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Cyclic Plastic Behaviour of a Pure Iron, Fe-Ni Alloys and

an Fe-Ni-Cu Alloy

Susumu HORIBE, Ryuhei SAGAWA, Toshioc Fujita, and Toru ARAKI

Synopsis:

The relationships between microstructures and fatigue properties in a pure iron, Fe-Ni alloys and an
Fe-Ni—Cu alloy have been investigated by mechanical testing and optical or electron microscopy. Results

obtained are as follows:

(1) The degree of fatigue damage is affected by the existent states of interstitial elements and ferrite

grain size in a pure iron.

(2) Solid solution hardening by Ni or Cu restricts the softening during cycling and increases the fatigue
life. The aged structures in an Fe-Ni-Cu alloy harden the alloy during cycling, which is thought to be
due to the interaction between dislocations and precipitates.

(3) Fatigue crack propagation property reflects the fatigue damage process in low AK level, and is
affected by the grain size in a pure iron. In an Fe-Ni-Cu alloy it is improved by precipitation hardening

of the Cu-rich zone.
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Table 1. Chemical composition of materials (wt%).

Material C Si Mn P S Ni Cu N 0]
A 0.005 0.006 0.004 0.005 0.005 — — 0.0022 0.0070
B 0.003 0.005 0.010 0.007 0.007 1.59 — 0.0015 0.0110
C 0.004 0.008 0.005 0.005 0.006 3.03 —_— 0.0026 0.0160
D 0.004 0.004 0.003 0.006 0.005 1.43 0.66 0.0018 0.0051

Table 2. Heat treatment of materials.

T2
T3

T1 [800°C (2h)WQ

800°C (2h ) FC (to 500°C) +AC (to RT)
1 100°C (2h ) WQ +800°C (2h ) FC (to 500°
C) +AC(fo RT)

B [ T4 1800"0 2h)WQ

C | TS

1145°C(2h ) FC (to 500°C) +AC(to RT)

T6
D | T7
T8

800°C (2h)WQ
800°C (2 h YWQ +500°C (48h )AC (to RT)
800°C (2h )WQ,+600°C (48h )AC(to RT)
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Fig. 1. Precipitation hardening of an Fe-1.4Ni- =
0.7Cu alloy.

VORI 3 L7, 500°, 550° 35X TR 600°C

ZIRETRBISE Oy 1 — A (FE 20 kg)
O E TR LD DTHS. 500°C 50h TEETHI D
KEREC—ERTH, HHBEEOERLLDIY -7

 OEWIERS L, FOMESERMAANBTTS. A

22 CIX P REITR Lz 3 Dol > W T ER ST
5z ric Lis. T6 L@ RamE kg, T7 1% Cu-rich
zone (K8, T8 1% Cu ZEMITHIREBTSHS. ¥k T7
TOWXE 148, T6 XU T8 Toxhix L hic 104
THY, FrINLHMBOMERET Wit 42.9p
THo7z.
2:3 SIREBRBIUEFHR
ZMBEOFNFNOBMBBHEEICOWT I m ANy B
#E lmm/min & 100mm/ min @ 2 £&ET5 R
BTV, BARIGH LB R X ki,
FEREITRCY = v 7 REFRBREEZ VT
Dt ERRBACREY SHUBECESL L TOEER
BRIz OoOWCOERPT Lok, T OBOES&EH,
R Uk 450cpm, SEATHR, ERSIHRIED FHE iy
e L. COFEBRTIHEE LR 5 BEEIRIED
LR BRNCEE®D L, FAKEOTNIHPHHES R
DOFETEE, NEREBEAAMOZELAR L0, JEFRMES
I ONEBAVEFIMEE (INEEE ¢ 150kV) T X b #ig

— 8] —



82 & &

65 4 (1979) 1 =

U, BB OB RE2 B L.

W57 & ROGEHFFRI RSB 2 Wi~k T
DER DT &%, HoRIES] Omax. =12~16 kg/ mm?,
J&J1He R=0.06, f&sK UiEE 1000cpm o B g P ih
TS & Uiz IsBICTIRRREC KX Gross5H22) D
ERWCHEE Uiz, ¥z 4K (X RZHBOTIRE &)
DBEIFEX, FELXGRAICBRASITL LIty SB=RE
HWES 10-8mm/eycle ¥CET 5 4K {Hx 4K fE
E LTk Ik Z oEIEIC BT DR LiEEE 3000
cpm k L7z X 5T EHUEOEERNERBELTL
7.

