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« SEM (Scanning Electron Microscopy) &4 Z@3}

FR = 3 g/min FR = 4 g/min FR =5 g/min

L) 5 S LA ',l,Euiaxed-c'ell :
’Columnarcgﬁl S ONAS ST O Bt S . \ Equiaxed cell
s ’ i B _V* <7 Columnar cell

~Cohininar cell = =~

BD (Build Direction)

TD (Traverse Direction)

20pm |

avg =

[SEM images of SUS316L deposited specimens by DED at 3, 4, and 5 g/mininBD (a, ¢, e) and TD (b, d, f) ]



5. 2&AR| 1: 3D T&IE

(2) 2xictet S80I

H|HA

_tT':_I-l ELIE-'EI AIAE‘IIC’ OI "'|- DED

= (Vickers Hardness) A|8 Za}

Vickers Hardness (HV)

250

N

N

9]
]

L\\BD
D

200

3g/min 4g/min Sg/min
Feed Rate, FR (g/min)

[Results of Vickers Hardness Test
Based on Powder Feed Rate]

A

V4 \\ B BD
Z 10- O
~ [} —— Curve Fitting of BD
% \ — = Curve Fitting of TD
<?] 2]
S 08
=]
g 1.06 - 1.00

y =1.06 - 1.00x
E 6 R*=0.9523
L
=
g
>
=
3 021
= y=l.l4—l.OOX,, N
g R?=038173 N
= 0.0 a
=
Z 1 I I
0.0 0.5 1.0

Normalized Feed Rate, FR

[Results of Normalized Hardness Variation
According to Normalized Powder Feed Rate]



FPHE AR

H| AAZ Zgf 7 M---Al 7|8 2% 3D

(0)a
om

2024.12.30 11:45

7t 222 Hels QIAH|ofol ZHdsH= ASXIS(Al) 7|8 54 3XHH(3D)
.

m2ig Hoj7|=0| W

& FHIE LASHR] §i1E 452 =Y 4 U0
H FH[LE T 27171 2ES HZE 7[YoM RESH 8E A2 J[CHEDY.

7|Z 3D m2lE = SotA X|4{0] Bo| R0t YRSl Y, X|A0] MIZ

SE0| 2 IS D[EC) LSS 2gdie S8 X9 3 s He=d
B2 AlZHo] 2RFICH 20[X &5, HE £ S S BVt HESHX| eH

220 #€, 7|8 S 20| Lttt

AITEIS 7Y Z4 3D m2UT TH|of FIt2 A 4 AU O =2(Add-on)
DE'S JHUACE. Creret MAfet et 23, T Hof7|s S Bl REo|Tt,
DES D £ ZB0| LGIE! Al AT2|ES Sof 0|y MBS UX[SkT

)l
1A%
>
ujn
2
=4
ne
o
mjo
rH
nt
rot
_lTl_
(@]

T LAAE S HeS MOfoHM XX F

zUS He=L.

NEE 252 EiXie 3D Z2lE MH|= REXE 28Y £ A0 X|s2tE HE
UL HEIPE RS ME7|Y0IM 780 A == ATt FARRE HE SO

TEOZ MW £ YTt 7 MATH|S THGH| YD Al 7|90 HofE]
+7-7%, 28 3 0|5 Ho{7t H5E Ao J|rhelrt



5. Z2Al| 1: 3D Z2IEl 33 X|s3$}

FHIO]E] A1AIZH IS 71 A

3DIZIE WX

=y =0 E (N 0| E2(Add-on) 2= 7[HH ¢

oA




5. 7H2E AR

3D 2 SEXISEIIHE AR

.n.

|

O

Nz 2H HHS 500

S |:1|0|E-|(IR Image Data) ¥I5

1

DI

2| El

[ —

AHst Mode 4=

Deep Learning €112|Z 7t

B e AN

=
C=]

A SE ZLEE S/W E

5 3u2 ANZOE B

-l-
O
—

Ef2

2 hidden layer 3

ZH[E dIolE E EEol
S U 2 2 IES AL S



3D &=

ZHEE AR 1

o

dF
=

3 Mo 7|=

ey ety o St T PPt

%

508 T T L C L T BTN

g e e a5
R L o P g EE D 2 B0 A G A vttty
§ TR Nz L i e
3 (ol Carr 5oy 22 RS,
n%%ﬂ L. =5
erd, TSR et
Y ug\ e Do, Ak
e
& LA T S B Tt
N A S s Tk
SR SBRAE Y s FsIE ok F ST TS
ety

.

X




1SS CIXE E]IZHE AR
SRdivlsa &




Customer data Process data Operation data MRO records
demand data Planning data Behavior data Historical fault data

Improvement Plan optimizing Prediction Fault diagnosis
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» 7k CIRIE E2l 2Wo| AR DAL 7|4 JHL - CNC BH| 28 713 &8 Set-up

RPM Feed F;erﬁll( Thickness
T [min-1] [mm/min] [ [mm]
R ND/LFVAD 2700 200 10 10
&
3
3 L &=
\ R 513 - RS RS RS e 3
703 A Is
P e :
/, \\ 30"“ I lg
R ’ Iy
[Ti-6Al-4V Mechanical properties] [Drill Technical details]
Length (mm) 103*103*30 Diameter (mm) 6
Tensile Strength, Yield (MPa) 1100 Coolant supply Internal coolant
supply
. o 1
Elongation at Break (%) o Coating TIALN-T63
Modulus of Elasticity (GPa) na Tool- sense of rotation Right hand
Shear Strength (MPa) 760 Point angle (°) 140
Melting Point (°C) 1604-1660 Cutting material Carbide
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» 713 CX|E E2l 2o AR LA J|g Y - EX 8 715 &€ Set-up

Ll

Kg3(Elbow)

Ko, (Shoulder) Koa(Wrist 1)

Kgs(Wrist 2)

Kpe (Wrist 3)

Kg,(Base)

[Revolute joint of the robot]

+ CNC7I3 it| %2 Z4 > =8 2oy, Z1E(Oscillation) 24 7k T
Stiffness, Damping Z% 2l 2% 2} % ¢Ixt &S 24l Modal test +3 _ Tl Bt i

« HIAE Z3} 7|8t Body - Joint 92 SIMSCAPE 6| 22 M \ EINTE N

« Simulink 2™ 252 & 2t 2|X|0llM ME 2M 3t Foj ST HWIL & |

- 71E U HIOJEIS £7] 24 ZAOE M S 2|M3} (Dumas et al.) e

[Robot(KUKA KR 300R2700-2) drilling process schematic]



JHEAR] 2: 71233 CIX|© E

o C|X|= 7[A|S} RE 7 — E2! Prefab 14t

Tool Rotation

Twist Drill

Workpiece

Feed Direction

@

r
[\
NN

I
2

| N N

| N BN BN
|

SN

i 5 5 i I'I!‘I’!

=

|
%) )
J===tt

[Schematic and Actual View of Drill Tool in Machining Process]

[Comparison of Drill Prefab Shapes]
(a) Cylinder, (b) Cylinder + Sphere (c) Cylinder + Cone
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Time (s) Time (s)
[CNC Machining Experiment Scene] [Cutting Force Measured on the CNC Machine] [Cutting Force Predicted by the Physics Based Model]
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Robot & Workpiece Drilling Process

1.231099

[Digital Twin Model Ul Visualization]
(a) Robot & workpiece, (b) Drilling Process, (c) Dynamic characteristics,
(d) parameter setting, (e) Volume of material removed
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