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Summary

Tha Argonne National Laboratory has dasigned and
ia constructing a 6 T large apertura superconducting
MHD magnet for usa in the Coal-Fired Flow Facilicy
(CFFF) at the University of Tennesaae Space Inatitute
{(UTSI) at Tullahoma, Tennessea. The magnet syatem con=
sists of the superconducting magnet, a magnet power
supply, an integrated instrumentation for operatiom,
control and protection, and a completa cryggenic
facility including a CTI Model 2800 helium refrigerator/
liquefier with two compressors, helium gas handling
gyatenm and a 7300 liter liquid helium dewar. The com~
plete syatem will ba tested at Argoune, IL in 1981.
This paper first briefly reviews the magnet design.
Second, the coil fabrication programs are deacribed in
detail.

Magnet Deuggl

The magnet consists of fourtean concentric layers
with a ghorter coil (coil layer No. 1) close to the
bore tuke., This gensrates a linear taperad field with
a maximum on-~axis intensity of 6 T. The ccil shape is
a circular saddle which will support the hoop stresa of
the coil end itself. The significant magnet character-
iatics are listed in Table I. The CFFF MHD magnet
configuration, MHD field profile, and cryostat details
are shown in Figs. 1 and 2 respectiwvely.

The conductor is a soldered assembly of a auper-
conducting cable wire of Nb-48Z Ti superconducting
composite wire that fits into the longitudinal groove
of OFHC copper stabilizer. Three grades of comductor
are used: Grade A with a 4.2 K short sample critical
current of 4400 A at 7.5 T; Grade B, 4400 A at 6.5 T;
and Grade C, 4400 A at 4.5 T. The operating point is
3670 A at 4.2 K with a field margin of 0.5 T for each
grade of conductor. All conductor has a height of
3.1 cm with conductor thickness varying accerding to
the field grades. Tha surface of supercanducting cable
‘18 recessed below stabilizer surface by (.76 mm, thus
forming a longitudinal cooling channel for the cablae.
Since it is difficult to pradict the siza of the worat
disturbance the magnet will encouncer, the conductor is
designed based gn stesdy state cryostability. The coil
atructure is shown in Fig. 3. The short sample cri-
tical curreat, the minimum propagating curvemt, the
reécovery currant, the operating point and the load line
are shown in Fig. 4. Also shown ia the turn-to-turn
insulation which is a pultruded fiberglass strip vith
keystone croas-sectiou. It is punched in a fighbone-
like pattern for providing about 30X cooling on both
of the conductor broad faces.

The conductor in the high field crose ssction
exerts a burst force of 30,180 kgf/cm outward which is
concained by girder rings mads of casting J16L stain-
less steel arc segments and 2219-T87 aluminum tie
plates (ses Fig. 1). A clamping forcx of 24,287 kgf/cm
pushes the two coil halves of the magnat together. The
decentering force of 219,500 kgf, resvlting from the
asymmatric field distribution, is supported by the end
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flange at the high field end and by a step in the bors
tube.

The cryostat configuration is shown in Fig. 1. The
cryostat consists of a helium vessel, a liquid nitrogen
coolad shield and a vacuum vesaal serving as a preagure
vessel and a support structure for cold mass. Steady
atate heat fluxes to the helium vesael aud the thermal
shield have been minimized by the use of multilayar in-
sulacion around the nicrogen shield and helium vesgel,
and by uge of low heat leak support structures. The
steady atate heat flux to the helium vessel is 14.0 W;
i.e. 19.6 L/h. The steady state flux to the thermal
ghizld is 179 W; i.e. 4.3 L/h boil-off,

Coil Fabrication

To provide for efficient and accurate construction
of the coils, a eervomechanized winding machine was
developed as shown in Fig. 5. The Micarta coil form is
fastened to a winding drum which is supported by a
turntable. As the table rotates about its vertical
axis, the drum revolves about its horizontal axis.
Molded plywood forms are used to provide the required
radius of the winding drum. Four sets of hold-dowm
fixtures are urad to anchor each conductor winding as
it is bent around the winding drum to form the saddla
coils. Nylon straps and supporting arms which are
pneumatically powered are used to support the conductor
at straight regions. Figure 5 shows a coll winding for
coil layer No. 7.

Canductor Splice

During the coll vinding, different field grades of
conductors are used. To parform these joluts, resis-
tance welder was used to weld the scabilizer of one
grade to ona end of prefabricated OFHC transition sta-
bilizer. Likewise, the other end of it was welded with
a stabilizer of another field grade. The excess copper
in thege welds was removed and the auperconducting
cables were lapped jointed over the transition atabili-
zer. During the coil assembly, splices are made to
connect the coil halves in the same layer and to con-
nect the coils in adjacent layars. These ara soft-
solder lapped joints with copper rivets bonding as
reinforcement.

