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Prestrain and Its Effect on Low Temperature Toughness of Fe-Cu Alloys

Ryuichi HAMANO and Kazuo Tsuva

Synopsis:

Slow bend test for standard Charpy V notched specimens and tensile test for notched small specimens
(30 mm X 4 mm X 1 mm), were carried out over a range of low temperatures to investigate the effect of
prestrain on the low temperature toughness of Fe-~Cu alloys by changing the quantity of prestrain and pre-
straining temperatures.

Prestraining of 1 to 69, at room temperature increased ratio of fracture stress (or) to 0.29 offset stress
(gq.2) over 1 at 143 K for notched tensile specimens of aged Fe-1.7% Cu alloy (650°C <25 h) and the pre-
strained notched specimens were cleaved after macroscopically plastic deformation. Any prestrain at
153 K, however, decreased the ratio of o t0 4.5 to less than 1 at 143 K and the specimens were cleavage
fractured with macroscopically elastic deformation. Energy transition temperature in slow bend test of
Fe—1.1°,Cu alloy of as solution-treated did not change with 4%, prestrain at room temperature but increased
77 K with 409, cold roll at 273 K. Energy transition temperature of aged Fe-1.1%Cu alloy (650°Cx
25 h), however, decreased 25 K with 4%, prestrain at room temperature but increased 30 K with 40% cold

roll at 273 K.
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Table 1. Chemical composition of specimens (wt2s)

Cu Mn Si ’ s P C
1.08 0.001 0.005 0.004 0.001 0.012 For bending test
1.71 0.001 0.008 0.004 0.001 0.011 For tensile test
~ 08} 150¢
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Ratio of crack length to width of specimen 250+
Fig. 1. Ratio of tensile fracture stress (op) to 1 ) L .

0.29; proof stress (gy.,) of aged Fe-1.7
%Cu alloy (700°Cx25h) at 143K as a
function of ratio of notch depth to tensile
specimen width,
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Fig. 2. Energy transition temperature in V notch
Charpy test vs. transition temperature in
tensile test for Fe-1.7945Cu alloy aged for
various hours (from 0 to 25h) at 700°C.
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Fig. 3. Ratio of tensile fracture stress (op) to
0.29 proof siress (g,,) at 143K as a
function of prestrain at room temperature
for aged Fe-1.79,Cu alloy (700°Cx25h).
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Fig. 4. Ratio of tensile fracture stress (o) to
0.29, proof stress (g4,) at 143K as a
function of prestrain for aged Fe-1.79,Cu
alloy (700°C x 25 h) prestrained at 153 K.
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13, Fe-Cu &&WRF © or/002 121 X0 HREL T
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Fig. 4 1% Fe-Cu H4& g (700°Cx25h) &
153K iR 0B BEFOTFAEM5E TTK wimAlL,
Yk EREA L, fiibie 3K TlERBE 72T
kit op/0es ETOTHELOBFRERT. 153K T
OFOFROMFRERTFOTHALEOHE LRI,
BEStH O op/00.2 2 1 XD bAS S ERANCHERE T
W9 %.
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Fig. 5. Variation of 0.29 proof stress and frac-
ture stress for notched tensile specimens
of aged Fe-1.7%Cu alloy (700°Cx 25h)
with temperature. a) Unprestrained, and
b) Prestrained 29, at room temperature.
O denotes 0.29; proof stress for unnotch-
ed specimens, and O for notched speci-
mens.
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BEREEYRT. FERABRNC I 2D HbEOR
Uiz, Bshissd i BBFO T2 %M 535 Lt
HoBBERE (To) METT5.
3.2 EaomiFRABRBER
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Fig. 7 14 DFOTH%ZF7: Fe-Cu 405
AL B X O BERhH (650°Cx25h) DBEEiIc b *
TO7 Yy Fr—o BREMNE (CGD) ZmRd. Wk
ez 4% OFEFOFRM4L5E0EE&5D CGD 11F
O T REFE Ui BEIC R CBE Lic2s, 40% 0
HHEMI %23 L, CGD RXIEETT 5. 2L,
HiE7e CGD 23@» bh s BER SEMBTT 5.
— TR D CGD 11 4% DBEFOTROM 51 &
DIEMT S, F7, 40% OBMEMI OBE, B
CGD 3%kt CGD X v d Ak X /nflirRT.
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Fig. 6. Variation of general yield stress and frac-
ture stress in slow bend test of standard
Charpy V notched specimens (CVN speci-
mens) of aged Fe-1.19,Cu alloy (650°C
X25h) with temperature, a) unpres-
trained, b) prestrained 49, at room tem-
perature, and c) cold rolled 409, at 273
K.

