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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
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Figure 1. Laser aided direct deposition system.
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Figure 4. Die features for evaluation.

(b) Feature II
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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
Machining .
Feed (mm/min) 300 1000
Parameters
Radial Depth (mm) 1 1
Axial Depth (mm) 0.5 0.5
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(a) Feature I for milling (b) Feature II for millimg

(d) Feature II for LADMD

(¢) Feature I for LADMD

Figure 6. Tool path generation for CNC milling
and LADMD.
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Table 2. Productivity of milling and LADMD

Feature 1 Feature II
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

Maten'fll Die Production
Production
Base Time CNC Milling
Plate |Powder LADMD
Milling | Fluid
Energy | Electric | 2041 | 159 | 24 7708

(MJlkg) | Other | 5.15 | 1.72
CO, | 2976 | 2710 | 6072 | 9.72 | 1,950,124
Airborne | SOx | 987 | 7.53 | 33.6 | 0051 10,791.2
Emissions | NOx | 4.04 3.89 9.6 |0.057| 3083.2
@k | co | 129 | 094 0.015
PM | 273 | 241
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Table 4. Economics of milling and LADMD

Feature 1 Feature 11

Milling | LADMD | Milling | LADMD

Mass (g) | 43.9 36.1 61.8 9.0

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

Electric
Qa'ty (kWh)| 0.29 77.29 0.41 19.36

Cost (W) 13 3478 18 871

Time (min) | 51.97 10.42 54.43 4.57

Labor
Cost (¥ | 10,809 | 2,167 11,321 951

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

Tl wojFr)

239 7taol AHEEE WS B2 4 AAE AA
7198 Fatd ALEE A vix|g Aoz e ¢ 9l

I AMEEE OHLW%*E z}o}7} Qlct. LADMD F A e
Y7133 2ol AF F v FA49 43S Aoy Aol
do3nE Uy FAY FAY F¢E v &n W gy
Z 7}2 AR R AME-EITh Table 304 B%o] H2hiA] el
o3 7] HE 7L 1Y FA Foll AHEE A7l R 4
ot 7] W st nlastel Aol Aot ek 2 A
TAAE ALY W7l #39TE TR G-
Table 314 LADMD 2749} U] &H) & 7142 7k
A2 E BE 529 g§Agso] 17] anjges dAgE
& ik daa B o 02 ARSE:= Ar, He 59 7}
2 @487 2 FAV) HA vk 2% £2AEE 3
AAre) A%l FFEE vA F QA7) w2el AFY F2H

AN Fojgh A Bert FBesh AY Fo mAdR
(PM)& HEPA FEjo| o3 AeA u5x AGtd A7 7]
9 71&A oJ3tE wEdd (18] U ¥ LADMD 37
9] A AHEEHFE v EH LADMD F7o] oF 32062
A=Az At oA AMgFoRT W HWEHE W
LADMDe| oj3iA H7t5E ofkint A3 7bge] gsia AA
H& oFo] 320w o]/4fo]3& uj LADMD 7}hgo] Aol Sl
on AAYFE Aotk

ZAAR g st A7IAE 23 AAEe g 2
y S 5 gkl Ag35te 7hEuE-g vl aEks
ok FFAHTALY AGE Ao F 45 AkWhE 83131
S w] Table 49]A4] 9} o] LADMD 7}Z¢] Ao 3o Uy
7bgoll viste] Zpzt 268u) 9} 48u)7} wA st} 22{ut 4 200

HAE T Vet 9FS J_B%o}%la o & 7hEul g2
A} 19] 79 56459, A} 119 2% 1,8229 02 Wyslz
ul-g-o) vlwate] 24z} 0.52, 0.162] ‘F‘;IL‘—C-’— AA &t} o] &
ol WH A AaFAluY FTHIE TFHRE A F
Boluyh Bt kx glo) EEE ARFo] ¢l LADMD
T4 vl o AL Aow agrh

Clean Tech., Vol. 13, No. 3, September 2007 233

AEGE R Aol Jide LADMD 7[&2 7]A/A
AAER FRAY, FE/FF FEAY, ABAF A § o
2 7B A8 Boks 2T lon Aide B, A Az,
873 WA A ‘:% ARE 5 Qi & A7 E =29
9 ARz = ANz £ AAZH} #713
7§°E 51_1 adachl LADMD ¥ e #789% % A4

