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A Design and Characteristics Analysis of High Efficiency Gantry Crane

K H Kim-Y. J Lee-]J. W. Lee - K. S. Lee

:ME=2] = (Gantry Crane), #l<lEE2](Main-Trolley), B =ZE=(Sub-
]

Trolley), AW o]o}(Conveyor), A2]H|o)8](Elevator), #re]Z€}%(Cycle Time), <
=9 vkx(Anti-Sway)

Key Words

Abstract

In this paper, an improved high efficiency gantry crane for container transportation is
designed. The basic concept of the designed crane can be used with modification of the
classical gantry crane instead of changing lots of them. This crane can reduce the cycle
time more than the classical gantry crane. The high efficiency gantry crane can improve
the productivity of the container transportation job because of reducing cycle time

The loading and unloading capability are compared with the classical crane. The results
show that the proposed crane has better performances than classical type.
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Table 2 Calculation of distance L1

T ® 6000TEU | 3550TEU
g = [m] [m]
uj 2] 7o} (D] 273 215
748 Asleld AslEo] [H] 116 145
Y A= [F] 392 318
3ld A 74 d 95 85
5| 254 =o| M 170 145
stde] Fejojda [C] 05 05
ZAdo]L] ] o] [h] 29 29
‘H “] iu]io]g}
A7 FA fe+t] 25 24
‘}}__/’I:_,]M—,] o} (4 Ji/\])
[D+e+t+H+C+h—d] 3H3 333
wje] AA} 3% 1/2F tan 3° 1.03 0.84
shzo A9 ofA
(3° A 36.33 34.14
u]-z/'*‘,])\]-‘,] Tgﬂgﬂo] lx‘_o] 19 19
Fae|dmiake] oA [L1] 3443 3224
AR A (L RZA 32
Table 3 Calculation of distance 1.2
T % 6000TEU | 3550TEU
3 = [m] [m]
HE 7z [d1| 125 115
A s} wi=bd o] Az G| 20 2.0
aft Ao ol (k]| 12 1.2
Rzsske) A [d-i-hl | 93 83
Zaedulsle] okA [L2] 133 12.3
A o1 | 14 13

Tz, 2 Az Az g A e

D 1003} 2t

1) Engaging container on dock(2.0 sec)
2) Hoisting(23.8m)

2/ )Traveling outhoard(42.1 m)

e

3) Lowering to cell guides and stop(1.5 m)
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Fig. 5 Working region of conventional crane

4) Entering cell guides(2.0 sec)

5) Lowering -slowly and stop(12.0 m)

6) Disengaging container(2.0 sec)

7) Hoisting(13.5 m)

8) Traveling inboard(42.1 m)

8") Lowering to cell guides and stop(22.8 m)
9) Lowering to container(1.0 m)

10) Repeat cycle
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Table 4 In case of load and no load, velocity
and  acceleration - deceleration  time

(conventional crane)

2 | Velocity | Acc. time | Dec. time
TR {(m/mim) (sec) (sec)
Hoist 70 0875 | 087
Load { Traverse 180 75 75
Lower | 0 | 08B | 087
Hoist 150 370 3.750
Unload | Traverse 180 75 75
Lower 150 3.730 3.750
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Table 5 Conventional crane’s Cycle Time

D |Acc.|Dec.| t1 | t2 | 3
(m) | (™) | (™) | (sec)|(sec)|(sec)

0.00 | 0.00 | 0.00 | 0.002.00 | 0.00
23.80(0.875|0.875{ 1.50 [18.90| 1.50
42101750 1 750 | 5,00 | 9.00 ; 5.00
150 [0.875(0.875(1.389| 0.00 |1.389
0.00 | 0.00 | 0.00 | 0.00 | 2.00 | 0.00
12.0010.875{0.875| 1.50 {8.786| 1.50
0.00 | 0.00 | 0.00 | 0.00 | 200 | 0.00
1350( 375 | 375 | 3.00 | 240 | 3.00
4210) 750 | 750 | 500 19.033| 5.00
22.80| 375 | 3.75 | 3.00 [6.120] 3.00
1.00 { 375 1 375 [1.095] 0.00 |1.09%

