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Mathematical modeling of laser direct metal forming of thin wall by Eulerian method

ZHANG Yong—ie YU Gang HE Xiudi NING WeiH§ian ZHENG Cai-yun
( Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)
Abstract: A two-dimensional mathematical model based on Eulerian method was developed to describe the laser direct metal forming of a thin
wall. The mathematical model describing the time—varying system was nondimensionalized. The results show that the mathematical model can
simplify the analysis and reduce the number of parameters. In the laser direct metal forming process the product of layer increment and laser

travel speed contributes to the evolution of temperature distribution.
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Fig.1 Laser direct metal forming of thin wall
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Fig.2  Scheme of calculation domain
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Fig.3  Comparison between sine fitting and

practical displacement changing curves

= agyexp 2

2
Ty

h(T - T) - eo(T* - T) (4)



94 3 W

("= 1D:
S * 1 . Trlz* e
( aT* ~ Iexp [x - ?sm( hfct -
0z -2 5
) ( i
) - ILNuCT = 1) = ILIT( T =
°© (z*:O) aT} :O
(z =0): 0z
ar ( *:_L).
- =0 (5) * 2
ZT* = Nu(T - D+ (T *- 1)
x
* 1
l’ = —).
(x =- 2*) (x 2)
aT ST Nu(r D+ II(T - 1)
B = BT = T + 20 (T 1) (6) ax’ ) ’
; T"(x" 2 0) =1
(x = 2) ! LsoT;
aql, r, T
2 M= S = 1 ===
kaT_h 4 4 7 ’ '
— ko = T =T+ oo (T 1) (7) 6
: I, ~1I; - 6
I(xyz0) =T, (8) °
11, Peclet  ( Pe)
2 o
m = pVh, 1,
_pe PV L mey L
o II, = Pe = oL kL
11 4 o
3 ° lx\lz H2
pckeo agy~Vo-r,~hTyo 4 » 1,
3 (x~z8) 1 T,
0H4
° o I
_ X # _ Z *_t'w T*_T °H6
x —Z z = L 1 = L —?0 Nusselt  ( Nu)
x:x-lt z=z‘l: l=t'w T=T.T0 H}\H4 ;@
Pe.IT, HE) Nu
oT ol 20T 9T
{2 T
"\ ot 0z P oaxt? 0z ° 3
pe,wl, L
I, = [k I, _T

1);




95

526.162 909.821 1293 1677 2061
717.987 1102 1485 1869 2253

4
Fig.4 Calculated temperature distribution
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Fig.5 Comparison between the computed and
the corresponding experimental results

1)

J. 2010 37(1):1825.
Zhang Dongyun Wang Ruize Zhao Jianzhe et al. Lastest advance of
laser direct manufacturing of metallic parts J . Chinese J Lasers
2010 37(1):18=25.
Wang L Felicelli S. Analysis of thermal phenomena in LENS
deposition J . Mater Sci Eng A 2006 435436(5) : 625-631.
Yin H Felicelli S Wang L. Fluid flow heat and mass transfer in the
molten pool of the LENS process C // TMS Annual Meeting New
Orleans LA United States 2008: 261-270.
Peyre P Aubry P Fabbro R et al. Analytical and numerical modelling
of the direct metal deposition laser process J . J Phys D: Appl Phys
2008 41(2):140.
Costa L. Vilar R Reti T et al. Rapid tooling by laser powder
deposition: process simulation using finite element analysis J . Acta
Mater 2005 53(14): 3987-3999.
Wang L Felicelli S. Process modeling in laser deposition of multilayer

SS410 steel J . J Manuf Sci and Eng 2007 129( 6) : 1028-1034.

I 2007 34(9):13084312.
Jia Wenpeng Lin Xin Chen Jing et al. Temperature/stress field
numerical simulation of hollow blade produced by laser rapid forming
J . Chinese J Lasers 2007 34(9) :13084312.
Neela V. De A. Three-Dimensional heat transfer analysis of lenstm

process using finite element method J . Int J Adv Manuf Technol
2009 45(9-0) :935-943.

J. 2009 36( 12) : 3226-3232.
Ma Liang Huang Weidong Yu Jun et al. Parametric finite element
model of temperature /stress field evolution by metal laser solid forming

J . Chinese J Lasers 2009 36( 12) :3226-3232.