AAZRA BY7ke 3 vlastel Frlsigint F 7k -
4 Aol 4 dE i HFFY] 498 A% 4Y
7he#el §&E LADMD 339 $3d & 5 AUh

LADMD 7 2] 442 7haao] ARt Bf-o= A
4 AAsHe 7ol 2 7SR weh AR 3¢l Hlst
o 453 $5% dxE B3tk LADMD 345 s}

#olAE o83 A& HR7eL £T ArY SANEE A
€ B3] Az AnU 35 T U AEo] 2T 5 9l
o Tt ole @ EAel sAE
- %1—%01 —Er‘ [8 ll]a F3to] olm] FHHN e A
D 3$%4E& Eqstdx 7144 S4A

L
A
(2
2 4
_>L

EAZE AR ?%%‘4-

LADMD 378 g 7)oy Wzt4 9o AHg-sh=
E30] A9 glon BEshs 7t AR 2 Faste &
7Aool ypEdbHo ) oA BABE 9J5le] AMEEtE )
o Lyx] 9] oko] MEZ Q] WaAsIEZH H|FI YE5HA B
o) g2z skl or & EAleld o1 b A&
%L LADMD ZA& AA 9 Ax)Ado) $45k1 249

GH1E 29 4 9lom ASRARQ 7FEHOE AAE Kol
*1 &3 AHRE F g Holth

4 A
01 ERL 2006\ AR(T QAL AQoz st
AEAEe] A YE %‘or —T—s@_ A7) (KRF-2006-311-
D00316)
EuFs

1. Mazumder, J., Schifferer, A., and Choi, J., "Direct Materials
Deposition: Designed Macro and Microstructure," Mater Res
Innov, 3(3), 118-131, (1999).

2. Mazumder, J. et al. "Rapid Manufacturing by Laser Aided Direct
Deposition of Metals," Advances in Powder Metallurgy and
Particulate Materials, part 15, MPIF, 107-118, (1996).

3. Bunnell, D. E., Bourell, D.L. and Marcus, H.L., "Solid Freeform
Fabrication of Powders Using Laser Processing," Advances in
Powder Metallurgy & Particulate Materials, Part 15, MPIF,
93-106, (1996).

4. Keicher, D. M. et al. "Free Form Fabrication Using the Laser
Engineered Net Shaping (LENS™) Process,"” Advances in Powder



234

5.

. Kreutz, E. W. et al. "Rapid Prototyping with CO,

&=, M13H H3=Z, 20075 92

Metallurgy & Particulate Materials, Part 15, MPIF, 119-127,
(1996).

Lewis, G. K. et al. "Direct Light Fabrication," Proc ICALEO, LIA,
Orlando, FL, 78, 556-565, (1994).
Laser
Radiation," Appl Surf Sci, 86, 310-316, (1995).

. Koch, J. L. and Mazumder, J., "Rapid Prototyping by Laser

Cladding," Proc ICALEO, LIA, Orlando, FL, 77, 556-565,
(1993).

. Choi, J. and Chang, Y., "Analysis of Laser Control Effects for

Direct Metal Deposition Process", J Mech Sci Technol,
20(10), 1680-1690, (2006).

. Choi, J. and Mazumder J., "Rapid Manufacturing by Laser

10.

11.

12.

Aided Direct Metal Deposition Process: Issues and
Examples," Proc DETC, Pittsburgh, PA, 1-6, (2001).
Machinability Data Center, Machining Data Handbook,
Institute of Advanced Manufacturing Sciences, Inc., 1980.
Choi, J. and Chang, Y., "Characteristics of Laser Aided
Metal/Material Deposition Process for Tool Steel," Int J Mach
Tool Manu, 45(4-5), 597-607, (2005).

Eco-Frontier, Standardization and Development of LCI
Module, Ministry of Environment, Korea, 2003.

. Morrow, W. et. al., "Environmental Aspects of Laser-Based

and Conventional Tool And Die Manufacturing," J Clean
Prod, 15, 932-933, (2007).