Table 2. Transition temperature (K) of Fe-1.1
9%Cu alloy as solution treated and aged
after solution treatment, both of which
are prestrained 49, at room tempera-
ture or cold rolled 409, at 273 K.

Prestrain quantity
(%)
0 4 40

As solution treated (840°Cx4h) | 104 | 100 | 181
Aged (650°C x 25h) 125 | 100 | 155

HAbM 3 L ORI (650°Cx25h) Fy 3 st
BB RD I3 B0 A2 0 (lateral expansion,
FERERIEER COE I DZMLR) OREREEYRT. &
AL DBO A3 D12 4% DFIRTFOTFRR I DIZEA
EZL Ligw, 40% OB T X v KigcHid L,
B 7 RO A0 0 2R b b IR SR BT 3
5. BRI OO 52301k 4% OFIERTFOFRM L5 &
DML, 40% OBHENITI Xy WAT5. Foid
DETFTEEREM OB LT,
3.3 MAEBMNEISI NS

b & i, TIRE O EERD SR D I BRIRE
(Tp) &FOTHOBEFRL BELH OEE LB 035
HFETRLBZERRLIC.

MOBREEILY = 714 MERNE ([rerrite) 12 XD
TEAT S, B3 S KRB O W S WREAL
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Fig. 7. Variation of clip gauge displacement in
slow bend test of standard CVN speci-
mens of Fe-1.19,Cu alloy as solution
treated (AAY) and aged (650°Cx25h,
O@M) with temperature.

OA : unprestrained, @A : prestrained
49/, at room temperature and IV : cold
rolled 402, at 273 K.
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Fig. 8. Variation of lateral expansion in slow
bend test of standard CVN specimens of
as solution treated Fe-1.19;,Cu alloy and
aged Fe-1.194,Cu alloy (650°C X 25) with
temperature.

The meaning of the symbols is the same

as in Fig. 7.
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diraor=1.2dgerrivo CHEHEMMIL 7 = 54 b REMRLL D
oRd I\ o L bhe. i, AEIGERAEBRK O
s HREFERA A RD 5 &, BRFOTAH (0~10%) &
YO 158K CRFOFE (0~10%) % b2 F-Ri b o B
BAMITERTH deract=1 L2~1.5dserrive B X O diract=
1.0 drerrive G BIFRBEDBA LA, TOTHMAS
o T o THEERAI A Y, BIET7 =74 MREBR L
Dk X\, FRETHDC Ehbhot. LiehDT
KBS O BRI BEAMAL O TR BN TER

Photo. 1. Secondary microcracks below main frac-
ture surface of aged Fe-1.19,Gu alloy
(650°C x 25h), slow bended. a) un-
prestrained, and b) prestrained 49, at
room temperature,
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Photo. 1 (2 F0 T2 % H 2t BAR IOERT 4%
DFO T2 2 B E ORI Oy 3 s RERE
OO E T T. W ORAM © b BEL
C2REBMNAED DN, FOEXNRE7 =71 Mk
B 2ERETHD. 2D Enb, FOTAHAZMNEL
Th 7= T4 MR SR OB b oA
ThHEELZDND.

Photo. 2 3 F O TR EXRVEHAR LOEIRT 4%
DFOF 2% G 2 1o OWFhF OFy 3 ik ARE
OYIR EFEBEOBHEEERT. FOTREES L IR
13 126K, 4% OFOFRuAE Lckiik 113K
TR LT, FOTREE 2 S CIREIRIEE T
e~ XBIWENED bR DR L, 4% OTFOTAE
H5 UteB b TR EIRESRC A + Ly 7V — VHIFRE
TA. Fi, ~EHBEEHCRDORD ) -2 - VT
EFOTREMEOE N X BERITAD BRIy,

3.4 AZESAEEDRETRILF

WERLTERRE - A R 5 i, BEIT
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Photo. 2. Fractographs of fracture surfaces adjacent
to the notch of specimens of Fe-1.194,Cu
alloy prestrained 49, at room temperature
after aged for 25h at 650°C, after slow
bend tested at a) 150 K and b) 113 K.

