December, 2021
http://dx.doi.org/10.3329/jname.v18i2.512} http://www.banglajol.info

A NEW APPROACH ESUDEAERMI N
EATI NG PARAMETHRISATEORBMB Y

TOROAH NE HEATI NG

Thai Gia Tran?, Chinh Van Huynh?
1Department of Naval Architecture, Faculty of Transportation Engineering,Tiireg Lhiversity, 02Nguyen Dinh Chieu
Street, Nha Trang city, Viédam, Email:thaitg@ntu.edu.vn
2Department of Shipbuilding Technologystitude of Mechanical Engineeringo Chi Minh City University of Transpor§2
Vo OanhStreet, Ho Chi MintCity, Viet Nam.

Abstract:

In shipbuilding, theprocess of forming flat metal plate into a curvedhull plate with a
compound shapis very important and greatly affeathanyeconomic and technic&ctors
such asstrength, quality and aesthetics of the hull, construction tgcend time etc.
Currently, theforming method of curved hull plates by line heating is used effectively and
commonlyin many shipyardshowever, its main probleis verydifficult to determire where
and how much to heat on the flat metal plate to obtairpthte of a certain shapeln this
paper, a finite element model igstablished and adjusted based on #wtual data to
numerical simulateneprocessf forming hull plate®yusingflame torch line heatind@ased
on this modelthe suitable position antemperaturefor the torch line heatingprocessare
determinedo form a metal plate inta hull plateof a givendesired shapelhisresearchwas
appliedto form by torch line heatingwo platessymbolK1 and K10Jocated athe bultbus
bow of a 20,000 DWT cargo shipiilt at Cameanh Shipyard in VietnanT hetestresults are
as expectedavith displacementieviations betweethe actual plate surfaceand the desired
curvedsurfacein the rangeof ° 3%.

Keywordsfinite element model, forminmethod hull plate, shipbuildingtorch line heating.

1. Introduction

A shipbs hull i s made u ptheceforetbeuprosessdf fopninfat neetal plateihtal e d t o g €
curvedhull plates,especiallycompounddoubly curved plates in areas where the hull form has a great change in
curvature such as bow, stern, bulb bow, etc. is very importarh@ndgreatinfluenceon manyeconomic and
technicalfactors such as strength, qualignd aesthetics of the hull structuresnstructioncost and time, etc.

In shipbuilding,two main methodsvidely used to form hull platearemechanicaforming and heating forming.
Mechanical forming ismplementedased on deformationmechanism of material to form the curved pédig
mechanical forces which are createingthemanual method or specialized machieas plate rolling machine

This method is usually suitable for forming the hull plabés simple curved shapmainly for mass production.
Heating forming also know as lineheating is a method of moving heat source along defined lines, called
heating lines, to locally heat timeetal plate at a specified temperature to form the desired curvature of this plate
Three types of heat sources commonly used in line heating are flame toreacéiylene or oxygas torch),
induction heatingand laser in which line heatilny a torch oma set of torches is commonly used in many shipyards
due to their advantages suchsaaple and inexpensive equipmettte ability toform doubly curved platewith

the minimal value of residual stress, makthghull plates with locally thicker, suitabldéor the automationetc.
However,its maindisadvantage igery difficult to determine suitable heating parameters such as the heat source
speed heat input, position of heating lines, etc. to forffametal plate into a plate with an exact desiregsha

Until now, many studies related to line heating have been performed to find ways to better control this process.
These studiesover many different research directions, however, ttaey be grouped intthreemain topics
including (i) theoretical and experimental studies on line heaffiignumerical modelsto simulatethe line

heating procesand(iii) plan of heating lines.
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Our review ofthe studies relatd to the above three research topics on firening by line heatingyives the
following observations and conclusions.

