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The direct and 1nverse problems

Direct
problem

Experience | Model: Equations of
state and observation

Estimated S Measured 1 Measured
Parameters Field Signal

Inverse

efinition of the Calibration , problem
stimated parameters Models of
sensor
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Goals

We use the Levenberg Marquardt method for the parameter
estimation

We use the software « Comsol Multiphysics » for the direct problem
definitions

We save this problem in a matlab file (« *.m »)
We introduce the algorithm in a matlab file
The resolution of the inverse problem is realised with Matlab.

At last, we want to compare different measurement configurations for
the estimation.
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Outline

Resolution of a direct welding problem with « Comsol
Multiphysics »

The Levenberg-Marquardt algorithm

Resolution of the inverse problem with Matlab and Comsol
Multiphysics

Modelisation of the welding problem with thermocouples. Definition
of the parameters.

Resolution of the inverse problem with different measurement
configurations

Conclusions
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The welding problem

The governing equations :

pCp%f—V.(kVT):O in 2
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—k?—izO onl;

4 =h(T-T, Jonall I] for2<i<5

(T_]:'nf)_l_qO(x’ yt)onl,

-
B d
-
e
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

= T(x,y,2:=0)=20°Cin 2 Ls

1000




The welding problem

g,(x,y,t) 1s a Gaussian equivalent source:

O T o I T S

0 Q3+(y—vff)

exp| —
271’ ¥ 2r°

%(X’ y’t):

The goal of the inverse method is to estimate Q.
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The direct welding problem

- the resolution with comsol -

Open comsol

In the model navigator ¥ Model Navigator

o Mew | Model Library || User Madels || Open_il Settings
window , choose pasamnson. [@

E_} Application Modes
[-+{C5) COMSOL Multiphysics

« Heat Transtfer Module » Gk

B # General | Heat Transfer

. Steady-state analysis
- ansie lysis
3 << 3D >> 0o o ansient an.

ransient analysis

o+ Thin Conductive Shell

Bioheat Equation

‘Weakly Compressible Mavier-Stokes
k-2 Turbulence Model

« General Heat Transfter»

-3 Electro-Thermal Interaction

[#-[5) Fluid-Thermal Inkeraction

[-{3) RF Module

[E-{3) Structural Mechanics Module

2
2
2

Dependent variables: T3

« Transient analysis » ... N —
And click OK button . e .
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The direct welding problem

- the resolution with comsol -

To draw a block of 30mm x 100mm x 10mm: Click on the « draw block
icon »

and insert the v

] |
e 00N mN] - 2|

Fg | FEFRE|DR| ¢ ¢ |e¥ B2 e0ne

o
=

Redimension the block
with the « Zoom
extents icon »

Frsnooxge 8/Hc+
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The direct welding problem

- the resolution with comsol -

In bar menu, choose

« Physics » then

« boundary settings »

to define the boundary

conditions. — EECTEEEmEETETTEIE

N & |8 subdomainSesiings.. B =2 | @ 2LRO&|Thboredd 2
ad Boundary Settings... 7@

fis E - Edge Settings... @ lLe
i

Point Settings...

- | proble... *]
- # Constants Scalar Settings.. o

- Global Expressio
- & Functions ]
- # Global Equations, Properties...
= ) Geomt
# Scalar Variab Equation System

Scalar Variables...

%% 2| e v e

Global Equations..

LR RE

IR
e FERE | DE s |«

Periodic Conditions

Identity Pairs

i)

. Equation Sys
| Coupling Var Contact Pairs...

SPICE Circuit Editor...
Model Settings...

