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Anisotropies of Mechanical and Magnetic Properties in a Cold-Rolled

and Aged 17-7 PH Steel

Yasuo KIMURA, Takehiro YAMANE, and Osamu TOYODA

Synopsis:

In a cold-rolled and aged 17-7 PH spring steel, the relations between the anisotropies of mechanical and

magnetic properties and textures have been investigated.

The rolling textures of martensite in 17-7 PH steel consist chiefly of two principal components,
{2113¢011) and {100}<011Y, which are similar to those in mild steel. After aging the cold-rolled 17-7
PH steel, new component is not found in martensite, but a new component near {113}{211) appears in

austenite transformed reversely from martensite.

After aging the cold-rolled 17-7 PH steel at around 500°C, the highest values of tensile strength and
Young’s modulus are obtained in the transverse direction to the rolling direction of sheet, and the highest

residual induction is observed in the rolling direction.
The magnetic torque curves of cold-rolled 17-7 PH sheet show the cubic anisotropy. However, uniaxial

anisotropy increases rapidly by subsequent aging at around 650°C and the easy direction of magnetization

is parallel to rolling direction.

It may be concluded that the good spring material with ferromagnetism is obtained, when the iron—base
alloys having semi-hard magnetic property and high Young’s modulus are cold-rolled, cut parallel to the

rolling direction and aged in the temperature range when the residual induction is increased and at the

same time the coercive force 1s decreased.
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Table 1. Chemical composition of 17-1 pH steel

used (%).

Ni Cr ‘ Al Mn
6-80 1751 1-30 0-71
Si C S P
0-38 0-02 0-008 0-016
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L7z

TR E VY 10X 50 mm BB e —F 2 4 v %X,
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Fig. 1. Effect of reduction in thickness on the
hardness of 17-7 PH steel.
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Fig. 2. Effect of reduction in thickness on the
magnetic properties of 17-7 PH steel.
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Fig. 3. Effect of aging on the Vickers hardness
in 94¢, cold-rolled denoted as CR 17-7
PH steel.
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Fig. 4. Effect of aging on the tensile stength in
9494, cold-rolled 17-7 PH steel.
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Fig. 6. Effect of aging on the magnetic properties
in 949, cold-rolled 17-7 PH steel.
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Fig. 7. Changes in magnetic torque curves of
949 cold-rolled 17-7 PH steel by aging,
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Fig. 9. {100} and {110} pole figures of a'-phase in 949, cold-rolled 17-7 PH steel.
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Fig. 11. {100} and {110} pole figures of a'-phase in 17-7 PH steel which is 949 cold-rolled

and aged at 600°C for 1 hr.
O : {100}<011>

Fig. 12. {111} pole figure of y-phase in 17-7 PH
steel which is 949% cold-rolled and aged
at 600°C for 1 hr.
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~450°C DEFEhCRIFIRREZED 200G (3 F#EmT 5

O : {2113¢011)

Az {11132

DT &5 3E IR H T TR U7 IEeE v MBI samtE
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—ERIREREM: r MRS ZERET B 720 THS.
42 HEMAHMIESHEE
18-8 27 Vv AZ IREZE X T RET % LEWE
FE (800°C f1i1) TIXSRAE 0EAMR, EVIEE (200
°C i) TRHEFMOLSMMATRL, SOHIERT
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A FIEEAEMARB {111)<112), {211}<011) s X
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Table 2 iR TLEDTHS.
MBOLFA» S ENFh «°, ° XU r° DR
DOHEESRE ETRA TERbEIN 510,
1 1 1 1
—E—; E.LOO_S( EIOO_ Elll)
X (cos?a cos?8 + cos?f cos?y +cos?y cos?a)

e (2)

Table 2. The rolling textures in body-centered
cubic metals.

| . - . ' - .
Texture Rolling dll‘CCthI’li Transverse direction
L

{100}¢011> | ¢o11) ? 011)
{2113<0115 <0115 ’ 11
{13112} {1125 0115
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Table 3. Relation between rolling texture and
Young’s modulus in the direction at

various angles to rolling direction.

Young’s modulus at angles to rolling
Texture direction ( kg/ mm?)
0° 45° 90°
{100} <011 22 500 13 500 22 500
{211}<011) 22 500 17 600 29 000
{111}<112} 22 500 22 500 22 500

Table 5. Rolling textures and magnetic torques.

