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A Study on Prevention Maintenance of Container Terminal

Equipments for Increasing Terminal Productivity

Young-Ho KIM

Department of Logistics Engineering,

Graduate School of Korea Maritime University

Abstract

The productivity for container handling in container vessel Is an Important role In
container terminal and it mainly depends on the productivities of gantry crane In quay
side work, transter crane in yard work, yard tractor and other equipments. By the failure
of these kinds of equipment, the operation of equipment will be stopped until the repair of
the failure is finished.

During these repair time, the loading and discharging to and from container vessel is
forced to be suspended and container handling productivity at terminal 1s negatively
aflected. Thus, the prevention maintenance 1s very Important in order to keep the whole
container handling equipment in optimum operational condition at container terminal.

In this thesis, I propose a faillure reduction methods which deal with adyustment of the

_ix_



period of prevention maintenance and design of a new condition based on maintenance
method.

Firstly, I have made an analysis on the failures occurred to all container handling
equipment. From this result, I distinguished 4 parts’ gantry crane in quay side, transter
crane in yard side, yard tractor and other equipment. From failure analysis I gathered
the failure data for each equipment during one month in given test period and
distinguished the failure which concerns with prevention maintenance.

Secondly, 1 show a variable productivities that evaluate quay side work, yard work and
gate work In handling containers by each equipment at container terminal. Also, I denote
the relationship between the container terminal productivity and the failure rate of each
equipment.

Thirdly, I suggest an optimal period determination method for prevention maintenance
of each equipment by heuristic method. For verification of proposed method I calculate the
total productivity and compare the results with the results which are adapted in the
proposed period determination method.

Finally, I propose a novel condition based on maintenance method by steady state
equation method. In the method [ can estimate the falure state before generating the
fault in each equipment with given mathematic models. In simulation, I show the fault

detection and isolation In given faillures for gantry crane system..
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25 e Adle] Adel dal dsa

\ Machine & Electric room

Cross tie beam

AN
Festoon cable \\\V’ < \ Apex leg
/ e N 4 \

Trolley girder Boom operating cabin

Tie beam —— A «—— Fore-stay

Operating cabin

Diagonal beam Trolley rail

Leg —m

s ] = /\\\\\

< VT Gantry leg station % Hoist wire rope

Rail clamp & Anchor

& Tie down Head block

Spreader

Fig. 2.2 Gantry crane structure



Table 2.1 Items of generalized gantry crane system

HE 4o Tz A

1 Travelling adgd AA7} F=2 olF

2 Traversing g giats of=olA Moz HF o]F
3 Hoisting =X Y7t 32 ol

4 Boom hoisting & A=l Up, Down &2t

5 Portal front leg a# Aes XA s}= 7] F

6 Portal rear leg ARl F& A= 7F

7 Sill beam Columns #-$-2 fhol F= 9

8 Portal beam Columng AF= Fo} F= A%

9 Tie beam Column 75 #F¢2 Fof ¥+ 9

10 Diagonal beam Columns #ollA elej2 gjzto=z o= 9
11 Super structure FE-ol Al Columnes AAste] Folgs 9T
12 Cross tie beam |1 - A A

13 Boom A AFE AA B ESY Ui olF A=
14 Girder A 5 AA

15 Fore stay AT Boom A A

16 Back stay EE 7] Girder A4

17 Checker room A W (Under man) 2H$d2

18 Boom operating room | & 74

19 Operating room SRS 1] A A

20 Machine room 7E A5 2 T WA 23
21 Tie down Al A=A FA

22 Head block Y E dAs7] f S wisiA

23 Trolley +AAY ~2x2gyE g Jgste A
24 Anchor B 5 HlA 29l 18 EA

25 Bogie TR NATEZE

26 Cable reel A FEA

27 Clamp Al o A AE B FFUA A
28 Rope tensioner, EEZE Ao W7l Hie goloj2E AYFA] A
29 Tilting device 2ZY 2, AF, A WA B 2 A
30 Boom latch A 2 FEA B2 1A= A