(i) Theoretical and experimentsiudieshave been performed by many researchers to shedypechanism of
line heatingpredict the final plate shape basedseteitherthethermalmodel,mechanical modebr both A
thermal model with heat loss and distributed heat source wagiviestby Rosenthal et al. (1948) determine
ananalytic solution ofemperature fielavith a movingheat sourcéy the heat conduction equatiddase o
this model,some modied models have beeproposed to develop and applied for the other problengs,
Eagar and Tsai (1988leveloped transient model of themperature field in a sermfinitive body. More
recently, Nguyen et al(1999) conducted research and propoghd analytical solution for a transient
temperature of a senmfinite body subjected tthe 3D moving heat soursénstead of a heat flugurface
The mechanicahodels are often developed based on beam or plate theokn@mnd mechanical principles.
A simplified mechanicaimodel was first proposed by Jang and et al. (189879 topredid inheren strain
zone size and deformations aheated plate by line heating based on a simple thatastbplasti@analysis.
Moshaiw and Vorus (19873%tudied the mechanics of the flame bending pro¢bssused a strip model for
analyzing line heatingoutthis modelwasnot suitabldor the experinental data(Moshaiov and Shin, 1991)
The combined thermal and mechanical modeldeagloped byAnderson (1999), in which the thermal model
is used to determine the critical isotherm which defines the strain zone size in the mechanical model. It can be
seen thatfor simplicity, mostof the existing analyticahodelshave to bédasedon very limited assumptions
so they often predicthe deformationof the heated plateither inaccurately, inefficientlyor both. The
experiments were performed by Masubuahd Luebke (1988), Masubushi and Jones (19&9)sanidi
(1999) etc.studying therelations between bending angles and heat power, heat sourcetbppedition of
heating lines. dwever, most of these studia® goerformed for laser forming whose heat source is easier to
control power and distribution compared to the other heat sources.

(i) Numerical models have been developed recently by researchers such as Hs{ae%®t)ali and Wy(1998)
Yu (2000) Clausen(2000) etc., and have achieved some success in predicting thénéatddplate shape.
However, sinc¢heplate formingorocesdy line heating is a coupt# nonlinear thermanechanical process
which makes the complete numerical simulagey difficult, especially when applying otheactual hull pate.
In addition, nost numericamodelsareusuallyfinite element modelhichis establiskedbased onheoretical
or experimental formulas for a laser heat source to simatateeomputdine heatingprocess

(iii) Moststudies on determining the suitable location plan fohtreing lins arebased orifferential geometry
analysis of the forming surfacalong withthe expansion methods of tbervedhull plates(Mitamura, 1961).
These can beitherlines connectingoints of extreme curvature on a different surface, which is the difference
between the initial flat surface and the forming surface (target surface) (Jang and19®@®nor are lines
passing through points of similar curvature on the fornsndace §hinet al, 1999, or their direction is
normal to the direction of principal curvature or principal strain with the extreme value of strain of forming
surface (Ueda et al., 1994, ¥ual., 2000 . I'n our experi ence,tabldkedaaskthe met hod
direction of the extreme compressive strain is also normal to heating lines.

Many studies have provided some encouraging results, but most of them are rarely applied in practice because
most ofthe finite element models in the existingdies are established only for the plate, and the heating process

is simulated using theoretical thermal equations which are usually established based on the laser heat source and
some unrealistic assumptiots.addition, not many studies on the heating by using the flam&rch have been

applied to form the hull plates because it is difficult to control the deformation of the curved plate and the heating
parameters so this process must be still carried out manually based on the experienceslflthieighililders.

The purpose of thiarticleis to present a new approafdr determiningthe heating parameters suitable for the
method ofline heatingusinga flametorch to form theflat metal plate in theomplex curved plate of the hull.

This will aid the shipbuilders to determine the most suitable heating parameter, including the position of the
heating lines on the plate and the input temperature for each line, as yweddag the final shape of the hull

plates after forming using line heatingthva flametorch.

2. Material and ResearchM ethod

In this study,a finite element model was established to simulate and compute the line heating process by the
flame torch in the forming of the actual hull plates of a built ship. The heating parameters including the position
of the heating lines and the temperature &mteline are adjusted based on the actual data to ensure the accuracy

of this numerical model. The studied results have been applied to form the actual hull plates for validating the
effectiveness of this new approach. dddition, feld research was alsoarried out in several Viethamese
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shipyards to collect the practical data on the line heatirgflayne torch and the typical shape of the actual hull
plate which serves the research purposes of this study as follows.

2.1 The heating conditions

1 Thespeed of bat source speatbpends on heat flux, amount of heat, plate thickness, desired cure&ture
With line heating byflame torch, tle heat sourcepeed depends on the type of torch and is usually in the
range V = (47) mm/s, where V = (67) mm/sfor plate thickness &) mm, V = (45) mm/s for plate
thickness greater than 16 mm.

