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Effects of Aging Conditions and Strain Rate on Rupture Elongation
of 13Ni-15Co-10Mo-0.2Ti(280kg /mm’-Grade) Maraging Steels

Ké Soeno, Kazuo TagucHi, and Masatoshi TucHIYA

Synopsis:

Tensile strength and elongation have been measured in aged 13Ni-15Co-10Mo-0.2Ti, 14Ni-10Co-
10Mo and 14Ni-15Co-7Mo maraging steels. The temperature range in aging has been varied from
450°C to 575°C for the 13Ni-15C0-10Mo-0.2T1i steel, and from 425°C to 475°C for the 14Ni-10Co-
10Mo and 14Ni-15Co-7Mo steels. A cross head speed in a tensile test has been ranged from
I mm/min to 0.005mm/min. The effect of strain rate on tensile elongation has been investigated in
relation to aging temperature and time.

In tensile tests of the maraging steels in which fine coherent precipitates are considered to be
formed, it is observed that tensile elongation is decreased with decreasing a strain rate. The elonga-
tion decrease in a low strain rate is also observed in tensile tests of the 13Ni-15C0o-10Mo-0.2Ti steel
in which coarse precipitates are contained by over-aging. It is considered that the elongation decrease
in a low strain rate is attributed to both stress concentrations resulting from plastic deformation
characteristics of the aged maraging steels and hydrogen diffused to regions having intense stress

concentrations.

1. #%

BEERIO 35T 245kg/mm? $f¥s X OV 210kg/mm? §F
VT — SEOENE T RIS TR &L BEE DB
DNWTHE Lz, §70b b g HYEIR © i ReRRsh U 72
HEHZ B WC, KEFERD TERISHEEED 5 Wi ot
BB CRRT D2 BERL EBHE LN, Lo TERH
BANBELZRZ LT WS LIk 30D, Bsto
FEC X O TERES R D TR B MR T 5 2 &8 T
&V, 400°C DL | o BEhRE I OWT, FHERTRAL
e /ND Y az~y RiEE 0.006mm/min (T & B
0.00045/min) g% RS 7L< b BRI 2 B S0
iz Lz,

RIRR7L B4 23, 13Ni-15C0-10Mo-0.2Ti & 280kg/mm?
Bevz— OB RICIRDOONDE L FHEIND MR,
WAL ICSNIRERBIL VDT, BERY & RBRRFET
HEME 1 U TR L BRE OB R L LRy

o

BET S RBEHEFPE D TRIT SR, BEHRYOX
STRIEHORARIC I 2T BN B DT, FHER
CEBECEET SRR L BZON, Lo TRk
PHEIND EE2 b5, AT, 14Ni-10Co-10Mo
F X X 14Ni-15Co-7Mo R~ )b = — UHRDEM T BIFT
REh& E BREORE R H by TIRE T2 H kN, 5
EBR D THatE R R R L bR & OB
T35 ECEEEEZ D THS.

2 R B A &

Felofpk% Table 1 iz 7% 3. 13Ni-15Co-10Mo-
0.2Ti X ENRIBfES 0 o 2V 7 — 2 CHEIAM, 1200°C
T 20h BB LS WEE L 0T, Zh S RN
WIRUEZER I 50(W) x 100(L) X 10mm(T) ofz4lb
U7z L & 1 100°C-1h (B Z2d) OEEHLE 3 E
<YELT 1I0mmT D% ImmT 55 Wik 1.5mmT
2L, &5z 1100°C-1h (BZ2r) (kL T ImmT—

* WEFn 53 £ 6 B 20 HEAF (Received June 20, 1978)
o (BR) BSLBERTH SLAFE AT Tf§  (Hitachi Research Laboratory, Hitachi Ltd., 3-1-1 Saiwai-cho

Hitachi 317)

ek (Bk) B SZBUYERT H L% T (Hitachi Research Laboratory, Hitachi Ltd.)

— 83 _



666 oL

% 65 48 (1979) 6 2

Table 1. Chemical compositions of the maraging steel investigated (wt%).

Grade Ni Co Mo Ti Al C N Si Mn S P
280 kg/ mm2| 12.96 | 15.15| 10.26 | 0.16 0.01 0.003 | 0.003 | 0.0l — 0.006 | 0.005
«| 14 | 10 10 0.15
x| 14 15 7 0.15
3% Nominal composition.
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Fig. 1. Tensile test specimen.
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Fig. 2. Effects of cross head speed and aging
conditions on the tensile properties of the
280 kg / mm2-grade maraging steel.
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Fig. 3. Effects of cross head speed and aging
conditions on the tensile properties of the
280 kg/ mm?-grade maraging steel.
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Fig. 4. Effects of cross head speed and aging
conditions on the tensile properties of the
280 kg / mm2-grade maraging steel.
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Fig. 5. Effect of cross head speed on the tensile
properties of the 280 kg/mm2-grade
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> maraging steel cold rolled to 409, in
thickness and aged at 500°C for various
times.
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Fig. 7. Effect of cross head speed on the tensile
properties of the 280 kg/mm2-grade
maraging steel cold rolled to 409 in
thickness and aged at 550°C for various
times.
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Fig. 11. Effect of cross head speed on the tensile

Time (min) properties of the 14Ni-15Co-7Mo marag-

Fig. 9. Effect of cross head speed on the tensile ing steel aged at 450°C: for various times.

properties of the 14Ni-10Co-10Mo marag-
ing steel aged at 450°C for various times.
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~ Fig. 12. Effect of cross head speed on the tensile
0 l2 I RN L1 properties of the 14Ni-15Co-7Mo marag-
10 10° ing steel aged at 475°C for various times.
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Fig. 10. Effect of cross head speed on the tensile
properties of the 14Ni-10Co-10Mo marag- -0
ing steel aged at 475°C for various times. Fave,
~"20F \“~3\e 1%NF10Co-10Mo, 450°C-Aging
14Ni-15Co-7Mo DB [EEREE R % Fig. 11 X 5_30 s A\\ #NH15Co-TMo, 450 C-Ading
Fig. 12 =R+, 450°C Eeghodis4 10 000min fE4haE s F "~
BD B p35 [5E % E 1~0.005mm/min o #ifH C [F4R /5 4E G40 £ 14pi-10Co-10Mo, 475'C-Aging Soovw..
< N
PERRTAH, 5000min DUTF O BRI OIGES IR D T g0 | 1éN-15Co= 70, A75'c-Agin9A%‘~u >
\ o " F ~—alca-
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mm/min DF[IEY ik \C 300min & TORENEET 10 10 10 10
DR HBHELND E LTI 7k 450°C Kgho Time (min)
> BEEAE HEXND X ST, 14Ni-15Co-7Mo % 425° Fig. 13. Decrease in specific resistivity at liquid
. . et bl e . . nitrogen temperature during isothemal
T 10000min FTRZ) L7RURTIE, Wi d AT aging of the 14Ni-10Co-10Mo and 14Ni-
RO CEMDORADPHEECTHS. 15Co-7Mo maraging steels.
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Fig. 8~Fig. 12 ot LHELNR X 5T, BEk
BhE&EEVE 14Ni-10Co-10Mo 0 F 20k X, Lo L
IKET R D 123313 % EE WDV 14Ni-15Co-TMo D J5
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DI/ B B I B IS 3R 23, 14Ni-10C0-10Mo (T 1y
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R ERR ORISR & CARRRICC Y WA —IT Y
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tEZOND. Tihbb B 10 TrE L < iR~/223,
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MORMBRE CHEECHL LEL N5, Fig. 13 1
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