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Tensile Deformation Process and Uniform Elongation of
1700 MPa Grade 18Ni Maraging Steel

Tsuneaki SAKAKI, Kohichi SuciMOoTO, and Ohmi MIYAGAWA

Synopsis :

The characteristics of plastic deformation of 1 700 N/mm? grade maraging steel were revealed from the
precise true stress—true strain curves and the strain hardening rate—true strain curves, and from the ob-—

servation of dislocation structure.

The factors affecting the uniform elongation were discussed.

1) The plastic deformation was mainly composed of the four kinds of fundamental stages.
2) In the solution—treated or under—aged steels, the plastic deformation was composed of the first stage
which was affected by the martensite transformation and by the aging, and of the third and the fourth

stages with linear hardening.
of the first stage.

The uniform elongation of these steels was determined by the character

3) In the over—aged steels, the second stage with high strain hardening rate due to coarse precipitate
particles appeared, and so the uniform clongation increased largely.
4) The reverted austenite precipitated in over-aged steels increased slightly the uniform elongation.
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Table I. Chemical analysis of 1700 N/ mm2? .
grade maraging steel. (wt%)

C Si Mn P S Ni
0.03 | 0.03 | 0.05 & 0.008| 0.006| 17.57
Mo Co Al Ti Fe g{:;l:_
4.88 7.62 0.09 0.43 Bal. 0.025
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Fig. 1. The nominal stress-nmominal strain curves,

Arrows in the figure denote the onset of local
necking.
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Fig. 2. The mechanical properties as a function
of aging temperature (for 3h aged).

0451 0.29 offset proof stress, gg : ultimate ten-
sile strength, e, : uniform elongation, e : rupture
elongation, and R. A.:reduction of area. The
gauge length : 50 mm.
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Fig. 3. The true stress-true strain curves. I, J],
I, ---in the figure mean the stages of deforma-
tion. Arrows denote the onset of local necking.
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Fig. 6. The strain hardening rate in stages [',
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X HBRIGENOET & —BECOBMOEHE L LTHH
BFOBKEEMERA — AT F 14 FDFHENREL HR
T B2 IR RHHICE LN TE Y X T LS
HRERSRIAE DR T VRV, ZOHEITR, SRR
M OBRIGH &£ O TR CH T AW S & 2
A — A7 71+ OFELLERNCENL, g
IEEOEVWOTAELRERSA V- ThERETSLDTH
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B EHLMHITT S,

4.2.1 530°C Epahkt

530°C 3 X O° 580°C BEZNM 5 I BFE R KT 4
wERET ey v - FROEHRIECHD T LI,
Fh#h Photo. 1(3b), (4b) X W BLATHA. =&
Tix, 530°C EeghH OB TR O VO FAHBELEY Ta-
NAKA & MORI D% F A% VTEHE L, EMEE 1
BT 5.

COEFAR LhE, BEEEERC hVERROM
KA G2t e 7 VA - TROER YR TEED
TARELFILRRNTHEL bR S.

Ao O=5y)E _F (1)
de 10(1—y2) 1 —f

22T, ERBMHoY v IR vizRT v vH, S
HpohBERTHy, Mo ERIIBEOTRE
HELWERE L. BRITESD» 7 v & sl LT
B EERBRROWTEHE I AFELER U THBPDT,
R OO FHRELRR (1) XAV TEHTE 5.

BRI & B HT S DR ROV T, Ban-
p1 530 1700 N/mm? == — Sff% 480°C ¢
30h F2-0% 64hpgsh L7 & 5.5~6.9% THH L#H
LELTVBDT, Ao 530°Cx3h Bghimiddis <
L3 Svol.Yy BEOHHGIEITRTWBEELTI
V. W oFEES 5% Tahiug, (1) K LHEI
B DO A L3 6600 N/mm? ies i3 3 T H
5. LML, FEWShicOFL@E b3 3700 N/mm?
THhY, HEMEOR X ZESCBE R, THEHTS
O EODBHIZKD X HHHTE S, 530°C Rezhhic
3 Photo. 1(3a) R L7 X 5RO Ni;Mo R
i E LT A, HRcELTws, A1, ¥
X REO TN HETH S, HikidpsFTilin
TRk B LW LT R~ TR T &
B, D= TEIEDTVD ZRDFT BT VI
HESOLRAEMETHHDA VKT EEOTRET
ROEBZ LEGHEE T ENTES, FOBE <
DEEALN — T OIEL I BI I TLEVWOT L
B L s 5 Lswv. hhy, BHERERO T @R
DOEFENFHEM L W EL B0 EO0BBTHS.

b L, HTHRIT 2 KRBT TS V.G X )
i {100}, TEIVCSEATICHTHE 3 5 PIBORBT 4D, i
Mo,C @ k 51z (100), J5RCFETIH 5 &HRITH
WP cHE, 0 X AR OEMES b,
BUWOTRELREELBTHS .