1 The width of the heating linedepends omany factos such adistance between the torch position and
plate heatingurface the radius othe heataffected areaht sizeanddesiredcurvature of the hull plates.
Theactualstatisticsshow thatheheating linewidth in flame torchline heating is in the rand&0- 20) mm

1 Amourt of heat or temperaturfer each line heating dependsinly on thematerial of the hull plateThe
shipbuilding steeplateis mild steelor low carbon steel, so it should only be heated in the temperature range
(550+800%C, so as not to change the mechanical properties of the material. However, some shipbuilding
steel phtes are high strength or high carbon steel, the heating temperature can be increased to°@bout 900

because its melting point is higher.
In additionto the above conditionghe heat sourcepeedand the heating lineidth depend very much on the

skill and experiencef the shipbuilders t&keepa constant distandeetween the flame coreand platesurface
throughouthe heating procesd$-ig.1 describes the proper position of the flame torch relative to the heating plate

in practice.
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Fig. 1 Propermposition of the flame torch relative to the heating plate

2.2 Curved shapes of actual hull plates

The metal plates used in practipabductionareoftendivided into singly curved plaseand doubly curved plase
The singly curved plate Ba zero Gaussian curvature at all points on the surfagea parabole shapsoit can
be formed by mechanical forming suchpasssinggcold-rolling, etc.,while the doubly curved plate faonzero
Gaussian curvature.g. an ellipser hyperbolicshape soit is often applied to surfaces with high demands on
hydrodynamics, esthetics, etc. The actual survey resultseshinat the hull plates also consist of singly and
doubly curved plates with actual diverse shapad can be classifieinto curved shapes as shown in Fig. 2.

o~ @

(a) Singly curved plate

&

Y

(b) Pillow-shape doubly curved plate (d) Twistedshape doubly curved plate

Fig. 2 Typical curved shapes of actual hull plates
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2.3 Selection otturved plate to study

In the scope of this study, two typical actual hull plates consisting of a singly curved plate and a doubly curved
platewhich are located on the bulbous bowao20,000 DWT cargo ship built at Camranh Shipyard in Vietham

in 2017,are selected to study the process of formisigg flame torctine heating. Their general type, as shown

in Fig. 2a andFig. 2d, is common on the conventiornallls. The actual shapesd locations of these hull plates,
which are denoted UHH#1 (abbreviated as K1) for a doulnyrved plateand UHUK#10 (abbreviated as K10)

for asingly curved plateon the hull expansion drawing ofislc a r g o s bus pod are dhawh i Fig..3

They are developbleplates with their planar expansion plate having the same thickness of 1@Giwomg, witha

length of 2105.5 mm and minimum width of 1078.4 mmtf@K1 plate (see Fig. 4), and length of 1770.1 mm
and minimum width of 1197.0 mm for K10 (see Fig. 5). Since the typical thickness to width ratio of both plates
is less than 0.1 the thin plate theory can be applied to them. It also meanshhatdlassuntmpns ofathin plate

can be allowed for these plates as for most other hull plates.

A Y

{UHU-K#0]
Fig. 3 Hull plate expansion drawing of bulb bow

In this approach, the line heating process to form a plate with a given cunggperéormed afollows:
() Developthe computation curved plaa@d preliminary plasomeheating lines oits planar expansioplate

(i) Establish dinite element modedf a structure consisting of a planar expangitatein step (i) linked with
heating linego simulatetheline heatingprocess for the computation curveldte

(i) Determinethe heating parameters suitable for the desired curved plate by deterthadigplacemenbf
theactualcurved plate at sorrspecificpositions then ajusttheinputheating parametenscluding position
and temperature of each heating line on the structural model established in stefil {fip displacement
values computeby finite element modehatch actual data at tleerresponthg positions

(iv) Fabrication of a planar expansipratedefined in step (i) and conduct line heating for this plate with the
heating parameters defined in step (iv), then determingisptacementalue of formed curved plate at the
positions given in step (iii).