L, 0¥=2.240, L LTROBIS. 2k, oy 1Tk
RIETTH FHT. AR2D o¥ 2B L, FOTH
b 2 T ORI DB Eici 130.0 kg/mm2, 4.0% @
FOTREE 2 IR OB &t 146.0 kg/mm? &
7ch, GrooM® LR LT 5 X 51z, -~ XBERGEL
XFOTFHREMET D L#NT 5.

B D X 51, FOPTHRMLOLMCEIR s < BEHE
FLANZIER—T, Fle~ SHBEOBMHICERENED B
i b b, ~EHBEEISI N 5HEE
i, RERAMBT AR, O TdE 2 bhiciifr
R OB RBRFOEF LD EELLRS.

o W LTREEN D 20o0E 2 FHRER T 5. 1
2%, COTTRELLVIC L5 & DT, REEBREDRALM:
(critical stage) |2 KX X d OFEABGTHNTOXEDOR
RThHDHETEH. COFELHCIIIEHBERII
4Lra'—l/2

y
ZoE, ¢ XRIEER, ky 13 Petch o, ri3F

BEW =2 ¥, fllo 1 Dk EAMBAI S S %
OERBEMA~DEHUD G TREWED &k L35
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Photo. 3. Scanning electron micrographs of frac-
ture surfaces of specimens of aged Fe-
1.195Cu alloy (650°Cx25) slow bend
tested. a) unprestrained, and b) pre-
strained 49, at room temperature,
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WAHEERTBY 0T, HEOEZHIHBHTERWLA
bhs., ¥k, BHEBC ZREUIFEEL TS Z &
BBREDOEZFHOBHOZLEEETRLTCWEIDEEZ
Hhnb. GRIFFITH-OROWAN O by #RD B &, F
O Fha bz i\ Bkt <k 41.5/m?, 4% © FOo-F°
I At G LB i 57.5]/m2 Ligs.
3.5 YIREZEOEMT G IUBEEEHIC

BEEIERFOTHASEOREE

FoFarEE 2 Tie 113K THliFRBREIT S &, Fe-
1.1%Cu &4 0B £EERUTO fHET~XH
WET 5. & 0~ TS IERIC RS D EEIR T of
(130 kg/mm?) i LRRIC PR ES OB R e
NoELLLDEEZDNRD.
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PR Fevmicd: U s MY o4 % Photo. 3 .
RIMICBR T 4% OFOTAHREE 22D 150K T
5° OTREBEEYTVERE LTSS (a2), X0 183K
CTHITRBRZ T VIR S84 (b) DURFERD
HEEch 5. PR SEEE MNP EMEESh, 2
7o DYWBMER ((a) OBEK 30%, b) DEFH&ERI40
%) DT\ 5.

"3 RENT o M ERE A WIS AE LY TRD S
L, 4% DFOFTRENL Lickiitt e 1IBK TRk L
7oBa 1.29 ¢k B, LicsdioC, FOTARMAERLD
BIRES 2T b OBWHZEZ23D b T H BRI
FEHOTLRETER LTS DEELZDRS.
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H D GMEDE I EEE s HOFREBED BT LT 5
TERTFRIES. Tivhh, SEEORL GBI
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AL, BUEPESBRIME F wFETHE, <M rRm2
I 2T BB A EE L, BRI ERM
~XPEBET A LD ELORS (34 HiBR) .

Grrrrira 50 FEA (HRBEZRBEN) I hiE, &
ROFERGHBRITFVIRFERE (p) D2.5F0HRE
WHEehs., ~ORKIEGIGHCEMNEED~1 7
RIS IDRELICETDHE, ORI IRT Ty 7
SR OB AR (COD)® g,

K:

o%-E

o, Ku h=A27m 23y 7 HIMOITIIERFER
T Kp=~o¥1/2nd BELE2 DR, TOTAEME LR
Bk cly, Km=30kg-mm-32 ThH%. £ LT, D
<A r7wr5, 7 OOEMCE S5O0 TAROBEETHHE
b B—e sy LCwb & Th s, LD FHOTA
(eyy) UL,