]

Selection Mode

z

"y

COMSOL 3.5

ZLENLERY

Saved Model M-file problem_direct_003_ss_TC.m
Mumber of degrees of fresdom solved for: 43349
Solution time: 225.341 s -

[(-0.0146, 0.0935, 0.0335) 45 [GRID [EQUAL [csvs Memory: (274 | 350)
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The direct welding problem

- the resolution with comsol -

Boundary 1: insulation /
symmetry condition,

Boundaries 2, 3, 5 and 6:
select « heat flux » 1n

« h » 10 and in « Tinf » box
20

Boundary Settings - General Heat Transfer (htgh) i

Equation

- (kVT) =gy + h(T - T)

Boundaries .Groups

Boundary selection

Ll

Boundary Condition | Highly Conductive Layer || Element || Calor |

Boundary sources and constraints

Library coefficient: | v|[ Load... ]

2
3

Boundary 4: select « heat
flux » enter in « h »

in « Tinf » b

« q0»,

APPLY and click OK

6

o

Group:

[ select by group

Quantity Value/Expression Unit
dy li] '\.\|'f|-|-|2 Inward heak Flux

* h 0 W(m2+K) Heat transfer coefficient

N‘F 273.15 K

Description

External temperature

[] tnterior boundaries

[_ QK H Cancel ][ Apply ][ Help
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The direct welding problem

- the resolution with comsol -

In « Physics » menu bar, choose « subdomain settings » to define the
material properties.

The subdomain settings window appears and enter the properties and in the
the init part, give the initial temperature .

Subdomain Zettings - General Heat Transfe« (htgh)

Equation
pcpanat + V(-kVT) =0 + qu

T = temperature

 Subdomains ;| Groups | General | Convection || Id=2l G== | Igpite Elements || Init | Element || Stabilization || Color
subdomain selection Tharmal properties and heat sgffces/sinks

gt

N L
'b'alue,.-"E:qusinn Unik Description
|20 | W{m-K) Thermal conductivity
[g700 | kgim®  Density

| Jf{ka-K} Heat capacity at constant pressure

| witm® k) Production/absorption coefficient

Group: | W.fm3 Heat source

[] select by group

Active in this domain

L [a]' J[ Cancel ][ Apply ][ Help ]




The direct welding problem

- the resolution with comsol -

Go to the « options » in the menu
bar, choose « expressions »

« global expressions » and define
the expression: « Gaussian » /

In this expression, we have 3
constant parameters:

— 0 =4000W
— r=0.002m
— V' =0.005m/s

Go(x,y,1) ==

-
S

= D
=
-
B
T
-
-
=
=
S
-
S
z &
-

s -
-
-
-

:
= &
= =
=
= &




The direct welding problem

- the resolution with comsol -

Go to the « options » in the menu
bar, choose « constants » to define
all the parameters and their values.

—  Q =4000W
— r=0.002m
— V=0.005m/s

T Conswants

[ QK ][ Cancel ][ Apply J[ Help
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The direct welding problem

- the resolution with Comsol -

Mesh step

In the menu, select « mesh » then
« Free mesh parameters » to open
the mesh parameters window

On the boundary 1, define the

Global | Subdomain | B

oundary | Edge | Paint | Advanced

Boundary selection

maximum element size and
remesh

At last, we have the number of the
elements (you can change the
maximum element size 0.001m)

z
V\|/x

e )

Boundary mesh parameters

P —

Element growth rate:

Mesh curvature Factor;

Mesh curvabure cutaff: ||

v

[] select by group

Select Remaining
Select Meshed

I —

,
[ Reset topefauts [ Remesh
\

N
) =
y 4

v

lock gffth label 'BLKL'.
sistsfof 177&4 elements.




The direct welding problem

- the resolution with Comsol -

Solver Parameters

Select « solve » in the bar
menu,

Then « Solver parameters »
and click

The solver parameters window
appears

In the « general » menu, verfy
that is a ‘time depende

problem in « solve
define « times »10:0.1:20)

Go to the « timestepping »
menu and verify that

« specified times »In « Times
to store in ouput » menu.

Click apply and OK

ok | [ cancel | [ ey | [ neb |
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The direct welding problem

- the resolution with Comsol -

Solve the direct welding problem
by using the « solve » icon
(symbol equal )

[l

Assem3l v

7] Close automatically

e We obtain the
temperature field at the
final time
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The direct welding problem

- the resolution with Comsol -

In the bar menu, choose « file » then « reset M-
file » before solving again the direct problem

Solve the direct welding problem by using the
« solve » 1con (symbol equal )

We obtain the temperature field at the final time

Save the data in a M-file.