(v) Compare thelisplacementalues of the computian curved plate computed by a finite element model in
step (iv) and the actual fabrication data in step (v) at the given pogiieatidate the research results.
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3. Results andDiscussions
3.1Developand preliminary plan of heating lines on fllanar expansioplate

Methodically,the curvedhull plate can be expandesingknown theoretical methods or specialized software
In this study, we seShip Constructqrspecialized softwarfor ship structureanalysisand is commonlapplied
in many Vietnamese shipyarttsday, to implement thplanarexpansion othe K1 and K10 curvedull plates
and obtained twplanarexpansion drawings of these two hull plates as shHoviig. 4 and Fig5, respectively
Also, the ganar expanded plates exported from Ship Gansdr areusually peliminarily marked witltheheating
line planas shown in these same figurltss worth mentioning thatlespitegreat efforts to fornthe plates K1
andK10 according tdhese suggestdtkeating linesand temperatures, tliesiredplate shapes were not obtained.
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Fig. 4 Planar expansion drawing of K1 plate Fig. 5 Planar expansion drawing of K10 plate

In the absence of praarkedheating linesthey can be preliminarily determined as follows:

1 The keating lines ar@ormalto the direction of principal curvature or principal strafrcurvedplate surface,
wherethe principal strainis strainalong the principal curvature of the curved surfangcan be determined
based on a known surface the@@armo, 1976), Azariadis amsspragathos, 1997).

9 The heating lines are located towards the principal strain zonalang the centerline of the desired plate
surface, so symmetry conditions shouldutiézed in the finite element model to reduce the number of degrees
of freedom, i.ereduce computation time.

3.2. Establishafinite elementmodel tosimulate thdine heatingprocess

As statedabove,it is not easyto accuratelynumericalsimulatethe process of line heating using the flame torch.
Different from the existing studiesherethe finite element model is established only for the computational plate,
while the heating process is described by some theoretical thermal equations whiclalyrestblished based

on the laser heat source and some unrealistic assumptions. This has made it difficult and inflexible to adjust the
input heat parameters when forming the hull plate using flame torch line hdatihdis study, a finite element

model of computation plates, K1 and Kllhked with heating linewiill be establishedlirectly in Ansys, a popular
software for structural analysis by finite element methmdumericalsimulaion and compudtion oftheforming
procesdy line heatingwith aflame torch As a result, it is very easy to adjust the position and temperature of the
heating lines to achieve a given desired curved plate.

3.2.1.Creat a 3D model ofcomputatiorplate

Creakt a 3D model ofaplanar expandeplate in Ansys isot difficult, buta newideal and feature in thstudy is
the technique of creatirey3D model including a plate linkedith heating lineto simulatedirectly in Ansysthe
line heating processas follows.

1 Select the problem and soiom as follows: Start Ansys Multiphysics Enter /Prep 7 on Command Prompt
Selectstructural andthermal problems ithe Ansys menu.

1 Select thecomputational element types follows:Preprocessor Element Type Add/Edit/Delete- Add...
- Library of Element Types Structural Mass Solid- 10node 187 Apply- OK.

Here we usedheSOLID 187 element because it is well suited to the features of the problem given in this study.
It is a 3D tetrahedral with 10 nodes, each node has three degrireedom with three X, y, z displacements
andis well suited to modeling irregular meshand haglasticity hyperelasticity, creep, stress stiffening, large
deflection, and large strain capabilities. Mosgails about this elemenan befound in the Ansys literature.
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1 Se up material properties for theomputationatlement
The material of the hull plates ia mild steelplate with mechanicabproperties at different temperatures are
determinedby comparison of three data souradsPatel(1985), Richter (1973), and Bi®orensen (1999)
Table 1 shows the values of theechanicapropertiesof themild steelplateat an initial temperature of 26
required to simulate study plates
Table 1 Material properties of mild steplateat 5°C

Thermal Conductivity Yield stresss Yo ungods rThermal ExpansiolP o i s s o n| Density
(W/m°C) (MPa) (GPa) (1081/,C) (kg/n)
35 207 200 14 0.3 7850

The process of setting material properties tostlectedelemenin Ansysis performed by the following steps:

- Preprocessor Material Props- Material Models..- Define Material Model Behavior Structural
- Linear- Elastic- Isotropic- EntervalusforYoungébés maddPbussOBREy ratio (F

- Define Material Model Behavior Structural- Nonlinear- Inelastic- Rate Independent Isotropic
Hardening Plasticity Mises Plasticity Bilinear- Enteravalue br Yield Stress

- Define Material Model Behavior Thermal Expansion or Thermal Conductivitylsotropic- Enterthe
values for Thermal ExpansionALPX) andThermal ConductivitylXX).

