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Effect of Forging and Heat Treatment Processes on Properties
of 40CrNi2Mo Subsea Valve Stem Forgings

Shang Hejun, Niu Yubing, Zhang Xin, Zang Chao
(Iraeta Energy Equipment Co., Ltd., Zhangqgiu 250217, China)

Abstract: The requirements for mechanical properties and reliability of subsea oil and gas equipment are extremely strin-
gent. This research focuses on 40CrNi2Mo subsea valve stem forgings, systematically analyzes the roles of major alloying
elements, and investigates the effects of chemical composition, forging ratio, and heat treatment processes on mechanical
properties. Through the preparation and testing of qualification test coupons (QTCs), it was ultimately determined that un-
der a drawing forging ratio of 4. 5: 1, the subsea valve stem forgings exhibit excellent performance after 910 °C full anneal-
ing + (890-900) °C dual-medium quenching +(620-630 ) ‘C high temperature tempering. For batch-produced valve stem
forgings, the mechanical properties obtained from specimens taken from the body itself are as follows: yield strength of
950 MPa, tensile strength of 1 080 MPa, elongation of 19. 5%, reduction of area of 62. 0%, average impact absorbed en-
ergy of 71. 8 J at 29 ‘C, and a product surface hardness of 331 HBW, fully meeting the technical requirements.
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Fig. 1 40CrNi2Mo valve stem
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Table 1 Performance requirements of 40CrNi2Mo valve stem
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Table 2 Target chemical composition values of steel 40CrNi2Mo %
C Si Mn Cr Ni Mo P S
0.42 0.20 0.78 0.85 1.86 0.260 0.013 0.001
Al Ca Ti v Cu 0 H N
0.025 0.005 0.003 0.01 0.05 0.001 8 0.000 15 0.008 0
Pb Sn Sh Bi As Pb+Sn+Sb+Bi+As
0.002 0 0.002 0 0.002 0 0.001 0 0.003 5 <0.020
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Table 3 Heat treatment schemes for QTCs
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Table 4 Heat treatment parameters and test results for
QTCs
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ﬂg G MPa Mpa MN% % (ppy) K=29°C)
FEL QIC-1 900 1040 19.0 640 343  84.2,86.4,79.0
Ji%2 QTC=2 859 976 19.0 57.0 305  92.8,88.5,84.2

FZE3 QTC-3 911 1050 19.5 60.0 330 100.3,99.3,98.2
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Fig. 2 CCT diagram of the steel with composition (0. 41C—
0. 25Si-0. 64Mn—0. 75Cr—1. 38Ni-0. 17Mo—0. 10Cu—0. 02A1)
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Fig. 3 Quenching and tempering processes of 40CrNi2Mo subsea valve stem
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Table 5 Mechanical properties test results of 40CrNi2Mo valve stem body
JeR I3RS Rp, ,/MPa BLHLsE & Rm/MPa RFA% Wi =R 2/% whili 2 Kv(=29 “C)) 1) (HBW)
950 1080 19.5 62.0 70.8,71.8,72.8 331
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Fig. 4 Grain size and microstructures of 40CrNi2Mo valve stem body : (a)grain size, (b)(c¢)microstructures
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