Coil Assembl

As showm in Fig, 6, the coil assembly starts by
firet installing the bore cube mandrel to the tore
tube. The assambly is then lifted onto the powar rolls.
the bore tube is insulated with an epoxy fiberglass
cylinder with grooves machined for liquid helium
perforation as shown in Fig. 7.

Each layer coil assembly begins by lifting a pair
of coila onto the assembly tube. Then the coil is com-
pressed radislly by a set of atainless steel bsnds.
Parting jacks are ussd to jack apart the gaps between
the two halves performing the azimuthal compression.
Micarta spacers of proper width are placed betwaen the
two halvas. A set of inflatable yellow bags are now
installcd between the stainless sceel bands to exscute
the final radial precompression as showm in Fig. 8.



Fig. 1 CFFF MHD Magnet Configuration
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Fig. 2 MHN Field Profile and Cryostat Details
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Fig. 3 Coil Structure

Fig. 6 Bare i‘ube Installation on Power Rolls
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Conductor aplices are made, then follows the instal-

lation of coil end filleras aad the application of A + B
Spiral parmanent

epoxy to fill the voids at coil ends,
bandinga of pultruded fiberglass, 18.5 mn wide x 7 mm
thick, are finally installed progressively to replace
all the temporary strapa leaving a 18.5 mm spacing
between two bands in tha straight conductor region and
6,2 mm in the coii end region. The banding tenaion
uged ia about 2000 kg. This final compresaion solidly
secures the coil layer against the previous layer and
tolerates little buildup within the winding, thus re-
atraining any movement of the coil and provides layer-
to-layer separation and adequate liquid helium flow
passages, Figure 9 shows the bandings for the coil
layer No. 6,

Asgembly of Ring Girdera and Cryostat

Figure 10 shows the step-by-atep procedure for the
aasembly of the ring girders and cryostat.

Once the fourteen layers of coila are gecured to
the bore tube, a series of elevan main girder rings
will be positioned cver thz atraight conductor region
to regsiat againat the burat forcea from the winding.
In the coil end region four smaller end ringa will be
inatalled. These girders will be clamped wightly
againat a gsurface of fiberglasa rings which were in=-
atalled to provide a machined surface with curvature
matching that of the ring girder,

- Table 1
CFFF _SCMS Magnet Paramaters

I. MHD Related Paramsters .,
.
MHD On-Axis Field Inlet 4,8 T, peak 6 T,
Outlet 4.8 T
Liner taper with a
gradient of 0.2 T/m

Field Taper

II. Magnet Coil Characteristics

Winding ID 119 em
Winding 0D 225.7 em
Winding Length 488 cm

Winding Type Circular Saddle

Conductor Soldered Cable of NbTL
compoeite stabilized
with copper

Operational Current 3675 A

Peak Field
Current Density

6.9 T at gonductor
2890 A/em* in copper;

. 200 A/cm? in winding
Pool Boiling at 4.5 K
168 MJ

Cooling
Stored Energy

The coll assembly is now ready to bea gealed in its
helium veagel. A tower assembly is then added to house
the many wires and piping that would be used to com~

4.2 K Cold Masa Dimen.
Liquid Helium Inventory

Total Ampere-Turns 137 x 103

Total Ampara-Msters 145 x 108

Conductor Weight 48,000 kg
III. (Cryostat Paramaters

4.2 K Cold Mass Weight 145 tons

3.16 m dia. x 5.05 m 1
9000 liters

municate with the magnet,

The nitrogen coolant ia carried by copper tubing
soldered to the walls of the shield which is made of
dtainless steel to aliminate the risk of shiald col-
lapae should the magnet have a rapid discharge. Mora
auparinsulation of the aluminized Mylar ie added to
reduce the radiation load on the nitrogen shield. The
entire assembly is then placed into an insulating
vacuum. The magnet is now ready for the installation
of the assembly of magnet warm bore tube and ths inner
liquid nicrogen shield. The final assembly is the
inatallation of end shield and the end caps of the
vacuum veasel,

Fig. 7 Bore Tube Insulation

Heat leak to LHe 14 W ( 20 liter/hr)

Vacuum Vesael Weight 42 tons
Vacuum Vessel Dimen. 3.6 m dta, x 6,4 m 1
Total Magnet Weight 190 tong
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Fig. 10 Schematic of Ring Girder and Cryostat Assembly
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