1 Creat a 3D model of the planar expanded platgth heating lines.

Creat a 3D model of the planar expanded platéth the given dimensionis Ansys is generally not fficult,
but the special item here is to model a 3D plate with heating lines to simulate the pfdioedseating forming
The process of creating the 3D geometry model with the heating lines of the Kih #latysis performed by
the following steps:

-Save the file of the K1 plateds planar expansion dr av
including a fike of 3D geometry model and a file of heating lines of the K1 plate under the .iges file format,
e.g. K1_plate.iges and Heating_ line_K1.iges in any graphic sofsmateasiutocadsoftware to generate
them into 3D solid objects as shown in Fegnd Fig 7, respectively.

3 File Edit View lnset Fomet Tools Draw Dimension Modify Window B fie fdt Yoew Jroet Format Jook [rew Dimeguion |loddy indow
Help - 8% Help gx

N—
. 7

Ay 0|\ Model § Layoul] 4 b L L Ill'l”)dlhn{'.#w'lll' i ' .

Fig. 6: Solid geometry model of K1 plate iFig. 7: Solid heating lines model of K1 plate
AutoCad AutoCad

- Importthe K1 plate model into Ansysoftwareas follows:File - Import- Delete Areas Only
IGES- Selectk1_plate.iges Select Everything- Oblique View- OK.
This will displaytheK1 plateon the screen.

- Importall heating lines into Ansys as followsile - Import- | GESé || =ou--
Heating_line_Kliges- OK - Plot - MultiPlots - Delete all lines and ||| =nsme=
surfaces, leaving only lines in tieY plane:

V Preprocessor Modeling- Delete- Areas Only Delete Areas Only

- Pick all (Fig. 8).

V Preprocessor Modeling- Delete- Lines Only Right View Box — II S I
- select the lines outside the XY plan®©K - Front View- Plot - Pick mii| _ meim |
Mutil-Plots.

Fig 8 Delete areas only dialog box
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- Creat heating lines on the K1 plate as follows:

V Select- Entities- Selec Entities click Area, By location, Z Coordinates Enter O for Min, Max
- Plot- Area- OK.This will display theK1 plate in the XY planen the screen as shownFig. 9.

V Main Menu- Preprocessor Modeling- Operate- Booleans- Divide - Area by line-

Click_Area- OK- Plot- Lines- Divide Area by linee Loop- Select all heating lines OK.
This will displayall heating lines on the plags shown irFig. 10.
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Fig. 9: Display K1 plate in the XY plane Fig. 10: Display heating lines on the K1 plate
3.2.2.Generat themesh for theplate model

In theforming of the metal plate by line heatifgrge heat transfer and plastieformationof the material occer

in thearea around thieeatzone,while the remainingareason the platdhave notargechange in temperature and
deformationso just creata coarsemeshwith fewer nodes and elementsreduceand to saveomputatiortime.

This can be done by using the manual mesh tool in Ansys to generatidatrentimesh for each area on the plate,
specifically in this case with the K1agik as followsMain Menu- Preprocessor Meshing- MeshTool-

Click Set button under Global Size ContrelsEnter an element length of 20mmOK - Select Volume with

Test and Free Mesh- Pick All - display the uniformmeshoverthe entireK1 plate as shown irfig. 1la.

By doing the same but choosing a smaller element length, a more suitable mesh model is obtained for the K1
plate as shown in Fig. 11b, whehe mesthis thickerin theareasaround he heang lines

ILENENT2 AN

uW 17 208

FariY,
"

e Fan
i 0 ) O I ) N R e T
o - T, U

(a) Initial mesh (b) Mesh aftere-meshing
Fig. 11: Meshof theK1 plate
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3.2.3.Establishthe mechanicaboundaryconditions forthe plate model

In this problem, thenechanicaboundary conditions of the plate model are set based on the principal strain
direction of the desired curved surface as follows:

1 The surface of the K1 plate is curved in both the X and Y directionss switelshould be placed on four
fixed supportgo block the horizontal displacemeratisfour corners of the K1 plate (Z = 0) ¢Fil2).