Go to « file » 1in the menu, choose « Save As »
then « Model M-file ».

The name 1s ‘direct’
The program generates a direct.m file.



The direct problem

e Open your file ‘direct.m’
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The direct welding problem

- the resolution with Comsol -

e Before the introduction of the Levenberg-
Marquardt method, we define the
measurement points where the
temperatures still less than 1200°C.
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The direct welding problem

- the resolution with Comsol -

Take the « Postprocessing » menu Pl Parameters ]

« plot parameters. .. » | Principal | Streamine | Particle Tracing | Mazx/Min | Deform | Animate

General | Slice | Isosurface I Subdomain I Boundary | Edge | Arram

In « General » check the « subdomain » R e Solton o ss

[ slice Salution at time: 10 v

and take a middle t = 10s Tine:

Solution at angle (phase): o | degrees
Subdomain

Apply and look the thermal field. Dlowday  Fome

Geometfries ko use
[ Edge

A
[ Arrow
[ Principal -

In the “Postprocessing” menu Flsromie | st edorion
. [ Particle tracing Logical expression For inclusion:
Uncheck “Subdomain” b '

[ Max/min marker

Element nodes ta Fulfill expression: .
(13 29 Def dsh ———————————————
Isosurface™. [Josformedshape | [

Geometry edges

Element refinement: [] Auto |4

Define in the “isosurface” menu three
temperatures in “vector with isolelvels™ :

Plot in: | Main axes - [ keep current plot

Smoothing. .. ] [ Title. .. ] [] Make rough plots

1450°C = limit of the fused zone Lok | [ concel | [ apely | [ heb

1200°C - temperature measurement limit
1100°C
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The direct welding problem

- the resolution with Comsol -

In the tool bar Select “Go to ZX
view”’ ”

\J U LA LI A I B

Click the “Increase — *

=

transparency’ icon

\

We have in this case the three
thermal levels.

So, we can chose the
measurement points : /
— (0.00634, 0.05, 0.008) L.

— (0, 0.05, 0.0035) —
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The Levenberg-Marquardt method

- the inverse boundary problem formulation -

The inverse boundary problem formulation [3]:

Find the parameter Z={Q} which minimizes the quadratic criterion
S(Z,T) :

T

$(2,1)=¥,-T.(2)] W[¥,-T,(2)]
With Yi is the measurements, Ti the calculated temperature, and W a
diagonal matrix where the diagonal elements are given by the inverse

of the standard deviation of the measurement errors, 1 1s the total
number of measurements. In fact here, W=I (we don’t have noisy data)

At each iteration, the parameters are calculated by [4,5]:
z9 =z [ wi 2 | {rwly -1 (24) |}

where J 1s the sensitivity matrix, A is the damping parameter and () is a

diagonal matrix equal here to the identity matrix.

[3] A.N. Tikhonov & V.Y. Arsenin. Solutions of ill-posed problems. V.H. Wistom & Sons, Washington, DC (1977).
[4] K. Levenberg. A method for the solution of certain non linear problems in least squares. Quart. Appli. Math. 2 (1944) 4164-168.
[5] D.W. Marquardt. An algorithm for least squares estimation of non linear parameters. J. soc. Ind. Appli. Math. 11 (1963) 431-441.
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The Levenberg-Marquardt method

- the sensitivity matrix -

Sensitivity coefficients calculus [6]:

T (Z) T(Z+&Z)-T(Z-¢€Z)

27

irst method: J, =

Second method: J, =

he expression of the sensitivity matrix becomes:

_[or, or, o1, or, o1, |
oo a0 a0 a0

topping criterion: S(Z*.T)<e
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=@ [6] M.N. Osizik, H.R.B. Orlande, Inverse heat transfer: fundamentals and applications, Taylor and Francis, New York, 2000.