Table 2.2 General specification of super post panamax gantry crane

il AA AR g 7E Ak
1 | AAs(~ZY Y Lol A) 4 Ask% 65ton
2 | s =g enE dd $4719) # 2 63m
3 | FAF meAYEAE dd TS # 2 20m
4 | 3 ARAE=REY HYd 4HrE) # 24 40m
5 s AR LE(IEY dd AH7IE) # 4 19m
6 A A= # 2~ 59m
7 MEZ dd 74 (Span) 30.5m
8 | AE dd 1 °F+4.0m
9 A& = (A sts/75-3}) 90/180m/min
10 | EE7 35 240m/min
11 | NEY FP&H: 60m/min
12 | & A4, ¥t LAzt 7} 5%
13 | dlz27ke] WS A #2 183m
14 | =& 7 Fzo 24 165m
15 | Fawd 209 088 2olA M LK) v} 27m
Table 2.3 Distribution of gantry crane power source
&5 A FF H] a1
1 CRERA AC6,600V, 60Hz, 3¢ dE A
2 257457 | DC450V AFHAEF7) 544
3 WFHE7] | AC440V, 60Hz, 3¢ AFHAF7] FE5H
4 Bol= AC440V, 60H, 3¢, DC220V Beola 75
Aol 8z DC220V, DC24V Aol
AC220V, ACI110V 60Hz, 1¢
29 g AC220V, 60Hz, 1¢ T
AC110V, 60Hz, 1¢
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Table 2.4 Distribution of prevention maintenance group of gantry crane mechanical part

=@E))| NEEE)| AS Q B
DEREI| AS 9 B
JlojerA Qgtea oum
2 Lo crel ML
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MNEE
H
=
= o "TERECL]
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o1l
A0|0(2 T 02, e
=13
o
g
Ay axus
sl
- = o n ESAE = =,
5 2HE I Zam =
=
o EQAE = =,
TR E2l, wos
. 2xE, SEAH,
28 HIOf 2!
SosUE,
deldR MR e S
2010/ S OIS, &, XIZAE
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Table 2.5 Distribution of prevention maintenance group of gantry crane electrical part

ES D] NEHE) o U AS
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N _ =22
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= = Do e e
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MEZ YRS S5 7IAA Be 99 FAFo] AFEe] Ak =g 7ANS AL

A1 (Overhead crane)©]
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Table 2.6 Items of prevention maintenance of gantry crane mechanical part and check
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Table 2.7 Items of prevention maintenance of gantry crane electrical part and check
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Table 2.8 Electrical part fault items of gantry crane
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Table 2.9 Mechanical part fault items of gantry crane
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Trdlley rail

Fig. 2.4 Structure of transfer crane
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Table 2.10 Items of transfer crane system
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Table 2.11 General specification of transfer crane

Fig. 2.5 Cargo working view of transfer crane

HE a5 A7) 5
1 AT (=2 Lo A) A A5 40.6Ton
2 Av FAA Abel F 2 235m
3 g2 WS 4 2 22.0m
4 g1 95 114 2 255m
5 AT 24 152m
6 4 o] 2 69m
7 A& (A A8/ 531 20/40m/min
8 P& 70.0m/min
9 FE = (A T/ 55 90/134m/min
10 EE(7VEA/A7FEA]D 16/49m/sec
11 NED FP£L 60m/min
12 449 AT W2
13 Cycle Time 4070/hr
14 Endurance 24N ZE A% A
15 AN &= 550Hpe]
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Table 2.12 Distribution of prevention maintenance group of transfer crane electrical and

mechanical part
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Table 2.13 Items of transfer crane prevention maintenance and check
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Fig. 2.7 A view of yard tractor and chassis

_32_



Table 2.15 Items of yard tractor system
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Table 2.16 Items of prevention maintenance of yard tractor
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Table 2.17 Items of prevention maintenance of reach stacker
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Fig 2.9 A view of top handler
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Fig. 3.3 An accident of electrical fault(a)

Fig. 34 An accident of electrical fault(b)
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Fig. 35 An accident of electrical fault(c)
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Fig. 3.6 Faults of DC motor

Fig. 3.7 Motor piece by insualted destruction
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Fig. 3.8 An accident by outside vehicles
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Table 3.1 Technical word explanation of prevention
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Table 3.2 Optimal maintenance expense calculation data for DC motor change
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Fig. 3.16 Analysis of fault repair time
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Table 5.1 Parameters for gantry crane system

Symbols Kind Values
Ve Trolley position m
e Sway angle rad/s
/ Lope length 20m
M Trolley weight 5,000kg
D Damping coefficient 60
M Spreader mass 4,900kg
M, Container mass 33,500kg
o Gravity acceleration 9.8m/s”
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Table 5.2 Fault magnitudes and their thresholds

Items Fault magnitudes Thresholds
Actuator 200N 0.0735
Trolley position sensor -0.0bm 0.1
Trolley velocity sensor -0.01m/s 0.01
Sway angle sensor -0.1rad 0.2
Sway ang. vel. sensor -0.0022rad/s 0.011
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Fig. 5.4(d) Sensor 3 residual in actuator fault
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