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Abstract—In this study, the productivity and environmental effects of laser aided direct metal deposition
(LADMD) process which is one of promising rapid manufacturing technology is evaluated. The production time
predicted using PowerMill shows that the productivity of LADMD is superior to that of conventional milling
process. Though LADMD is known as an environment-friendly technology, it has a disadvantage to utilize much
energy to generate laser beam. Considering both productivity and environmental effects, LADMD is expected to
be widely used in remanufacturing industry.

Key words : Rapid manufacturing, Laser-aided direct metal deposition, Milling process, Environmental effect,
Productivity, Remanufacturing

LA = TEE ARt AR YT I ¢

w5 A g ow o ARt O AXE 5 Qe

FEol} Zalaelo] AL 288 o] 83t F2, A}, o 2y 239 AR w2 A AU v
whx, AR (Stamping) 5 ol e Al FHE EFeka gl TE7] wigel] T2 Aarg el gato] o] FojA|n

* E-mail :

yschang@suwon.ac.kr

228

o

o

o Hom o
N
AN

RPN o o
2 fo 30 X

—

ofo



HAE7)%o] Aol A|7ko] Wo] Ay]s 2ot} &
Adell digt &= shte) Uxﬂﬂg & ko] o
o

o 1o
[0
S
£
i
)
i,
U
8‘.
o
L
é
o]
o
i
)
2

g = gol &g AAF7 ol
hd HAy o 7?%5}‘% iZH-"J —Hr Hbuild-up)3-7 o]z}
A Aol ol &4 floll= SHEs W] glok weEbd T
o= E7-ata #A7] Aed Fytel] sivk
ol gt 72, AAA AL A W oz el Atd
A FA o] 21443 (Rapid Manufacturing) 7]<o|t}h
A& A ZHRP, Rapid Prototyping)7] <o 7| %3t 2144
7142 SLS, SDM, Droplet %5 oj&] 7}X]7} 9o} 154
by FERD G e AolAE o) 8e AH FE5%Y
(LADMD, Laser Aided Direct Metal Deposition)o]t}{1]
LADMD+= 32+ 9] CAD REl2 HE 55 A% A5 4%
gl= #lol# Zdd@Laser Cladding) 7]<o]t}2]. LENS,
DLF, CMB, %= DMDE =2]% o] 7]& 7|24 0% BF
Fe e R HelA 29 Ves V|EeR st %E‘r
[3-7]. 715211 &pol7F A §li= olesh B 7H4] 352 A
W FERE AL FAlel o] Aol Tk o] Zbzte]
574 EokellA 483} w3ty LENS AJARS: Nd:YAG o]
ZE o]g3}o] Sandia National Laboratoryo]x 7jjd% o]
OptomecAle] 9]&to] 4835 ¢ith. DLF9} CMB:= ZH2} Los
Alamos National Laboratory$} oA 7de FA 2] o]
Folth. DMD<= CO; #o] A& o]-g3te] mAztegofA] 7l
o] POMA}e]| 2]3to] 28315 lt) sk MTS Systems2)
Z3JAFZ Johns Hopkins tfsta} #l2npo} FRjgehe] o
= v o R A3 E AeroMetil= O] &gl el Tt
T Hoks o R Bojehg AlES Alxskal Sk
LADMD 7]<8] 432 52 *@*&*éﬂr 719 7e=s oA
a47] Ur 5““\]72‘ T 0 vt A8 ok Y AQEsHow
2 kel vk S A R LADMD 7]
U‘ri%—i%k*ﬂ/&ﬂ AgH= Az Fofel A gsh A7)
okt 71 AEs
BEE 7ML o
A2 Zﬂﬂaol
B A A =ola aAe] Wl E fld o Slvk
74 ALl AdellA A el At glel, Hl) x“‘%ur
e o] gl $d 3l Ate] Thsettt
HEA Q] AG ok RP/PFOIA St wE A7t
Z} 7bs gt AlEHE S Al ks AT 58 s
ATk =& A flolA A5 vpe} o] HAWMA S
sto] AMEEE Gl TE Al AAIzel osto] AAFge
7hsste] Az 2 Hl%””"ﬂ 71048k = Qe 'Eg Yt

2 g

FROSE P 2 ool rlo
%4 rlo

¢

HUmlﬂ_
g O 0 oy 2

(]
e 2 ol AFE HBT 5 ) WRel FYe £
AGAI717] A%t %QTE(Coohng Channel)E =3¢ 34}
o whet AEEA ARG A WEgo] £ A A

sol F@ol AL ¥ F oUvk
T & Ag HolE = FGM(Functional Graded Material)
AT AZE 5 5 Q12 FOME 40| the Foe)

