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Fig.1  Schematic diagram of analog impact method 
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Table 1  Sample specification 

Sample 

type 

External 

diameter/mm 

Internal 

diameter/mm 

Height/mm Mass/g 

DT4 60 40 10 123.6 

1J22 60 40 10 128.7 

2Cr13 60 40 10 121.7 

FeSiB 21.71 15.92 10 10.32 
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� 2  DT4�1J22�2Cr13 � 300 � 77 K ����	
 

Fig.2  Magnetization curves of DT4, 1J22 and 2Cr13 at the 

temperatures of 300 and 77 K 
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� 3  �� FeSiB � 300 � 77 K ����	
 

Fig.3  Magnetization curves of FeSiB at the temperature of 300  

and 77 K 
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Table 2  Magnetic parameters of samples at different temperatures 

Sample type 

Saturated magnetic density, 

B

s

/T 

Coercivity, H

c

/A·m

-1

 

Residual flux density, 

B

r

/T 

Loss power, 

Ps

1.0

/W·kg

-1

 

Excitation power, 

Ss

1.0

/(V·A)·kg

-1

 

DT4 (300 K) 2.2305 96.96 0.9828 111.2 137.4 

DT4 (77 K) 2.2615 199.8 1.33 403.9 495.9 

1J22 (300 K) 2.4369 1143 1.071 61.89 80.98 

1J22 (77 K) 2.4895 1123 1.117 62.16 79 

2Cr13 (300 K) 1.6097 707 0.8864 55.78 71.27 

2Cr13 (77 K) 1.6361 870.2 0.9718 66.27 83.2 

FeSiB (300 K) 1.4771 6.094 0.7497 0.1552 1.134 

FeSiB (77 K) 1.5558 7.36 0.8544 0.1918 0.9815 
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� 4  ����� 300� 77 K������ 

Fig.4  Loss characteristics of different samples at 300 and  

77 K 
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Fig.5  Exciting power of different samples at 300 and 77 K 
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Fig.6  Schematic diagram of magnetron sputtering device for 

superconducting coil excitation 
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Table 3  Performance index of superconducting tapes 

Tape property 

parameter 

Temperature/K Value 

Average 

thickness/mm 

300 0.3 

Average 

width/mm 

300 12 
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bending 

diameter/mm 

300 75 

Maximum 

tensile 

stress/MPa 

300 150 

Critical 

current/A 

77 ,225 

0.0 0.5 1.0 1.5 2.0

0

150

300

450

600

750

L
o
s
s
 
P
o
w
e
r
,
 
P

s

/
W
·
k
g

-
1

 

L
o
s
s
 
P
o
w
e
r
,
 
P

s

/
W
·
k
g

-
1

 

Magnetic Flux Density, B/T

 DT4-300 K

 DT4-77 K

 1J22-300 K

 1J22-77 K

 2Cr13-300 K

 2Cr13-77 K

0.0

0.2

0.4

0.6

0.8

 Amorphous FeSiB-300 K

 Amorphous FeSiB-77 K

0.0 0.5 1.0 1.5 2.0

0

300

600

900

1200

 

E
x
c
i
t
i
n
g
 
P
o
w
e
r
,
 
S

s

/
(
V
·
A
)
·
k
g

-
1

 

Magnetic Flux Density, B/T

 DT4-300 K

 DT4-77 K

 1J22-300 K

 1J22-77 K

 2Cr13-300 K

 2Cr13-77 K

0

10

20

30

 Amorphous FeSiB-300 K

 Amorphous FeSiB-77 K

E
x
c
i
t
i
n
g
 
P
o
w
e
r
 
S

s

/
(
V
·
A
)
·
k
g

-
1

 

H
 

4
6
 

1
0
 

R

in

 

 

W

out

 



�902�                                          �������	
                                            � 48� 

 

����� 

( )

av c

, 0J d J B θ− �

                     (12) 

in critical

5R R+ �                           (13) 

���	� 

in

20 mm 40 mmR� �

                   (14) 

out

20 mm 40 mmW� �

                   (15) 

5 mm 20 mmH� �

                     (16) 

2 2

av

10 / mm 30 /mmJΑ Α� �

             (17) 


��B

r


��������	�l 
�����J

av


���������� �d
�����!"#�

J

c


��$%�&'��� �R

critical


��$%�

&'()��* 

��$%�&'��� (J

c

)+,-��(f)�.

