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MSE ®U} Audoz & o] 7luseg 7|ztde 2(2.13) 3 7o
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Fig. 2.7 The decomposition of total sum of squares
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TEATLY] BAVE APor VAN E IARYES TA4Y A 2Y
(multiple linear regression model)°o]gtal H-231 7tas] & 34 23

oleba g},
AARAGNA ol AFgaE ShNGI} 2 A9el F A wao
Yalq crolith F&ME ok F el Hws 3} Abold] A(2.13)%
e BrAol Ayaria oA,

y:ﬂo+ﬂ1x1+ﬂ2x2 +e (2.13)

A7IA By, B By WAl ES(unknown parameter)o|W, e y&

=43 o TAHE X2 N0’ BEE w2, Ad=
n/lel B&EH >y, o, v), 1=1,2,3,..,n ¢ diste] 2(2.13)2 2(2.14)

y =By + 8,7y, + Bymy te; (2.14)

uj 2o B 5, B, By, o HAAwH(method of least squares)el ¢

@ 2APES BTFAAL. oAATY FL Sehu A 42157 €@

5= 2612 = Z(yi_ﬂo _ﬂ1x1i_ﬁ2x2¢>2 (2.15)
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(normal equations)S YH&¥ oS3}

el

ol
=~
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Yy, =Xp+e (2.18)

Y 1 Ty @y 3, €

Y = V20 x= 1 15 Ty 3=18,],e= € (2.19)
yn ]- xln xQn ﬂQ 6n

2 o gt

HreAggel o) Axselat eAdEe He ALL Qg w
S=ce=(y—XB) (y=XB) =yy—26Xy+BXXB
(2.20)

7 HH, o] E = vEslefi0om o o AnE A=

pe el A Aw FAR MER F=(8,6,.5)S <nlett,

X XB= Xy (2.21)

o] 2le ApwAdelet Han 2(2.17)9 FJd Holth = 4

(2.17)2] FAxdo] 24 (2.19)0°] Hu}l o714 X'X 9 Xy &
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n qu Z%i Zyz
X= qu in Exu%i , Xy= qu% (2.22)
E%i Exuxm Exi Einyi

ob Ak 22199 FHel (XX) ' & wakd
B=(X'X)" Xy (2.23)

of H=dl, 971M d&

@) n E':Cli E%i F Eyi
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Fkn—k-1;a) BT 3@ §95E e AR

»_ SSR_ 34l o) i E =W
B=os7™ REEL (2.30)
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Table 2.4 ANOVA of regression analysis
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(a) Penetration depth (b) Top bead height (c) Back bead depth

(1) Top bead
-________H.H
(ii) Interface bead

iii) Back bead \.x

Fi%. 3.5 Measur i width |
1

_48_



—&— Speed =3 m/min —& Speed =4 m/min —& Speed =5 M/min

6
E
E
= 4
o
(7]
T
[ ot
g
B2
g Angle =8°
a
0 1 1 1 1 1 1 1 1
3 35 4 3 35 4 3 35 4
Laser Power (kW)

(a) Penetration depth according to welding conditions

| —— Speed = 3 m/min —8— Speed =4 m/min  —&— Speed = 5'm/min ‘

1
E 06 -
E
S 02 -
vl
o
B 02
@
0
[+ 8
2 -06
Angle =0° Angle =8¢ Angle =16°
-1
3 3.5 4 3 35 4 3 35 4
Laser power (kK\W)

(b) Top. bead height according to welding conditions

| —4— Speed = 3m/min" —& Speed = 4 m/min__ —&—Speed = 5 m/min |

2

Angle =00 Angle=8e Angle=16°

-
w

&=
o

Back bead depth({mm)

35
Laser power (kW)

(c) Back bead depth according to welding conditions

Fig. 3.6 Bead height according to welding conditions
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Fig. 3.7 Bead width according to welding conditions
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Fig. 3.9 Result of tensile test
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Fig. 3.10 Fracture types after tensile test
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Table 3.4 ANOVA for tensile strength about welding parameters

