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CEFDA03-1098 
 
Task Title:  TW3-TDS-MAGCEA: DETAILED ENGINEERING AND 

MANUFACTURING STUDIES OF THE ITER MAGNET SYSTEM: 
POLOIDAL FIELD (PF) COIL WINDINGS AND COLD TEST 
ASSESSMENT 

 
 
INTRODUCTION 
 
 
The purpose of this task, started in 2004, is to review the 
engineering design of critical areas, assess the 
manufacturing procedures and techniques, layout of the 
manufacturing facilities and test options, review the 
fabrication schedule for the production of the ITER coils 
and their support structures. In particular, the subject of this 
study contract refers to: 
 
1) Engineering and manufacturing studies of the Poloidal 

Field (PF) coil winding packs. 
 
2) Assessment of the cold test options for the Toroidal 

Field (TF) coils. 
 
CEA is requested to perform this work with industrial 
participation to assist EFDA and the ITER International 
Team in the review of some of the  critical features of the 
design, study the manufacturing procedures and tooling 
required for winding and impregnation of the PF coils, 
establish the detailed layout of the manufacturing facilities 
and schedule, and make an assessment of the need for cold 
testing of the TF coils. 
 
In order to get industrial support for  the engineering and 
manufacturing studies of the PF coils, CEA has placed a 
contract with the Alstom company in Belfort (France). The 
assessment of the cold test options for the TF coils involves 
participation of the DAPNIA at CEA Saclay and of the 
DRFMC at CEA Grenoble, and is carried out in close 
cooperation with FZK at Karlsruhe (Germany). 
 
 
2004 ACTIVITIES 
 
 
DETAILED ENGINEERING STUDIES OF PF 
WINDINGS 
 
A draft report has been delivered by the Alstom company 
in December 2004. 
 
Review of some critical areas 
 
He cooling inlets 
 
Alstom reviewed the ITER design for the helium inlet and 
found that removal of the cable wrapping would be  

difficult, the 0.5 mm radius at the notch end impossible to 
machine, the machining of a groove on a cambered 
conductor not easy to perform. Consequenly, they proposed 
several variants, with a preference for that shown in figure 
1. Nevertheless, this proposal isn’t assessed on any 
mechanical analysis and therefore needs to be confirmed to 
check if it is viable. 
 
Joint area 
 
A design of the joints between conductors has been 
developed by Alstom, based on the twin box concept, 
qualified for NbTi conductors by the manufacture and tests 
of the PF-FSJS prototype sample, in the framework of Task 
M50. This design is applicable as well for the connection of 
the two conductors of the same double pancake module as 
for the connection of the conductors of adjacent modules 
(figure 2). The terminal width has been taken at 64 mm, 
which is similar to that of the PF-FSJS, and it is proposed 
to take the height at 58.7 mm, which enables to standardize 
the terminals for all connections but putting a copper shim 
between the intermodule terminals and no copper shim 
between the inside-module terminals. 
 

 
 

Figure 1 : PF helium cooling inlet (Alstom proposal) 
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Figure 2 : Transversal cross-section of the PF joint 
(Alstom proposal) 

 
Feeders 
 
Derived from their experience in the manufacture and 
assembly of the ITER TFMC busbars, Alstom proposed to 
simplify the clamping system of the conductor in the feeder 
area and to provide a gap between clamp and conductor, 
which can be filled with insulating material to wedge the 
conductor for resisting the Laplace force (figure 3). 
 
Manufacturing procedures 
 
Winding technique 
 
The two-in-hand design of the PF coils requires to wind 
simultaneously two conductors, coming from two spools, 
located close to the winding table. 
 
The technique recommended by Alstom is to wind the 
lower pancake from outside to inside and then the upper 
pancake from inside to outside, avoiding so the need of two 
reserve spools located on top of the winding table and to 
wind twice the conductor of the lower pancake. 
 
Helium inlet 
 
The Alstom proposal is to perform the machining of the 
conductor above the winding table after calendaring, by 
lifting the conductor and protecting the whole area from 
contamination (figure 4). 
 
