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Analysis of the stresses induced by magnetic field and
cooling in the CICC type superconducting bus-line

olEAT, FHEL”, AW, TAY

H.J. Lee’, HI. Nam™, KB. Kim", G.W Hong"

Abstract : A CICC type superconducting bus-line
electrically connecting a superconducting magnet
to a power supply is cooled down to low
temperature under the external magnetic field
during operation. The thermal contraction
during the cooling may be constrained by the
supports which are installed to protect the
bus-line from Lorentz magnetic forces. This
constrained contraction causes thermal stresses
in the bus-line. To decrease thermal stresses
the supports should be properly arranged for
the bus-line to release thermal contraction. The
minimum stress conditions in the bus-line may
be optimized by controlling the supports
arrangement considering the thermal contraction
and the external field. The analytical method
to find optimal supports arrangement was
suggested by using the beam theory, and
numerical calculation using commercial code
was performed to verify the suggested
analytical optimization method.

Key Words : CICC type bus-line, thermal contraction,
external magnetic field, stress
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Table 1. Parameters for calculation of stresses
in superconducting bus-line.

parameters values
a 96.5 cm
b 45.0 cm
L 3776 cm
D 3.16 cm
d 2.6 cm
E 201 GPa
@ 103 x 10° /K
4T 300 K
Bending radius 200 mm
Power supply &
s A 008 T

9 K27 € 3.924KN/m (eq. 7)
Coil %

w37 A% 04 T

2 527 = 19.62KN/m (eq. 7)
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Table 2. Comparison of maximum stress of
bus-line with change of support position on
the power supply side, which were
calculated by ANSYS code and analytical
solution respectively. (b1=20 c¢m)

E1 ANSYS (MPa) | @44 (Mpa)

g A | AA

(em) o3 | 21712 |1 9]

65 | 461 57 | 518 | 503 | 87 | 590

74.5| 385 82 | 467 | 388 | 113 | 501

85 | 310 | 109 | 419 | 301 | 145 | 446

93.51 262 | 133 | 395 | 250 | 174 | 424
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Table 3. Comparison of maximum stresses of
bus-line with change of support position on
the power supply side, which were calculated
by ANSYS code and analytical solution
respectively. (a1=74.5 cm)

44 (MPa)

(em) |awiad i zp712 | AR (LRG| 2718 | AA

b1 | ANSYS (MPa)

20 | 385 82 | 467 | 388 | 113 | 501

30 379 | 124 | 503 | 372 | 136 | 508

40 | 363 | 205 | 568 | 343 | 200 | 543
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