Sum of Degree of Mean
Factor square square Fo F(0.05)
(x 103) freedom (x 103)
Angle 965.41 2 482.71 2.08 3.13
LP 148690.87 2 74345.44 320.72 3.13
WS 65233.15 2 32616.57 140.70 3.13
Angle x LP 996.11 4 249.03 1.07 2.51
Angle x WS 422.11 4 105.53 0.45 2.51
LP x WS 18646.57 4 4661.64 20.11 2.51
Angle x LP x WS 1758.98 8 219.87 0.95 2.07
Error 12517.37 54 231.804
Total 24923.06 80
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—m— Laser power = 4kW, Speed = 3 m/min  —&— Laser power = 4kW, Speed = 5 m/min
—e— Laser power = 3kW, Speed = 3 m/min —e—Laser power = 3kW, Speed = 5 m/min

Penetration depth (mm)

Gap (mm)

(a) Penetration depth according to welding conditions and gap

—m—Laserpower = 4kW,-Speed = 3 m/min ~ —&—Laser power = 4kW, Speed = 5.m/min
—e—L aser power = 3kW, Speed = 3 m/min —e—Laser power = 3kW, Speed =5 m/min

Top bead height(mm)

Gap (mm}

(b) Top bead-height according to welding conditions_and gap

—m— Laserpower = 4kW, Speed = 3 m/miny, —— Laser power.=4kW, Speed = 5 m/min
—e— Laser power = 3kW,. Speed =3 m/min —e—Laser power = 3kW, Speed = 5 m/min

Back bead depth (mm)

Gap (mm)

(c) Back bead depth according to welding conditions and gap

Fig. 3.12 Bead height according to welding conditions and gap
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—m— [ aser power = 4k\W, Speed = 3 m/min —a—Laser power = 4kW, Speed = 5 m/min
—e— Laser power = 3kW, Speed = 3 m/min —e—Laser power = 3kW, Speed = 5 m/min

Top bead width (mm)
NN

Gap (mm)

(a) Top bead width according to welding conditions and gap

—m— | aser power = 4kW., Speed = 3 m/min —a—Laser power = 4kW, Speed = 5'm/min
—e— Laser power = 3kW, Speed = 3 m/min  —e—Laser power = 3kW, Speed = 5 m/min

Interface width (mm)
N

Gap (mm)

(b) Interface ‘width according to welding conditions and gap

—m— | aser power = 4k\W, Speed = 3 m/min —— Laser power = 4kW, Speed = 5 m/min
—e— Laser power = 3kW..Speed =3 m/imin —e— Laser power = 3kW, Speed = 5 m/min
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(c) Back bead width according to welding conditions and gap

Fig. 3.13 Bead width according to welding conditions and gap
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Table 3.5 ANOVA for tensile strength about welding parameters and gap

Sum of Mean
Factor square o foffé sz square Fo F(0.05)

(< 10%) (x<10%)
Angle 202.60 1 202.60 1.78 4.26
LP 67492.32 1 67492.32 594.85 4.26
WS 21214.57 1 21214.57 186.98 4.26
Gap 7437.82 2 3718.91 32.78 3.42
Angle x LP 25.13 1 25.13 0.22 4.26
Angle x WS 113.49 1 113.49 1.00 4.26
Angle x Gap 159.57 2 79.78 0.70 3.42
LP x WS 1454.39 1 1454.39 12.82 4.26
LP x Gap 9374.14 Z 4687.07 41.31 3.42
WS x Gap 833.59 2 416.80 3.67 3.42
Angle x LP x WS 200.06 1 200.06 1.76 4.26
Angle x LP x Gap 72.06 2 36.03 0.32 3.42
LP x WS x Gap 2390.74 2 1195.37 10.54 3.42
Angle x éfpx WE 2= (356 08 4 89.01 0784  2.79

