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Abstract Digital manufacturing (DM) technology helps engineers design products promptly and reliably at low
production cost by simulating a manufacturing process and the material behavior of a product in use, based on
three-dimensional digital modeling. The computing infrastructure for digital manufacturing, however, is usually
expensive and, at present, the number of professional design engineers who can take advantage of this technology
to a product design accurately is insufficient, particularly in small and medium manufacturing companies. Considering
this, the Korea Institute of Science and Technology Information (KISTI) and H University is operating a DM track
in the form of Industry-University-Research Institute collaboration to train high-performance-computing-based DM
professionals. In this paper, a series of courses to train students to work directly into DM practice in industry after
graduation is reported. The operating cases of the DM track for two years since 2013 are presented by focusing on
the progress in establishment, lecture and practice contents, evaluation of students, and course quality improvement.
Overall, the track management, curriculum management, learning achievement of students have been successful. By
expediting more active participation of the students in the track and providing more internship and job offers in the
participating companies in addition to collaborative capstone design projects, the track can be expanded by fostering
a nationwide training network.

Keywords : Digital manufacturing(DM). Digital prototyping(DP). Finite-element method. High performance
computing(HPC). Industry-University-Research Institute collaboration.
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322
) Course Objectives
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each) R
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Table 3. Course objectives of DP2
Course Objectives
(Upon Completion of the course, the student...)
1 Can do a surface-based prototyping.
2 | Can do a bottom-up skeleton and assembly prototyping.
3 Can do a modeling in connection with a simulation tool.
4 Can do a process-based prototyping for the de-
sign-for-manufacturing.
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Table 4. Course objectives of DM1

Course Objectives
(Upon Completion of the course, the student...)

Will get used to the user environment of ANSYS Design
1 Modeler for generation and correction of a geometry in
ANSYS Workbench.

Will acquire procedures and methods of generation and

2 correction of finite-element model using ANSYS Design
Modeler.

3 Will get used to the user environment of ANSYS Workbench
for the mesh generation and correction.
Will get used to the user environment of ANSYS Workbench

4 for geometry import, meshing, prescription of loading and
support condition and postprocessing.

5 Will acquire procedures and methods to do FEA simulations
for linear static, modal, and/or harmonic structural analyses.

6 Will acquire procedures and methods to do FEA simulations

for nonlinear steady-state thermal analyses.
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Table 5. Course objectives of DMI
Course Objectives
(Upon Completion of the course, the student...)
Will understand a concept of nonlinear analysis and

1 acquire procedures and methods to perform a nonlinear
analysis with ANSYS Workbench.

Will understand a concept of contact nonlinearity and

2 can apply contact with ANSYS Workbench.

3 Will understand methods on the setup and application
of a contact using ANSYS MAPDL
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Draw up each part of following assembly drawing. After
completing assembly, submit all associated data. When you
draw a part, fill out necessary material properties. The
assembly drawing should be set up in closed and open states.
The whole work should be completed in 120 minutes.

Butterfly Valve |*

Varvs By

Valve Body |

(Other part drawings are not shown here.)

Fig. 2. Partial presentation of the final exam of DP1 in
2013
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Fig. 3. Responses to the questionnaire on achieving

learning outcomes from DP1 lecture in the
year 2013 and 2014
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Draw up follwing part and find the mass of the part when the
material is AISI304. (Write the numbers to two decimal
places.)

Fig. 4. A problem set selected from final evaluations
of DP2 in 2013
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Fig. 5. Responses to the questionnaire on achieving
learning outcomes from DP2 lecture in 2013
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Perform structural analysis for the following pressure vessel and
determine the maximum deformation and the maximum equivalent stress.
(Modeling input file is provided.)

=i 1 MPa

2~
H|

a2

U : 1000 kg/m?
& : 981 m/s?

o

5 MPa —[ ¥

W

51 MPa

Fixed Suppert

Material properties
Static Structural

3-1 Simplify the above 3D model to 2D by using Design Modeler.

3-2. Fill out following values.
Max. total deformation:
Max. equivalent stress:

Fig. 6. A problem set selected from final evaluations

of DM1 in 2013
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Table 6. Survey questions for student performed in

DM1
Course Objectives
(After completing the course, I ...)
Am used to the user environment of ANSYS Design Modeler
Ql for generation and correction of a geometry in ANSYS
Workbench.
Got to know procedures and methods of generation and
Q2 correction of 3D finite-element model using ANSYS Design
Modeler.
0 Got used to the user environment of ANSYS Workbench for
the mesh generation and correction.
Got used to the user environment of ANSYS Workbench for
Q4 geometry import, meshing, prescription of loading and support
condition and postprocessing.
Qs Got used to procedures and methods to do FEA simulations
for linear static case.
Q6 Got used to procedures and methods to do FEA simulations
for modal and harmonic structural analyses.
Q7 Got used to procedures and methods to do FEA simulations
for nonlinear steady-state thermal analyses.
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Fig. 7. Responses to the questionnaire on achieving
learning outcomes from DMI lecture in the
year 2013 and 2014.
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Construct the following model and perform a nonlinear structural
analysis. (Modeling input file is not provided.)

(1) Material property: Modulus of elasticity = 200 GPa, Poisson’s ratio
= 0.3, BISO Plasticity(Yield stress = 200 MPa; Tangent modulus = 5000
MPa)

(2) Boundary conditions: Fixed supports

(3) Load Condition: 2-step loading condition (LS1: Force [-500 N], LS2:

Force [0 N]) [Unit: mm]

2000

120,_\
.

+ Loadstep:2
+ LSL:500 [N]
© 152 0[N

*  Material:
+  =E=200Mpa, v=03
+ - BISO Plasticity, YS= 200Mpa, Tang. Modulus = SOE3 MPa

1. Determine following values in the Load Step 1.

Max. Total deformation:

Max. Equivalent Stress:

Max. Equivalent Plastic Strain:

2. Determine following values in the Load Step 2.(permanent deformation
and residual stress)

Max. Total deformation:

Max. Equivalent Stress:

Fig. 8. A problem set selected from final evaluations
of DM2 in 2013
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Table 7. Survey questions for student performed in DM2

Course Objectives
(After completing the course, I ...)
Q1 Got used to the ANSYS user environment to carry out a non-
linear analysis.
(The questions below are within the context of ANSYS
Q2 Workbench) Understand the concept of the nonlinear analysis.
Now [ am familiar with procedures and methods to perform it.
0 Understand the concept of the geometric nonlinearity. I am
now familiar with how to apply it.
Q4 Understand the concept of the contact nonlinearity. I am now
familiar with how to apply it.
Qs Understand the concept of the material nonlinearity. I am
now familiar with how to apply it.
Q6 Understand more detailed method of setup and application of
contact by using a nonlinear diagnosis function.
Q7 Understand the concept of the connection function. I am now
familiar with how to apply it.
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Fig. 9. Responses to the questionnaire on achieving learning
outcomes from DM2 lecture in the year 2013
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* Forming National Education Infrastructure for Advanced Design with
Digital Manufacturing

* Ensuring constant supply of professional design manpower to the SME
with the collaboration of local universities under the supervision of
KISTI

Fig. 10. HPC-based digital manufacturing manpower
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