The Levenberg-Marquardt method

- the algorithm -

e [evenberg-Marquardt Algorithm:

1-Solve the direct problem with for the unknown parameters Z*to obtain
the calculated temperatures T (Z ‘ )

2-C0mputeS(Z",T(Z ))

3-Compute the sensitivity matrix J (Z* ) and the matrix Q"

4-Calculate the new estimated Z**'.

5-Solve the direct problem with Z**', Compute S (Z “hT (Z e )) :

6-if S gz “1) > §(Z"), replace A" by 10*A* and go back to step 4 else if
S(z¥") < s (z*), replace A* by 0,1* A*and continue.

7-Testif S (Z"+1 < &, Stop if it 1s true else do k = k +1 and go back to
step 3.
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[6] M.N. Osizik, H.R.B. Orlande, Inverse heat transfer: fundamentals and applications, Taylor and Francis, New York, 2000.




The 1inverse algorithm

Open the two files: problem_direct_003_ss_TC.m

and
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optim_003_sans_TC.m




Execution of the estimation

e Now we can run the estimation:
— Execute: optim_003_sans_TC.m

— The execution shows at each iteration:
e The criterion
e The parameter Q

— Now, we can examine the three files:
e ‘direct.m’

e ‘problem_direct_003_ss_TC.m’
e ‘optim_003_sans_TC.m’
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= Modification of the “direct.m” file

e

F COMZOL Multiphysics Model M-file
% Generated by COM3OL 3.5 (COM3OL 3.5.0.494, jDate: 200870919 16:09:45 §)
global pl

=
= In this direct file
® (problem_direct_003_ss_TC.m),/ .=

VrSn.name = 'COM3IOL 3.5';

* we have only the parameter e
which is modified: e e s

% Geometry
gl=block3('0.03','0.1','0.01"', 'base' , 'corner! ,'pos' , {'0','0','0'}, 'axis' , {'0',

% Analy=zed geowmetry
clear =
s.objs={gl};

d A
@ “global P1” for the modification  =eavsweeio o,

fem. geom=geomcsy [ Lem) ;

: of Q during the estimation + consvancs

fem.const =

-. And % Initialize mwesh

fem.mesh=meshinit (fem, ...
'hauto!' 5, ...
'hwaxedg' . [4,0], ...
._ Re lace ‘4000’ b P Vhmaxfac', [1,0.0011, ...
p y 'hogradsukb' [, [1,1.3], ...
"hmaxsub', [1,1e-2]):

% [Default walues are not included)

% Application mods 1

clear appl

appl.mode.class = 'HeatTransfer':
appl.sshape = 2:
appl.assignsuffix = ' _ht';

clear bnd

bnd.qgq0 = {0,0,'g0"};




e Levenberg Marquardt file

B L

close all: clear all: ecle

glokbal pl

epsv=1le-4;

% Definition of the measured points
wx=[0 0.00&34] ;

wy=[0.05 0.05];

mz=[0.0035 0.003]:

pp=[mx:my;mz] ;

% the theoretical walue of Q=4000

F1=4000;

% Resolution of the direct problem

problem direct 003 == TC

% the theoretical temperatures

TCme=postinterp (fem,'T' ,,pp,'solnum','all');;
for j=l:length(TCmeil,:))
for i=1:length(TCme|:, 1]
TCwepii+length (TCrwe(:, 1)) *(j-1)1=TCme (i,]3):
end
end

TCrwes=TCrep' ;




The Levenberg Marquardt file

Open the optim_003_sans_TC.m

AEEERRAEFXRFRAFFGRFAEFEAT eginning of the inverse procedure FEEEESEEAEEEEAAEEERAREEE AR A AT

the levenberg-Marguardt method: Pk+1 = Pk + invi{ [Jh' *WJI*Jh+lambda (k) *OMEG (k) ]} *{Jh' *WI*[¥i-Tcal (Fk)]

S
S

% Initialisation of the unknown parasmeter Q

Initial set of
pi=100; Parameters Z° & Y

. I
plprec=pl; F'1

% Initialisation of the damping parasmeter of the Lewvenberg Marguardtc
lambda=0.001;