Error 2723.05 24 113.46

Total 114049.54 47
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FEolty, a8lal gy~ B, = VAe] ES(unknown parameter)©l™, g,
= y9 AHolu, g~8,E A A AR A5 grolth ZHzbel Alg
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A9 28 AW 4 $UEE A4A-RIE AR @ol Y Fa

g @k A9 2aE AR 2 oA e e ans F

Table 4.1 Coefficients for Model I (multiple linear regression model)

ﬁO /81 /82 53
145.53 16.57 3313.92 -1099.07

Table 4.2 Coefficients for Model "1l (second .order polynoemial regression

model)
50 ﬂl ﬂ? ﬂ‘i ﬂ4
7113.43 121.49 1126.13 -1352.05 5.72
Bs Bs Br Bs By
65.65 214.93 -30.15 155.09 -13.80
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Table 4.3 Coefficients for Model III (multiple nonlinear regression model)

50 51 52 53
6756.90 240.63 2924.96 -1953.98
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Fig. 4.1 Estimation result of Model I

(multiple linear regression model)
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HAwel v 2A Feol zhol AW 319219 A %(percision)®] FEthal
sk = 9Jof =3k F(0.05)+ F-HAA(F-test)e] 2
o072 FoF= 95%° ek F 712X (critical value)©] th.

Model T of i3t F4F &4
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Table 4.6, Model II ] t3g &4k
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A
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S Table 4.7°] %33t} Table 4.6, Table 4.7% w72 Fpo
grol F(0.05)¢] #itt 2ue v A8 3724 3 b5 nAd 374

o) el s FYAFTL Fol@ FEolea

Table 4.4 ANOVA for Model I (multiple linear regression model)

Factor Sum of sgquare Degree Sl\é[g:rne Fo F(0.05)
(<107 of freedom (< 10%)
Regression 71478.93 3 23826.31 73.80 3.03
Residual 7425:50 23 322.85
Total 78904.43 26

Table 4.5 ANOVA for Model II (second order polynomial regression model)

Factor Sslaﬁlar(éf Degree ;\;Ssrne Fo | F(0.05)
(< 10%) of freedom (< 10%) )
Regression 72236.29 9 8026.25 20.56 2.49
Residual 6668.14 17 392.24
Total 78904.43 26
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Table 4.6 ANOVA for Model III (multiple nonlinear regression model)

Sum of Degree Mean
Factor square square Fo F(0.05)
(< 10°) of freedom (< 10°)
Regression 69061.24 3 23020.41 53.79 3.03
Residual 9843.19 23 427.96
Total 78904.43 26

4.3 Z 24 d3A%F Hn

H(average error rate “AER)E AME3SHC}E, @Al ol oAM= 7 &
dof tiste] ZAGAT 2 Hi 2SS BluSSitt, 2 2o fisk 4

AATS Hi 2x&E Table 4.8 AP =49 3AA A=

(percision)E& SAst= 5% ZAAA G (coefficient of determination)
o A& 0 o 7 s IAREY 4
5 Aol stk @& 4 ok Table 4.8914 W= wpep 3ol
Model 1I ¢ t& A& 3|7 2de] o=4d5o] wHojrrh

IJ9 22 Fig. 4.1, Fig. 4.2, Fig. 4.3 3} Table 4.8 ol|x2] AzFA<I

B 37hA e mEl mE 62450 a1 % Model 11 91
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Table 4.7 Coefficient of determination and average error rate for each model

Model 1 Model II Model III
Coefficlent, of 0.91 0.92 0.88
etermination
Average error rate 0.059 0.058 0.072
4.4 AA

dol wE #olA A diste] REH ST o
4S5 o] &alaL A War A (angle),
o] Z#4¥(laser power), 24 %% (welding speed)& AA3}R, =9
HrEs 84 SAS Uil =R st 34 222 3
7B a2 Fd Sl e AY 319 WA (multiple  linear
regression model), 22} ©& 39 #®W2(second order polynomial
regression model), Ts HAE 374 WA (multiple nonlinear
regression model)®] E2S A oksFA T}

