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Conceptualization and Industrial Application of Digital Casting Based on
Sand 3D Printing: Transferring Foundry Operations from
Physical to Digital Space
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Abstract

This study establishes the concept of sand 3D-printing-based digital casting, in which manual field work is transferred to digital-
space work. Digital casting changes the process structure by transforming physical tasks dependent on operator skill into operations
based on design, simulation, and manufacturing data in digital space. The application of sand 3D printing increased the number of
digital or digitally linked process items from 2 of 18 steps (11%) to 10 of 18 steps (56%), indicating that the work focus can shift
from manual field work to the design stage. In a case study involving an engine block, the development lead time was reduced by
more than 65% compared to the conventional process, and manual field work time was reduced by approximately 50%. These
results suggest that digital casting is a practical process transformation technology for responding to labor shortages in the foundry
industry by reducing the total amount of manual field work.

Key words; Digital casting, Sand 3D printing, Process transformation, Core integration and Labor shortage.
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PHYSICAL SPACE DIGITAL SPACE

* Pattern fabrication + 3D modeling
Transfer of
skilled field
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* Vent-hole drilling « Printing data generation

« Hand finishing « Data traceability

Fig. 1. Conceptual definition of digital casting as the transfer of
skilled field operations from physical space to digital space.
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Table 1. Classification of As-Is conventional casting process.
No. Process step Main operation Work space Main characteristics
1 Drawing review Product drawings, specifications and Digital Design-data-based review
requirements are reviewed
2 | Casting method design and | Gating, riser, solidification and defect risk are | Digital CAD/CAE can be applied
simulation reviewed
3 Core box fabrication Core boxes are fabricated to make cores Physical Fabrication time and tooling cost are
required
4 Core making Cores are made to form internal geometry Physical |Workload increases with the number of cores
5 | Vent hole drilling for cores Vent holes are drilled in cores Physical Hole location and size may depend on
operator experience
[§ Core assembly Cores are positioned and assembled Physical | High-skill work with risk of positional error
7 Core coating and drying Cores are coated and dried Physical Quality variation may occur
8 | Mold pattern fabrication | Mold patterns are fabricated to form the mold | Physical Fabrication time and tooling cost are
cavity required
9 Mold making Sand molds are formed using mold patterns | Physical | Equipment- and operator-dependent process
10 | Vent hole drilling for molds Vent holes are drilled in molds Physical Hole location and size may depend on
operator experience
11 | Mold coating and drying Molds are coated and dried Physical Quality variation may occur
12 Mold assembly, main Core and mold assemblies are combined, main | Physical High-skill work affecting dimensional
venting and mold closing | venting is performed and the mold is closed accuracy and defect risk
13 Melting Metal is melted and composition is controlled | Physical High-temperature operation and safety
control are required
14 Pouring Molten metal is transferred and poured Physical | Affected by process conditions and operator
skill
15 Cooling and shakeout Casting is solidified and removed from the Physical Affected by product size and process
mold conditions
16 Sand removal and gate Sand, gates and risers are removed Physical Pre-fettling operation
removal
17 Fettling Parting-line flash, fins and remaining Physical | Labor-intensive and undesirable operation
projections are removed
18 Quality inspection Appearance, dimensional accuracy and defects | Physical May depend on visual inspection and
are inspected operator judgment
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Table 2. Transformation of As-Is process steps into To-Be digital casting process.

No. Process step(As-Is) Process step(To-Be) Work space in To-Be Change status
1 Drawing review Drawing review Digital Maintained
2 |Casting method design and simulation|  Casting method design and simulation Digital Maintained
3 Core box fabrication Core structure design from 3D data Digital Process elimination
4 Core making Core printing from digital data Digital Automated fabrication
5 Vent hole drilling for cores Core venting path modeling Digital Digitalization
6 Core assembly Integrated or minimized core assembly Digital Process integration and
design reduction
7 Core coating and drying Coating and drying of printed cores, Physical Maintained or reduced
if required
8 Mold pattern fabrication Mold structure design from 3D data Digital Process elimination
9 Mold making Mold printing from digital data Digital Automated fabrication
10 Vent hole drilling for molds Mold venting path modeling Digital Digitalization
11 Mold coating and drying Coating and drying of printed molds, Physical Maintained or reduced
if required
12 Mold assembly, main venting and | Reduced mold assembly and mold closing Physical Process reduction
mold closing
13 Melting Melting Physical Maintained
14 Pouring Pouring Physical Maintained
15 Cooling and shakeout Cooling and shakeout Physical Maintained
16 Sand removal and gate removal Sand removal and gate removal Physical Maintained
17 Fettling Reduced fettling after design-stage Physical Process reduction
optimization
18 Quality inspection Quality inspection linked with digital model | Physical+Digital Data integration
and process data

DIGITAL SPACE WORK PHYSICAL SPACE WORK

A. DIGITAL DESIGN & SAND 3D PRINTING
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Fig. 3. To-Be process structure of sand 3D printing-based digital casting with transferred digital-space work.
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Fig. 4. Four process transformation mechanisms enabled by sand 3D printing-based digital casting.
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(a) Target product

(b) As-Is casting quality

(c) To-Be casting quality

Complex-shaped engine block

Flash / fins and parting-line marks

Reduced flash / fins and smoother surfaces
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Table 3. Process transformation and quantitative results in the complex engine block case.

Process item | Conventional process | Digital casting process

Main effect Quantitative result Data characteristics

Pattern Physical patterns are | Molds and cores are
fabrication | fabricated before mold | designed and printed
making from 3D data

Elimination of pattern
fabrication and lead-
time reduction

Omitted in this case Case-based process

records

Core making /
Core integration

Multiple cores are
individually made

Integrated cores or
minimized assembly
units are designed

Reduction in core 17 — 6 cores (Case-based man-hour
number and assembly (approximately 65% comparison
burden reduction)

Vent hole
machining

Vent holes are drilled Venting paths are
after core or mold modeled at the design
making stage

Reduction in field
drilling work and
improved repeatability

Field drilling work was
replaced by design-stage
venting path modeling

Case-based process
records

Core assembly | Cores are manually | Assembly is reduced

Reduction in mold

57% reduction in mold | Measured data from

remaining projections | factors are reduced by
are removed after design optimization
casting

and mold closing| positioned, assembled | through integrated closing time and closing time internal application
and closed design and printing positional error
Fettling Flash, fins and Flash and fin generation| Reduction in fettling Approximately 40% Measured and case-

time and workload

reduction in fettling time | based work records

Development | Pattern modification or| Design changes are

Improved response to |[More than 65% reduction in|Case-based schedule

response refabrication is required|  reflected by data design changes development lead time comparison
modification and
reprinting
Manual field Multiple physical Some operations are Reduction in total Approximately 50% Case-based process
work operations are transferred to digital manual workload reduction in manual field analysis
performed in sequence |design and printing data work time
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