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Abstract: Impact toughness refers to the ability of a material to absorb plastic deformation work prior to fracture
under impact loading, which reflects the material’s tendency to brittle fracture. The higher the impact absorbed energy,
the lower the possibility of the material undergoing brittle fracture. Ductile iron is prone to appear brittle fracture when
subjected to impact load at low temperatures. In order to improve the application range of ductile iron, it is necessary to
obtain ductile iron with good impact toughness at -50 °C. In this study, without adding any additional alloying elements,
by optimizing the chemical composition of the cast iron and subsequently annealing the castings, a nearly 100% ferrite
matrix structure was obtained. The resulting ductile iron exhibits a tensile strength of =380 MPa and a yield strength of
=230 MPa, which meets the mechanical property requirements of the national standard QT400-18L and the European
standard EN-GJS-400-18LT cast irons. At the same time, it meets the average value of -50 °C low temperature impact
absorption energy =12 J, and the single value is =9 J, and its comprehensive mechanical properties have reached the
expected target.

Key words: ductile iron; low temperature(-50 °C); impact toughness; ferrite matrix; annealing treatment; mechanical
properties; casting process
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1 MREKRRNIGHATERE

E#RQT400-18LFIRXHREN-GJS-400-18LTH54AI
FHEEESRIEL,

FRAEVERBIE, HEER Y640 mm
x 601 mm x 625 mm, FHRE301 kg, FmEOR
IREWNE PR, BREIENFEHFEERE—RT
30~60 mm, FEBIEFBIT60 mm, LT UL FEIHERAK
EBERGB/T 1348—2019Z 3k, EECEI40 mmifiR,
MZAE3EH7ES0 mm, IR T ANE2F7R.

*1 EFRQT400-18LFNEXHREN-GJS-400-18LTHI /1 F AL E K
Tab. 1 National standard QT400-18L and European standard EN-GJS-400-18L mechanical property requirements

Frife Jife B J& /mm R,/ (N-mm?) Ryo/ (N+mm?) M RA/%
GB/T 1348—2019 QT400-18L t<30 400 240 18
GB/T 1348—2019 QT400-18L 30<t<60 380 230 15
DIN EN 1563: 2019 EN-GJS-400-18LT t<30 400 240 18
DIN EN 1563: 2019 EN-GJS-400-18LT 30<t<60 380 230 15
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Fig. 1 Local dimensions and structure of the motor shell product
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Fig. 2 Sizes of the cast-on test block
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MEKREHFRMS, RSKSECEN LUSMNEKE
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Tab.2 Chemical composition design wg/%
C Si Mn P S Mg
3.65~3.75 1.95~2.05 <0.20 <0.04 =0.02 0.035~0.045
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Tab. 3 Chemical compositions detected wy /%
Fe C Si Mn P S Cu Ni Mo Mg Sb Sn
1 3.76 1.99 0.19 0.030 0.009 1 0.027 0.014 0.003 2 0.041 0.001 0 0.002 1
2 3.70 2.05 0.20 0.030 0.009 8 0.041 0.012 0.002 8 0.038 0.001 0 0.002 3
3 3.67 2.07 0.18 0.028 0.012 0.04 0.011 0.003 8 0.036 0.001 0.002 4
4 3.68 1.96 0.17 0.029 0.010 0.028 0.011 0.002 6 0.039 0.001 0 0.001 9
5 3.65 2.04 0.18 0.032 0.011 0.048 0.013 0.003 0 0.043 0.000 9 0.002 1
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Tab. 4 As-cast mechanical properties and metallographic test results

- BT Ryos % iR ke A Bobik =50 Cuprd WU REREKY,/)
R,/ (N-mm?) /(N-mm?) HB %% /mm’ ThRY% RN AeIE2 RIIES FIE
1 395 248 245 144 2-3% 155 <5 10.12 10.35 10.51 10.33
2 395 251 20.5 145 2~3% 170 <5 8.94 9.08 8.63 8.88
3 400 252 26 148 2~3% 125 5 7.09 7.11 6.65 6.95
4 386 236 255 143 2-3% 125 <5 9.11 9.83 10.07 9.67
5 392 245 255 144 2~3% 130 <5 10.26 9.53 10.74 10.17
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Fig. 3 As-cast metallographic structures
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Tab. 5 Mechanical properties and metallographic test results of the products after annealing
o PB4 1R Ry, A iz BRAk AN Bk =50 C bW REREKY,/T
R,/(N-mm®) /(N-mm®) HB FR /mm’ Trik%  RIIED RN RIS PRI
1 384 242 23.5 138 2~34% 145 <2 14.42 13.81 14.42 14.22
2 389 245 24.5 142 2~3%% 150 <2 13.87 14.25 14.07 14.06
3 390 243 25 144 2~34% 145 <2 13.63 14.42 14.35 14.13
4 386 239 25.5 140 2~34% 140 <2 14.42 14.63 14.52 14.52
5 385 240 26.5 139 2~3%% 135 <2 14.51 13.89 14.34 14.25
FHRBOHIR AP RFEFFHE, FHE850 CLRIE0.5 h,
s/ BFHRZE20 CIRIE3.5 h, AEFILESS CEFIHF
g = » =08, IR rh BRI FHRAE R, AR
= i

10.5 JHF; &4

12 051 35
A ] /h
B4 RMETZ

Fig. 4 The heat treatment process
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Fig. 5 Metallographic structures after annealing treatment
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