Z} 37 Edol| thete] 3]74s FQlekaL, 1 3]FA e o5 HolH
oF AA HolHE ol&ste] 3]

1 e
o EAA TS gty st FAREA S A, 1 AR
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Fig. 5.2 Fitness function in numerical search method
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The Weldability Evaluation and Optimization
Parameters Design in Aluminum Laser

Welding using Remote Scanner

Kim, Dongyoon

Department of Manufacturing Automation Engineering,

Graduate School of Pukyong National University
ABSTRACT

The Ilatest trends. of ¢ vehicle technology development are fuel
efficiency improvement, ~body: “designs | declining air resistance and
lightweight of materials. Especially, as lightened weight of materials
makes engine efficient so that vehicles keep the best performance, it
os the best way to protect the environment and reduce fuel
consumption. In this study, we conducted laser welding by using
3-dimension remote scanner that is 5J32 aluminium alloy. Futhermore,
conduction experiment that was 3 times repeated for changing factors

such as observing angle, laser power and welding speed. we observed
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exterior and cross section of weled part and tensile strength. When
increasing laser power and decreasing laser speed, tensile strength
increased. In order to evaluate factors that affect tensile strength
qualitatively we conducted ANOVA. We assumed that the factors are
observing angle, laser power and welding speed. Then we found that
laser power and laser speed affect tensile strength. We conducted
evaluation of weldability of aluminium alloy by above ways and
confirmed the prediction model for the tensile strength using regression
analysis. The method of prediction models for nonlinear. regression
model and linear regression model was used. And we have used to
compare the predictive performance the coefficient of determination
and average error rate

In order to apply to industry should be considered to weldability and
productivity. If good weldability is reduced productivity and .increasing
productivity occur problems to weldability. Therefore, optimization is
required for weldability and —productivity. The tensile strength
indicating weldability and welding speed indicating productivity

optimized using Fitness value.

_90_



o

U

solAFUT. 2EA 2:d9] A

2A HAFUS W=

Alal ©1

==
-T-

3

AsE A=

1
s

dASA W=

1
s

thal skl

woll Aol d& 27

;OL

o

v
ﬂ

el

W

o

nr

o
A
B

4o

e

5 A

<|m
s

1

A FMAM AL

o
N
e

—_
o

N

N
N

nr

bk uha

J|

b A gl w

3
pul

()
4

A2 2= Y2h o2 BAFAM W e Sta gl

e

B

Ak
=

AS

A 719, 247 9
o 2 ok BelA Wk A she s e,

HH

Y ®e A4 v ol

doj

Aba1

Ak
=

!

Atk 283§

o]_

™=
—_ =

wlk
i=|

N

39 A4

o=
T

27 oF. of

A 5]
=

ke o

1
s

el R ol Z1ejan Ao

_91_



3l =t
4ol
ki

[¢)

il
=

5]

°©

1

s

=

g 27}

M 2 2o

g Al
5]

Ak
=

%
gl

=z
QLN

Faol. Ul R H

=

S

U]

d

il o 2

1

s

. ©

Het..

gl el

El

S

1

Bz =Ak b

=¥ |

Al
f

I3

el

d...

1
-

—

o] STX ESlojoF &
A=
g o z H7|

|
A A

_]

3

s

1

1
s

]_

g 7t 8l

°©

5]

g
S
Fa
o x

°©

Bl

20119 12€ 27

_92_

A Az o



	1. 서 론
	1.1 연구배경 및 목적
	1.2 연구현황
	1.2.1 원격 스캐너를 이용한 알루미늄 레이저 용접
	1.2.2 공정 모델링 및 최적화

	1.3 연구 내용

	2. 레이저 가공 및 실험 계획법
	2.1 레이저 원리
	2.2 레이저 가공 원리
	2.3 실험계획법
	2.3.1 분산분석
	2.3.2 반복이 있는 삼원 배치법
	2.3.3 회귀분석

	2.4 생산 자동화를 위한 최적화 이론

	3. 알루미늄 원격 레이저 용접 실험 및 결과


