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1. Introduction引言

According to the digitalization requirements of metal castings production，with database, logic 

programming, visualization digital technologies etc.，the Digital Casting Expert System has been 

developed and applied in foundries，realizing knowledge and data digital management, real-time data 

acquisition, statistics and analysis ability improvement, extracting key information, and expert level 

decision-making.

针对铸造生产数字化需求，采用数据库、逻辑编程、可视化等技术，开发应用了数字化铸造专家

系统，实现了知识和数据数字化管理、数据在线采集、统计分析能力提升、关键信息提取和专家级决

策。
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2. Problems and Requirements Analysis问题及需求分析

Mainly introduce three foundries （Fa,  Fb, Fc） and the problems they encountered in production and 

management。主要介绍三家铸造企业及其在生产和管理中遇到的问题。

Fa: foundry department of a diesel engine manufacturer某柴油发动制造企业

铸造事业部

Castings：cylinder blocks and cylinder heads of diesel engine铸件：发动机

缸体缸盖

Production Capacity：80,000 metric tons per year产能：8万吨/年

Production Conditions: robot moulding and continuous pouring生产条件：

机器人造型、连续浇注

Software applications: ERP,SPC, numerical simulation software, etc.软件应

用：ERP,SPC,数值模拟软件等

Main Problems：casting expert and technical knowledge were not centrally 

managed，so a large number of production data had not been analyzed in 

depth to improve production quality主要问题：铸造专家和技术知识没有集中

管理，大量的生产数据没有得到深度分析以提高生产质量

Automatic Core Assembly
自动组芯
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2. Problems and Requirements Analysis问题及需求分析

Fb: foundry department of one research institute，mainly engaged in research and production of 

wear-resistant, heat-resistant and corrosion-resistant iron castings and steel castings with complex structure

某研究所铸造事业部，主要从事复杂结构耐磨、耐热、耐蚀铸铁铸钢件研究与生产

Production Capacity：3000 metric tons per year 产能：3000吨/年

Casting Features: In 2020，Fb produced nearly 120 kinds of cast iron 

and steel castings about more than 70 material grades，the weight of which 

ranged from 1.4 kg to 7000kg 铸件特点：2020年，生产将近120余种铸件，

超过70个材料牌号，重量从1.4kg到7000kg

Software Applications: JSCAST, InteCAST 软件应用：JSCAST，华铸

CAE模拟软件

Main Problems：multi material, complex structure and high-quality 

castings production relies heavily on experts and experience，and  

manually data records and statistics cannot meet the needs of management 

and decision-making 主要问题：多材质、复杂结构和高质量铸件生产对专

家经验高度依赖，手工数据记录和统计无法满足管理和决策需要 Special castings

特种铸件
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Fc: a foundry mainly produce ductile iron castings of automobile steering gear box on green sand 

moulding machines, with casting capacity 60,000 metric tons per year. 

Fc是主要生产球墨铸铁汽车转向器的铸造厂，采用潮模砂造型线，年产6万吨铸件。

2. Problems and Requirements Analysis问题及需求分析

With the improvement of the customer request for casting performance, the foundry has conducted 

research and production on high-strength and high-plasticity ductile iron castings. However, due to the lack 

of process data collection, management and in-depth analysis, the root-cause of casting quality instability has 

not been found out for a long time.

随着客户对铸件性能要求的提高，进行了高强度高塑性球墨铸铁件的研究和生产，但是由于缺乏数据的采集、管理和深度分析，

长时间没有找到新研制铸件质量不稳定问题根源。

Automatic Moulding Line

自动造型线
Automatic Pouring Line

自动浇注线

Steering Gear box Castings

转向器铸件
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2. Problems and Requirements Analysis问题及需求分析

Through digitalization to improve castings quality, production stability and management level is necessary. At 

the same time, implements and advanced digitalization methods are equally important.

通过数字化提高铸件质量、生产稳定性和管理水平是必要的。同时，工具和先进的数字化方法同样重要。

Digital Data Acquisition

数字化数据采集
Digital Twins Framework

数字孪生框架

Requirements：digitalization methods and implements

需求：数字化方法及工具
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3. System Design and Structure系统设计与结构

Centering on castings, with sand casting production process as the main line, by using the database 

management system, the expert database was established. The expert database consists of the data about 

casting materials, process design, defects, molds, thermal analysis and production.

以铸件为中心，以铸造生产工艺过程为主线，应用数据库管理系统，建设专家数据库，包括铸造材料、工艺设

计、铸造缺陷、模具、热分析和铸件生产等方面的数据。

Casting Defects Expert Knowledge

铸造缺陷专家知识
Casting Production Data 

铸造生产数据
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3. System Design and Structure系统设计与结构

Digital Casting Expert System adopts modularized function design，characterized by high cohesion 

and low coupling. The human-computer interaction interface and data digitalization program of the 

system is coded in C# language.

“数字化铸造专家系统”采用模块功能设计，具有“高内聚、低耦合”的特点。采用C#语言编写人机交互界
面和数字化程序。

功能层

中间件

数据库

基础层

System Structure系统结构
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4. Function and Use Cases功能及使用案例

4.1. Furnace Charge Visualization Management 炉料可视化管理

Furnace charge quality control, visual inventory management, optimizing ingredients

炉料质量控制，可视化库存管理，优化配料

Standards of Furnace Charge 炉料标准
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Dynamic visual statistical analysis of the charge storage and consumption 炉料存消动态统计分析

Monthly Statistics of Furnace Charge in 2022 in Fb     2022年Fb炉料归月统计

 Inventory Monitoring

库存监控

 Purchase Reminder

提醒采购

 Batching Optimization

配料优化

4. Function and Use Cases功能及使用案例
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Use effect：inventory optimization of large quantities of precious materials, ensure enough and high-

quality furnace charge for the production, reduce the capital occupation as much as possible.

