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Abstract: High-manganese steel liner plates are widely utilized in heavy-duty service conditions such as mining and
building material industries because of their exceptional wear resistance and impact toughness. The microstructure and
mechanical properties of these materials are highly dependent on heat transfer and solidification behavior during the casting
process. This paper reviews current mainstream casting processes for high-manganese steel liner plates, including sand
casting, metal mold casting, lost foam casting, and V-process casting, while elaborating on the application of numerical
simulation techniques (discrete element method, DEM; finite element method, FEM) in their research. This work explores
the auxiliary role of numerical simulations in process optimization and analyses the technical characteristics and
applicability boundaries of these casting methods in terms of solidification mechanisms, defect control, and microstructure
regulation. The study concludes that the effective integration of numerical simulation technologies with rational casting
processes is a critical pathway for enhancing liner plate quality. Finally, existing research limitations are identified, and
perspectives for future investigations are provided.

Key words: high-manganese steel; wear-resistant liner plate; numerical simulation; casting process

o Bl A T 1882 4F U< [} N Hadfied A& IFFHC B AR GEm i 4 00 £ EAL A An 3k 1 o A 5

LM, B s A A L S R B B R TR R BE R R L A e el 4 e ol A i i % o

Yz %5 B H#3: 2025-03-08

HETH: = mH HRFPHE L 5(202402AG050009) ; 5 21 2% 427l k& sl ALk 85 54 4k it il i) 4 5% 5 B AR 5 K™ Il 16(202402AG050003)
V& T8 v ORI 25,2000 48 A A= WF 50 5 o) Oy 4 T B 1] el PR A AL BV TA B 1 T 1T % Email: 17893328980@qq.com
BASVES: 210 W, 1980 4F A i 3082 105 0F 5% J7 18] S A 6 4 i R T ROTE B R | 4 J B [ Gk B ST ARL O 2T AR KBS AR

Email: lixm@kust.edu.cn

S AR B W] R w2 g Kk, B, mN R B BN AR R B TS BRI Y SR )], i A

SRl ESpRI ]

A ,2025,46(7): 702-715.
SONGHF,LIXM, YANGZG,ZHENGBJ, YANG T W, WANG Y S, GAO B C, WEI Q. Research progress on casting technology
and simulation of high-manganese steel liner[J]. Foundry Technology, 2025, 46(7): 702-715.

https://www.cnki.net



SRl ESpRI ]

(BB ARN07/2025

KBS, E. EERNARNEE T EEREENMRER 703

Rl EERENLFERS
Tab.1 Chemical composition of conventional
high-manganese steels
(mass fraction/%)

C Si Mn S P

0.9~1.5 0.3~1.0 10~15 <0.05 <0.10
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Fig.1 Improved casting process
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Fig.2 Effects of the pouring temperature on the grain grade and
mechanical properties®
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Tab.2 Comparative analysis of properties between

conventional high—-manganese steel and modified high—
manganese steel™

oy S [ Hardness
Alloy
MPa /%  /(J-cm?) (HBS)
ZGMnl3 608 13 112 210
Modified high-manganese steel 916 34 1187 224
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Fig.3 Grain size variation with temperature: (a) comparison between the calculated and actual sizes of austenite grains;
(b) approximation of the actual calculated values of the grain size®!
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Fig.4 Schematic diagram of the resin and-lined metal mold for a
high-Mn steel liner®”
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Fig.5 Microstructures of high Mn steel liner produced by two technologies: (a) conventional sand mold, as-cast condition;
(b) conventional sand mold, heat-treated condition; (c¢) sand-coated permanent mold, as-cast condition; (d) sand-coated permanent,
heat-treated condition”
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Fig.6 Comparative analysis of the interfacial heat transfer
coefficients at different pouring temperatures®!
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Tab.3 Refractory aggregate compositions of different

coatings™
(mass fraction/%)
Refractory coating Gl G2 B
Flake graphite 10 3 3
Hexagonal boron nitride 0 0 3
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Fig.7 Comparison of the properties of the three coatings: (a) residual strength and strength retention of different samples; (b) mass
change curves during oxidation for various samples™?
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Fig.9 Process C simulation results vs. trial production results: (a) shrinkage porosity prediction in the XY -section; (b) shrinkage cavity
prediction in the X Z-section; (c) actual casting; (d) core zone defects?”
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Fig.10 Relationships between pouring temperature and impact
and grain grade™
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Fig.11 Basic production process of vacuum sealed molding (V-process) casting
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Fig.12 Contour map of the porosity distribution in the T-shaped
high manganese steel liner
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Tab.4 The main refractory aggregates of the four types of coatings™?

Coating 01

02

03 04

Quartz powder, flake graphite

Main aggregate Quartz powder, bauxite powder

powder, iron oxide powder

Quartz powder, graphite Quartz powder, bauxite

powder, iron oxide powder powder, mullite powder

RS WMAERNELSHS
Tab.5 Particle size distribution of refractory aggregates™
(mass fraction/%)

Material 250~320 mesh ~ 320~400 mesh >400 mesh
Zircon Powder 2 26 72
Quartz Powder 0 59 41
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Fig.18 Pore distribution and cross section of the casting after the optimized casting process: (a) porosity distribution of the liner;

(b) section of the casting!
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