4.2.2 580°C BEshbt

530°C Hegh#f Tix, £ ORI E TN AR — A T

: ‘(‘O%Iy

F 4 M 3voly T E\ WD TEDEETER L.
Lo L, 580°C Keghificit 34vol. %0 I FTh T3
odh, 7254 (a)YHEA—ATFF 4+ (r)HOEBRS
L7 2 HBE& L LTERBRERZ I &V, HAFTHR T
EL o HEBEREA — AT + 4+ (7)) H2Z ORFLhH
DRERIEHOT LRI TIFTEHELE L 2T
5.

¥, rMHE a HORRIET & OFTREILRTOWT
LToX5eRETS.

) F—2RF5A +(r)H  HLEA—RAFTF A+
i, 33 TN X S EBO TR 2.4% 1T\ B E
. BHECERITHEREELYR T, O
FTAEEINEL, FOBIIBHEOA —AFTF 4 +DV
FTAMERCE LV EEx bhs, B 59, Fe-29
Ni-0.26C g% Md &b Ms SoFEORE CER X
BUMLHERLENEL S L 00T HREEL 2200
N/mm? ThH % LH|E LT BHDT, 580°C Bhkt D
I, I. BEETOF —2AF 74+ DOTRE(E Hy %
2200 N/mm? L {EETS. Fi, MIHFERLREY IEC
Sy BRI y O UT & AL ;| Hy i1,
304L MOV FAELZE 1130 N/mm? 39 w4 L& {§
ETBH., Zoffir NipnghdhicfEREtr —27+4
PO DOFRFEILRD ERY E2 5D THS. LLE
BAIARTE ERTRD S r HOBRIET Y 2 VT,
THOBEIEN-HOTAHEBEYHE L TERAH T L
Fig. 7 wRTA—AFTF1 b (r)DHifR LD, ol
b 2 tB&& (a+7) ophffis 580°C ket D EJE
D-ROT LRy R LD TH 5.

2) 7254 r(a)H a HORERIET] Ya i 530

1800

1600

I
C
(]

1200 f

True stress , N/mm?

1000

800

& 0007 0024 0045 01
True strain
Fig. 7. Models of true stress-true strain curves
of austenite phase, ferrite phase and two phase
alloy. Numerals in the figure designate the strain
hardening rate in N/ mma?2.
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°C Bpght e 0.2% it 1440 N/mm? (228 L & {HE
T5. ZOfERFTESN X oKL Lic e ORRRIGH
OLEB®E25bDTHB, T, LR aHo
T LR Hy' 1k, 530°C Bt O MR OUT &
L3 650 N/mm? 2% L L {RET 5.

DER, 2HASOBRE TR OVTH Uk
TomoTA & DEEFZHE DT = OWRIH O LK BFR 4 &
%, LEOEE, B IO ELEEECOOTFRIELEK
DEPEL B, 7 HEORRIET Y L alOE ., 1y
B OFREE(LER Ho, Hio #RD LS. 0%
XAE, Az KBIERIE o Bk B r OB
RIGT Yr WEBELEL E r HXAMERTS. £LT, 24
B OFHYWHO T A (o, r HHOBEM DT L O InETF
BE) PEERE e WETBHEEG a f{iRBRRT S, =
DL EIZHESTIEA LT BEEEDY L, 45 Xw
P SO THATE IR B,

Y=fr Yo+ faYa oo (2)

T o, fr ik r HoAEER (=0.34), fo ik a HOER
R (=0.66) TH5. Tomora LDOBA® I XiuE, &
1% 0.2% BEOMNIRMETHS Y 3580°C wighit
o 0.2% fit7) 1260N/mm? @& LvEF % T .
(2)RweY & Yo OfixfAT B E, r HHOBRIENY
OTR{E 9I0N/mm? 2RE 5. S EVv b T
By SO XS IeEVCBRIE Y b o0, o
BHTH IR EHBLTWS 2D TH 5. + L T,
580°C B4t Ot 11 DK T 3T 4 D KAk & W arfE A+
—AFF A O HOWNFRET S L2 5.

