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In 2005 in another article published in ALUMINIUM  Yet, even with that relatively low Bz longitudinal
[1], it was demonstrated that as far as the thermal gradient, the MHD model is predicting that a codple
balance aspect of the cell design is concernedetise (2,0) and (0,1) bath metal interface deformatiowveya

no limit to the size of cells that could be desdyne the exact type of wave predicted in Urata’s papat,

In order to substantiate that declaration, the thai- grow in the cell (see figure 3 and 4).

electric design of a 740 kA cell was presented. But Of course, there was no attempt to really optintiee
what about the cell MHD stability and the potshell compensation busbar configuration, so for sure, a
mechanical design for that 9 risers, 26.2 metergglo  petter setup can exist. But already in order taiced
cell? the Bz longitudinal gradient to 40 Gauss over 17.3
meters, the compensation busbar on the side of the
return line must carry 250 kA and the compensation
busbar on the opposite side must carry 145 kA.nSo i
the case presented here, a total of 395 kA or 78% o
the potline current is been carry by the 2 compamsa
busbars. It is very doubtful that this compensation
busbar configuration could be extend to a 740 KA ce

The present article covers both those aspect otdlie
design. Results suggest that as far as the MHD cell
stability aspect of the cell design is concernbdré is

no limit to the size of cells that could be desiyne
Finally, as far as the potshell mechanical design i
concerned, after taking care of the potshell thdrma
deformation issue [2], there is no limit in siglat the

size of cells that could be designed either. In order to stabilize very high amperage cells,ea n
: compensation busbar configuration has been
500 kA cell MHD design developed. The resulting average Bz is so close to

In his TMS 2005 paper [3], Urata clearly indicates (0.0003 T) that no distinctive low frequency wawec
that, in addition to the average magnitude, ithe t develop in the cell (see figure 5 and 6).

gradient of the vertical component of the magnetic .

field (Bz) in the longitudinal direction of the tehat 40 KA cell MHDdesign

is responsible for the main instability mechanismai  Notably, this new compensation busbar configuration

modern side by side high amperage cell. is working for any length of potshell and any numbe

of positive busbars running under the cell. Thesérs,

[4], Pechiney researchers describe how they mimichiz 740 kA cell design presented before .[1]. ha_ls too a
resulting Bz so close to 0 that no distinctive low

that Bz longitudinal gradient (see figure 2 of [&Y : )
using compensation busbars running along both sidesfreoluency wave can develop in the cell (see figure

of the row of cells carrying current in the same and 8).

direction as the potline (see figure 3 of [4]). Aoding  Extrapolation to a 2380 kA cell design

to the Pechiney patent, this compensation busbar

configuration will work well up to 500-600 kA cells This new compensation busbar configuration will
equally well work for any reasonable length of pets

This compensation busbar configuration has beenand any number of risers, for example a 85.8 meter

analyzed using MHD cell stability modeling tool 5,  |ong, 30 risers, 2380 kA cell [1] could too be

and 7] on a 500 kA cell (see figure 1 for the busba magnetically compensated using the same approach.

configuration). It indeed reduced the Bz magnegtf  so it is possible to conclude that as far as theDVIH

gradient in the longitudinal direction to about@auss cell stability aspect of the cell design is coneein
over 17.3 meters (from 20G to —20G, see figure 2) there is no limit to the size of cells that can be

despite the fact that all 6 positive busbars arming designed.
under the cell.

So it is not surprising that in their 1987 busbatept



740 kA cell potshell mechanical design

It may sound hard to believe, but it quite possthket
problems related to the potshell mechanical behavio
are one of the main reasons why the industry ttend
use bigger and bigger cells in new greenfield senelt
projects has been considerably slowing down innece
years.

In [1], it was demonstrated that the usage of ogpli
fins or forced air convection are not required asdas

and deflect more laterally than vertically (seeufig
12).

Of course, that vertical deflection can be redueesh
further by using cooling fins, but following ressilt
presented in [2], it is important to ensure thaisth
cooling fins are not increasing the upper side svall
rigidity.

Unfortunately, it was not possible to find the tite
run enough alternative cooling fins designs in otde

the cell heat balance aspect of the cell design isdiscover one that actually improve the situatiofole

concerned. Yet potshell cooling fins are now a
standard feature of the AP30-35 technology andefibrc
air convection is used in AP50 technology. Why then
if is not used to enhance the heat loss dissipation

The answer to that question has already been ggven
[2], those devices are required to reduce the taym
induced vertical potshell deflection which becomes
quite harmful to the cell operation as the cell$ ge
bigger and bigger. It was also demonstrated intfijt
the use of forced air convection is more efficidran
cooling fins to reduce or even completely eliminite
vertical potshell deflection. But should we conaud
from these results that for cell amperage of 50Gk4A
more, the usage of forced air convection is manglato
in order to prevent the vertical potshell defleotim
have an harmful effect on the cell operation?

In trying to answer this question, the first asstiomp

this article publication deadline.
Conclusions

On the cell heat balance and MHD aspect of the cell
design, it is clear that there is no limit to theesof
cells that could be designed.

On the potshell mechanical design aspect, we don’t
have the data in hand to be so assertive, but ihere
reason to believe that technically, we are facirgiza
limit. On the other hand, if for very high amperage
cells, the solution to the potshell vertical defiec
problem can only be solved by using expensive fbrce
air convection devices, it is possible that thegesaf
those devices annihilates the financial incentive t
keep designing bigger and bigger cells.
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Figure 1: Demonstration 500 KA, 6 risers cell vilile compensation busbars configuration patented by
Pechiney in 1987.



Figure 2: Resulting Bz magnetic field for that mageally compensated 500 KA cell






Figure 3: Coupled (2,0) and (0,1) MHD wave resgltirom that busbar configuration



Figure 4: Liquid metal pad and cell voltage ostitlas and Fourier power spectra for that magndyical
compensated 500 kA cell



Figure 5: Bz magnetic field for a demonstration &80 6 risers cell with the new compensation busbar
configuration.



Figure 6: Liquid metal pad and cell voltage ostitlas and Fourier power spectra for that magndyical
compensated 500 KA cell



Figure 7: Bz magnetic field for a demonstration RAQ 9 risers cell with the new compensation busbar
configuration.



Figure 8: Liquid metal pad and cell voltage ostitlas and Fourier power spectra for that magndyical
compensated 740 kA cell



Figure 9: Mesh and temperature loading of the 7A@l potshell model



Figure 10: Vertical potshell displacement as predidy the elasto-plastic mechanical model



Figure 11: Potshell vertical displacement compariso



Figure 12: Lateral center cradle deflection for Td® kA cell case