Ocri .
gyyg ;lzllt—zl .5%

D¥Rr, V7o FUREERDOTEHD A KD S.
SEEFOTER (4%) w52 Rkt o 13K ki) 3
COD 3E#EHRF% 3 4% &, COD=0.204 mm &7
5. V) yFver— lBh o IREER OOTAH
(root) IR ZFERE 20 O/PERBRACHMHL TS
ET5 L,

Jerit=0.49

COD

Eroot = 29

=0.40

PR 2wt 2.5 0 OMEFTD 0% e 1%, GrI-
FRITH 50 FEA ofERicd S5k

€root
Ea2.50— _"“=0.04'

4x

o, x RHIREEL DOERE T, YR XPELE
frE LTRT. WisHAwW!D & UichiziE 13iE 2.9% @
HMT 5. easp 1T eyy EBBIEZEBERDOT, &K
BRI B CE U<t 7 v 25 » 71X T 5 ERA
R LT, BENCARERE T HWEELA DS, T
bbb, BRTIY DOTAEE2 % E, HRAME~Z
BABEIT 5 7oy, VIR RIS 7 b OBMEATEH
DB B EEZbRS.

—77, CLAUSING!® (3B FRIEOMEY:, FEO T4
JEMER OV 7y 7 L E— OB 7 HfE (BEIRTE
X :39~248 ksi) oW CEETHNE. LT, V2
v F ¥ M E— R OYIR X EEOIEN: (0T
Z) WP HO TR EERESE L E R Lk, ¥
72, BarRsoM BIDISEEIONT 2 D5 |GRIEM: o i A
1T » M — REEF O B0 A2 D (lateral expansion)
OEEREE EFEL LTS Z &, K OREREET
SEEOT R RIEM: OIRE R & $hd THL LT
5T xR LTC.

DX dic, Fe-1.1%Cu && DB OISR 2
HRFOTAMFC IV HHEShLEHE LT, URE
WOWMEH OB E 2 bhvd. B> <z, ZHiET
O a5 X B IERIEESE OB R & #l 7 R T
(1 mm x4 mm x 30 mm) %\ CHRES L. £ OSEER)
BoEbL LT, 1) B2ERFOTAHRRCI2TELDIS
R ARRR LTS R D BB D RET R BH T HE
L, BIO 2) EahEe X o Ui e-Cu ki35
BFOTRc kb bz bh sl BEC T 5700
L#Ez b, Lo L, FEOTHREET COEBEME
R LETERFOTHROBEIHR CRV. Ll
235, Fig. 8 winT X5k, HMTHARAF OKO ALY
(lateral expansion) WEHETFOTHRMAHF LD, L)
HogEEiEn L, B oBacitiz A %
Ligwo &b, FHOTHRRED S ETHHERTOT
T DA G RR & E O U B CERES A HE TS &
Ezbhsb.

EeZhbt OB RER = 2 L FPBRTFOT AN G LD
Wit s L& 3AFTRLI.. 12025y 7590
T, BEER =2 AF 1L, rocf(0y - derit) 72D T, Tl
& FREOBET, ¥ XEBERTFOFAML L HEMT
HHDEBFBLDND.
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Fe-Cu &4 D3[R IO iFilk% 170 CEREWH:
R LIETFOTFROPEL R RERDOZ LWL
& feove.

5RO\ T

1) Wzt (700°Cx25h) i FOF4A X RRT 1~
6% x5k, M3K z®U 25 O WG (o)
LRERIGTT (002) DHIT LI RELRD, BERY
WCHBMEAEH LT B~ SBT3 5. Wb ic 153K ©
FOFH (K 10% ¥T) HEzHE, 43K kTS
BB D 05/00, ZTFOTEREE LD LUTREA L
BB E R Ol 5.

HITFRBIC oW T

2) BHRAMICRRT A% OFOTRE b 2 105E,
RS OBBREI LD DS, 40% ORI I Y
TEEBIREL TTK ERT5.

3) WM BIRT4% OFOT AR E 2 LGE, #
A OBBEEIX 25K KT 52, 40% omimly
W3 L BHRIRE L 30K LH4%.

4) BRTA% OFOTRELE 25 &, RHHOEIX
SEH: (BEOAH D) DN 5.

5) ~XBABHEBEALY = 54 MERMK X Y FRX
, FOPFHREMAELTHZER L.
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