Total cycle timelsec]

Time/
Oper
2.00
21.90
19.00
2.78
2.00
11.79
2.00
340
19.03
12.12
2.19
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Fig. 6 TTES gantry crane’s working process

(single cycle)
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1) Engaging container ondock(2.0 sec)
2'YTraveling outboard(42.1 m)

3) Lowering to cell guides and stop(1.5 m)
4) Entering cell guides(2.0 sec)

5) Lowering slowly and stop(12.0 m)
6) Disengaging container(2.0 sec)

7) Hoisting(135 m)

8) Traveling inboard(42.1 m)

9) Lowering to container(1.0 m)

» E'V

2) Hoisting(14.8 m)

9")Lowering to cell guides and stop(13.8 m)
9) Lowering to container(1.0 m)

» C/V

10)Conveyor(3.6 m)

» XYZ

17) Z Hoisting(0.3 m)

18) X Traveling(3.0 m)

18")Z Hoisting(7.3 m)

19) Lowering to container(1.0 m)

11) Engaging container ondock(2.0 sec)
12) Z Hoisting(8.3 m)

12X Traveling outboard(3.0 m)

15) Z Hoisting(0.3 m)

16) Disengaging container(1.0 sec)
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Table 6 In case of load and no load, velocity and
acceleration - deceleration time (TTES

gantry crane(single cycle))

g5 Velocity | Acc. time | Dec. time
T {m/min) (sec) (sec)
ENV 70 0875 0875

Load Con 100 4167 4167
XYZ 100/50 1 4.167/0.625 | 4.167/0.625
E/V 150 3750 3750
Unload | Con 150 4167 4167
XYZ | 100/100 | 4.167/2.50 | 4167/2.50

Table 7 TTES crane’s Cycle Time(single cycle)

. Acc.({ Dec. | t1 | 2 | t3 [Time/O|
No \Motion) D) | “ns™ (g | see) | (see) |(sec)|  per | 10

000 | 000 000 | 200 [000] 200
100 [08% | 000 |1134] 0.00 {1134 227
20| 750 078575 500 | 233 |500] 128
150 | 0875 | g |1389| 000 [1.389| 278
000{ 000 | gn | 000 | 200 |000| 200
1200} 087 | 085 | 150 |8786 | 150| 1179
0001 000 | 000 | 000 200 |000| 200
1350 0875 078525 300 | 240 [30| 840
20| 750 | 4o | 500 | 233 |500| 1233
100 | 37 | goo | 105 | 000 [L0%] 219
000 | 0.00 000 | 200 [000| 200|608
EL H|1480{ 0857 | 0857 | 150 | 1118 150] 1419

8 |EL_H|1380|3750| 3750 | 300 | 292 |300] 82
CV | 10| C/v | 360 | 416 | 416 [3286 | 0.00 |3286| 657 |27.48
XZ| 1 000 | 000 | 000 {000 | 200 |000] 200
12| 70| 830 |06%5| 0625 | 150 | 846 [150] 1146
12| Z.H | 300 [4167| 4167 | 300 | 0.00 1300} 600
15| 70| 100 {0625 0625 |1.342| 0.00 [1.342] 268
16 000 000 | 000 | 000 | 200 [000] 200
17| 7.8 | 100 {0625 062 [1432| 000 (1342 268
18| X_T| 300 [4167] 4167 | 300 | 0.00 [300] 600
18721930 250 | 250 {300 |25%0]300| 858

19 0.00 ] 000 | 000 | 200 |2001000f 200 |4341
Total cycle time[sec) 16009
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Fig. 7 Improved crane’'s working proéess(dual
cycle)
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» Traveling/Hoisting
Disengaging container(2.0sec)

1) Hoisting(13.5m)

2) Traveling outboard(21.0m)

3) Lowering to container(0.5m)
Disengaging container(2.0sec)

4) Traveling & Hoisting(4.71m)
Disengaging container (2.0sec)

5) Hoisting(0.5m)

6) Traveling inboard(26m)

7) Hoisting(13.5m)