Solve the direct problem

% Creation of the matrix WJ egal to the identity matrix (vhitout noise)
WI=ewe (1)

% Creation of the matrix OMEG egal to the identity matrix
OMEG=ewe (1) ;

% Initialisation of the guadratic criterion
somme= (norm [ TCmes) *norm(TCwes) ) ;

% first iteration
niter=1;

while |[(somme>le-3)&(nitcer<100))

5

% Besolution of the direct p em with the new parsmeter Q

problem direct 003 _ss_TC

% Definition of the calculated temperatures

clear TCsi
clear TCsSim

TCsi=postinterp(fem,'T',pp, 'solnum','all');
for j=1l:length(TCsiil,:))
for i=l:length(TC=si{:,1))
TCsip{i+length(TCsi(:,1)) *(3-1))1=TCsiii,):
end
end

TCsim=TCsip':




g4
85
86
a7
85
f=1=]
S0
91
92
93
94
95
=11
a7
95
99
100
101
10z
103
104
105
1046
107
103
109
110
111
11z
113
114
115
116
117
11s
119
1zZ0
121
122
123
124
125
1Z6
127
128

The Levenberg Marquardt file

% Calculus of the gquadratic criterion

SOM=TCmes-TCs1im;

somwe=normm (S0N) *norm (S0M) ;

sprintf('critere %158.3f at the iteration %1.1f',somme,niter)
if (niter==1)

% Cas niter=1 (first itération) Conqnnethecakndmfd
:zrgir?fs_om?; ) temperature and the
niter)= H . . .
e ) r Quadratic criterion S(Zk)
EVOLIOM (niter) =somme;

% Parameter 1

pl=pl*(l4epsv);

problem direct_003_ss TC
clear TC=ip

clear TCsimplus

Nog
TCsi=postinterp (fem, 'T',pp, 'solnum' ,'a11'):; 1:\’;’
for j=l:lengthi(TCsiil,:)) .

for i=1:length(TC=i(:,1]) Solve the direct problems for the

TCsip(i+length(TCsi(:, 100 *(3-1)1=TCsi(i,3); calculus of the sensitivity matrix J(Z¥)

end

end
TCsimplus=TC=sip':;
pl=EVOLpl (niter) ;

pl=pl#*(l-epsv)!
problem direct_003_ss TC
clear TCsip
clear TCsimmins
TCsi=postinterp(fem, 'T',pp, 'solnuwa' ,'all');
for j=l:lengthiTCsiil,:))
for i=1:lengthi(TCsi{:,11)
TCsip (i+length(TCsi(:, 1)) *(3j-1))=TCsi(i,]J):
end
end
TCsimmins=TCsip':
pl1=EVOLpl (niter) :

Ja= (TCaimplus-TCaimmins) / (2 ¥epsvipl) ;
bv=1

J=[Ja] :




130
131
132
133
134
135
136
137
135
139
140
141
142
143
144
145
146
147
148
149
150
151
15z
153
154
155
156
157
155
159
160
161
182

163

164
165
166
167
168
169
170
171
17z

173

174
175
176
177
173
179
130
181
182

183

% Estimation of the paraweter wvariation
deoef=inv ( (J' *WIFJ+1lambda®OMEG) ) # (J' *WJI*S0N(1: length (TCme=) ) )

pl=plprec+deosefl);
if pl<l
pl=EVOLpliniter):
el=zeif pl>50000
pl=EVOLpliniter);
end

sprintf('the new estimated value ‘nfor pl: %6.5f%n',pl

niter=niter+1;
plprec=pl;

if ([somme<sonprec

5
% next. The damping parameter iz divided hy 10

lambda = 0.1%lambda
SOMprec=SoKHe

EVOLpi (niter)=pi;
EVOLZOM (niter) =somme;