Clean Tech., Vol. 13, No. 3, September 2007 229

T 5 Aol el WA OZ Meks AmEA, F
Ak} e o4y AR Aot AAFAFI A3 e
B9 =9 Bl AT tobh B AF el ol 44
o ARZ hetelA ZEToEA ABAAF, B, To}
&0 5 o] FRMR UE AFL HFT F ek neb
99 49 dangel £ FUT U AR Agetn
o] ATt e AL ol gl AR o] S5 B
TE AR 5 dom YR A4, AR ANE 2 A
& AL, ARERY byl AYE 7199
Y 39S Yok b5 g

& -r]SH/‘i# opA &=
(overhang) 5 A& 2] @A (Integrity) L} A% A9 A
274 A%, 2 g4l o8 ¢l 2% AT 5o A
Q17164 FAHOIT. B RN FH HETAS
29 ZRolq 29 AATHT PATHoE w3 b
79l LADMD 245 tfEdel 4de] A7 599l e
o lmalel $49E W A BRI F A 9
9] F&of th3te] CAM X 2 73]l PowerMillg: o]-g3}o] 7}
F ARE AP BT A5 AN dohrg)
o @454 JHEAel LADMDS] B3R do)4
Aol Bew 3 A AFgel 21 Bko] Btk
Shsh 2 LADMD 345} HelE 99l AAE HEA )
oUI7) AHg-E 71 %% 2Alste] LADMD 3749 $5:48 1
of 391k,

1o
r°"
- N

JZi ok
o o

>
o

P

AE
=

2. ol 2 S45=

021'
=
I

LADMD FAeof ALg%+= A AE2 Figure 13} o] 7|1
Qo2 dold Axuat BUAR THAAE ol Folxl do]
A 2R BAo, 299 AEHE 8 CADICAM 2 47
A(CNC) =], T8]al Ads3ds 218 vloj=u 24|
FA 7= F3ETt [8].

Laser I Powder I <ﬂ
System System
o 2

—_
_—

Feedbagk
Control
System

Figure 1. Laser aided direct deposition system.
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Figure 3. Feedback control system.
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(a) Feature 1 (b) Feature II

Figure 4. Die features for evaluation.

(a) Feature I

(b) Feature II

Figure 5. Geometric models.
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Table 1. Milling and deposition conditions for PowerMill

Milling LADMD
Diameter(mm) 4 1
Tool
No. of Teeth 2
Type Down
Speed (rpm) 6000
Machini
achining Feed (mm/min) 300 1000
Parameters
Radial Depth (mm) 1 1
Axial Depth (mm) 0.5 0.5
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Table 2. Productivity of milling and LADMD

Feature 1 Feature 11

Milling |LADMD | Milling | LADMD

Volume (mm?) 5,593 4599 | 7,868 | 1,152
Mass (g) 43.9 36.1 61.8 9.0

Path Length (mm) | 15,592 10,425 | 16,332 4,582
Time (min:sec) 51:58 10:25 54:26 4:34

Table 3. Energy consumption and emissions of air pollutants

Mater“fd Die Production
Production
Base Time CNC Milling
Plate |Powder LADMD
Milling | Fluid
Energy | Electric | 2041 | 159 | 24 7708

(MJ/kg) | Other | 5.15 | 1.72
co, | 2976 | 2710 | 6072 | 9.72 | 1,950,124
Airborne | SO | 987 | 755 | 33.6 0.051 ] 10,7912
Emissions | NOx | 4.04 3.89 9.6 ]0.057 | 3083.2
©*k) | co | 129 | 094 0.015
PM | 273 | 241

(a) Feature I for milling (b) Feature II for millimg
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Table 4. Economics of milling and LADMD

Feature 1 Feature 11

Milling | LADMD | Milling | LADMD

Mass (g) 439 36.1 61.8 9.0

Qn'ty (kJ) | 1,054 | 278258 | 1,482 | 69,680

Electric

Qn'ty (kWh)| 029 | 77.29 0.41 19.36

Cost (W) 13 3478 18 871

Time (min)| 51.97 10.42 54.43 4.57
Labor

Cost (W) | 10,809 2,167 11,321 951

Total Cost (W) 10,822 5,645 11,339 1,822
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