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Research of work support and automation system
for plate bending by Al line heating
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Summary
Line heating has been used, in many Japanese and overseas shipyards, as a method of steel plate
bending for the curved shell plates. However, it takes 10 to 20 years for workers to learn
"craftsmanship" to bend steel plate in any form, and so improvement of processing accuracy, which
affects the accuracy of curved block assembly, has become an urgent issue due to declining working
population. In order to improve processing capacity, which is an important factor in bending accuracy,
we developed a small automatic heating robot that can move freely on curved steel plates and a work
support system using AR (augmented reality) technology ,to assist unskilled workers. In addition, by
combining simulation technology and AI technology, we have developed an "AI heating plan

generation system" that previously depended on the experience and know-how of craftsmen.

0 {E3 b 2 b7 5,

1. # E TERDBRRAEI F ORI AR 110733, 1R
RIS 1, BB SRR IS & o TR FACEANC G2 DN DIHEE, FEHEORIC AT
L IBMEAT A WA D C B0 3 RoTIf &R % THYES NI ROLT, Sl LD L%, Eolk
SERREA ORI I T Ch 2, #h0 AMRDH A R S, LK BVDAEAT, EONEFTIET 55
Rk, BRISFEEAET, RO, BAICE D CLF TIBER) LFT2) IMEEEORBRE )
SRS STIE (B R SERATERE O ES, N NIZERDBNTE 2720, MEEFI L - CHEEm
BUCEOFRE, SEIINBRO~—% > 77 LHRETOB RREDIZHOXAKRE <, L LV R

-1- JMUFH=HJL-LEa— No.14 (20234 8 A)



JMU

%

RETH D,

TR, Wit T 28t B OPTERLEIZSZTT
ARLCHfh D L et Y L 2 MR L7y HIE S i
Az v iy,

1HRRINENC & 2 0EkO MRt RS
Fig.1 Conventional steel plate bending by line heating
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Fig.2 System configuration
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Fig.3 Deformation components by line heating
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Fig.4 “Heating-Deformation” Database
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Fig.5 Al heating plan generation system
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Fig.6 Inherent strain separation
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Fig.7 Small robot and ancillary equipment
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Fig.8 AR work support system for plate bending
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Fig.9 Target shape for bending test
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Table 1 Accuracy standard for hull plate bending (JSQS)
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Fig.10 Twisted saddle shape and all heating lines
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Fig.11 Correction heating plan and heating results

N —a ZHDOEITEIGIR & DREeBEE R LT
BY | FEEAITESmm UTFOEKREZRL TS, 20
Bix 2 [BIHOEEMENC, BEYERE 45mm, 3 [FIH
T 36mm & HEED 5mm ZKE < LRI Tl
DENTET,

1212 3 [ H EIENEME T# 0% (X 10)
DT T 7 Znd, EROFHATIR, R8s BIE
WOBEH AR L TVD, MEILHTER->TEY, B
IHRAERTHDHZENZDT T TINS5 D,

TI-T1’ | T3-T3 .
— st Bor = 7.9 s A - 139
——- BEFER ——- BEYR

306, " B e f——

50 250 _\

20 200 S

150 = — + 150

w S| B EDAER -

W S| TR ERRR | . N
&

400 800 1200 16500 2000 400 800 1200 1600 2000

L1-T1' ol | L3-T% .
— AL BAE =093 — MR RBAE = -10.47
——- BEFAR ——- B

300 7 300\\

20 // 50

-, ; . .

150 L

5 / )

50 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000

12 $ VBT DIRAEHE R
Fig.12 Final result of twisted saddle shape
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Fig.13 All bending test results
6. &5

AEPEFR AN O ORNZ X0 | Bl TEE 1B LY
INTAEEEOHERT - ) E230HE L7-RNEIT e > T g,
AMIETIT AL IBERAER T AT L&, 2D Al
INE Z AN THIEEAT 5 A/ M a7k
&L BRI T OARRERE T H/ M m AR | LRI
DOFERNIEE AIEEIC T2 AR MERITTEES R AT A
ZRHFE LTz, 61T, EMIMARE O T X x b
ORHERI I BTN T2 M P SRR A FEhE L,

A LEOFFFPANTHIFINLATE % 2 & 2 f8 L

AL 20 Al FRRIEFIN Lo 27 XA %
b3 ~=< | FEMSMRCTORGREL R 2179 T, &
BB NTREA M EZ M UM R R > S OEEEH
AN 27 A OBRFE & MG ATREZR (A (H
2, B /e &) ORI M TETH D,

7. Bt

AT HED HIZHT=0 | Al MBS RS AT
LOBF TSR TR L ZHEAZTEE £ LK
INIRFORIFIAE, BRI Z 1T CORFRRE D
Fix ., ANRTRy SO T IRJTAV- Yt OB D
B ERRICR B oEER LET, £z, ok
FAIENIEBIRIE AT =L — « FEERIR AR
FHgME (NEDO) OZRE¥E (JPNP18002) Dtk
BohizboTY, ZoMima By LCiLiL E
FET

BER
1) BPAEOE, KA, ZUEEn, BEIG. FIF
T, FORRELS  RRRIENC X AR T Y R =
L— 2 DOF#%E, AAGEM S, 5 168 7
pp527-535, (1990)

2) VERE{ME, PR, A AERL, HTE, 2R
(LIPNERRE, BAHME « 2= =L T L AEIC K
DRSS FVEED BEWIZBE 3278, AARE
IV FamCE, 5 132 5, ppd81-501, (1972)

3) JAlRZeZs, MRS, BRI, HhRGE, REARE
T 2T VRICEDINTIE, BASESSSH,
No.5, ppd20-422, (1981)

4) BAREGR, K= BILGR © 27 L RIEICK
DRSSO BTN B2 SAEOafFZe, AARIE
P, 5 170 B, ppb87T-598, (1991)

5) bEmEErE, #9195 —, Rashwan Ahmed Mohamed,
fhiTss—, AR, /N IRE—RR « GRS Al
THEBENER S AT AOBREEE 4 W) INELE,
Fml, MEAGIEOUTEE, AR 2moUE, &6
174 %5, pp683-695, (1993)

6 ) LR, B, /VIE—ER, &ARt : FEM
Ze S LT BRR IR RS EE 1) B DRR7r, B AERR Y
SmCEE. B 180 5. pp731-738, (1996)

7) AILFER, PHEFE, PR FEM 25 L7z
FRRINEA B B LOERAAFTE, B A i UE.
%5183 %, pp335342, (1999)

8) FHEFGZ. AILFERE, ARE_, RE/H, Mk
JIE = #EHInEN S B S S 2T Ao EMEM,
ATEM AR CE, 55193 B, pp8595, (2003)

9) FHEFEE, LR - BRIMINENC X DA v 44
MROWFIN T AT, 8P &N 58 5 679 5. pp661-
665, (2017)

10) SQIUER, AR GHEES . ERPAS - B
B FEM % 502 U 7o KHIEAE &S O 72D OFREAR
LS « IS MENT FIEDOIREE, VEBEFmSUE,
2971+, ppl9, (2011

11) AEE—# SFER, JHEEN  GPU & v
U CERAR LIGARE FEM OBR%E, IREERRRUE.
31% 15, pp23-32, (2013)

12) SEFGERD, AR, AR OHEE, 22AH
EA, EMPER : AT UABEBIEICIES < kot
PR HANEOBRSE, ey e, 288 15,
pp108-115, (2010)

e

P

W

JMU T9=A)L-LEa1— No.14 (202348 A)