—

Cage where somme<somprec (the new criterion is lower than the

The Levenberg Marquardt file

_:Open the optim_003_sans_TC.m

N
~~——

Solve the direct problems for the
calculus of the sensitivity matrix J(Z¥)

% Calculus of the sensitivity coefficients

% Paramster 1

pl=pl*i{l+epsv):

problem direct_003_ss_TC

clear TCsip

clear TCsimplus

TCsi=postinterp (fem, 'T' ,pp, 'solnuw' , 'all'):

for j=1l:length(TC3i(1l,:))
for i=1l:length(TCsii:,1))

TCzip(i+length(TCs1i:,1)) % (j-1)1=TC=si(i,3);

end

end

TCsimplus=TC=ip'

pl=EVOLpliniter):

pl=pl+*(l-epsv):
problem direct_003_ss TC
clear TCsip
clear TCsimmins
TCsi=postinterpifem,'T',pp, ' 'solnum','all');
for j=1:length(TCsi(l,:])
for i=1:length(TCsii:, 1))
TCeipiitlength({TCai(:, 1)) *(J-1))=TCai(i,3):
end
end
TCsinmmins=TCsin' 7

~——

Estimate the new
set of parameters Zk+!

—

| L

divide A by 10



The Levenberg Marquardt file

Onen the antim 003 eane TC.m

= TCzimmins=TCsip' ;

Voo

184 - p1=EVOLpliniter);

185

186 — Ja=(TCsimplus-TCsimmins)/ (2 ¥epsvipl) ;

187

188 - J=[da] ;

188

150 % Estimation of the parameter wvariation

191

192 - decef=inv( (J' *WI*J+Llaroda*OMEG) ) * (J' *WI*S0M (1: length(TCmes) )

183

194 - pl=plprec+dcosf(l) ;

185 - if pl<i1

196 - pl1=EVOLpl (niter):

187 — elseif plx50000

188 - pl=EVOLpliniter);

GG | = end

200

201 - sprintf({'the new estimated wvalue ‘nfor pl: $6.5f\n',pl)

z0z

203 - niter=niter+l;

204 - plprec=pl;

205

206 — else

207

208 % Case where somwersomprec (the new criterion is upper than the
209 % next. The dawping parameter is mulciplied by 10

210

211 - lanbda=10% laxbda

212

213 - SOmprec=sonme;

2149 - EVOLpliniter)=pl:

215 v
218 - EVOL3ON (niter) =3omme:

217 Estimate the new
218 % Estimation of the parameter wvariation set ofparameters Zk"'l
219 - deoef=inv( (J' *UI* T+ lanbdaTONEG) ) * (J' *WI*SOM (1: length (TCres) ] ) ;

220 [
221 - pl=plprec+dcoef (1) ;

222 - if pl<i1

223 - pl1=EVOLpl (niter):

2z4 - elseif pl>50000

225 - pl1=EVOLpl (niter):

2E6 — end

227

228 - sprintf({'the new estimated value ‘nfor pl: $6.5f\n',pl)

229

230 - niter=niter+1;

231 - plprec=pl;

232

233 - end multiply A by 10
234

236

237 - end

EEE]




The modelisation of the error

In a steady state case and for a thermocouple on a surface, we
have this scheme: &(7)=T(t)-Tc(t)
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] Bardon J.P., Cassagne B. “Température de surface: mesures contact” Techniques de I’Ingénieur, Paris R2732, 1-22, 1981




The modelisation of the error

e For this case, in the model in steady state, we define three resistances

Isolated
/_ surface he Te

’\ NS
e

Middle at T TDiameter: 2y
A, p, Cp=cste

006000000000

-

r,, for the macroconstriction
r. for the contact

r, for the wire

00000000000
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Modelisation of the welding
problem with thermocouples

With the software « Comsol Multiphysics », we realize a simulation
of the welding problem. But now, we modelise the thermocouples.

Two configurations are studied:

— For the first one, the holes for the thermocouples are
perpendiculars of the heat flux and the fused zone.

— For the second, the holes are parallels of the fused zone.

