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A set of calculation models has been developed and computations have been performed
with the use of the TYPHOON code for ITER cryopumps to study behaviour of eddy currents
and EM loads. A computational approach is described that allows detailed simulation of a
cryopump components with respect to surrounding conducting elements of the tokamak.
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1. Introduction

The reference design of the International Thermonuclear Experimental Reactor
exhaust pumping system is based on eight cryopumps, connected to the torus via four
ducts, each of them containing a pump in a direct line of sight and a branched pump.
The torus cryopumps will be installed in the lower port cells of ITER.

The cryopump is made for the most part of non-magnetic stainless steel, and eddy
currents induced in the cryopump and adjacent structures electrically connected to
the cryopupmp during transients will cause additional mechanic and thermal loads on
the conducting components.

The cryopump assembly can be separated into four main sub-components: the
pump housing assembly, the 80K system, the 4.5K system, the pump valve assembly.

The events when eddy currents are induced in the cryopump structure include: cen-
tered plasma disruptions, vertical plasma displacement events, toroidal and poloidal
field coils fast discharge.

The objective of this work was to estimate electromagnetic (EM) loads on the
ITER Torus Cryopump for most dangerous loading conditions from EM loads point
of view.

2. Simulation

The TYPHOON code [1] was used for this analysis. The TYPHOON code is
designed for an advanced 3D simulation of transient electromagnetic processes using a
conducting shell approach. The code is dedicated to 3D simulation of quasi-stationary
eddy currents using a shell approximation in an integral-differential formulation to
model conducting multi-connected shells, spaced arbitrary, in terms of a electric vector
potential (the T-Q method) [2—4].
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Preliminary simulations made in 2001 with the use of a simplified cryopump model
[5] demonstrated low EM loads on the cryopump if the cryopump is electrically in-
sulated from Vacuum Vessel (VV). The problem was divided into two low-dimension
sub-tasks solvable successively:

1) simulation of eddy currents in VV components (ignoring the cryopump influence
on VV eddy currents) due to the plasma current variations;

2) simulation of eddy currents in the cryopump due to the VV eddy currents and the
plasma current variations.

According to the reference design, the cryopump has 2 electric contacts with the
conducting structures of the VV cryoport: 1) the pump plug has electrical contact
with the cryoport flange all around; 2) the cryoport bellow is welded to the pump
housing front flange. To allow for the electric contact, the cryopump and surrounding
structures should be modelled together. Due to electric contact between the cryopump
and VV components, a cross-flow of eddy currents may occur, that results in increasing
EM loads on cryopump as compared with the previous results in [5].

Due to geometry complexity and a variety of conducting details of the cryo-systems,
it was decided to consider them as detailed as possible. This resulted in a model re-
quiring all computation resources available on a standard PC. The highly detailed
calculation model developed for the cryopump allows accurate modeling of the cryop-
ump subcomponents to be carried out without losing the calculation accuracy. The
whole calculation model describes a 40-degrees sector of the ITER machine. The sec-
tor includes: double walled VV with ports and ribs, divertor inboard and outboard
rails, blanket triangular support, upper and equatorial port plugs, cryopump, plasma,
CS, PF and TF coils. Necessary portions of the existing FE mesh can be re-built if
the design will be modified or another operation scenario be taken.

For each considered plasma event the total EM loads: forces, moments and AC
losses have been calculated for the cryopump components. Using special numerical
procedures and software [6], the obtained EM loads can be transformed into nodal
loads in the format suitable for further structural or thermal-hydraulic analysis with
the use of finite elements codes (for example, ANSYS or VINCENTA [7]).
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Figure 1. Arrangement of 8 Torus Cryopumps (TCP) in the ITER machine
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Figure 3. Calculation region: 40-degree

Figure 2. Vacuum vessel cryoport with sector of VV with regular ports and
installed torus cryopump. CATIA cryopump. Cryopump is positioned at
drawing the end of lower port

Figure 4. Cryopump assembly. CATIA Figure 5. Calculation model of
drawing cryopump assembly

Figure 6. Torus cryopump 80K Figure 7. Calculation model of 80K
assembly. CATIA drawing assembly of torus cryopump
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Figure 8. Torus cryopump 80K louver Figure 9. Calculation model of 80K
assembly. CATIA drawing. louvers assembly of torus cryopump

Figure 10. Torus cryopump 4K panels Figure 11. Calculation model of 4K
assembly. CATIA drawing panels assembly of torus cryopump

Figure 12. Torus cryopump valve Figure 13. Calculation model of valve
assembly. CATIA drawing. assembly of torus cryopump
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Figure 14. Calculation model of torus

cryopump. The carrier tube of housing

and carrier tubes of 80K radiation
shield are not shown

Figure 16. Steady state distribution of

eddy current over the 80K assembly of
the cryopump caused by simultaneous

discharge of CS and all PF coils. The
step of current lines is 5A

Figure 15. Steady state distribution of
eddy current over the cryopump
assembly caused by simultaneous

discharge of CS and all PF coils. The

step of current lines is 10A
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Figure 17. Steady state distribution of
eddy current over the 80K louvers
assembly of the cryopump caused by
simultaneous discharge of CS and all
PF coils. The step of current lines is
0.2A

Figure 18. Steady state distribution of
eddy current over the 4K panels
assembly of the cryopump caused by
simultaneous discharge of CS and all
PF coils. The step of current lines is
0.5A

Figure 19. Steady state distribution of
eddy current over the valve assembly
of the cryopump caused by
simultaneous discharge of CS and all
PF coils. The step of current lines is
10A
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Pa3pa60TaH Ha6op BbIYHUCJIUTEJIbHBIX MO,ILe.HeI‘/JI 1 BBIIIOJIHEHBI BBIYUCJICHUA C HUCIIOJIB30Ba-

uneMm nporpammbl TYPHOON c¢ nenpio n3ytiennsi mOBeAeHNSI BUXPEBBIX TOKOB M JIEKTPO-
MarHHUTHBIX Harpy3oK i kpuoHacocoB peakropa ITER. Jlano onucanue BBIYHCINTEIHLHOTO
IIOJIX0/1a, KOTOPBIH ITO3BOJISET IPOBECTHU JETAIBHOE MOJEINPOBAHIE KOMIIOHEHTOB KPHOHACO-

ca

OTHOCUTEJIbHO OKPY2KaIoHUIUX IIPOBOJLANINX 3JIEMEHTOB TOKaMaKa.

KuaroueBbie cioBa: MexayHapomubiit TepMosiiepHbIii DKCIIEpUMEHTAIbHBIN PeakTop

(ITOP), KproHACOCHI, IEHTPAJIBLHBIN CPBIB TOKA IJIA3MBI, CPBIB TOKA IIJIA3MBI C YIETOM Bep-
TUKAJBHOTO CMEITEHUsI, OBICTPHII BBIBOJ TOKA M3 KATYIIEK TOPOUIAIBHOTO U MOJIOUIATLHOTO
I0JIsI, BUXPEBBIE TOKM, YNCJICHHOE MOJIEINPOBAHUE SJIEKTPOMATHUTHBIX HAIPY30K.





