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Analysis on Pinhole Defect of ®183 mm Forged Billet of
High Speed Steel M2 and Process Improvement

You Xiaodong, Hao Shifeng, Shao Qingli and He Ning
(Heye Special Steel Co Ltd, Shijiazhuang 052165)

Abstract The ®183 mm round billet of high speed steel M2 (/% ; 0.86C, 0.39Si, 0.32Mn, 0.015P, 0.006S,
6. 00W, 4.00Cr, 4. 80Mo, 1.85V) is forged from 2. 0 t ESR ingot (500 mm). The nondestructive detect defect ratio of
forged billet of steel M2 is 33.3% ~69.23% and the main defect is pinhole at center position of billet. Analysis results
show that due to producing overheating of billet during heating and forging process the segregation of ingot forms pinhole de-
fect. With process measures including decreasing the ESR current from 8 000—6 800 A to 7 000—6000 A to decrease
remelting speed, decreasing the beginning forging temperature from 1070 ~1090 °C to 1030 ~ 1060 C and decreasing
the end forging temperature from 960 ~980 °C to 900 ~950 C to decrease the center temperature of forging billet, the non-
destructive detective defect ratio of ®183 mm forged billet of steel M2 decreases from 50% to 5.71%.

Material Index High Speed Steel M2, 2 t ESR Ingot, ®183 mm Forged Billet, Segregation, Overheating, Pinhole

Defect

FB B PRy T 1 3 2 2 e B R 7 ot SR Y B R
W , 7EJE SR AN T A kb B8 AR T T DATH R 0
AN, RUEERCH B AL B MR o RO B e A
R T LSRR = T B S 2, DR B R B 4R A
e TR PR A R s 1] L™ B 5 W S B, X ]
JRAR K Y0 5 , B0 6 I3 B W X B R A
:]EXTEI’J ANER, 774 2 R R SR A
ik NBENMEFLFER, HAFTLZ RMERK, B4
5 _ BB 2 ER T e SR B NIRRT A k. &
PG BRE ST, X M2 HRIB] N RSk FE AT T BE5E, o
BT BRI R R SRR AT T L.

1 M2E#HEFIZRIERESR

M2 &N B (R A A2 7= T4 8 : @500 mm HH
£E(2.0 t) >HN#A—20MN PRI IHE—-IB K- HL—
BAi— I —SX55 FHRALEM B X-FEH-1]
KRB -mE- AR,

HEFETZFTRANEERSH Ay Bl

F1 M2 WEAEAITHES /%
Table 1 Analysis of sample of steel M2 /%

C Si Mn P S Cr Mo v w
0.86 0.39 0.32 0.015 0.006 4.00 4.80 1.85 6.00
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Fig.1 Nondestructive detect defect ratio of billet and finished
product of steel M2 before and after process improvement
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Fig.2 Morphology of macrostructure (a) and microstructure (b) of pinhole position in sample of steel M2 ®©183 mm forged round billet
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Fig. 3 Morphology of structure at normal position (a) (¢) and defect position (b) (d) in forged billet of steel M2: (a) (b) longitudi-

nal; (¢) (d) transversal

P4 M2 SRRSO PO RBE AL GUR B : (a) R (b) 38 s Co) TRT A e I EBE T 0 s i A4
Fig. 4  Morphology of structure of typical center defects of steel M2 forged billet: (a) no-forging through; (b) over heating; (¢) local over
heating for ingot with segregation during heating and forging
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Table 2 Parameters of ESR process for 2 t ingot ( ®500
mm) before and after process improvement
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Fig.5 Heating curves of steel M2 ingot for breakdown before (a) and after (b) process improvement
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Table 3 Parameters of forging process for ®183 mm billet of steel M2 before and after process improvement
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