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Abstract Currently, almost all product development in the jewelry industry utilizes 3D CAD and 3D printing. In this
situation, 3D CAD modeling and 3D printing ability units in colleges, Tomorrow Learning Card Education, and Course
Evaluation-type jewelry design related education are conducted with developed curriculum based on the standards for
training standards, training hours, training equipment, and practice materials presented by NCS. Accordingly, this study
analyzes 3D CAD modeling and 3D printing training facilities, training hours, training equipment, etc into three categories
of NCS precious metal processing and jewelry design, and studies the development of educational systems such as 3D
CAD/3D printing curriculum and various environments that meet these standards. Education using this 3D CAD/3D printing
education system will enable us to continuously supply professional talent with practical skills not only in the jewelry
industry but also in the entire 3D CAD/3D printing manufacturing industry, which is called as one of the pillars of the 4th
Industry. The quality of employment of trainees receiving education and the long-term retention rate after employed can
also have a positive effect. In addition, excellent educational performance will help improve the recruitment rate of new
students in jewelry jobs or manufacturing-related departments, which are difficult to recruit new students in recent years.
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Fig. 1. 3D CAD modeling 3D printing production process.
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Table 1
Key Features of Rhino 3D
Rhino 3D Key Training Contents Remark
Interface panels/Use command windows/Calculator/File Drag and Drop/Mouse navigation/Choose color/
Object selection/Modeling aids/Exploration/Object display or not/Toolbar/Viewport/view
3D modelin Curve/Polysurface/Surface/Solid//Mesh/SubD/Cage/Delete/Delete/Delete/Curve/Surface
Create Ob'e%t Extraction/Infinite Plane/Combination/Split/Undo/Re-Run/Curve/Mesh/Sub D Surface/Solid
) Deformation/Control Point
3D.modelmg center/end/reference/intersection/knot/middle/near point
Object Snap
Drawin text and dimensions/layout/text and dimensions
g Tin/Arrowhead/Dot/Location/Hatch/Indication Line/2D Drawing/Note/Text/Dimensions
3D modeling rendering/material editing/texture/color scheme/environment editor/lighting/
Rendering rendering image/postprocessing
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Table 2
Comparison of SLA/DLP/LCD 3D printing methods
SLA DLP LCD
(Stereolithography Apparatus) (Digital Light Processing) (Liquid Crytal Display)
. . LCD
light source Laser Projector (LED Array)
1. Put the picker in the resin cold con-
tainer and the Z-axis goes down.
Move.
1. Move the picker down the Z-axis 2. The bottom part of the resin con-
1. Move the picker down the 7- in the resin cold container. tainer is made of film and glass.
o pIck . 2. The bottom plate of the resin con- Transparent light source LCD (LED
axis in the resin cold container. L s
. - tainer is transparent. Light is trans- Array)
Equipment 2. Reflect the laser to the mirror, . . .
. . mitted and molded above The projector light from the module)
operation X, Harden to Y-axis image . . . . .
. 3. Resin hardened in tank container is facing up.
method 3. As the picker goes down by the . .
L . . 4. After shaping, the picker goes up Shot and shaped
Z-axis, it is covered with resin . . . .
R little by little. As you go up, shape 3. Resin hardened in water tank con-
and laser irradiated to form. )
the bottom. tainer
5. Formed upside down on the picker 4. Repeat stacking down as the mold
goes up.
5. Outputs are attached to the mold
upside down.
. . Similar to DLP Depending on the size
. The most sophisticated photo- Depending on the size of the water of the water tank and the light source,
Characteristics . . tank and the light source, The entire . . .
graphic output possible . the entire layer is molded at a time and
layer is shaped and fast .
the speed is fast.
h sion of i . . Precision of delicate output High lateral
the precision of fine printouts Good the precision of fine printouts a resin output speed (Determines output
Strengths pain that doesn't have to be deep Out- . .
surface hardness . amount at once depending on LCD size)
put is better than LCD .
Less expensive than DLP
Photocurable resins are expensive and may produce hazardous chemicals.
Output sculptures need to be cleaned and cured with UV curing machine.
Weakness Film and light source life below resin cylinder is finite.

When one part collapses, the whole thing collapses.
Resin may form on the intaglio or supporter and harden.

