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Magnetic Field Waveform

Motivation

Mechanical Performance

Coupled, multiphysics finite element modeling implemented in COMSOL is
used to calculate the electromagnetic, mechanical and thermal

Figure 2. Waveform of

performance of the new 90-T, 30-kV class duplex magnet:

magnetic field of the
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duplex magnet.

What are current distribution in winding turns during a pulse

Contribution from the
inner coil

Contribution from the
outer coil

(skin/eddy current effects) and how does the non-uniformity of



37 T from outsert and 55 T from insert to
provide 92 T.



Insert field pulse length is approximately 3.2
ms. Rise time is 1.4 ms



Maximum field occurs at 10.85 ms.
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current distribution impact on the temperature rise during a pulse ?


Current Density Distribution

What is the mechanical performance of the magnet at the peak field
(Von-Mises stress and strain over the cross-section of the magnet)?

Figure 3. Plot of dB/dt versus time

90T Duplex Magnet Design

Figure 6. Von Mises Stress in the mid-plane and along the radius

 Stress in Zylon composite reaches 2.82 GPa, or 0.6 % of its UTS
 Highest stress for conductor is ~ 1 GPa or ~ 0.83% of its UTS at 170 K) occurs at
the layer 3 of the inner coil
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Figure 4. Hoop current density in the winding (a) at highest dB/dt, (b) at dB/dt = 0 and (c) at lowest dB/dt (current reduces fastest)


Figure 1. 2D representation of the 90 T magnet with a duplex design.

 Beside MP35N shown in figure 1, other reinforcement layers include
Zylon and Zy cloth
 The insert (4 innermost layers of CuNb wire) driven by 30 kV- 1.2MJ
capacitor bank
 The outsert (outermost 6 layers of Glidcop wire) driven by 16 kV- 4 MJ
bank

Figure 4(a): At the beginning of the insert pulse (high dB/dt and low driving current), the high eddy current
effect generates considerable negative current density (opposite direction to driving current) on the outer side
of each winding turn of the inner coil



Fig. 4(b): At peak field (dB/dt = 0 and highest current) the current flow in one direction with considerable nonuniform density, especially for the inner layers. Higher current density is observed in the outer side



Fig. 4(c): At the highest negative dB/dt (field decays fastest), eddy current effect also causes the negative
current, but at much lower amplitude and at the inner side of each turn of the inner coil

Figure 7. von Mises stress at the peak magnetic
field over the magnet cross-section

 Fig.7: Highest stress near the mid-plane and significantly lower at the last
two turns of each layers
 Fig. 8: Highest axial compression reaches 600 MPa, occurs at layer 4 of inner
coil; The axial mechanical dynamics near the end is complicated where
regions with the compression and stretch (up to 300 MPa) happens very
near each other

Temperature Distribution

Approach
INPUT
• Current profile
• Magnet
specification
and structure
• Material
properties

COUPLED COMSOL
MODULES
• Electromagnetics
• Non-linear structural
mechanics
• Heat transfer in solid

OUTPUT of TRANSIENT
SIMULATIONS
• Magnetic field distribution
• Current densities in
windings and metal shells
• Completed mechanical
performance
• Temperature distribution
and evolution

 Temperature dependences of electrical conductivity and mechanical
properties of material are taken into account
 Zylon composite is treated as orthotropic material

Figure 8. Stress on z direction at the peak
field over the magnet cross-section
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Hoop strain is higher on the
inner coil



Highest hoop strain reach ~1%,
occur at the conductor near the
mid-plane of layer 3 of the inner
coil



For each layer, the hoop strain
the end turn is about only a half
of that for the mid-plane turns.

Figure 5. Current density (a) at smallest dB/dt , and (b) at end





At peak field the highest temperature at 250 K was observed in the innermost layer of the inner coil
Temperature is non-uniform in each turn, especially for the inner layers as a result of non-uniform current
density
At the end of the pulse the temperature is much more uniform due to the thermal exchange, and the highest
temperature is at the innermost layer due to highly non-uniform current and magnetoresistance effect

Figure 9. Hoop strain at the peak magnetic
field over the cross-section of the magnet.
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