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Performance Evaluation of Hydraulic and Magnetic Clamp Crane
for Transporting Curved Steel Plate for Shipbuilding,
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ABSTRACT: As a new technical approach, a hydraulic and magnetic clamp device was developed to realize a magnetic clamp crane system by
simultaneously actuating eight individual hydraulic cylinders. In this approach, an Sr-type of ferritic permanent magnet (SrO- 6Fe;Os), rather than
the previous electromagnet, was utilized for the purpose of lifting and transporting the large curved steel plates used for manufacturing ships. This
study had the goal of developing and manufacturing a hydraulic, magnetic clamp prototype composed of three main parts, including the base frame,
cylinder joint, and magnet joint, in order to safely transport curved steel plates. Furthermore, this research included a performance evaluation of the
manufactured prototype and acquired the purposed quantity value in the performance test. The most significant item, the magnetic adhesive force
(G), was evaluated in a performance test, which utilized a ferritic permanent magnet (Sr type) with 3700~4000 G of residual induction (Br) and
2640/2770 Qe of coercive force (He). In particular, relevant items such as the hoist tension (kN), transportation time (s), and applied load (Kgf) on
the hydraulic cylinders were also evaluated in order to determine the optimum values.
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Fig. 1 Actual view of current chain type magnetic clamp (a),
curve panel for ship manufacturing (b)
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Fig. 3 Schematic diagram for comparison of present-purposed
hydraulic magnetic clamp device (b) with the previous
clamp device (a)
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Fig. 5 Drawing image with respect to a hydraulically-balanced
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Table 1 Several performance evaluation items for this study
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1. Curve ratio mm 10 - 131
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3. Hoist tension kN 10 135 147
4. Transp. time sec 20 120 120
5. Load applied to

cylinder kef 20 1,200 1,200
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Fig. 7 Image of base frame body used for this study
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Table 2 The physical property of Sr ferrite-permanent magnet
used for this study

Hc [Oe]
bHc iHe
2500 ~ 2640 2600 ~ 2770

Grade Br [G]
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Fig. 10 Image to show the hydraulic cylinder used for the
hydraulic, magnetic clamp device

Fig. 11 Image of magnetic arm unit composed of 2 side plates

and 1 rib plate used to connect the hydraulic cylinders
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Table 3 Results as to performance evaluation items Magneti For Magnet
5 - B Density
Evaluation item unit peorc. & perto ce A
[%] pur pose value 7
1. Curve ratio mm 10 131 160
2 Ma i }1c For Magnetic Core
- Vagnetic G 40 82 87 ~H /

adhesive force Magnetic Field
3. Hoist tension kN 10 147 150
4. Transp. time sec 20 120 81
5 Load applied to e 55 4500 1,250

ylinder @) (b)

(b)
Fig. 13 Image of a hydraulic-magnetic clamp crane to lift the

curved steel plate; (a) before action, (b) during action
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Fig. 16 Schematic image of arrangement in permanent magnet; (a) reverse polarity, (b) same polarity
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Fig. 17 Figures to show individual shapes of relevant permanent
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SmyCoyy
Residual conduction 3,600 ~ 4,400 6,500 ~ 14,000 8,200 ~ 11,600 10,000 ~ 13,000
(Br) [Gauss]
Coercive force
(Ho) [Oersted] 2,800 ~ 3,000 600 ~ 1,500 8,200 ~ 20,000 11,000 ~ 25,000
Maximum energy
29 ~ 48 25 ~ 95 16 ~ 32 25 ~ 43
(BH) Meg[GOe]
Temp. charact. - ~ ~
of Br [%/C] -0.2 -0.02 ~ -0.03 -0.03 ~ -0.045 -011 ~ -0.13
Temp. charact. .
of He [%/C] 0.3 0.01 ~ 0.03
C““‘EOCT]GI“P' 450 850 ~ 890 750 ~ 850 320
Max. use temp. 250 550 250 ~ 350 80 ~ 200
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