Not suitable for large output.
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2.4. 3D CAD$} DLP 3D *
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The title of the course Direction of the map

Remark

3D CAD/ Jewelry design can be modeled as 3D CAD to do drawing work, and a slicing
3D Printing file for output can be produced by attaching Support for DLP 3D printing.
Table 4
NCS training standard
Large category Division Subcategory Classification Utilization of facilities
. . . Jewelry CAD Foundation (50 hours)
%jr.nli)allrrlsncg},a\évsod, 02. crafts gﬁapée“%?;s metals Orl(.)(l:aersescig)us metal Jewelry CAD Circular (50 hours)
g J p & Jewelry CAD Output (50 hours)
Computer Modeling of Jewelry Design
22. printing, wood, 02. precious metals . (50 hours)
furniture, crafts 02. crafts and jewels 0. Jewelry Design Jewelry Design 3D Printing
(50 hours))

Table 5
NCS classroom training criteria

Sortation Standard number The surface Application of the reference Facility utilization classification
of people area personnel to the initialization (Public/Only)

Lecture room 20 45m’ 1.5 m’ per person added Public

Computer room .

(Can be used in 20 45m’ 1.5 m” per person added Public

both classrooms)

Table 6

Training objectives by competency unit
Competency . Criteria
Unit Name Direction of the map training time
Jewelry CAD Foundation Jewelry CAD basics foster the ability to model basic shapes, drawings, jewelry, 50h
(Level 3)) parts, etc. for jewelry CAD work.
Jewelry CAD prototype Jewelry CAD prototype fosters the ability to model products according to design 50h
(Level 3) characteristics.
Jewelry CAD printing Jewelry CAD output fosters the ability to select, print, and review equipment 50h
(Level 3)) according to modeled jewelry data.
Computer Modeling of Jewelry design computer modeling fosters the ability to design and model prod-
Jewelry Design ucts using 2D drawing programs and 3D CAD programs to maximize productiv- 50h
(Level 3)) ity improvement in design development.
Jewelry Design 3D Printing Jewelry design 3D printing fosters the ability to shape data modeled by 3D CAD 50h
(Level 3) into 3D using CNC and 3D printers..
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Table 7
3D CAD/3D printing curriculum
Secondly Training Unit Educational objectives Lecture time
History and types of 3D CAD/3D printing (DLP-centered)
1 3D CAD/ d characteristics analysis and lysis [10 3-6
3D Printing Theory and characteristics analysis and process analysis [10]. ~
3D 3D Printing Using Artificial Intelligence
CAD ’ theory of Understanding wax tree, burial, firing, casting theory, rub- 3.6
Theory precision casting ber mold making.
3 3D Printing Hazard safety education, differences in CNC. Understand- 3.6
Post-processing ing mesh files.
4 rthino 3D CAD Creative design thinking 3.6
Modeling 1 Creative 3D Modeling Parts
5 rhino 3D CAD To create a 2D/3D drawing 3.6
Modeling 2 Practical production of 3D printer operator
6 rhino 3D CAD Creative 3D Modeling a Ring 3.6
Modeling 3 Practical production of 3D printer operator
3D rhino 3D CAD Creative 3D Modeling a Bracelets
lg/IAold)eling 7 Modeling 3 Practical production of 3D printer operator 36
] rhino 3D CAD Modeling Shape 3.6
Modeling 4 Practical production of 3D printer operator
9 rhino 3D CAD Creative 3D Modeling a Necklace 3.6
Modeling 5 Practical production of 3D printer operator
10 rhino 3D CAD To print out a drawing 3.6
Modeling 6 3D rendering
11 3D Ppntmg CNC Processing 3~6
Practicel
12 3D Printing Creating a slicing file 3.6
Practice2 Calibrating the open mesh
3D 3D Printing .
Printing 13 Practice3 DLP(LCD)3D printing 3~6
Process e
3D Printing -
14 Practiced Printing FDM 3D 3~6
- 3D printed output
15 3D Printing Reviewing 3~6

Practice5

Retrieving Outputs




28 Young Hoon Kim and Jeongwon Seok

el Zagk ARl 71z AXS F53H 2E€S 4
3 A3} AZ olm|x] 3D dWHy ML onAE A
2, 293 ZAE ol e JHER XEF3lof
H WEEEe WSWE, WAk f7]1FoE Ao
2 w&3g AAZE B asi.