1 The surface of the K10 plate is curved in Y directions, so it must be placed on six fixed supports which are
evenly spaced along the two edges, and symmetrically across the centerline of the plate as shov# in Fig. 1
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Fig. 12: Mechanicalboundary conditions ofhe K1 Fig. 13: Mechanicalboundary conditions othe
plate K10 plate

FortheK1 plate, hese boundary conditions are set in Ansys as follows:

V Set plate thickness &sllows: Select Ent i t iCéck &rea, By location, Z Coordinates Enter 10
for Min, Max- Plot- OK- display K1 plate with thickness t = 1om.

V Set themechanicaboundary conditionfor K1 plateas follows:Preprocessor Loads- DefineLoads
- Apply- Structural- Displacement OnKeypoints- ApplyU, ROTonKPs- Click4 pointsat
4 cornersoftheplate- OK- UzZ=0- OK.

3.2.4. Determire loadmodelsacting onthe plate

The load applied in the formingrocesdy line heating is the heating source along the heating lines on the plate.
Based on actual collected data as presented above, set heating pafantbteraetal plate forming by torch line
heating, including thleeating source speed on all heating lis&smm/s the width of all heating lines is 10 mm

and he temperature for each line is in the ran§é50- 800PC corresponds to torch heating (see section 2.1).
Theheat load is set on the plate model in Ansys as follows:

9 Display heating lines on the K1 plate model as folloBedect Entities- Click Area, By location, and Z
Coordinates Enter 0 for Min, Max Plot- OK - Front View- OK. This will display the K1 plate
model withthe mechanical boundary condit®frig. 14a) andwumbered heating lines (Figdh).

ANSYS N

(a) K1 plate model with the mechanical bounekar (b) K1 plate model with the numbered heating lii
Fig. 14: K1 plate model with the mechanical boundary conditions antingeines plan
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1 Set the heat load as followgain Menu- Preprocessor Loads- Define Loads Apply- Structural
- Temperature On Areas click any heating line, e.@eroheating line(Fig. 15) - OK - Display
dialog box for applying the temperature Apply the corresponding temperature fbneating line.

\ Apply TEMP on Areas. ]
[BFA] Apply Temperature (TEMP) on Areas

Ges Constant value -
If Constant value then:
VALL Temperature 650]

oK Apply Cancel ‘ Help ‘

Fig. 15: Selectzeroheating line to applyemperature

By doing the same, atemaining heating lineare also applied to the corresponding temperature, respectively.
At this point, our purpose jsistto establish a finite element model fimulaing the process of the line heating,
sothe posiion and temperaturef each heating line can Ipeeliminaily determinedas described in section 3.1.

In this study, the suggested heating lines exported from Ship Conssuofttearewill be used. As can be sean

Fig 4 and Fig. 5, the heating linesperted from Ship Constructor for K1 and K10 plates are evenly spaced on
either side of the zero heating line which coincides with the plate's symmetrif@xéscamplevith theK1 plate

there are 9 heating lines located on either sidth@fero heatig line linked with its planar expansion plate in
Ansys and applyhe heaing parameters according to the data given in Tabler2eans thabnly heating lines 0,

2,4, 6, 8, and 9 with corresponding temperatures aréedpplthe sameway & for the zero heating linabove.

Table 2 Position and temperature of heating lines
Heating line 0 1 2 3 4 5 6 7 8 9

Temperature®C) 700 0 680 0 680 0 680 0 650 | 650

3.2.5.Solve andoutpu computationresults

Run the solution of the probleas follows:Main Menu- Solution- Solve- CurrentLS - Solving - OK.
After solving, output the computation results as follows:

Main Menu- GeneralPostproc- Plot Resultss Plot DeformedShape- Def + undef edge OK.
Thiswill displayagraphof platedisplacementFig. 163.

9 Main Menu- GeneralPostproc- ContourPlot - NodalSolu/ElemenSolu- vonMisesstress- OK.
Thiswill displayagraphof equivalent stresses at the nofeig. 16h) andatthe elementqFig. 16c).

(a) Displacemengraph (b) Equivalent stress at the noc(c) Equivalent stress at the elemel
Fig. 16: Graphof displacemenandequivalentstresof K1 plate

To determine the values of strain, displacement, and stress of the plate at any positbthesppsition of the
plate templates (TPL), output the above values at the element nodes as follows:

9 Main Menu- General Postproec Query Results Subgrid Solu- Click Stress X-directionSX- OK
- clickanypointontheplatesurface OK.