Moreover, we compute different contact resistances between the
thermocouples and the material (Rc=e/A, A = 0.025 W/m/K):

— Rc= 1073 or 10* m2K/W for a bad contact (e = 25um or 2.5um)

— Rc= 107 or 10 m2K/W for a mean contact (e = 0.25um or
0.025um)

— Rc =107 m2K/W for a good contact (e = 0.0025um)




The modelisation of the
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Results of the first estimation

e Analyze the results:
— The criterion decreases
— After the first iteration, we have:

Vo

\

1teration Q Criterion

Initial values 100 187 106

First 3988 1800

second 4000 0.001

— After 2 iterations, we obtain the good value Q = 4000
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Modelisation of the welding
problem with thermocouples

Open with “Comsol Multiphysics” the two
configurations.

Parallele.mph Perpendicular.mph
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Modelisation of the welding
problem with thermocouples

\J U LA LI A I B

We execute these configurations with different contact
resistances and we use the thermogrammes in the first

optimisation loop with a direct problem without the
thermocouples.

\

With this work, we can underline:
- The measurement errors

- The estimation errors of Q
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Modelisation of the welding
problem with thermocouples

Visualisation of the measurements errors for
perpendicular thermocouples

1
: =1e-3 TCH
m RC=1e-4 TC1
RC=1e-5 TC1
—RC=1e-6 TC1

— Théo TC1

/ SN

00000000000000000000000000




Modelisation of the welding
problem with thermocouples

Visualisation of the measurements errors and
comparisons between the two configurations

Temperatures

1200 (°C)

1000 TC parallel
—— TC perpendicular
——RC1
—x—RC2
o RCS
600 ——RC4
— Reference

800

400
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Modelisation of the welding
problem with thermocouples

0 T T “
4 i, i ! Iy,
4 T : g
v o)
X £

—error TC parallel

—error TC perpendicular
emror RC1

——efmror RC2

——ermor RC3

——egrror RC4
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Modelisation of the welding
problem with thermocouples

Conclusions for the two configurations

1- With the thermocouples 1n an 1sotherm, we
have less errors.

2- It’s very important to have a good contact
between the thermocouple and the material

3- We must define correctly the space domain
to have the less errors.
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000000

The Levenberg Marquardt file

003 _sans_ TC.m

LV [ S B o I ) [ =T KV o

close all: clear =all:

global pl

epsv=1le—14;

2 Definition of the weasured points
wx=[0 0.00&634];

wy=[0.05 0.05] ;

w==[0.0035 0.005] :

pr=[rx:my:ms] 2

% the theoretical walue of Q=4000

Pl1=4000;

% Roaa

problem direct 003 =5 TC

P

% the theoretilcal temperatures

TCme=postinterp (fem, 'T' ,,pp, 'solnum' ,'a11']) ;
for j=1l:length(TCme (1,:))
for i=1l:length(TCme(:,1)1
TCrwep (i+length(TCwe [, 1)1 *(3I-1)1)=TCrwe(i,J):
end
end

TCmes=TCmep '

Change the direct problem:
Introduce the name of the
file for the problem with
thermocouples




Modelisation of the welding
problem with thermocouples

TYTIIIIIXY]

for 7 iterations RC= 1e-3

TC
perpendicular

2907 | 37,60%

TC parallel | 2600 | 53,85%

200000000




Modelisation of the welding
problem with thermocouples

Conclusions for the two configurations

1- An estimation which don’t take into account the real
instrumentation leads to an error.

2- This error can be higher if we have bigger
thermocouples (here the diameter of the wire 1s
S50um). It’s impossible to define the characteristic
time for the thermocouple. In fact, we study the

interaction between the thermocouple with the
domain

3- At last, 1if we use thermocouples, we must analyze
the transfer between the thermocouple and the
material (Rc and heat transfer coefficient between the
wires and the environment). And, we must try to use
a real experimental direct problem 1in the

optimization loop. Or eventually, we must quantify
the measurement corrections
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Thanks for your attention

Thanks to Comsol support for their help

Have a nice METTI School
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