8) Disengaging container(2.0sec)

9) Hoisting(10m)

10) Traveling outboard(2.5m)

11) Hoisting(10m)

» Elevator

12) Elevator down(14.8m) & up(14.8m)
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20")Elevator up(12.4m) & down(12.4m)
» Conveyor
13) Conveyor(3.6m)
» XYZ
Engaging container ondock(1.0sec)
14) Z Hoisting(0.3m)
15) X Traveling(3.0m)
16) Z Hoisting(6.3m)
Engaging container ondock(1.0sec)
17) X Traveling & Z Hoisting(4.71m)
Engaging container ondock(1.0sec)
18) Z Hoisting(10.0m)
19) X Traveling outboard(9.0m)
20) Z Hoisting(0.3m)
Disengaging container(1.0sec)

Table 8 TTES crane cycle time(dual cycle)

. ) 4 otl 1
No|Mtion (1131) /(\% I()r%) (sec)|(sec) | (sec) 13?&6/ Toal
0.0010.00(0.00] 0.00§ 200 000 | 200
5 H |1.00[087530.8751.134{ 000 | 1.134| 227
6 T | 26|750|750] 5003667 5.00 | 1367
71 H |13508730.87 1.50 |1357| 150 | 1657
8 0.0010.00{0.00{ 200 | 200 | 0.00 | 2.00 |76.66
91 H | 1037032015%]0.00|1.0% | 219
T/H|[ 10| T |26|750|750(2.082{ 0.00 | 2082 | 416 | ¥3t
11| H |10 [3m03701.0%5] 0001095 | 219 | EA
2,00 200 | =
1| H |135/08/H087 150 |10.07| 1.50 | 13.07
21 T |21 (750750500200 500 |1200
3| H 1 [08730.8751.134| 0.00 | 1.134} 2.27
4 471 1.134/ 000} 1.134 2.27
BL 121 H {148]08750.879 1.50 {11.18] 1.50 | 14.19 |28.38
21| H [124/0875087 150 19.129] 1.50 | 1213 {24.26
C/V| 13| C/V | 36 |416(4.16(3.286{ 000 | 3286 | 657 | 657
0.00/0.00} 000 2.00| 000 | 200
14} H [1.00[08700.875{1.134| 0.00 | 1.134| 227
151 T (3.0041674.167] 3.00 [ 0.00| 3.00 | 6.00
16] T/H | 6.3 08M0.879 1.50 [ 606 | 1.50 | 9.060
%y 200 200 151 77
17 471 1.134{ 000 1134 | 227 :
181 H [100/0870873 150 | 105 150 | 135
191 T {90|75|75|500]0401 500 | 104
200 H |10 [08m08751.134| 0.00 | 1.134| 2.27
200 200§ 200
Total cycle time[sec] 3833
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Table 9 The comparison of conventional crane
with TTES for the loading and
unloading ability

T B TTES
| AE = .

5 = (3550 TEU) | Single Dual
- cycle cycle
AT
5@13 stz | st | s e
[m/cycle] 175 87 47

Cyd[‘;e;r]me 103.21 6009 | 3833

}o:l__a:]
[EA/hr] 5 60 9

X 9o|lA = vie} 3Ee] Cycle T1me-4 o=
TTES Single 82 73-$ 71&2] =] vls) <
71%, Dual¥-2 oF 163%°14 NAES & 4 slck
a5 m o)A TTES Single 3¢ A% 7129
Zele) v]a) <F 719, Dual®-2 oF 168%°14 A5
o MAAEL & 5 glvh ¥ 108 7|E] A=k
A& vk Aeo|ch
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Table 10 The comparison of Conventional crane
with TTES for the merits and demerits

T 71& =Yl TTES
+ Bumper71%
- Zelelst 24 3] %_E__OO_]%L
Bkl AA |
A4 9 APl - B g4
A
oA vewe ol Az B @
"L zaey 944 . oi lﬂofa
A B . =) 0] . ) 3}
AT HAa
. . 3l A5
et AHEst clehe 7}:(;emi—oAuto)
o

Table 11 Comparison of conventional crane(l)
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