NoomkGHIBY %z 5 &, afll r R
CHHER L, EEOEHBEECRT % 2H4£00F
HWALR do/de 127y IVEPE L OTr e aflo
OFRELR Hy, Hy OMBERHETEERDL®, o
%0,

dojde=Hy fr4+Hg fog -t (3)
# M. BECkT s de/de OFEJE 4120 N/mm?2 &
e lE Ui Hy=2200N/mm? % (3)RfAT%
L, afioZ OB TOOT L MR He=5100N/
mm? ARED, Fh, Fllo BETO da/de 0FERIE
2400 N/mm? } 41 {R5E Lz Hy=1130 N/mm? s b5,

a FD = DEETOOTLE{LE Hy=3050 N/mm? 33
KEB BMERECRWTECBEE L HY & HY ©
Ex (3)RNCRALT, 2HELOOTHBEILER da/de
wEET S L 810N/mm? L icoT, ZhidSRifE 850
N/mm? @2 @b TN, Lich2 T, HyY & HyY B3
HBREBRFBEELWERT IV, e ZEnn
a HOEILT-EOTAMBEHE L TERBEE T &

Fig. 707 =54+ (a)offisics.

DEWR, Flla Do BECKTS aliov T AL
DWTELTEHLY, LOHITRkDI-aiOET, &
RETOUTREILE Hoa=5100N/mm? i3, #HiHho
HER S % #RE LTI LI 6600 N/mm2 1 o
&R, 530°C R HT O FEFIE I L~ A B it K
Eu. TOMErE LT, WHREFIHEKL LA &k
IO EIEEFRE PG RAT D OBIESH Ui 7o, 4:2-1
TR HRABRMA — 7 OWBEEET fo Dk & A5
EZExbhb, ZORGHOEINEEIa L brgriT
WV BA,  CREEIRTT Y & BIERS FIA R o i as R
ELTE)Y, HEOHROEB DD 2)RTN D FH 0
BB BET Y X=F 4y Z 3 F v FI0W e L I
B RERIGTI OIEFIABRLE LT, MBI DB M A
¢ ZDBAPHOTENRILLZEEERTSDTH
BHh, i, YEBA—ATFFA bO—FWNRFLELCE
I BT A7 v o P EERRE Lico,
ERHT A ORI R A L2 iR B IR o SIS e &
DTHRENIAERTH S 5.

Fimi & LT, 980°C BehH 05 1o o BREITIW
T, HAFTHEFE2E T a HOOF R RIL L8
A= AT F A+ OMLHEREES LOHAE OERC Lo
THETHOTHBTER L D IEBIETEVC ENHELME
Ttz £ UT, 980°C Reghbfic 975 k& fe— R by
RBEELTCaHlNCEEh s RFHFIrIsL 0T
BT, WEREA — AT F 4 b OFLITED T/ I\,

L2 L, LRt —AFF 1 OBEEC I DOTHIME
FEDOT AL RAEINT B 2 &13, BWEHH VT
B ZADOEURTICET WO T HOHE P L BT 5%
BAREL, BEEEOMECEIE>THAS.

5. £

18Nil 700 N/mm? &~ = — SO IR e B IE -5
OFH RS X OO THREER-TO TRl ek, &
FBZ L HGER B Z LI EDT, ZOROLTHBREL
—BRMBUAZER LV 3RFEHELMCLEL. Bbhi:
HEXBEHTHEUTOI SRS,

) CoMoEHREE LT ABEHOEAN LB
EOELEHENBFE DTS,

2) HHEEHB IOERMEZME, <A T A b
BREBHOEEY N LT3 T B L, BEREIL
DE, VB, LE2TWA., S b o—
V'DKREXNL, W X508 [ BEOHEOTILERE
FEERTW 3,

3) BRSO AHT R iR R B O T AL

[
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ROECFENEEABN, hr @8R o—R oy
B BENRRC s,

4) BRFFCATE T A MTREA AT A1 M X, K&
RIEDHET ¥, FNEFEOOCTRE(EREE| & T
5. £ LT, @R O—RpO o ime 35 F 50k
DT &,

B L, HEMERELTCTESAEAPE
B KEBTHOPZERRCHELYELE T, X
e & L TRR b o AHER, HFMR_B"ED
Hur LET.
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