2.6. 97 t]jA¢l 3D CADe9 DLP 3D Z#® NCS

Table 73 o] & Ao AFEHEA NCS 7|W
S3ANME 3D CAD/3D ZHY o213 AUF%
°]&, 3D CAD 2d&3}7] 3D ZHY(CNC) &3 317]
o2 3 7] 3~63Md VTR WSIEE AAE
AABIHIT. 1-32A )0 E ¢lF A (ADS 83 3D
2y o]2 3D CAD 7]1%, #elZl 3D »dd tjx}
A} JiES At =FL=7HA olalgk Sl 3D =

Y 8 AF5S IEFE o] ARHE S 71z
TH AF Y olE S AL Jon, oejd=
O|BO R 3D ZHY Fof Y FESo] ofFA Fx
HeRAE olalstESE sl Utk 3DEE A FE 7t
SE 0.3 mm ©late] EHES FAdFz g AL
< T 7§71 "l ol AHER o]E3g o

A AGAF)EE shh 2 ovb] = 3D ZaE I
e B4 3D CAD3D ZE ¢ ,
= o] ZAJoA wH3t) 3~7x1A] 3D CAD 2497 3}
AL T 21~4247F2 2 w3t Rhino 3D 5w AHF
Fo W], Bdo), BEX], X Fo FoH Y

baRle 3D RdHsk=s 8 8oz 318t o]
T E¥ EF83l7] A9 103H4] 6~12A17 =74
A 3D ZHH 87154 HA5S A% =9 AL
111 8 &S 72 Ao dAl BTl
AHA7IAL, AFE7RARIZIAL, 8 B A 27
A FHE A wt=A] P23 3D CAD A5 sdo|t. 3}
71 Rhino 3Dl 7] 3D dltiHole A& 74k 59

Ventilation ]

Washing machine -

Ay Z2ae] Fyadle] Bol AMgEHANoY HE
Rhino 3D 6.0%EH+= AAFOZE AR|E2(Cycls)Ehs
AAZE deje] Z2ao] gajwo] Ay FHo| Bol
AT 12]. 2 Qo= By W, Zh wlwe} ofo]
ZEo| it olslie} GAH R AR FAe HAFS I
ARZE glo] 7+ IAE FYsH=s Yt 11~1521A]
He 153000702 dRgox 7Y ol AR
A719] 2Ee| 2 IS AL A
2R d3sA4 3D ZHUE 8 75
W5IgS AASIE. 3D =
A STL o= M=
Zdd THS F= F AR A
I 2 AE7EA] AEskE FEE CAD AR
Fot=s sk wg7bsst 733 Wgoltt.
3D CAD3D Zdd w3y A8 Al fejdome
5 olal7F Y H3ER] w50l obd £ AEo| A
F URRl o] & F JrE sk TF AF 7Y
Hjokol] B E Folof T} Z Al ARJelM 7K &
So7F =2 3D ZHHE &8t Ho AAE A
T AFS AN F e oF VIeA A
< 719= FIUES ERE wS dof st
CTAAE RS the AV R AEEkTh
AR, 712X)7] 48 AZEY o] Eul(Toolbar) 7%
50 WSHTR= Aol AEskE e tARklE
3D BdEgstal 3D ZHE &Y A FAHSE WSSt

of AR FHL wjFt,

1)

i)

BT
s

g 2

XN [

0!
¢

rr

o 4
ox 2

O,

to ¢
o

ro

>~
-
!
[

lo b1 o

i
e Jg%
A gy Mg

lo

R

ot
o
w2
=
c

%)

]

>

i N ok
o% H
4
R 3

)

A, 123 e B wsAo] dhHolgle o &
A ARL & e 4 TA A7 FH0l HEF 79
sto] A =3k

AA), A8k dEog A AAlNA Tujsls =g

AFDANE 58 A2 wEH.

YA, 1S REAN] 3D ZaE <k
F5eslop Bk, olo] whe A% 3D Zalg A
2 IS W, W 5 Ad S wEa

[e)

=

4

W o o

ﬁ

]

(
==
=

hul T

3
a7

Window

Window Window

\Teaching

computer

Fig. 4. 3D CAD training lab floor plan.



A study of 3D CAD and DLP 3D printing educational course 29

Table 8
Computer basics for 3D CAD training
Sortation Specification Remark
Operating System 32-bit/64-bit windows Rhino 3D 7.0 version supports 64-bit
Processor Basic: 2.5~2.9 GHz Processor Recommended:
3 GHz or higher processor
Memory Default: 8GB (recommended): 16GB

True Color 1920 x 1080
Display Resolution

High resolution and 4K displays:
Windows 10 supports up to 3840 x 2160

High capacity for complex data tasks
Necessity

resolution with supporting display cards

Basic: 1GB GPU, 29GB/s Recommended:

Motherboard built-in is represented by

g e o
Disk space 10.0GB or Greater
2.7. 742 YAkl 3D CAD % DLP 3D Zd¥ w& o2 3] d39] 3D CAD 7|5 IAE FHsi=d
< 93 A 87 A7 714 % Slek.
S, NCS 58 ©9le] 848 508 F9HEe =
2 w3 Y AES 9% ANk 73 52 Fig. 4% 4ste] 3D CAD 9ol ATz 74 Anfaiyol
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