{1 Main Menu- GeneralPostproc- ListResultss NodalSolution/Elemen$olution click Z-Component
of displacement print the Z-Componenbf displacement.
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3.3 Determire the suitableheating parameters for desired curved plate

After establishing the finite element model of plate linked with heating lines in Ansys, proceed to detkeemine
heating parameters the modelsuitable for the desired curved plate can be deternzisflows:

(i) Determire the vertical displacements ahe midpointof somecrosssections of the given curved plate. For
example, thevertical displacements ahidpointsof 7 crosssections (denoted TMPLT) of the K1 plate are
determined in Autocadr Ship Comstructor software as shown in Fig. 1The dimensionof these cross
sectionswill also be used to make the templdfmsfabrication and test the actual curved plate (see Big. 2

(i) Usethetrial and error method tchange the heating parameters (position and temperatimetafating lines)
of the finite element model in the manner described in section 3.2 untdetiations of thevertical
displacementsvhich are computed by Ansys and determined in step (i) atotiesponding positions of the
computation plate are within the allowable limit, ab6@%, as for common engineering problems in
shipbuilding.
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Fig. 17: Displacement at midpoints of the templates of the K1 plate surface

The number of computation cases more or less depends aortiexity of the computation plate atiae

r e s e a rexpériencdad &entifying the tendency of displacement of the computation plate according to the
change of heatg parameterdn this study, there are 14 such casestfeK1 plate,and 6 cases faheK10 plate.
Some specificomputation casder K1 and K10 which a performed as the general case in secti®ri @ill be
presented in the following section, where each case will indddele of heating parametesgnilar to Table 2
acomparison tablef displacement valueandgrapts of the equivalent stressanddisplacementsf plates.
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3.3.1 ForK1 plate

f Case 1
Table 3 Position and temperature tfe heatindinesin case 1 for K1 plate
Heating line 0 1 2 3 4 5 6 7 8 9
Temperature®C) 0 0 750 0 700 0 700 0 650 | 650
in case 1

Table4: Compake vertical displacement valuest thetemplatepositionsof theK1 plate
TPL1 | TPL2 | TPL3 | TPL4 | TPL5| TPL6 | TPLY

360 | 41.6 | 469 | 51.8 | 565 | 61.5 | 690
46.8 | 57.3 | 59.6 | 61.6 | 67.7| 73.8 | 81.8
-30.0 | -37.7| -27.1 | -18.9| -19.8| -20.0 | -18.6

Plate template positions
Vertical dsplacementsf actualplate surface (mm
Vertical dsplacementomputed by Ansys (mm)
Deviation (%)
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(a) Equivalent stress (b) Displacement

Fig. 18: Graph of equivalent stress adidplacementor case lof K1 plate

i Case 2
Table 5 Position and temperature of the heating lines in case 2 for K1 plate
Heating line 0 1 2 3 4 5 6 7 8 9
Temperature®C) 750 0 0 0 700 0 600 0 600 | 600
1 plate in case 2

Table 8 Compare vertical displacement values at the template positions of the K
TPL1 | TPL2| TPL3 | TPL4 | TPL5 | TPL6 | TPLY

36.0 | 416| 469 | 51.8 | 56.5| 61.5 | 69.0
368 | 449 | 46.2 | 47.7 | 53.1 | 58.4 | 65.6
22 | -79 | 15 7.9 6.0 5.0 4.9

Plate template positions
Vertical displacements of actual plate surface (r
Vertical displacement computed by Ansys (mn

Deviation (%)

wEE—
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ks FepT

(a) Equivalent stress (b) Displacement

Fig. 19: Graph of equivalent stress addplacementor case 2f K1 plate
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1 Case3
Table 7 Position and temperature of the heating lines in case 3 for K1 plate
Heating line 0 1 2 3 4 5 6 7 8 9
Temperature®C) 0 750 0 0 650 0 600 0 600 | 600
Table 8 Compare vertical displacement values at the template positions of the K1 plate in case 3
Plate template positions TPL1 | TPL2 | TPL3 | TPL4| TPL5| TPL6 | TPLY7
Vertical displacements of actual plate surface (f 36.0 | 41.6 | 46.9 | 51.8 | 56.5| 61.5 | 69.0
Vertical displacement computed by Ansys (mn| 38.8 | 45.7 | 47.5 | 49.4 | 54.8 | 60.4 | 67.4
Deviation (%) -78 | -99 | -13 | 46 | 3.0 1.8 2.3