使用效果：大宗贵重原材料库存优化，保证了生产所需炉料数量与质量，最大程度降低资金占用。

4. Function and Use Cases功能及使用案例

Integrated Management of Weighing and Composition Adjustment Parameters

配料称重和成分调整参数集成管理
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4. Function and Use Cases功能及使用案例

Parameters  of Castings and Production Process铸件及其生产工艺参数

4.2. Casting Process Optimization Design铸造工艺优化设计
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4. Function and Use Cases功能及使用案例

Digitalization of Process Parameters, Gating,  Riser, Chills, etc.  Information

工艺参数、浇注系统、冒口、冷铁等信息数字化
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4. Function and Use Cases功能及使用案例

Management of expert process knowledge, numerical simulation results, and process production cases

专家工艺知识、数值模拟结果、工艺生产案例管理
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4. Function and Use Cases功能及使用案例

Based on process cases, refine design algorithms, establish design models, and realize rapid design

基于工艺实例，提炼设计算法、建立设计模型，实现快速设计

Process Cases Accumulated In Fa

Fa积累的工艺实例
Gating Design Model In Fa

Fa浇注系统设计模型
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4. Function and Use Cases功能及使用案例

4.3. Mold Life Cycle Management 模具生命周期管理

Digitalization of mold life cycle information，including basic information, working status, inventory 

location, use records, inspection record，maintenance records and scrap records etc. 

模具生命周期信息数字化，包括基本信息、工作状态、库存位置、使用记录、检验记录、维修记录和报废记
录等。
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4. Function and Use Cases功能及使用案例

Each mold life cycle data is complete and traceable, and that ensures the quality of the molds and 

improves the accuracy of castings. In Fa more than 2000 molds has been well managed from 2016.

模具生命周期数据完整可追溯，保证模具质量、铸件完整。自2016年以来，在Fa超过2000多个模具得到良好管
理。

Molds Modification模具更改单
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4. Function and Use Cases功能及使用案例

4.4. Casting Thermal Analysis铸件热分析

Acquire the real-time time-temperature data, with algorithm processing and visualization,  establish 

the correlation of composition, microstructure, properties and solidification or eutectoid characteristics 

of castings.

在线采集“时间-温度”数据，通过算法处理和可视化，建立铸件成分、组织、性能与凝固、共析特征的关系。

Used to Develop New Casting In Fc 在Fc应用于新品开发



19

4. Function and Use Cases功能及使用案例

4.5. Casting Defects Statistical Analysis铸造缺陷统计分析

Uniquely name and code casting defects，digitalize casting defects knowledge , statistical 

analyze defective castings, form valuable experience cases. 

对缺陷进行唯一性的命名和编码，缺陷知识数字化，缺陷铸件统计分析，形成宝贵经验案例。
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4. Function and Use Cases功能及使用案例

In the application in Fa, information of more than 600,000 casting defects was centrally managed from 

2017 to 2021. The casting defect prevention technology has been continuously improved，and overall scrap 

rate controlled under 2.0%。
在Fa的应用过程中，2017-2021共计60万条铸件缺陷信息得到集中管理，缺陷防止技术得到持续提高，综合废品率

控制在2%以下。
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4. Function and Use Cases功能及使用案例

4.6. Production Progress Visualization 生产进度可视化

Digitalize the castings production quality system records, statistical analysis key parameters such 

as pouring time, furnace temperature, chemical composition, etc. ,visualize production progress

铸件生产质量体系记录数字化，浇注时长、浇注温度、化学成分等关键参数统计分析，生产进度可视化
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4. Function and Use Cases功能及使用案例

Based on data driven method, quality fluctuations are monitored, hence problems found and solved 

timely. Using the system is an effective way to ensure castings quality. 

基于数据驱动监控质量波动，问题能够及时发现和解决，应用本系统是保证铸件质量的有效方法。

Carbon element content of casting material within control range in Fb in 2022. 

2022年Fb铸件成分（C元素）在控制范围之内



23

5. Conclusion总结

 Through investigating digitalization requirements in foundries, establishing expert database，designing system 

structure and programing data digitalization function code，the Digital Casting Expert System has been developed.

通过调研铸造企业数字化需求，建设专家数据库，设计系统结构和功能编码，开发了数字化铸造专家系统。

 With multiple function modules and versions, the system has been well used for furnace charges visual management, 

casting process optimization design, casting defect statistical analysis, mold life cycle data management, casting 

thermal analysis and production progress visualization in several foundries.

通过模块化和多版本的应用，系统在多个铸造企业的炉料可视化管理、铸造工艺优化设计、铸造缺陷统计分析、 模具生命周
期数据管理、铸件热分析和铸造过程可视化等方面应用良好。

 By adopting the system or the function modules, the scrap rate is less than 2% , convenient process design algorithm 

extracted from experience cases ,more than 2000 molds life cycle data well managed in Fa, and the elements content 

within control ranges resulting stable casting quality in Fb , and thermal analysis used to develop new castings in Fc.

通过应用本系统不同功能模块，Fa废品率控制在2%以下，从经验案例终提炼了简便的工艺设计算法，2000多个工装模具得到
良好管理;Fb 元素含量控制在范围之内，促进了铸件质量的稳定；Fc应用热分析进行了新品的开发。

 For different foundries, an appropriate digital casting expert system can aid to acquire production data timely, 

manage expert knowledge efficiently, extract insights and key information, realize expert analysis, and better 

decision-making.
对于不同的铸造企业，一个合适的数字化专家系统，有助于数据在线采集、专家知识高效管理、提炼关键信息、实现专家分析
和更好的决策。
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