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Metal forming by line heating is an efficient and economical method for forming flat metal plates into doubly

curved shapes. This thesis proposes an accurate method to predict heat-induced deformation that enables

automation of the process of plate forming by line heating. Since the analysis of the line heating process is highly




483

complex either, experimentally or using simple mechanical models, a 3D thermal elastic-plastic Finite Element
Method (FEM) is established first. Using this FEM, plate deformation caused by heating lines over large plates
such as those used in shipbuilding, as opposed to the small plates investigated in existing research, is accurately
predicted. The deformation under the line heating process is mainly affected by the heat input, the speed of the
heat source and the thickness of the plate. Thus, the relations among these parameters are examined in details.
The influences of the secondary parameters affecting the line heating process such as size of the plate, material
properties, location of heating lines, heat induced curvature, cooling conditions and residual stress on the
deformation produced by a single heating line is then clarified. The influence of overlapped, parallel and crossed
heating lines on deformation of repeated heating lines is successfully investigated. New methods to increase the
deformation at the plate edges are also proposed. Finally, the relations between heat induced deformation and
influential factors are investigated parametrically and recorded as inherent deformation database for a wide
range of plate geometries and heating conditions. Compared with conventional methods, this database takes into
account the deformation produced by multiples heating lines over large plates. Based on the this database, it is
possible to not only determine the heat induced deformation produced by a given heating condition, but also
determine the correction factors that are necessary to improve the accuracy of the process of forming flat plate
into a doubly curved plate. This database lays the basis for heat-induced deformation prediction and therefore
the automation of the plate forming by line heating.

The thesis consists of nine chapters. The background and the objectives are presented in chapter 1. In
chapter 2, the relation between the final geometry to be achieved and the necessary inherent strain is first
studied. Finite Element Method (FEM) used to investigate the relation between applied heat, influential factors
and plate deformation is described in details in chapter 3. In chapter 4, the relation between influential factors,
such as the heating condition, the cooling condition, the plate geometry, the location of the heating line, residual
stress and material properties, on inherent deformation for a single heating line has been examined. The
inherent deformation of repeated heating lines, such as overlapped, parallel and crossed heating lines, has been
studied in details in chapter 5. In chapter 6, the deformation produced at plate edges is studied in details and
recommendations of better practice to increase the deformation at the plate edges are given. Based on the above
studies, an inherent deformation database for plate bending by the line-heating method has been proposed in
chapter 7. In chapter 8, the effectiveness of the proposed method for prediction of plate deformation is examined.

Finally, chapter 9 concludes the thesis and recommendations for future improvement are given.

RWXBEORRENDEE

RARBDSMRIT, HEHEME AR AE 2 RER T2 - O BMAR SR TR E A LRI TV 5, Zh b 3REHE
T A SRR A IR A2 FIER LU R FEEAANICEAS ST L W BYESh 5, B8N CTH 28RN
BIIRBBETHDI L L HBIEFHTLH Y, P THERBLOBREIZL O THEIFOREANR K& 2MBL 2o T3, —
¥, EEICBT BarT TR EOKREYL, WEIZ X o THIFMI 3~ sh@m s #mgt, ERLL T3, £0X
D RERDBITFMIICIE L D B OMBBRALETHY, BRE L TUMBROKECHENE S BET S0, dif
EHROFRIZBNTIREORENEBETEAR, FFEL. BROLERTFRICE S Aok F B4 EZRT 57
DIZULALBRHBRMATHEOLNIEN. TROLEFEHOT —F X—2A 2B EMBENRITHELLI LTI
DTHY, IETHREIN TS,

H1ETIT, SRR ABEEOMRERIET S & L biz, KRXOMETIZ OV THRRTV S,

E2ETIE, MR LV BE D LT L NICLERBREOTAHOME L EROICBRN LTV 3,

#IETI, RRMBZL Y ERTIEFOTHLARE, MBEER L UZOMOKBRTOBEREAL MY
B I AV BB A IR EREOF#MIZ OV TRR TV S,

FEAETIE, H—ORRMIMERRIZ, MEARGE. GHFRME. SROTE, MBNLE, HHEHE, BREGARED
BFHHRMAORERE DN H LB RIS T B2 RRPHARERE LAV ATIZ L VAL LTV S,

5 ETI, BRI, FATMNH, TEMIM CEEORRMASITOIZRICA L 2BALHICER L, B—m

DB L ARICAREREZAVEY ) —XHELER L, S2EMMATELIBRER L E—MATELN I LR
DHMFEDEIZER L, ThErEEMMEER, FITMMYER, TEMPERL LTERLLLTWS,

%6 ETH, SRIREERIZhIz o THRIRINZ L 7= BT IR IR THRINR /2 &L DL BASPRER & el L T/h &<
REIZBRIRHEBL L THONTEY  ZORBOERILEITD & & biC, MEPBOEMTFLE L LT Edge Heating
#:35 X U Double Edge Heating & BRRL T\ 5,

ETETHE, ULORMIESE | BN KCEEMB, EATMI, ZEMMERRIC, WBARME, RE. 8
BENTA—F L LEEBRERT —F X— 2 EHME LT3,

EBETI, EVIZEITT 5 6 ADRRMIMC L 5MROLEHMERRIZ, T—F_R—2ANLBLNIEEEHE A
W B PRESRIEARAT IS X UREM A BABHIBMERRAT 2 I L, WA IS K BEW TN —BTHZ Lhdb, F—F~—
ADFUM L I hE AWM OB MR RIEL TV 5,

WOETH, F2ENLESHEEITRBONLERBRITH L TRIBLITARD L L bITAROBRBIZOVWTRE Y
H®ARTVB,

UED XSz, FRDLEFEIZBY 280 KREL, HaEm iz X 28T M IR moOBHL, EiRibs LU
HLOBPICHT AR FETH D BHRRMBER L ERT 2 DICLATHHLEMME RN RICBERLERT—
FR—ZAEWETHLL O ETOEPHEZRIELIZbOTHY | FFNARMELET 2 & & bICHIBORERETOR
ELIZERT S bOTHD, LoT, KRNI LERIE LTUEESH S DO LBH S,





