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An Experimental Study on Incremental Roll Forming Process
for Manufacturing Doubly Curved Ship Hull Plates
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Abstract

In order to manufacture a doubly curved sheet metal, the incremental roll forming process which adopts advantages

such as the flexibility of the incremental forming process and continuous bending deformation of the roll forming process
has been experimentally investigated. An experimental equipment was developed which was named as unit roll set (URS)
consisting of two pairs of support rolls and an upper center roll. The upper roll equipped with the servo control unit is

motor-driven and can be positioned in the vertical direction according to the user’s commands. Four support rolls are idle,
and they freely rotate only along the axis so as to transfer the plate more stably in the tangential direction of the rotation of
the driving roll. In the process, the plate is deformed incrementally as deformation proceeds simultaneously in

longitudinal and transverse directions. Through the experiments using URS, information regarding to forming schedules is
found out to fabricate curved hull plates. This study demonstrates the further application of the incremental roll forming

process in shipbuilding industries.
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(b) Arrangement for a longitudinal curvature
Fig. 5 Two arrangements of the support rolls
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Table 1 Conditions of experiments

Value (mm)
Material Mild steel
Initial plate Length 700
Breadth 250
Thickness 6.5
Radii of Driving roll 50
rolls Support roll 50
Path interval 33
Intg 200
Inty 200
Velocity of transfer 20mm/s
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(a) Formed shape
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(b) Measured curvature along the center line in the
transverse direction

Fig. 6 Results of experiment

4. 948 =M0 OE ol JH 43 4E

4.1 0|5 5H g8

411 B4 2% JtE(Case 1)

SA BAYFem 1 2 rhEEe] L% dY
S /e 3 A 27 3, 4o T @
d FE HAEH TLT WY AA FHYE F
Aide dd A22 wet Y dolE 47 6, 7
23l 8mm 2 3] 3 7MA 9] HF FAoR 2 4
7S 3t oF FUE AFIHGT. AE ol
8mm 2 2 2} 713 HAF YA Fig 8()° e
WAL, 2 2 7k e R A FHE F7H F o]
A A AR AN S84 WIE Fig
8(b) ollH #EI 4 Avk. TS} Zo] 1 A}
Zbeel o8 A AWE FE(nital”)E T
Fel TE A o3 gaEen, O Faw
< F7tHe WY F80] SHEFE A &
A& 5= ek 23 FhFel s old dACA A
BE FE Fa @] YepkedsE s
T B TS AW FEA A o)F
o] AdEe AT+ UUH

(a) Formed shape
—o— depth=6mm
0.0010 - o depth=7mm
0.0009 - ~ime depth=8mm

0.0008 4
0.0007 4
0.0006
0.0005 <

0.0004 -

Curvature(1/mm)

~0
O~y |
0.0003 | O~g—p-p_g—g—o0—0 o

0.0002 -

0.0001 T T T T T 1
-300 -200 -100 0 100 200 300

arclength(mm)

(b) Measured curvature along the center line in the
longitudinal direction

Fig. 7 Results of experiment
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(b) Transverse curvature of the formed plates
Fig. 8 Results of experiments (case 1)
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