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Abstract

A 3D printed metal part and thermal plastic polymer part were joined by direct laser irradiation. The 3D
metal part was fabricated by using DED(Direct Energy Deposition) with STS316 material. The experiment
was carried out through no patterned metal surface, 3D metal printed surface and micro laser patterned
surface. The most secure joining quality was obtained at the laser micro patterned surface specimen and the
counterparts of polymers were PLA and PE based thermo plastics. The applied laser power was 350Watt and
the distance of patterns was maintained at 150um. The laser line width was optimized at 450um and the laser
micro pattern depth was 180um for the best joining quality. Based on the result analysis, the possibility of
laser material joining for metal to polymer was proposed and multi-material joining will be possible in 3D
laser direct material fabrication.

Key Words : Laser, Pattering, Design, DED(Direct Energy Deposition)

o] Aoz vte v A2 Adte] H= o] df

1. M 2 oot o] A8sle] ddEe] Hu o S 8

Tohe Akl Eol &89 A5 ol AAdE e 3

3D ZHE7} gy Ego] ol meh Aol = XAQl okdo] & Wt ol A8sEe A
Top down 24 Bottom UpH2leZ dalxog & 247t H3 P,

Al €a, 3D CAD AA ©]%F w7t Z2EE} olgfgt A FES fIsiA FE&Ael gk A

9% P AAES AR F A B WA E FES
o 97142 &S ol Hgith ole@ Anw o Azl A

@ avlde] 872 WG S ) B W ope
TEE AggAe] SIS S$EHOE YAY 9 :
Aol ol i AR L DA

A
| i
1% 3D TuYel FHAE Tk, oW A 2 $8ATE AA e v
= =
lr:l_

[}

Aol ofgf & ¥tk o} DED(Direct Energy Deposition)&
Yzt 3D Zde #e] AR lEix 247 H5E4 1ot 22 ARE $FshaA oA

=)
=

Journal of Welding and Joining, Vol.34 No.4(2016) pp23-27
http://dx.doi.org/10.5781/JWJ.2016.34.4.23



24

A73d - A - s - Al

AE zAVE] BAG &8 ASeE Wolt), Zhzte]
WAl mE Aol JAITE, DED3
= PBF Friur o] Soatal drEA el &

g
25 3D zamel Agel F4a Ha En &

8D ZAE} 845 WA, BaAlel oig )

I A A £ e A ol

AF WS AR EAFA

2 9499 AEH 3D Eol &

#9 A7AAE o B

=1d=5!

2. At Mz ' e i

0ot

B Aoa ARgE 34 3DZHE e FE Yy
& do|Z Y rEgoR AMEE a9l STS316L ©]
o, bkt ZEHARE ANAEE ARESldA] AR
A=y

Fig. 1& £ A3 A& Jév‘i‘—%ﬂ g Hol
F1 1o, TLSARS] 316L 4 iy
o e FHolm, QJEE 70~156 me] LEZ 7}
A e AeR FotEIt. DEDE a8 ¢

EEY} gdstddof . £§ F 58 /589
tjEo] 2ksl 2 oo =RE g8hA ko] Aok gt

o83t & WHAT e FEELS ARESl DED
T (FAzA: dolAEE T00W, BT5F% 4g/min,
B37b §8%F AL/min) &2 S45C 5% AlAY9 Fig.
2(a)¢F 2ol Imm =07 A=y orn AlHS At

d(0.5): 104245  um d(0.9): 155934  um

Parlicle Size Distribution

Volume (%)
=

.01 0.1 1 10 100 1000 3000
Particle Size (um)

Fig. 1 SEM morphology and size distribution of metal
powder

322

ap7lell Adtel== o] 50mm, % 15mm, 7 3mm® 7
Erdss

ok

T3, Ao AR EEn] AAle G AAE
A Fig. 2 (b),(c) dAl€ Hie} o] WEA 2 Wi+4
o] FiL 7kgo] #& AR vggt AlFrel 2ol
He PE(EgEd) 249k FDM W4 3DZHE

AR AREEH S AR ARl ¥l= PLAZLA
£ AREeth PES] 53 gk 120TC <7, PLA
29 FEde 150~160T 24E AMSslY. &
g oA E=3 FELA T 2ol 50mm, F
15mm, 7 3mm= 7+-stSitt.
o] AT Aol AMeE= HIEE Fig. 3(a) 3 2ol
Aﬂ] 2 500W, ¥ 915nm, 2o Alel=7} 200um <!
REo toloE HolAE o] &ttt Al 7ISt
g —’F UEE Fig. 3(b) 9 22 71941 AAE &4
slo] HREE s 7R 950 F o golA ¢
As AT 29 A7]e Fgn] 2l dyA|
7 B4 A4 HEE 3mmE s
T3 &5 A7t 2 o)FARE BAl SRSk
o] oA YA, F&aA] FHd 8HS TN JE=

107

A L

i

(c) PE specimen

Fig. 2 Specimen (a) metal 3D print (STS316L) (b) 3D
printed (PLA) (c) PE(polyethylene)

Journal of Welding and Joining, Vol. 34, No. 4, 2016



—L.
=

A

3D Zdd aAjsr Zefv] ol A gl #g A

25

(a) Diode Laser (LD500)

(b) Welding JIG
Fig. 3 Experiment setup
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Table 1 Experiment results without patterns
Power Joining pressure | Scanning pass Results
200W 0.35Mpa 6 X
300W 0.35Mpa 6 X
350W 0.35Mpa 6 X

Fig. 6 Tensile test results of no-patterning
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Fig. 7 Specimen of 3D printed metal plate with micro
patterns on surface

Table 2 Experiment results with patterns

Material | Power |Joining PressurelScanning Pass| Results
PE 350W 0.3Mpa 6 o
PE 350W 0.3Mpa 7 o
PLA 350W 0.2Mpa 6 X
PLA 350W 0.2Mpa 5 o
PLA 350W 0.2Mpa 5 (0]
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10mm

Fig. 8 Cross section of 3D metal printed parts to polymer
joining
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