2 XERAWT&D L) Hao fEEfRE Eu=
29 000 kg/mm?, (100> S5EDHHEMELREL Ee=13 500
kg/mm? 2 RA LT EEHmCH LT FIAm 0° %
M), 45° FW, EAKE 0° FE) O E R b E
Table 3 O X 5L 5.

{100}<011) DFE, Eo=~Ee>Es, {2113 011 DL
A Ego>Ey>Ey, 7o {111)112) DIFE Ey=Eu=Eqg
TH5 FEROESHBOBERSRY> HA#5 L, (100}
011y & {211}K011) BETHHH»H, WEH 1:1 D
HETEENTWD LEET S & Eg=27 800 kg/mm?,
Ey=22500 kg/mm?, E,;=15600 kg/mm? T E4>E,
SEy Eish. HF, AORMEAREOAERRIL Table 4
CRTENT, EREFFEMBEX VEPINS VD, Eof
Eg 3L E/Eg DHBWERHEBAILS LTS,
43 BSERERAMEIKESHER

SAEROBERMAE LT A VX — E BRATED
s,

Ep=Ky+ K, (cos?a cos?8 4 cos? 8 cos?y
+ cos?y cosa) 4 Kp cos?a cos?f cos?y ----e- (3)
td, Koy Ki, Ko BENLTNELRESHEERETT
REHI7e (Wkl) BHTO dvs L=—dE,/dg vk Table
5 DX SR B

17-7 PH §% @EREHRED L2 BE D b o iz
FANEANTT D & sin20 & sin4f OELSEOTV5HH
5, {100} (011 & {211} COI1) DEEAMMMA AL LT
w5 EBPbnA. L L 600~700°C THRi%H L 7= i
RTHEMEFEIEZEC L VBFEIN o HFPEE
RECIERGE v ABIC & Y IRD g, RS ENTHON i

trz}ojgfggs Magnetic torque L=—dE;/df
{100} (011> | K,(sin 46)/2
{211}{011) | K,(—2sin 260+ 7 sin 49) /24
+ K5 (13 sin 20— 20 sin 48+ 25sin 6g) /576
(111341125 | K, (sin 66) /18

AT B DI U AR M & Ebh b,
SREIES 500°C TEfEH L7z 17-7 PH gADFA I
EESREESwLERET 5 BEFERE UEET
DI DR ES MO RO BRI ERTXL 7L 5.
OB EREES RN FmEEEE LT 011 HmT
50 HHEERK D EIEITKE V. o TiEhlEE s
Bates & & i BIFE AR RITE & UTidsaEmEEE
EHFCYIH L, S00°CHHATRRI Lch DB I VW &
wir b,

5. # &

17-7 PH §fj% JEFE®R 949% % T EELE L 7o 800°C
FTCOLKEBETEZ Lot TOESMER, BHMs XU
R EORBHEEZRIE Lo REMIET S &,

1) o' HEOEEMET (211) (O11), {100} COL1) 23
FHALT, 500~600°C TEEZHL CTHizL A ERIEL
V. E 7o, 600°C RSN Lo A Uy BV {11334211)
B WA T

2) B3R, HEHEMRKOMEEEE FEICK LTE
A, FfTAME, 45° HREOIEC/EL k%, KElE
WIBI5RsR & Trk 500°C Rexh, sk fRELTIE 450°C Ry
Tz bt

3) SREIEERIE) L7z & ¥ ORBUHREE OREEIX
500°C A TCEZEI Lk S xbhvie. BEEREEX
FEIES TR LTI hM, 45° 50, BEALROIEIC
INELIR S, BT FR oTiEEAEERLLR
V.

4) FIERKEEDWSA bV 7 REASMEM» SEIfESN S
XS EE LTHFMESEE DL, 650°C (I TRENT
5L EEFREBEHRLFE M & T 5 BRGNS IER T

Table 4. Comparison between the calculated and observed values of Young’s modulus.

Values of Young’s modulus ( kg/ mm?)

Ratio (%)

E‘JU EO E45 EO/E90 E45/E90
Calculated values 25 800 22 500 15600 87 61
C?;filﬁg z;ﬁ;% 19700 | 17 300 14 700 88 | 75
9£§Sii?&¥%) 22 600 19 700 16 700 | 87 } 74
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