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1. Introduction3|& . W

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.

PXFELET AT R, KAREE. 2ERE. THLSEER, TENATHAUFELTX
ARG, LI THRNMBEFEBRAER., BIWELRE. Gt ARIA . 5 BRI ERE R

.:3ill(CHll i




2. Problems and Requirements AnalysisER@RERBHF \{I\J;

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

management., FEENH=FEE SN R EAEEF RS BB A .

Fa: foundry department of a diesel engine manufacturer3&4&y/ & 2 il i& £ b
HIEF A

OCastings: cylinder blocks and cylinder heads of diesel engine%&4: KBl
HLAA L 55

OProduction Capacity: 80,000 metric tons per yearr=gg: 8J7MHi/4E
OProduction Conditions: robot moulding and continuous pouringE ™= 24
DL NER ., EEEpE

OSoftware applications: ERP,SPC, numerical simulation software, etc. 34N
Fl: ERP,SPC BB FE

OMain Problems: casting expert and technical knowledge were not centrally _ | , ;
managed, so a large number of production data had not been analyzed in Automatic Core Assembly

depth to improve production quality EE A @: Fi&ELFMEARMIRKEEEH EFE RN

FH, RENEFHREARIAREMrURRERE
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2 Problems and Requirements AnalysisiJBEiRERZIF /. W

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

KO EEE, EENEEREGHNE. W WFERENGT TS L

OProduction Capacity: 3000 metric tons per year F=gg: 3000M/4E
OCasting 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 #&H4F s : 20204F, AEF=RE 120 R P14,
L 70N RS, E B M 1.4kgR|7000kg

OSoftware Applications: JSCAST, InteCAST ¥R H: JSCAST, 4%

CAEREIBR A

OMain 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 EEHE: ZME. EREWANERERGE~NE 7 2

FEKFEKB, FLEECEANG T OEREEEMRETE Special castings
RePh o1
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2. Problems and Requirements AnalysisEIEERERDE /. W

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.

FCRFEAFRBERIRERASBNEE, RABEDERLE, F£r=6m&E 4.

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.
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2. Problems and Requirements AnalysisEIEERERDE /. W

Requirements: digitalization methods and implements

TR BAUTERTE

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.
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3. System Design and Structure R#igit 54543 . W

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.
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3. System Design and Structure Z#igit 54544 ) W

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.
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4. Function and Use CasesIiiE R (& FHZEf an

—rann

4.1. Furnace Charge Visualization Management $F &} o] #1455 3
Furnace charge quality control, visual inventory management, optimizing ingredients
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4. Function and Use CasesIJge z {si FHZE {5l
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4. Function and Use CasesIiiE R (& FHZEf . W

Use effect: Inventory optimization of large quantities of precious materials, ensure enough and high-
guality furnace charge for the production, reduce the capital occupation as much as possible.

EHBR: KRBRERMEEFU, RETAEFIREFHEESRE, RRERERERESESH.

Integrated Management of Weighing and Composition Adjustment Parameters
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4. Function and Use CasesIiiE R (& FHZEf an
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4.2. Casting Process Optimization Design#%i& T Z 4L it
Parameters of Castings and Production Process#& 4 R HAEF= T 2S5
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4. Function and Use CasesIiige Rz {s FAZ=l

Digitalization of Process Parameters, Gating, Riser, Chills, etc. Information
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4. Function and Use CasesIiiE R (& FHZEf an
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Management of expert process knowledge, numerical simulation results, and process production cases
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4. Function and Use CasesIiiE R (& FHZEf KD

Based on process cases, refine design algorithms, establish design models, and realize rapid design
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4. Function and Use CasesIigE R (& FHZE . W
I 4.3. Mold Life Cycle Management 1 B 4 4y & B 18

Digitalization of mold life cycle information, including basic information, working status, inventory
location, use records, inspection record, maintenance records and scrap records etc.

ig}?ﬁﬂﬁﬁ)ﬁ%ﬁ%ﬁﬁ?‘% BREELER. TERES. EFAE. FHER. RRIER. £BIEFNMEL

RHRE  HeEla  Hsls  TEEE AP0
YR x | =gt x | TEEEEE x

Ta SHAA © B © i o #HEEX X Bk S REEE D EAER [ Br B anExe 5 B8R

=S - ERst EREEE ] BEES BS BESHR U ESRRSE 2 (B) sHam BRER ERME
55— P - . <
5 R
3 5 FHlE
184 55— F—Hl
#— o )
#— FHE
5 b )
5 L )
89 5 HF—HlE
5 R
o s
2 5 F—H
5 o )
9 5 HFHE
5 F—Hln
o F—HlE
5 T
55— e )
99 5 FHlE
200 #F— FalE
5 F—HE
202 5 F—H
5 o )
0: 55— F—HlE
o T
o s
20 F— FEE
55— s
s F—HlE
#— F—H
5 FHE
212 5 FHl
5 FHlE




4. Function and Use CasesIigE R (& FHZE ) W

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.
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4. Function and Use CasesIiiE R (& FHZEf . W

4.4, Casting Thermal Anélysis%ﬁ:ﬁ?ﬁ’ﬁ

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.
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4. Function and Use CasesIigE R (& FHZE KD

4.5. Casting Defects Statistical Analysis#i& g Gt it 0t
Uniquely name and code casting defects, digitalize casting defects knowledge , statistical
analyze defective castings, form valuable experience cases.
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4 Function and Use CasesIlfE R {E =M . W

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%.
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4. Function and Use CasesII&ER: (S FZEH) . W

4.6. Production Progress Visualization 4 7= & ] 14k

Digitalize the castings production quality system records, statistical analysis key parameters such
as pouring time, furnace temperature, chemical composition, etc. ,visualize production progress
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4. Function and Use CasesIJge z {si FH =5l

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.
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Carbon element content of casting material within control range in Fb in 2022.
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5. ConclusionZ4: ) W

O 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.

B REEEVBFHTER, BRTHXEEE, BUERAEHRNTIREN, TR THAUFETHRL.

O 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.

BRI ZIRARKINA, RAES M HFEEVRFRITAALER.,. FE T2 FEGRBATIIT. BERAEWH
HEHEE. AT NFEESETALETENA R

O 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.
EENHAAERGEF R, FaRMPBIEHIE2%UT, NEKRRFILRE T RERN TZ&iTHEYE, 2000240 TEREREFE
RIFEH Fo TR S EBEHECEZA, R 7HFERENTE: FCEARSITIT THRPTK.

O 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.
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