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Modeling of Deposition Height in the Uncontrolled Laser Aided
Direct Metal Deposition Process

Yoon-Sang Chang”

ABSTRACT

Models of the deposition heights in the uncontrolled

laser aided direct metal deposition process are

constructed for the enhancement of the process integrity. Linear and non-linear statistical models as well as
fuzzy model are utilized as the modeling methods. The predictability of the models are evaluated with the values
of the sum of square error. The algorithm to use the models in the feedback controlled system is suggested to

increase the deposition height accuracy within a layer.

Key Words :

Laser Aided Direct Metal Deposition(gl°] A 25 F443), Statistical Modeling(5- 412 =4 3),

Fuzzy Modeling(3A] =49 &), Deposition Height(%] = =°])
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Table 1 Experimental conditions

Process Variables Unit
Laser Power w
Powder Flow Rate | g/min

Magnitude
300 ~ 750 (10 Levels)
1 ~ 10 (10 Levels)
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Fig. 2 Plot of deposition height data
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Table 2 Selected data for modeling

Laser(kW) Powder(g/min) Thichness(um)
0.3 1 33.02
0.3 7 157.48
0.3 10 309.88
0.45 78.74
0.45 213.36
0.45 10 365.76
0.6 1 88.9
0.6 7 383.54
0.6 10 609.6
0.75 95.25
0.75 431.8
0.75 10 688.34

7= 1+e£)}f7.37“0'53) +153.7 ®

+(M—17)(96.90L—17.17+2.43M)
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295.8
1+ e(— 15.48L40.52)
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Table 3 Data for Fuzzy Modeling

Laser Power Powder Deposition Height
Data Data Data |Modell | Model2
0.3| Low 1 Low 3302 | H1 H1
03| Low M-High | 157.48 | H5 H5
0.3| Low | 10 | High |309.88 | H7 H7
0.45| M-Low | 1 Low 7874 | H2
0.45| M-Low M-High | 213.36 H6 H6
0.45| M-Low | 10 | High |365.76 | H8 H8
0.6 | M-High | 1 Low 88.9 H3 H2
0.6 | M-High M-High | 383.54 | H9 H9
0.6 | M-High | 10 | High 609.6 | H1l H11
0.75| High | 1 Low 9525 | H4
0.75| High | 7 |M-High| 431.8 | H10 H10
0.75| High | 10 | High |688.34 | H12 H12

/‘lZ:Ec‘J% :r“é@}E ZAoltt, Fuzzy controllerE o] &
HAAE AFEo)Y AAE At fuzzy AFEDS
TA3t9 T MATLAB2] Simulink 2 Fuzzy Logic
ToolboxE ©]-&3l9 LADMD &42| HZEolE
e =8 73S LSt #HA Ax"s 743
At

TA9 FIS(Fuzzy Inference System)S #o]# &g
A5 FFESY 271 inputdt FF=o] 1719 output
© = Fig. 49} 2T} Table 22 %-F fuzzy 7+ ol A&
H dolEl= Table 37 o] W= #HolA &Y
< Low, Mid-Low, Mid-High, Highe] 4 <=ZFo]x, A}
g FFEL Low, Mid-High, High ¢ 3 4ot} %

XX

Laser

A

DMDfuzzy

(mamdani)

\
XX

Povwler

Fig. 4 Fuzzy inference system in MATLAB
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Table 4 Fuzzy rules of model 2

IF THEN

Laser Powder Height
Low Low H1
Low Mid-High H5
Low High H7
Mid-Low Low H2
Mid-Low Mid-High H6
Mid-Low High H8
Mid-High Low H2
Mid-High Mid-High H9
Mid-High High H11
High Low H2
High Mid-High H10
High High H12

T
Powdler 0.3

Laser

Fig. 6 Surface plot of fuzzy rules

5. ZEl® ™ot

SkollA A" 2702] polynomial, 270€] signomial,

209 fuzzy A9 45455 B8] $138ke] 100
A A HolHY #olx 29 9 Ax JFES =
HWH(input data)= ste] A FEeolE Al4H(mapping)
sttt g A Brbe A7) 2ol =l 9%
I S8(Tw) 3+ & dlolEeke] AFol(residual) ] A+ <]
el SSE(sum of square error) #+& ©]&3F3th
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mdo|t}y, BAAF Rl 12719 MER dolE &
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28] 9] SSE #S Rl Fuzzy B2 FAE AEE
o] 3IME shte FFEoE vk mdo] § £43% 4
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fuzzy RdRT A5 0] 93k signomial E2
©] polynomial E&RT} oF7F -5E-& & F ok

Fuzzy 292 5A1% 2do H|3le] oZo] 1=
AT #olA & Z7])Y o= Ao gt A
ZEolo] AAZE AA A" o] && 4 T} V]
Fo] dloj=d] Ao A2EHL 0.0lmm F2] F9]
ztol & A Sk AlAe]l AUES} Folo Ao m
A = msec Woll Aol 7S AASE Al2EY
T/do] o]gr] wiiEel AR st HolA ZE
dgste] =S HoUdok 71&9 Foj=H] A
o] o3t #olA Ee | Atk Al oA &Y
of M2 AHZEo] Rdg o] &3t Fo] LA} A
39S W A o)A 8 AV|E 7MEEE Al
2®l& Fig. 87 #Zo] HA Aoj7|& o|&3td F+4
3t Aol 7hsslith.

Table 5 Comparison of predictability

No. Model Type SSE Remarks
1 Polynomial 1 32466.7 Eq. 5

2 Polynomial 2 65299.1 Eq. 6

3 Signomial 1 30731.3 Eq. 8

4 Sighomial 2 62044.3 Eqg. 9

5 Fuzzy 1 358260.1 12 H Levels
6 Fuzzy 2 159454.8 10 H Levels
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