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Development of Austempered Ductile Iron Castings for Rail Transit Shells

SUN Xiangguang, ZHANG Xianhua, QIN Cheng, ZHOU Zhengshou, LI Guolong
(Jiangsu Hengli Hydraulic Co., Ltd., Changzhou Casting Branch Company, Changzhou 213166, China)

Abstract: Conventionally, rail transit castings have been fabricated from low-grade ductile iron (QT400~QT600). This
paper focused on the research and development of rail transit housing castings made of high-grade austempered ductile iron
(QT800-10). The process design of rail transit housing casting was carried out via the simulation software MAGMA and
optimized via the addition of chills. Through microstructure examination, hardness testing, tensile strength testing, and other
methods, the influence of different alloying elements on the microstructure and properties of the casting was investigated.
The research results indicate that when the alloy composition is 3.65 wt.% C, 2.52 wt.% Si, 0.38 wt.% Mn, and 0.44 wt.%
Cu, along with 0.15 wt.% bismuth-containing inoculant, the tensile strength, yield strength, and elongation of the sample
reach peak values. After austempering, the casting properties are enhanced, meeting the standard requirements of customers.
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Fig.1 Schematic diagram of the casting structure for rail transit shell
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Tab.1 Chemical composition requirements for rail transit shell

(mass fraction/%)

Element C Si Mn P S Cu Mg
Pre-furnace chemical composition ~ 3.85~3.95 1.90~2.00 0.3~0.5 =<0.05 0.006~0.018 0.4~0.7
Final chemical composition 3.60~3.80 2.35~2.55 0.3~0.5 <0.05 0.006~0.018 0.4~0.7 0.035~0.055
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Tab.2 Technical requirements for rail transit shell

Material Tensile strength/MPa Yield strength/MPa

Elongation/% Brinell hardness(HBW) Microstructure

EN-GJS-800-10 >800 >500

>10 260~320 Austenite

P2 #%iE T 277% :(a) LA (b) TAS
Fig.2 Casting process: (a) upper box; (b) lower box
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Fig.3 Simulation results: (a) final simulation result of the shrinkage porosity; (b) final simulation result of the thermal center
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Tab.3 Setting of simulation parameters

Casting  Molding sand  Intial pouring Pouring
Parameter . . .
material material temperature/ 'C time/s
Value QT800  Tidal film sand 1400 10
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Fig.4 Optimized process by adding chills: (a) upper box; (b) lower box
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Fig.5 Simulation resultafter optimization: (a) final simulation result of the shrinkage porosity; (b) final simulation result of the thermal center
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Tab.4 Chemical composition of the castings
(mass fraction/%)

Project Location C Si Mn Cu Bi

T1 3.75 2.35 0.49 0.66
T2 3.75 2.35 0.49 0.66
T1 3.69 2.52 0.47 0.53 0.10

1

T2 3.69 2.52 0.47 0.53 0.10
3 T1 3.65 2.52 0.38 0.44 0.15
T2 3.65 2.52 0.38 0.44 0.15

7 B ORE L R B
Fig.7 Schematic diagram of the sampling locations for castings
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Tab.5 Properties and microstructure analysis of the castings

Ultimate tensile

Yield strength,

Elongation, Graphite quantity

Project  Location HBW Nodularity/% Ausferrite/%
property, R./MPa Ry,/MPa A% /mm?

| T1 318 770 487 6.5 80 166 100
T2 321 801 502 6.0

5 T1 309 897 572 10.5 90 307 100
T2 309 918 581 13.5
T1 296 984 610 20.0 95 345 100

: T2 293 971 602 16.5
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Fig.8 Metallographic microstructure of the castings: (a) project 1; (b) project 1-crushed graphite; (c, d) project 2; (e, f) project 3
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