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Abstract conservative design at cryogenic temperatures. ABISY
The large aperture superferric quadrupole magnets #D coupled element PLANE13 with degree of freedom
energy buncher section of Super-FRS will generagga h (DOF) of UX, UY, AZ and TEMP is used for two
magnetic field gradient in the usable aperture. Thdimensional magneto-structural and thermal analysis
magnet system will be assembled at room temperatu¢ing plane stress condition. Here, UX and UY are
and will undergo dissimilar thermal contraction idgr defined as translation in X and Y direction respedy;
operation at normal liquid helium temperature. ¢t i AZ is vector potential along Z and TEMP is temperat
therefore, very crucial from engineering designnpaif
view to understand and analyze both thermal a
electromagnetic stress in coil, support structamd iron
for its safe operation. The paper describes sarabysis
of the magnet system as a whole with commercial FE
package ANSYS.

INTRODUCTION

The quadrupole magnets in the Energy Buncher secti
of the Super-FRS [1] have to generate high magfietit
in a usable aperture. It is indeed a privilege an
technological challenge for India to design a viemge
aperture (300 mm horizontally and £250 mm vertigal
superconducting quadrupole magnet for use at FAIF
Superferric magnets are iron dominated supercoirduct
magnets. The magnets have a maximum field gradient
5.2 T/m. The aim of the present study is to cateuthe
stress  distribution in  uniform  current densit
superconducting coils due to cool-down at liquidiume
temperature and electromagnetic force.

Any superconducting magnet while in operation stioul
be structurally sound so that it does not fail dgri  For 3D thermal and magneto structural analysis keoup
operation. It is therefore, very crucial to undenst the element SOLID98 is used to solve the problem
stress distribution among various components of thgequentially. Result of thermal stress and magrietize
magnet. Based on the preliminary magnet desigr][2, are used as load in final stress analysis.
the layout of the quadrupole magnet and coil waskaa s TTon
out (Fig. 1). The superconductor would be woun& &S
316 bobbin and potted with resin to fill the voidsorder
to provide strength to coil and prevent conducto
movement. Resisting conductor movement in the isoil
very important in a superconducting coil.

The magnet iron and coil are immersed in liquidurel
inside the liquid helium chamber made of fully @unte
grade of stainless steel, SS 316. The magnet ésrdsd
at room temperature. But, it has to be operatea at
temperature of about 4.5 K.

STRESSANALYSIS

Stress analysis has been performed to detetiwe gy re 2: Combined Von Mises Stress contour forrtiae
the magnet structure would response to both co®Rdo gniraction and Lorentz force

thermal stresses and Lorentz force loading. Thectstral ) _ )
design is based upon the room temperature values off hermal stress is developed due to differentiairttag
mechanical properties of the materials used to havecontraction of iron yoke, SS 304 shell around toéey

Figure 1: Basic design of Quadrupole magnet

STEP=1

SUB =1

TIME=1

SEQV (AVGE)
PowerGraphics
EFACET=1
AVREZ=Mat

DMX =.495E-04
SMN =21073
SM¥ =.566E+08
21073
-GI0E+07
-1Z6E+08
-189E+08
.251E+D8
-314E+08
-377E+DB
-440E+08
-503E+08
-566E+08

B0 ORECNN




coil, and coil support system. Maximum deformatin AN
iron is around 1.8 mm while cooling down from room | - smc 29 2010
temperature to 4.5 K. Since the other parts of th|ms '
assembly also shrinks, therefore, differential riedr mD: -. 001061 .

stress is not very high. Equivalent tensile streis®/on S = 167E \
Misses stress contour developed due to therm
contraction and at maximum excitation of the ceilais
shown in Fig. 2.

A comparison of stress developed in iron due t
thermal and thermal with excitation is as showFim 3.
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S 5- Maximum stress developed on the shell material is
) ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ around 147 MPa which is much less than the yielgsst
0O 10 20 30 40 50 60 70 80 90 of SS316 (~ 600 MPa) at 4 K. Distribution of Vorisils
Along Azimuth (@ r=0.65 m) (Deg) stress at the middle of the shell is as shown gn i
Figure3. Stress comparison in iron @ 0.65m 150 +
During excitation, coil experiences Lorentz forgetal g 145 1
body force developed on coil is calculated usingaell 7N 140 1
stress tensor asxF +3.17E+05 N/m and J&-5.2E+04 $ o 135
N/m. Von Mises stress contour developed in the doé 22 130 |
to both thermal contraction and Lorentz force iskaswn %
in Fig. 4. Maximum equivalent stress developed loa t ~ 1251
coil is around 65 MPa. 120 L
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- Figure 6: Von Mises Stress distribution on SS shell
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mracrrs CONCLUSION
g‘g;ggggm Thermal and electromagnetic stress developed on
SHE <. oE DS various parts of the assembly has been analyzddtails
-l using both 2D and 3D models. As per 2D simulation,
8 s stress developed in all parts of magnet is quiet dmd
= :iZEEiE: manageable. Using present scheme of coil suppbrt, 3
= :iﬁiiiﬁz analysis, which is more actual shows that structusafe
— 3:;;2:3; as per as magneto-structural and thermal stress is

concerned. Our group has also studied other iskkess
guench scenario, related protection, details ofostigt
Foir Guedrupole Magner assembly, etc. Further, we are planning to develop
reduced scale of prototype FAIR quadrupole magoet t
Figure 4_: Von Mises Stress contour on coil duéherrmal experimentally verify the stress developed usingirst
contraction and Lorentz force gauges mounted on it and other complications ttightm

While cooling down the Stainless Steel (SS-316)IshePccur before going to develop actual FAIR magnets.
shrinks more w.r.t. iron yoke and therefore, défaial
thermal stress developed. Combined stress contour REFERENCES
developed due to thermal contraction and coil icited [1] H.Geissel, et al, Technical Report on Super-FRS
condition on SS shell around the iron yoke is asshin FAIR, Nustar Collaboration, GSI.
Fig. 5 and the distribution in the middle of théckmess [2] R K Bhandari, et al., Current Science (Accepted
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