
6. Summary

Ac loss Iron loss
Total electricity
consumption

Larger
coils’ 
cross-
section

Tighter
iron yoke

Caused by leakage field
Future plan: 
reduce the influence of leakage 
field on ac loss

5. Iron loss and electricity consumption
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No. 
Average loss densitya (W/m3) at Volume of the 

magnet (m3) 
Total iron 
loss (W) 

Average loss 
density (W/m3) A B1 B2 C1 C2 

1 8469 5656 6256 6122 5412 1.69 10673 6299 
2 8440 5660 6262 6125 5417 1.69 10672 6298 
3 8411 5665 6268 6129 5421 1.69 10671 6298 
4 8078 5625 6017 5914 5378 1.20 7238 6030 
5 8081 5636 6074 5949 5410 1.23 7455 6072 
6 8153 5673 6126 5999 5475 1.26 7702 6136 
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NO. Coil loss per 
magnet (kW)a 

Iron loss per 
magnet (kW) 

Total electricity 
consumption (kW) 

1 0.44 10.67 19.47 
2 0.24 10.67 15.47 
3 0.01 10.67 10.87 
4 0.69 7.24 21.04 
5 0.39 7.46 15.26 
6 0.20 7.70 11.70 

 

Efficiency of cryocooler was assumed to be 0.05
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4. Distribution of ac loss density and magnetic field
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larger coils’ cross-section
smaller ac loss density & magnetic flux density

smaller iron yoke size
larger ac loss density & larger magnetic flux density

3. Magnet designs
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No. 
Size of coil cross-

section 
(Rc×Zc, cm) 

Coil space in the iron 
yoke 

(Ri×Zi, cm) 

Coil number and turn 
number per coil 
(Num.×turns) 

Designed current 
(A) 

1 3×4 27.6×30 8×148 126.17 
2 3.5×5 27.6×30 6×176 140.68 
3 4×6 27.6×30 4×243 153.25 
4 3×4 13×14 8×158 117.66 
5 3.5×5 13.5×15 6×191 130.08 
6 4×6 14×16 4×265 140.34 

 

(A) 30 mm x 40 mm

(B) 35 mm x 50 mm

(C) 40 mm x 60 mm
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Iron yoke Coils (1) Coil cross-section and 
 iron yoke geometry

Opera 3D analysis
(2) Calculation of magnetic
 field distribution

Field dependency of Jc

(3) Calculation of lowest 
 critial current density Jc

Cross-section of SC
& load ratio (50%)

(4) Calculation of designed 
 current per conductor

Reqired ampere-turn 
of magnet

(5) Required total turn 
 number of the coils

Spaces between adjacent 
turns kept ~0.1 mm

(6) Number of coils & 
 turn number of each coil

2. Analysis method
Governing equation
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Using thin strip approximation [1] and applied 
Hierarchical matrices [2]

[1] M. Nii et al., SUST, vol. 25, Art. no. 095011.
[2] N. Tominaga et al., IEEE-TAS, vol. 28, Art. no. 4900305.
[3] Y. Sogabe et al., IEEE-TAS, vol. 28, Art. no. 4700105. 

Byoke = Btotal - Bself
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E-J characteristics [3]

1. Background and previous research
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Using HTS magnets (Superferric magnet) in 
rapid cycling synchrotrons (RCS, 100 Hz)

Electricity consumption
reduction
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Focused on CF magnet, as it is expected 
to have lower total electricity consumption
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Changing the size of
    Coils’ cross-section
    Iron yoke

Furthur reduction of 
electricity consumption
by reducing:
     ac loss by coils
     iron loss
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