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Effect of Rolling Direction and Stress-Relief Annealing on Ferromagnetic
Property In Composite Magnetic Material
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In the press-forming of a ferromagnetic/nonmagnetic composite material, the process of obtaining a
ferromagnetic property was developed using the deformation-induced martensitic transformation
taking place in 304 austenitic stainless steel. The partial application of induction heat treatment,
causing a portion to return to the nonmagnetic state, yields a one-piece part comprising nonmagnetic
and ferromagnetic portions. Without an increase in the volume fraction of martensite, the
ferromagnetic property of the magnetic flux density B4K (induction at H of 4000A/m) was improved
for the advantageous rolling direction and the stress-relief annealing. When the prior annealing
temperature was about 700K the magnetic flux density along the rolling direction that has no
connection with the former rolling direction had maximum value, and it conformed to a (2 0 0) texture.
With no stress-relief annealing, the magnetic flux density had minimum value due to residual stress.
Through experiments based on this assessment, a magnetic circuit matched in the magnetically easy
direction shall be designed.
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Fig.1 Composite magnetic material?
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Table 1 Chemical composition of work material (mass%)

C Cr Ni Si Mn Fe
0.026 17.8 8.28 0.20 0.38 Bal.
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Fig.2 Blanking and rolling directions
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Table 2 Experimental condition of rolling and annealing

Testing machine Two-high cold strip mill

(Max 300kN)
Rolling speed 107mm/s
Initial thickness #, 1.20mm

Reduction in thickness 0.02-0.03mm/pass

0.35(0.89¢), 0.47(0.80¢), 0.59(0.720),
0.69(0.661), 0.80(0.60¢)

623K, 673K, 698K, 723K,

(Stress relieve annealing) | 748K (Treatment time 2hours in air)

Equivalent strain ¢

Annealing temperature
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Table 3 X-ray diffraction condition

Measurement object Pole figure

Method Schulz’s reflection method
X-ray target MoK a (60kV,40mA)

Scan range @:15.0° ~90°,8:0° ~360°
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(b) RD=90" annealed
Fig.7 Feature of rolling surface
(Equivalent strain ¢ 0 0.69, Annealing temperature 0 723K)

(a) RD=90" as rolled
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(f) RD=0" annealed

(e) RD=0" as rolled

Fig.8 (200) pole figures of a' phase
(Equivalent strain € [0 0.69, Annealing temperature 0 723K)
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(f) Annealed ( £=0.80)

(e) As rolled ( «=0.80)

Fig.9 Magnetic flux density B4K (Induction at H of 4000A/m)
(Annealing temperature 0 723K)
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Fig.10 Effect of annealing on magnetic flux density B4K

(Annealing temperature 0 723K)
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Fig.11 Effect of rolling direction on magnetic flux density B4K
(Annealing temperature 0 723K)
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Fig.12 Effect of raw material on magnetic flux density B4K
(Annealing temperature 0 723K)

40 00O
goboogooboobbooboobbooboo
goboooboboobooboboobboooboon
goboobboobooboboobboooboon
goboobboobooboboobboooboon
goboobobooboobbooboonboboo

gigobooboobooobooboobbooboob
goboooboobbooboobbooboo
gogoo

0890



gz0o0ogobooebdo7OOOODOOODOOOnO
coobooooooobooooooooooa
oooooooooooon

g3gpoooobooendo7ooooboOoOoOoDOOOnOO
coobooooooooboooooooooonod
ooo
oooboOooooOoobooooooooooo

oooooooooooooogoo

ggoooo

100000000000000000000041-469
0] 2000011 pp.141-145.

20000000000000000019-2050 197800
pp.148-155.

3000000000000000000000000
0 1973CT] pp.295-318.

/so0o000ooc0ooboOooboOooboOooOOoOooOboOoonn
obooo00ooocO0oooo0obOO0nOoi9r4 pp.22-
32.

s00oboooobooocoooooooboOooooooboo
00000001961 pp.551-604.

60 000000000000000000000000
00000 0199200 pp.175-327.

7000000000000003550197101 pp.447-451.

81 00000000000000000000000
0000 [0 1970010 pp.247-249.

0oon

0000000000000 0Vol.OONo.OO 2001

D LD LD LD LD LD LD LD A LD LD A A L A L

goooo

oooo
ooooo oooo

goobooob ooobog
gobooooboooboboogo
gooogo

googd
goboo goobod

coooooooocoooao
coooOooooboocon0o oooo
co0ooooO0ooocboooonoo
coooobOOooocboooooo
oooo

gobogo
gooboob boooboo

ooooodgo
ocoooooooooooooo
od

gboooon
ooboo obood

oooood

ooooo
ocoooooOOooobooooono
ooo

ooooao
ooooo oooo

gobooboobboon
goboobogoon
gobooooboobobogb
O



