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Abstract

This paper presents a novel concept of cargo handling system adapted for a sea port subjected to severe
time-varying tide. The proposed system can perform loading or unloading by using a sort of hydraulic
elevator associated with real-time position control. In order to achieve a proof-of-concept, a small-sized
laboratory model of the cargo handling system is designed and built. The model consists of three principal
components ; container palette transfer (CPT) car, platform with lifting columns, and cargo ship. The platform
activated by electro-rheological (ER) valve-cylinders is actively controlled to track the position of the cargo
ship subjected to be varied due to the time-varying tide and wave motion. Following the derivation of the
dynamic model for the platform and cargo ship motions, an appropriate control scheme is formulated and
implemented. The location of the CPT car is sensed by a set of photoelectric switches and controlled via
sequence controller. On the other hand, a sliding mode controller (SMC) is adopted as the position controller
for the platform. Both simulated and measured control results are presented to demonstrate the effectiveness

of the proposed cargo system.
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Fig. 1 Schematic diagram of the proposed cargo
handling system model.

99 ZTAE 99 B A (bridge2)’t BIEA A
Holu ZeE £5x7 Aoz o FsA ©rh
ojuf, Aur 18 FA2AXNI AXA Hm, oA
oz A"y THE 437} A (A
ARLS padi o2 AF ARl 13 o F
AxH, ZHEL ATHeR 9 R BYANE ¢
3 448 27932 BERFoRA ARAA
2% g9, gL AHAAY dee=
Ayt

2.2 A2 =del M & HE

Fig. 2 °2 & 4ol 473t Azd &%
A 2" mdo AL, Fig. 2y A€ A%
A4 FEQ ERWE-AAY AJ2F] AL B
Azt AHoY TIHE 4 REL A7
ABL 727 40008 ©))x 20004 B])x 250(F ©])mm’
9} 25kg 2 PR AgE FGAN2Y 2P
o) 71 BAREE Aol FHE ¥F+AE A
T ke Folg BT Fo| Alo)E £ olF
& 9F9 7 2HolH JYZERYT EH
Zo) B3 TREo|IT ¥X B9 AVE 1
gt} TAZ ) 7S 600(7F2)x 600(H Z)mm’
2 a9, AFE EREY ANARH Adu%
JAE 229 AF 2 ERT 4 XD &
AANEL EFH FAFE 17kg ©] HEF AT
YTERHL 4AEY AYrpolez FHRLR
A ZREo) AN EF Aol 1AFE BT
S 4FA & F UEF AT

ZPEL A2 T IF7I2e 20EA
g9 Ul ERFAE o] §3 EREE-AITA
28-S 233t ER 4l AVHE5HASLE
3, rkske A A71ge] A7le we o
AEEAH d4H g Wate 5A¢ 23 4.
ol#|¢ ER #Al¢] 53¢ o|8¥ ERBEA =Y
& 718y BRstn asbd fFEMRALEHAE
gg AZAolol nAYY A7FE Artste A
gto g 2t A % 2 AHAE A ¢ 3
t}. o]#l ¥ ER YHE Kirchhoff & M”32} F



1984 HEE - 1Y

W Microprocessor

Wave generat

(a) Manufactured model

ER valve bridge N

(b) ER valve bridge cylinder system

Fig. 2 Photograph of the proposed cargo handling
system.
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Fig. 3 Bingham property of ER fluid at 55°C.
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Fig. 4 Schematic diagram of cylindrical ER valve.
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Fig. 6 ER valve bridge circuit.
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Fig.7 Friction model of the lift column.
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