/01 23*4 AMSC56���$%�&'��

� 7,-���389
:18;<:19;=>

[24]

� 

( )

( )

c c0

0

, 1

f B

J B J

B

α

θ

θ

−

 

 

= +

 

 

 

 

 

            (18) 

( ) ( ) ( )

2 2 2

sin cosf gθ θ θ= +

              (19) 

( )

arc tan

r z

B Bθ =

                       (20) 

4AMSC56�?@A��$%�BCDEFG�

HIJKL 77 KM� 1.37α = �

0

0.76B = �g=2.16

[25]

* 

��N�OP9Q 4 =>*RS��+&'��

� �38�HITU�����&'��� �V�

9W 7 =>*XY��N�DEZ��[\]���

)�^_ 2Cr13L 77 KM�ES�TU�����V*

\]%`
 1J220 2Cr13����abcde���

 f0�����V9W 8<W 9=>* 

g&'���VHIhi�����jklmn

o�&'��� pq�
 66.3 A�����Mm�

r0,kno�&'��p.�
 218 A*g���

VWHIhi�st 1J22u\]����ade��

������	���v 0.1013 T, p.v
 0.2344 

T*XY\]OwZ��[%`^_ 2Cr13 x���

�����	���v
 0.0937 T�p.v
 0.2043 

T*�������	���v0p.v�yz-{

11.0%0 14.8%*|}�L~T������abcd

e��x�L\]%`���� 1J22��� 2Cr13* 

 

� 4  ���� 

Table 4  Optimization result 

Parameter Before optimization After optimization 

R

in/

/mm 30 38.242 

W

out

/mm 30 25.862 

H/mm 10 8.4571 

J

av/

A·mm

-2

 13 13.721 

f/T 937.30 1012.5 
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Fig.7  Critical current distribution in the superconducting coil  

region 
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Fig.8  Magnetic field density distribution of magnetron 

sputtering cathode with 1J22 (a) and 2Cr13 (b) as cores 
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Fig.9  Magnetic field distributions on the cathode target surface 

with 1J22 (a) and 2Cr13 (b) as cores 
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Abstract: The magnetic properties and loss characteristics of ferromagnetic materials in 300 and 77 K environments were investigated by 

a simulated impact method. The ferromagnetic materials DT4, 1J22, 2Cr13 and amorphous FeSiB alloy were used as the research samples. 

The results show that in nitrogen environment, the saturation magnetic induction intension of DT4, 1J22, 2Cr13 and amorphous FeSiBare 

slightly increased, and the saturation magnetic induction intension of FeSiB increases by 5.3%. The coercive forces of DT4, amorphous 

FeSiB and 2Cr13 increase greatly, of which the coercive force of DT4 increases by 106%, while the coercive force of 1J22 decreases by 

1.7%. When the frequency is 50 Hz, the loss of DT4 in liquid nitrogen environment increases sharply compared with at normal 

temperature, while the loss of amorphous FeSiB and 2Cr13 increases slightly compared with at normal temperature, and the loss of 1J22 

varies little. Finally, the magnetic field calculation of the magnetron sputtering cathode excited by superconducting coil is taken as an 

example. Under the same structure of iron core, the maximum value of the horizontal component of magnetic field is 0.2344 T when using 

1J22 as the core of the magnetron sputtering cathode. Compared with that using 2Cr13 as the iron core, the maximum value of the 

horizontal component of magnetic field increases by 14.8%. The study on the low temperature magnetic properties of ferromagnetic 

materials can provide a reference for the design of magnetic circuit of superconducting electromagnetic equipment.  

Key words: soft magnetic material; magnetization curve; resistive loss curve; magnetron sputtering cathode 
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