Separation plates 
 
Instead of manufacturing the separation plates by winding a 
stainless steel spiral, as designed by the ITER IT, Alstom 
proposes to use premachined steel sectors, which will allow 
to have these pieces cut and prepared by a sub-supplier 
outside the coil manufacturing line and avoid the 
deformations which could occur with the winding process. 
 
Manufacturing dimensions and tolerances of PF coils 
 
Alstom analysed the manufacturing dimensions, taking into 
account their experience of the manufacture of the POLO 
coil and of the reshaping of the TFMC busbars conductors. 

They propose to increase the shim thickness between turns 
up to 1.4 mm to cope with the tolerances assumed on the 
conductor and the shim thickness between doubles 
pancakes in coils PF1, PF2, PF5, PF6 up to 3 mm to cope 
with unflatness defects on the impregnated modules. For 
PF3 and PF4 coils, they propose to stack the non 
impregnated ground insulated DPs and separation plates, 
which allows to recover the unflatness defects of the DPs 
without ground insulation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 : Conductor clamping in the feeder area 
(Alstom proposal) 

 
Manufacturing tooling and equipment 
 
Alstom agrees on the baseline definition of the 
manufacturing line proposed in a previous study by 
Ansaldo.  
 
Review of QA documents and quality control 
procedures 
 
Alstom delivered comments on the available QA 
documents. 
 
ASSESSMENT OF COLD TEST OPTIONS FOR TF 
COILS  
 
This work has been reported in a poster presentation at the 
23rd SOFT in Venice [1]. 
 
Assessment of the need for cold test of the TF coils 
 
Coil features and properties 
 
The Toroidal Field (TF) magnet will be made of eighteen 
350 tons D-shaped coils operating at a temperature of 4.5 K 
up to a maximum magnetic induction of 11.8 T, using a 
68 kA cable-in-conduit Nb3Sn conductor inserted in 
stainless steel radial plates. The manufacturing techniques 
to be used in the construction of these coils have been 
qualified by the manufacture and tests of the Toroidal Field 
Model Coil (TFMC). Nevertheless, this was achieved for a 
coil of a smaller size (1/3 scale) than the TF coils, which 
remains up to now the single one of this type ever built. 
Changing a faulty coil in the torus would cause a major 
breakdown in the experimental programme and represents a 
considerable work, which makes compulsory to install only 
coils the performances of which have been carefully 
checked. 

Clamps 

Support 
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Figure 4 : Manufacture of helium inlet (Alstom proposal) 
 
This means that sufficient knowledge should be acquired 
on their electromagnetic, thermal, hydraulic, mechanical, 
insulation properties and operating margins.  
 
Testing scenarios 
 
Unfortunately, very limited direct measurements will be 
available from manufacture due to the limitation of cold 
testing to LN2 temperature without current, whereas tests at 
liquid helium temperature with current would provide much 
more information. Consequently, the main characteristics 
can only be derived from the measurements performed on a 
relevant coil, assuming the reproducibility of the 
manufacturing process. 
 
This calls clearly for the cryogenic test of a prototype coil, 
built with the same geometry and materials as the series 
coils and on the same manufacturing line with the same 
procedures and toolings. The experience accumulated with 
the TFMC tests is not totally relevant, since the coil 
geometry is different,  new manufacturing techniques are 
foreseen, as well as the use of new advanced conductors. 
Forgetting this step could lead to discover problems at a 
late stage of manufacture. 
 
Nevertheless, the measurement of the critical electrical 
properties of the prototype coil cannot be achieved in 
relevant conditions if this coil is tested alone, since the 
achievable magnetic field  will be much smaller than in the 
toroidal configuration and could only reach a maximum of 
6 T at nominal current. 
 
To reach the critical current needs thus to operate at 
temperatures above 9 K, assuming a thermal strain of –
0.84%, according to the ITER design criteria and 
neglecting the electromagnetic strain (figure 1). 

It is therefore necessary to complete this measurement by 
the test of a significant length of conductor in relevant 
magnetic field and temperature, which could be achieved 
by the test in the Central Solenoid Model Coil (CSMC) test 
facility of an insert coil using the same type of conductor. 
 
