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Effect of Forging Method on Horizontal Impact Toughness of
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Chen Lie',

Abstract The effect of four forging methods i. e. conventional forging-stretching, upsetting-stretching, upsetting-
stretching-upsetting- stretching and upsetting-changing direction stretching on horizontal impact toughness of ®200 mm bar
products forged from 2. 5 t ESR ingot of blade steel 1Cr12Ni2Mo2VN (/% : 0. 10C, 0. 1781, 0. 74Mn, 0. 014P, 0. 002S,
11. 8Cr, 2.43Ni, 1. 65Mo, 0.32V, 0.0352N) has been analyzed. The results show that the upsetting-stretching forging
with single pass large reduction and increasing upsetting-stretching forging times are available to obviously increase the hori-
zontal impact toughness of blade steel; with upsetiing-stretching-upsetting-stretching process the horizontal impact energy of
bar product heated at 1 050 °C for 1 h, oil cooling and at 660 °C for 2 h, air cooling is 141 J, the ratio of horizontal and
longitudinal impact energy is more than 90% , and steel structure is uniformity with finer grains.

Material Index Blade Steel 1Cr12Ni2Mo2VN, Upsetting-Stretching Forging, Horizontal Impact Toughness
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Table 1 Analysis of test blade steel 1Cr12Ni2Mo2VN /%

C Si  Mn P S Cc Ni Mo V N
0.10 0.7 0.74 0.014 0.002 11.8 2.43 1.65 0.32 0.03852
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Fig. 1 Schematics of different forging methods
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Fig.2 Tensile stress theory of rigid-plastic mechanics model ;

(a) H/D>2; (b) 1 <H/D<2; 1 - rigid zone; Il - active deformation

zone; [l[- passive deformation zonc; IV- uniform compression zone
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Table 2 Process parameters of different forging method
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13k 430 891 1.82 1180 50 300 3.82
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e i 310 x
B 430 891 1.82 1180 50 300 3.82

T PR R LG A T B B B ) i L



<30 - TR %36 %

F3 HETRH AT FR 1Cr12N2Mo2 VN J12E4EE R
®m

Table 3 Effect of forging method on mechanical properties

of blade steel 1Cr12Ni2Mo2VN
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.. B 1030 835 16.5 58 67
Y\ 1050 870 15.5 61 123
WO/ % 98.1 96 106 95.1 54.5
B 1032 848 15 55 83
LR g\ 1024 835 15 58 98
B/ % 101 102 100 95 84.7
B 1000 882 18 64 141
2R g/ 1013 874 18.5 65 152
B/ % 98.7 101 97.3  98.5 92.8
. MEF 1050 846 16.2 61 69
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Fig.3 Changing curves of longitudinal and horizontal A, value

and Ay, value ratio of blade steel 1Cri12Ni2Mo2VN with four
forging methods
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Fig.4 Morphology of impact fracture of steel 1Cr12Ni2Mo2VN

with double upsetting and double stretching forging- (2) longitu-

dinal and (b) horizontal, and conventional stretching forging-
(¢) longitudinal and (d) horizontal, SEM
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Fig.5 Morphology of impact fracture structure of blade steel

1Cr12Ni2Mo2VN with double upsetting and double stretching

forging- (a) longitudinal and (b) horizontal, and conventional

stretching forging- (¢) longitudinal and (d) horizontal
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Fig. 6 Comparison of average grain size and standard deviation

blade steel 1Crl12Ni2Mo2VN between conventional stretching

forging, double upseting and double streching forging, and up-

setting-changing direction stretching forging

AR HE G 22 58 UL 6.

ZRIET 2 82 AR, db R 4
TR PR RSE 72 um) A3 82 19 414k, °F
KR RAT 55 wm Zedy o TERAETE R 2 882 i
i 5 E P PRIR A SR AR (SR 1 B 1 3R TRl
PRI 1 W) , BT B FRE A O A R OR P FRIR
ZEVTEAE L, 45 SR AL A AE , A TE ik R
R A R, S PR, SR i RE Y = B — e R

ST A A%, DN S S PG I, £
RSB

e [ BB it Jy U BRI i (o RO 43 v
20 ~ 105 pm, F-HEIFRALR T 64 wm) , X AJ BEZ HIK
el Bt T , HBE A [ L B4R 14 A8 T R B A7 AE 5
RIES AL HERASTE B DXCIUA A S S PR i T
RIAF BN AL , 177N AL T kDI P 17445 s oz 4 KT
16 B e B PR A R RS H AN 34, TR ok RO
RO, TR YA b RS 475 1 YR A L, 3X
JeA 1) 8B 5 7 X B 1) e i L AR Y 2

(1) 83 28 9% 5 20 M 4K 1Cr12Ni2Mo2 VN
S EAMESE M N (RN b P P AR R

(2) R FHB A B it T 2 A Bk BT (g 2
PRt A 1CrI2Ni2Mo2 VN B 40 ) ph b (L L, SR FH
2 802 Pon] ARG vl {E HL ik 90% LA I, X
TR BRI 1 4123 25 M), doki s 31
HE— AL TR

(3) B YR 40 i) $B 2 T AR T A 2 BT A
D, R e R 2 o oo L LU ASCRAS B

(4) B 4l v B J2 1Cr12Ni2Mo2 VN I B4 wh o
WIS ) A 5
R (863 i+ X )RA K 87 A (2012AA03A502)

S 30k

(1] % W, R B K. ZREE UM R M Rr st e [T ]. 4%
WA ,2000,15(3) :24.

[2] MaL,Zhong Y,Ma Q,et al. Technical Development of HP-IP Rotors
in Supercritical Fossil Plants[ ] ]. Forging & Stamping Technology ,
2006,12(1) :37-39.

(3] EMER, A X BRI B T 23S SR ek e[ 1],
KBV ,2001 ,12(4) :474-476.

(41 XUBIAG SR 5 . 35 30 - B BIORL 25 B8 5 £ 1 17 ) B 1 B 4L
[J]. WP EAL T2 ,2005,12(1) :26-28.

[5] Wad:, R AORRL 2 IR [ M. Jb 50 W K2 A,
2011:541-543.

M 50(1968-) , 9, it (db st b k) , 1990 4E L st Rt
TR (ABE) Holl, FEERN I L 20K R KO 7™ it F &
T,

e H 18 .2014-10-25



