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Application of DOE ( Design of Experiment) in Enhancing Impact
Energy of 30CrNiMo Steel Quenched and Tempered Bar

Jiang Qiao', Zeng Yun®®, Hu Ruihai’®, Peng Feng’”, Li Bopeng’”, Cheng Zhiwei’”, Yu Dong™”
(1 Daye Special Steel Co. , Ltd. , Huangshi 435001 ; 2 Technology Center, Daye Special Steel Co. , Lid. ,
Huangshi 435001 ;3 Hubei Key Laboratory of High Quality Special Steel, Huangshi 435001 )

Abstract In view of the unstable impact energy of 30CtNiMo (/% ;0. 30C, 0. 85Mn, 0.258i, 0.015P, 0. 008S,
0.96Cr, 0.43Mo, 0.78Ni, 0.025A1) high strength quenched and tempered steel bar, normalizing (870 ~910 C) and
austenitizing (830 ~870 “C ) temperature two-factor and three-level DOE test design scheme are used to quickly find the
best process combination for improving impact energy. The results show that the higher the normalizing temperature, the big-
ger the grain size after being normalized and quenched, and the smaller the impact energy in steel 30CrNiMo. The Minitab
tool is used to make the fitting formula of impact energy response to grain size; 21 C longitudinal impact energy (J) =
27.11 +7.751 x grain size ( grade). The optimum process combination for 30CrNiMo steel is normalizing at 870 C + aus-
tenitizing at 850 C. Its impact energy is 106 J.

Material Index: DOE; Two-Factor; Three-Level; Quenching and Tempering Bar; Impact Energy; Grain Size
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Table 1 Product chemical composition of test 30CrNiMo steel /%
mH C Mn P S Si Cr Mo Ni Al
GB/T 3077-2015 #5#E 0.28 ~0.33 0.70~0.90 =0.020 <0.010 0.17~0.37 0.70~1.00 0.25~0.45 0.60 ~0.80 -
ol 6 R A 0.30 0.85 0.015 0.008 0.25 0.96 0.43 0.78 0.025

fEE® Ao FF(1971 - ) 50, T, E-mail ; jiangqiao@ citicsteel. com; s B A -2022-02-10



%5 3

¥ T4 :DOECIAKEIT) fE 3T} 30CrNiMo 579 i B b v ot 2y 19 B 7 «83's

1.3 PRI

B 6 4~ 250 mm {& ®200 mm HELEM , B
IRFEREE R 7E 12 12 AbEEEL 3 /> ®25 mm x
250 mm PUEIREIRAHE, &1 18 MELHAFE. B
HAAR 9 4, 54 2 MM 3 PiEk RIKEL, [E
KT LT A TS KBESE BKHT, 541 FED L
1 R EBHIEFYT] ©25 mm x 20 mm <38 K &G kL
BE , AvRL 4% 560 C AT 81 K5 R I e | wpks b
fE"

TE ACHAE 8 491 4 FR - TY1040 44 =X Ha B 4P SX2-
10-13, T 288 720 ~1 200 °C . BB AL #ub 20
AR JY1035 48 2 f L 40 SX2-10-12, T 7 iR B
720 ~980 C . VAP FHREEE K AR E/NE, B
S CH-198/1, % # 4 - Ko (8] K B b 3 4 F5
JY1002 45 = 3 BH 47 SX24-10, T 2 1R BF 200 ~
780 C.

2 DOE IZidiigitfmelZEFi&it

(1) TR R AL o R Tl L 4R 3 A
FLRASE , PRI, B T ORI B A VR
WARIH 2 MREET(RE2) M3 2ETR
K. HA“3"REZAF, K" HEFH. 3* BT
RT3 B9 Wikl AT 2414 03k 3, h
Tzt R 30 1 B R O I A, ) OB B G —
560 C 47 [ K 247

(2) RIL AT (K. W. Andrews) A5 Ac, =

910 —203(C% )™ —15.2Ni% +44.7Si% + 104V% +
31.5Mo% + 13.1W% (°C) 3 30CrNiMo [ Ac,
H 787 C o AFIERE 8 70 B K Rk, I KRB
HEHL 870 CAE KA T+, 2L HX 890 CHENH1 455
KFEF B 910 CHER K TFE T 8RR
FEBERR 830 CAHEMKKFH F, 20 850 CAEH
SEKFH T, 870 CHERNRKFEF. BFK
Figitimge 2,

3 ARERESH

(L YIRZA

& ASTM E112-13 (-3 oL BE M 58 1 h7 v 156
i) AT HIRE , IR AE Scope. A1 x40 BB T W%
mBLBE . #& ASTM E8 / E8M-21( 4 J& #4 BHr i i
J5#:) 78 INSTRON 5500R1186 % 77 fig i Fhifaiit 4
PLEFFTRIATE . $2 ASTM E23-21 (4 )@ #1kH)
(1 it 156 A a6 i ) 76 NCSI-500 94 B AR
b IR LT 21 C Rk L. 5
gRmMFE 3,

3.1

3.2 g
*£2 BEFKFEIT
Table 2 Factor level design
KA 1E R/ C AR/ C
L({%) 870 830
2(H) 890 850
3(HE) 910 870
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Table 3 Creation factor design and test results

FiEFE B K4 Ek/C BEEE/C Bk C 21 CTHh(Rp0.2) /MPa 21 T\ ( Rm)/MPa 21 CHA[i KV8/] ki 4

PREER - - - - - =931 =1000 =75 5.0
6 1 1 890 870 560 1109 1167 87 6.5
2 2 1 870 850 560 1111 1168 106 9.0
5 3 1 890 850 560 1103 1161 94 7.0
9 4 1 910 870 560 1106 1174 65 5.0
3 5 1 870 870 560 1120 1178 98 8.0
4 6 1 890 830 560 1098 1156 80 7.0
8 7 1 910 850 560 1095 1152 76 6.0
7 8 1 910 830 560 1091 1143 51 6.0
1 9 1 870 830 560 1107 1163 83 9.5
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Fig.2 Residualerror graph of analysis factor
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Fig.3 Main effect graph
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Fig. 5 Contour plot for normalizing temperature-austenitizing

temperature
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Fig.6 Fitting graph of impact energy corresponding with grain
size
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Fig.7 Response optimizer
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B 8 Grain size of 30CrNiMo steel by normalizing + austeniting at (a) 870 C +850 °C ,rating9,(b) 890 C +850 °C ,rating 7,(c)
910 C +850 C,rating 6,(d) 870 C +830 °C ,rating 9.5 and (e) 870 C +870 °C ,rating 8
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