automated Container Terminal, Simulation

1. M = 29 A#F A (Automated Transfer Crane, ATC)o] E2¥E 1
A WA, A EFoA AHE Aoy < - Hay
253 Aoy Hude AL IA Y - olF - oF & £yl FElE AR don, ol T Euld 9L
=AY AR FEZ F Atk olE AP 7] dE FH  eoldeots sgAdzte] AATRE P ojFolA|
o] Ao oj& FHGaYgoe] o]FojMr) A= AHOY = EAL A1 ok
28 (Container Crane, C/C)o] AHE-H ™, et} ¢rejzie] A 71E9] 253 el Huld StHA| el 4] kg at ol
oy st 2 A3 E F-dh olFde FAEFEH el Aslold gube @3EE AGVE 209 E g o 270
(Automated Guided Vehicle, AGV)7t A&-Ho, bz} of=7F = LI E AdolY 1718 HAY + e JATHE 71X
9 gHuld YRt e 33t ofzedE AEdE EW 1 glo] FojA FAPAZ 2 A8 Fd) vle) Sukake] & o)

* WEAA : G (AH 3 Y), haty@kmirekr, 02)2105-2887
*»x FA 3] drasto@kmirekr, 02)2105-2886

—255—



anpA] 22 gfon, oy 9 o= A& AFI] A Ys)y]
AsA A F ol LS /R sk ’

g, BUde = gE olssuoz 203E e 474
EE HHE AHUE FAl HAZbsd 29 HA ATF
(Double Stack Vehicle, DSV)S & 4 it} ol 71&9] €7
o] o] AGVS Sdd FPAN FEate] YA
e g ¥d e uiAsges s A1 ¢
AP AAAG TS VA ¢ US Ao R Hol, g} M
vl AHE s Erjd)o A REAHoE EQE ] gloh

old], ¥ AToME AF3 ZHolY EHrldg gz v
&9 AGVSH FHA g0 2u]Q] DSVE HE3 oldAxaH9)
Huld &958e £48 myrh

2. A=3 ol StA|AH

21 B{old SlA|AH

A7 ol S A5 Aelold HElde Fig. 1%
FANAY FERETFEE AR glo) 71E] £HulA

Fig. 1 Stevedoring system of target container terminal
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Table 2 Operation system on targe terminal
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Table 5 Optimal number of transport vehicle
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40lifts 4t . 4t
20lifts 4t} 3dj
25lifts 4ty 4ty
45lifts 30lifts 4t) 4rj
35lifts 5ty 44
40lifts St 44
20lifts 4tj) 3t}
25lifts 4t) 4)
50lifts 30lifts 4tj 41)
35lifts 5t 4t))
40lifts 50 4t)
20lifts 4t 3o
25lifts 44 4t
55lifts 30lifts 4t 44
35lifts 5o) 4t
40lifts 59 4t
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Table 4 Simulation results for target terminal

D 2% AGV. DSV | AR o =5 AGY DSV | ANASe
1 40-20-3 28.37 29.07 2.48% 41 50-20-3 28.35 29.32 3.08%
2 40-20-4 2998 30.14 0.52% 42 50-20-4 30.07 30.16 0.30%
3 40-20-5 30.31 30.34 0.07% 43 50-20-5 30.31 30.37 0.20%
4 40-20-6 3031 3041 0.01% 44 50-20-6 30.37 30.42 0.15%
5 40-25-3 31.02 32.70 5.41% 45 50-25-3 31.00 33.18 7.03%
6 40-25-4 34.76 35.14 1.10% 46 50-254 34.95 35.33 1.09%
7 40-25-5 35.48 35.60 0.32% 47 50-25-5 35.63 35.67 0.11%
8 40-25-6 35.66 35.84 0.51% 48 50-25-6 35.76 35.86 027%
9 40-30-3 3242 35.04 8.07% 49 50-30-3 3242 3599 11.00%
10 40-30-4 38.24 39.02 2.05% 50 50-304 38.50 39.66 3.02%
11 40-30-5 39.77 40.05 0.72% 51 50-30-5 40.12 40.37 0.63%
12 40-30-6 40.13 40.14 0.03% 52 50-30-6 40.47 40.73 0.64%
13 40-35-3 3324 36.58 10.05% 53 50-35-3 3324 37.80 13.73%
14 40-35-4 40.07 40.39 0.81% 54 50-35-4 4093 4292 4.87%
15 40-35-5 40.45 4045 0.00% 55 50-35-5 43.57 44.22 1.51%
16 40-35-6 40.45 40.45 0.01% 56 50-35-6 44.19 44.42 0.53%
17 40-40-3 3397 37.85 11.40% 57 50-40-3 33.97 3947 16.20%
18 40-40-4 40.44 4045 0.00% 58 50-40-4 43.05 46.03 6.93%
19 40-40-5 4045 4045 0.00% 59 50-40-5 46.74 47.75 2.16%
20 40-40-6 40.45 4045 0.00% 60 50-40-6 48.15 48.39 0.51%
21 45-20-3 28.39 29.13 2.58% 61 55-20-3 28.34 29.31 341%
22 45-20-4 30.07 30.18 0.34% 62 55-20-4 30.08 30.20 0.40%
23 45-20-5 30.36 30.37 0.02% 63 55-20-5 30.28 30.30 0.07%
24 45-20-6 30.38 3044 0.19% 4 55-20-6 3041 30.46 0.19%
25 45-25-3 31.01 33.04 6.53% 65 55-25-3 31.00 3337 7.64%
26 45.25-4 34.87 3521 0.96% 66 55-254 34.92 3542 1.43%
27 45-25-5 3554 35.64 0.28% 67 55-25-5 35.65 35.71 0.16%
28 45-25-6 3573 35.80 0.19% 68 55-25-6 3572 3595 0.64%
29 45-30-3 3242 35.61 9.84% 69 55-30-3 3242 36.23 11.76%
30 45-30-4 38.44 3947 2.69% 70 55-304 38.60 39.75 2.9%
31 45-30-5 3995 40.28 0.85% 71 55-30-5 40.05 40.38 0.80%
32 45-30-6 4043 40.45 0.06% 72 55-30-6 40.47 40.55 0.19%
33 45-35-3 3324 37.28 12.16% 73 55-35-3 33.24 38.16 14.82%
34 45-35-4 40.87 42.69 4.45% 74 55-354 41.03 4321 5.30%
35 45-35-5 4331 43.89 1.32% 75 55-35-5 43.51 44,09 135%
36 45-35-6 44,13 44.28 0.35% 76 55-35-6 4431 44.50 043%
37 45-40-3 33.97 38.80 1421% 77 55-40-3 33,97 39.92 17.50%
38 45-40-4 4298 4488 4.42% 78 55404 43,10 46.45 7.18%
39 45-40-5 45.36 45.56 0.43% 79 55-40-5 46.91 49.75 223%
40 45-40-6 45.56 45.57 0.01% 80 55-40-6 48.35 48.45 021%
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Fig. 7 CJC Productivity graph by transport vehicle(AGV/DSV)
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