(a) Equivalent stress

Fig. 20 Graph of equivalent stress adidplacementor case 3f K1 plate

(b) Displacement

i Case 4
Table9: Position and temperature of the heating lines in ddeeK1 plate
Heating line 0 1 2 3 4 5 6 7 8 9
Temperature®C) 650 0 600 0 0 600 0 600 0 600
Table 10 Compare vertical displacement values at the template positions of the K1 plate in case 4
Plate template positions TPL1 | TPL2 | TPL3 | TPL4| TPL5| TPL6 | TPL7
Vertical displacements of actual plate surface (1 36.0 | 41.6 | 46.9 | 51.8 | 56.5| 61.5 | 69.0
Vertical displacement computed by Ansys (mn| 36.7 | 425 | 47.5 | 52.1 | 56.8 | 60.8 | 69.2
Deviation (%) -19 | 22| -13 | -06 | -05| 11 -0.3

(a) Equivalent stress

(b) Displacement

Fig. 21: Graph of equivalent stress adidgplacementor case4 of K1 plate
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3.3.2. ForK10 plate

Simulationof the line heating process filre K10 plate in Ansys idonesimilarly totheK1 plate presented above.
The difference isn the geometrical boundary conditions ahd positions of heating lines as shown in Fi§. 1
In addition,thedisplacements at the midpoint of thig template positions dhe planar expansioplateareused

to achieve the suitable heating parameter for forntied10 curved platasshownin Fig. 2.
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Fig. 22: Displacemenat midpoint of the templatesf the K10 plate surface
Casel
Tablel11: Position and temperature of the heating lines in case 1 for K10 plate
Heatingline 0 1 2 3 4
Temperature®C) 0 600 0 550 550
Table12: Compare vertical displacement values at the template positions of the K10 plate in case 1
Plate template positions TPL1| TPL2 | TPL3| TPL4 | TPL5 | TPL6
Vertical dsplacements of actual plaserface (mm) | 52.5 | 52.0 | 51.4 | 51.0 50.7 46.4
Vertical dsplacement computed by Ansys (mm)| 44.4 | 46.7 | 476 | 478 | 47.3 | 45.1
Deviation (%) -154 | -10.2 | -7.4 -6.3 -6.7 -2.8

(a) Equivalent stress
Fig. 23: Graph of equivalent stress adigplacementor casel of K10 plate

(b) Displacement

A new approach to determiseitableheatingparameters for hull platformedbytorchline heating

121



T. G.Tran C. V. Huynh/ Journal of Naval Architecture and Marine Engineerit§(2021) 109-125

1 Case2
Table B: Position and temperature of the heating lines in case 2 for K10 plate
Heating line 0 1 2 3 4
Temperature®C) 0 650 0 600 600

Table 14 Compare vertical displacement values at the template positions of the K10 plate in case 1

Plate template positions TPL1| TPL2 | TPL3 | TPL4 | TPL5 | TPL6

Vertical displacements of actual plate surface (1 52.5 52.0 51.4 51.0 50.7 46.4
Vertical displacement computed by Ansys (mn] 53.5 51.7 50.9 50.7 50.1 46.8
Deviation (%) 1.9 -0.6 -0.9 -0.6 -1.2 0.9

(a) Equivalent stress (b) Displacement
Fig. 24: Graph of equivalent stress adigplacementor case2 of K10 plate

3.4.Tesing fabrication otheK1 plate

Based on some typical computation casegHeiK1 plate above tican be found that the heating parametdrs
the forming process by line heatingrresponding to cagkfor the K1 plate and casefor the K10 plate aréhe
closestreality. To evaluate the accuracy of the results computed from the simulation model, vee foeniK1
curved plate by line heating with a flame torch according to heating parameters4rat&semanh Shipyard in
Vietnam. Fabrication of the K1 plate is carried out as follows.

- Locatethe position of the heating lines in cag®n the planar expansion plate of the K1 curved plate in
preparation for forming this plate by the torch line heating (F5y. 2

Fig. 25: Determinethe position of the heating lines on the planar expansiongiidie K1 curved plata case 4
- Mark theposition of theheating ling on the planar expansion steel plate of the K1 curved ataterding to
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