3. R BB R

3-1 BlEEf5M

Table 325 FEMEBRFERZ T L. figkos [5RIAS X
Tl & T2 2 TCWIhOFEREEDHE DT LA LEEN
Wb SISV, FERIS T T2 BE<L, 20T &l
SR I HMESE STV 3 B ARIEAEILRE O AR
D3 B SR OB it E ToRE L2 XIELTY
5 ERRBETELDTHD.

Ni EEAIC X577 =74 bv Y 720801 2780
BEETH Y, 3% © Ni I cREARISII13# 8 kg/ mm?,
BliER X 13Ky 10kg/ mm? o ERERTH5.

Fe-Ni-Cu 4054, S 38 LV i@ BaFnE s Aok
88 (T6) + Cu Ze@EtAtTHIIREE (T8) LeksFoMmER
Hlg 3 % ERRRIS TIEEE 2300 WA, BITRIA S VI
MBS TIEEELWEZR LTV
3.2 ®HEME

Fig. 2~Fig. 4 134K Uit fE > WHEBIRIBOZ (LR T
L7z DTHS.

800°C WQ offigk (T1) 1T 20~25 kg/ mm?2 D& H
RIEZEA SR 8E, WHTIEEL L & L ikEr
R % 2%, FOBERGHVANVEKET 55 SET

Table 3. Tensile properties of materials.

Material | L¥63% [, Y.P. (kg/mm?)|U.T.S. (kg/mm2)

ment )
T1 13.4 19.1 26.3 27.1
A T2 16.3 19.8 25.1 26.7

T3 14.3 19.0 25.5 27.6

T4 22.3 25.5 33.0 35.2

C TS5 24.6 27.9 35.7 36.8

T6 | 25.1 30.2 | 35.4 38.6
D T7 37.4  42.2 | 44.7  47.7
T8 31.0 33.8 | 36.5 38.5

Left : Imm/min, Right : 100mm/min
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Fig. 2. Variation of plastic strain amplitude during
fatigue testing (pure irom).
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Fig. 3. Variation of plastic strain amplitude during
fatigue testing (Fe-Ni alloys).
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Fig. 4. Variation of plastic strain amplitude during
fatigue testing (Fe-1.4Ni-0.7Cu alloy).
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Fig. 5. Comparison of fatigue crack propagation
rate as a function of stress intensity factor
range.

Table 4. The values of m, C and 4K;,.

Mue T [ | o | kst

T1 |3.25]1.48%10-10 14.5

A T2 | 2.54|1.79%10-9 13.9
T3 | 4.16 |3.17x 10-12 15.9

} T4 14.74 ’1.44><10—1z 16.8

C T5 | 4.10 | 5.17x10-12 16.5
T6 | 4.58 | 1.35%x10-12 19.0

D T7 | 4.50 | 1.31x 1012 19.0
T8 |3.90 |1.52%10-11 20.5
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Photo. 1. Transmission electron micrograph of pure
iron (T1) after fatigued (o,=20 kg/
mms2).
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Photo. 2. Slip bands and fatigue cracks on the
surface of pure iron. (a) T1: gg=
25 kg/mm? (b) T3: g,=25 kg/ mm?2
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4.1-2 Fe-Ni &4
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Photo. 3. Transmission electron micrographs of Fe-
1.4Ni-0.7Cu alloy after fatigued (a)
T6: ¢,=30kg/mm2 (b) T7:0,=35
kg/mm? (c¢) T8: ¢g,=35 kg/ mms2
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Photo. 4. Slip bands and fatigue cracks on the
surface of Fe-1.4Ni-0.7Cu alloy : g, =
30 kg/ mm2 (a) T6 (b)T7
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Photo. 5. Fatigue fracture surface of pure iron. (a) T1: 4K=30kg/ mm3/2
(b) T1: AK=50kg/mm?2 (c) T3:4K=40 kg/ mm?/?2
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4.2.2 Fe-Ni &4

Fe-3.0Ni &40 X BUEBHEEL Fe-1.6Ni §&DT
NIt yi&ke, 4K OfEH330~60 kg/ mm3/2 D4
THE OESLEERRERA~NTOBE Licke L 5.
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Photo. 6. Fatigue fracture surface of Fe-Ni ailoy:
AK=40 kg/mm?2 (a) Fe-1.6Ni (T4)
(b) Fe-3.0Ni (T5).
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