It is  recommended to use the strategy usually followed for 
fusion machines, which is cold testing of all coils, as 
experienced in the past for Tore Supra or at present for W7-
X or EAST, since it provides the most confidence in the 
coil performances and minimizes the risk of failure. 
Besides, the same strategy could apply as well to the CS 
and PF coils. 
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Figure 5 : TF coil critical current versus magnetic 

induction (ε = -0.84%) 
 
Test configuration 
 
In a single coil test the coil experiences only in-plane 
loading whereas in simultaneous operation of two coils, in-
plane as out-of-plane loading can arise. 
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In the two coil configuration, two options may be 
considered : ramping up  the current in both coils 
simultaneously or successively. In case of simultaneous 
operation, current limitation or an additional support 
structure may be required to prevent excessive deformation. 
On the contrary, if the coils are operated successively, each 
coil is tested as a single coil with in-plane forces only, but 
the overall time schedule for the tests can be reduced by 
saving time for installation, cooldown and warm-up. 
Figure 6 shows a possible arrangement for the two coil test 
configuration : the coils are assembled as adjacent coils in 
the torus allowing the attachment of the coils together, 
which can provide  mechanical support if the current is 
ramped in both coils simultaneously. 

 
 

Figure 6 : Two coil test configuration 
 
Preliminary design of a test facility 
 
The testing facility will then include a 12.5 m diameter, 20 
m high cryostat, a vacuum pumping unit with 15 000 m3/h 
primary and 15 m3/s secondary pumping capacity, a 2 kW 
cryogenic refrigerator [2], a 70  kA power supply with 
associated switching unit and a 3 mΩ dump resistor unit. 
The required building will be 50 m long, 20 m wide and 
20m high, the lower part of the cryostat being under the 
ground level and equipped with a 500 t lifting unit 
(figure 7). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 : TF coil cold test facility 

CONCLUSION 
 
 
The engineering design of the PF coils has been reviewed 
in details by Alstom, in the framework of an industrial 
study contract and a draft report has been delivered by the 
company. Proposals have been made for the detailed design 
of critical areas (He inlets, joints, feeders), the tolerances 
on coil dimensions have been assessed and the 
manufacturing procedures reviewed. 
 
The need of testing at least a prototype TF coil at low 
temperature has been argumented and the test of all coils at 
4 K and nominal current recommended. The preferred 
testing arrangement is the twin coil test configuration. An 
overall design of the test facility has been proposed. 
 
Completion of the work is scheduled for April 2005. 
 
 
REFERENCES 
 
 
[1] How should we test the ITER TF coils ? - P. Libeyre 

et al. - 23rd SOFT, Venice, 20-24.09.2004. 
 
[2] G. Zahn et al. - Design of a cooling system for the 

cold test of the ITER TF coils before installation - 
Proc. ICEC20, Beijing, 2004, to appear. 

 
 
TASK LEADER 
 
 
Paul LIBEYRE 
 
DSM/DRFC/STEP 
CEA-Cadarache 
F-13108 Saint-Paul-Lez-Durance Cedex 
 
Tél. : 33 4 42 25 46 03 
Fax : 33 4 42 25 26 61 
 
E-mail : libeyre@cea.fr 
 
 
 
 
 
 
 
 
 20 m

10 m

20 m50 m

Gantry crane 
(500 t) 70 kA 

power 
supply

3 mΩ
dump 
resistor

Pumping unit 
primary :

15 000 m3/h

Secondary : 

15 m3/s

2 kW 
cryogenic 
refrigerator20 m

10 m

20 m50 m

Gantry crane 
(500 t) 70 kA 

power 
supply

3 mΩ
dump 
resistor

Pumping unit 
primary :

15 000 m3/h

Secondary : 

15 m3/s

2 kW 
cryogenic 
refrigerator20 m

10 m

20 m50 m

Gantry crane 
(500 t) 70 kA 

power 
supply

3 mΩ
dump 
resistor

Pumping unit 
primary :

15 000 m3/h

Secondary : 

15 m3/s

2 kW 
cryogenic 
refrigerator




