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Historical Background

The typical approach for the last 20 years has heen to optimize the stub hole using 3D Thermo-
Electric (TE) mathematical modeling tools.

The weakness of this approach is that the contact resistance has to be considered as constant and
the value of that constant has to be defined as a model input.

As a result, the model is only sensitive to the cast iron/anode carbon contact interface surface
area leading designers to increase that interface surface area disregarding completely the
mechanical impact of those stub hole design changes.
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Historical Background
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It was ratter
-~ measured that the

contact resistance is
strongly dependent
on the applied
pressure at the
contact interface.
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Richard,
conveniently fitted
i the raw data into a
e - 12 parameters
equation that is
function of both
0.100 1.000 pressure and
Pressure (MFa) temperature.
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Historical Background

Richard was also the first
to develop an ANSYS®
based TEM anode stub hole
model and to use such a
model to do some stub hole
design optimization work.

]
Ty 1
ll. ) 3
& SEEY
B o 3
.-J” ; = - i N
Lo R i e o)
i £ m
- d - 5 1
1 ¥ 1
i L . B i
J : S k
" - "
ML o
" - . -
"

,..
e
% I
-
- 3 =
g . i .,
3 T+ |
i, -
i AR e A |
& £
o LRl ok oo i
= 3 g

Unfortunately, the ANSYS®
version available at the
time was not supporting
thermo-electro-mechanical
contact elements preventing
the development of a fully
coupled model.
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Historical Background

Following Richard’s initial effort,
Goulet developed a fully coupled
TEM model based on Laval
University’s in-house Object-
Oriented finite element code
FESh++.

FESh++ supports the
implementation of complex
material behavior laws, for instance
for carbon-based materials, so 1t is
extremely useful to carry-up
fundamental research work.

However, ANSYS® has been the
» code of choice of the industry for
| over 25 years now.




ANSYS?® version 12.0 based Thermo-
Electro-Mechanical (TEM) anode stub
hole model development
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An ANSYS® version 12.0 based fully
coupled TEM anode stub hole design
tool based on the usage of SOLID226
3D thermo-electro-mechanical
second order element together with
CONTA174 and TARGE170 thermo-
electro-mechanical contact pair
elements have now been developed.

CONTA174 element supports the setup
of a pressure and temperature TCC
(thermal contact conductance) and ECC
(electrical contact conductance) values
through the %table% option.




ANSYS?® version 12.0 based Thermo-
Electro-Mechanical (TEM) anode stub
hole model development

Having all the required
components to model the
complex stub hole cast
iron/anode carbon contact
resistance complex physic in
ANSY S® version 12.0, it was
quite straightforward to take
advantage of the classic
ANSYS® parametric design
language (APDL) to develop
demonstration anode stub
hole models and to use them
as efficient stub hole design
tools.
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First demonstration model, 8 flutes design
Voltage (V)
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Constant contact resistance model results











































