S HUISS|X| X 40 H X 3= pp. 217-222

March 2023 /217

< | ron

Korean Soc. Precis. Eng., Vol. 40, No. 3, pp. 217-222

'i) Check for updates

55 - 47 U xH=e)
EHAISES HE7|&
DED

KEYWORDS: Additive manufacturing (H=H|=), 3D printing (3D

http://doi.org/10.7736/JKSPE.023.004
ISSN 1225-9071 (Print) / 2287-8769 (Online)

LA S8
2 0|25t DEDHIAl MEX|X

Additive Manufacturing Using Auto-Surface Tracking Technology

SHEHS™, SIMIZ', 01&?, Malw', /%23

Taeho Ha'#, Segon Heo', Changwoo Lee?, Min-Kyo Jung', and

3ORIARYE) 7|2

Al ey

ATtA HIC|MEH7

Jang-Wook Choi®

1 827 | A 712 3DZZIEIEH |14 (Department of 3D Printing, Korea Institute of Machinery & Materials)
2 SH27 | AT ATHARRH| X2 (Advanced Manufacturing Systems Research Division, Korea Institute of Machinery & Materials)

H=+E! (Advanced Body Development Team, Ajin Industrial Co., Ltd.)

# Corresponding Author / E-mail: taechoha@kimm.re.kr, TEL: +82-42-868-7946
ORCID: 0000-0001-9957-3826

pwi=l|
=

Stand-off distance (AEHE @I 7{2|), Melt pool (2&E), DED

El), Auto-surface tracking (&

HASFS),

Directed energy deposition (DED) additive manufacturing technology enhances the functionality of existing or damaged
parts by adding metallic materials to the surfaces. Blown-powder DED technology utilizes a focused, high-energy source to
fuse the part's surface with the supplied metal powder. Maintaining a constant stand-off distance (SOD), the distance
between the deposition head and the workpiece, is a key factor in ensuring deposition quality, as variations in SOD will
change the powder focus position and the laser spot size on the surface. Therefore, traditional additive manufacturing
systems require CAD or pre-scanned surface data. In this study, we proposed auto-surface tracking technology. No
workpiece CAD data or pre-scanned surface data are required, and in-situ measurement and feedback control can
automatically consider the deposition height differences that cause a change in SOD when depositing the next layer. The
accuracy of the SOD measurements and feedback control error was verified using a step height sample. The mean SOD
measurement error was 4.7 um with a standard deviation of 42 um (reference SOD, 14 mm). The feasibility of the auto-
surface tracking technology was confirmed through the additive manufacturing processes of the gear and an actual
blanking mold applied in the defense and industrial fields.
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Fig. 1 Thickness variation during thin wall deposition
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Fig. 2 DED additive manufacturing system

Table 1 Process parameters

Parameter Value
Laser power [W] 250
Scan speed [m/s] 10

Hatch distance [mm] 0.5

A WA a2 A4 F3HAF PSDE /& o] glom, M9
SHFYS ARBSHA il ZRA = S AX|E o
PSDE A3t Z2AAY #lo]A] W &| fIAHStE FAZHS o]
goto] ol2 HE3th PSD W Q= 319 flAof vl
o= SR WASHA e AR HmRE A& (et
SHA| ALFeE 4= Itk ND (Neutral Density) ¥ 2 437 =
A, #olA 2kl HE (1070 £5nm)E ARESH] 23] I
S AABH O, 2.5 x 34 mm’e] GG L ZIAA Ho]%
1070 nm)o| A =2 FEE 7HAIL Q= 1A PSD
(S1352, Hamamatsu Photonics)E& ZA2Fslitt. PSD EFQ]<]
SOD ZHBES Hs o] Wa gl] Wi 1 kHz 4%
of W Zxo] FPssic).

s HSZ fIsto] Table 13} 22 FHx7 0= FHAIH
oA EHAEFE A5 ST Fig 3 St
14mm% o FH] AR 30 x 10 mm® FHE 25319
= "o HEw ANE HolErh HiE SODY| ofF k-
14.03 mmE §A5t9on EZHAE 0.1 mm $£F0=2 IS
3 BARE HEo] 15T st
Fig. 4= vjzin|= ez Gxp7t FA45 o] HAbss
253 Adatoln, 19} o] 1 dlolEglo] Tt
ARGt ® UGS WP A Fo] 7S EjIskiTh

=

5

ofX



March 2023 /219

Stand-Off Setting: 14 mm Calculated Stand-off
Average : 14.03229

Std : 0.10109 mm
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Fig. 3 Auto-surface tracking deposition results of flat surface using
PSD type SOD measurement module
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Fig. 4 Auto-surface tracking deposition results of step surfaces
using PSD type SOD measurement module
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Fig. 5 Thermal imaging camera type SOD measurement module
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Fig. 6 Deposited samples (a) without and (b) with auto-surface
tracking deposition function
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Fig. 7 Step movement (300 um) of z-axis stage and corresponding
SOD measurement results

PSDE thAlste] 2eje] Asky shlletE Z2AA S F4
o A9 qHOR AHsto] ZYAAA S Folx, ojulx] =
2A4E Fdtol §8E F4Y £2 U olo W2 SODE A
Akste, Ak 7| EHPI0SM, Optris)= SE=74 ¥l 900-
2,000°C, |t} =Y AE 1 kHzE 7[R 3L Qlo] I&=Ho] 75
Siof SOD S BE AR AU $8F mSULL
2% gtk EUAEFE 249 e
ol A, WA ROL IS Folel Aofel(Spatens] ot

ol = QRS Folu, A el WAL oy Jeomy
H $8E S3S FaU deow 249 FaE =g

oM Fa S ol E}Q Ao 2 ol FEl 86
4= Zot SODE] Wolds =asH "ok =AM dl=e
SOD 14 mm¥ 73-¢- %29 145Ea—— 7S A 9 AR
H%loH, SOD SAHLEL o|& 7|F0 2 7= W3O +6 mm
o] Eo|HekE 800 Hz +Eo2 57 7hsdhes AAIH /.
Fig. 6& 7HH1—5}- 41:1:]7\].5_,_@_ 24.&7])\ X—LQ_ x-](a)],]. b‘(b)_‘]
A2 A0S Jehdch, ZUAERE 452 HEIALS 49 7
S Aolg Fotel B3 A3%0] 3 mm°ﬂ g9 it

3= 3.2 mmo] 1t

2H|o]x|ete] Atfols AT H|n B
3Ht 7hlEt Bty SOD SAHRES Aedse THskith
Fig. 7 dlo]#] 1] 300 W, ok 355
T ZRA sl=t AR e 75 2H0]A1E 300 pm 2
HoR AHOR A% Al 2748 SOD ZAzhE vhehiich. 4
A SOD 14 mm 9JX|o] 9] Bt 92} 4.7 um, FZAZF 42 um
7} SRIEIRLC0, 300 um DAASHE WSS P TS
shelgk 4= AUk

Figs. 8(a)2} 8(by= ZHz} HHAE= § Az 7)ol 084
AZLS 93t 0.5, 1.5, 3 mme] ©FE LAE A|Ho] txfol w



220/ March 2023

(a) Step height sample design for auto-surface
tracking deposition verification

(b) Auto-surface tracking deposition test
results using step height sample

Fig. 8 Step height sample design (a) and auto-surface tracking
deposition test results (b)
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Fig. 9 Real-time SOD feedback control results for the step height
sample using auto-surface tracking deposition function
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Fig. 10 Step height sample profile and corresponding feedback-
controlled z-axis movement with auto-surface tracking
deposition
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