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3 I Motivation

Vacuum arc remelting (VAR) Laboratory-scale alloy 718 VAR ingot
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41 Image Acquisition

Imaging stage

Solidification/Casting direction




5 1 Digital Image Processing

* Process image to improve
dendrite detection

= Reduce complexity to
permit computerized
analysis

= Analysis techniques:
= Particle identification

= Two-point correlation




Particle ldentification
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71 Two-point Correlation
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s | PDAO and Melt Pool Profiles

Particle Identification Two-point Correlation

Estimated Pool Profiles Average PDAO Estimated Pool Profiles

(i NN M . Lo
o el L eeeelimT s W o O rf—T:—f -7
e - R B e N\ o = [N \;’_..._y‘- /
s ——rr - N AN \ = N = 7
P -/ [ \ Y N I e A s

40 ) 40 v i =i - - \ 40 [ o) ~ i | s
S s ST -~ N WAV = =z L0

7/ s N NN AN \ s //

Py - NN N AN \\\ = Y/

AR

\
~
3
N
N
N
3
N
7

.
.
p
s

2

[ I

N

R0 il i, AR 20

ARY
Y
NN
N
N\
N
~
N
N
4
P
i
I
4
Z
Py
s
‘.
7%
o 7/
7 =z
7
ot
e
A
o
A
i
],
NN
\\\\
N

B R .
Ve ey / SRR

S

A 7
e [ENNNRNNNAN RN /%/% 7
-, s N . TAARRAN A ATIA
PIIIILIESE P FS S NONNRANAN AN VAN
FEEISESS AAURRRARRNRAS AN /;’////////
N §\\ /}f/
120 1201 N 12018 ;///j;j 7
N \ 7
DRI s /
N PRI (i
SEPIPPAL LIS LA~ JONNRANN N NNANNNNS \\\\\\\\\\§ YAy
| 160 ezl ie sopaniat Y RANN 160 FREH rarrr
160 A R TRF VI AN TSN LARRRR g
B AN AN NN AR i1
o AN AR AN SN RN i
A N RN S Y ANRUVRANNY Y N Y rvaiids
AR 7
N Z

200 200

Z
%
N

-]
f=1
I=3
AN
AN
A
NS
AN
SAAN
LY
PR
PSS
ANAN
) S
N
RN
I
) )
ANAN
~ N\
SN
N
axms
PN
A
LT
s
Y
Wy,
it
7
/
147
j s
/ ‘£
Y
siil
47
7
e
/5////
2
%
7
N
=
Iy

N

et s
FrIirs prres FAY I~
A e RN

SR L
NN N

Ingot Height (mm)
7
y
SRR R N R, AR
‘\\%\

i

e /5

/”;;
7

R

e R
AR AN SANANRRNNY N
SN \ 240

oo
L
N
=

240

N
N
\

[y
B
=
i
1
IS
A
:\Q
3
~ N
3
N
N
A\
:
i
S
;
5
/;
T
7
s
2
_
s
K
1 5\?/ s }
*\
i
\\E&\‘\. Ry
N

LA
i

,
RN

T

.
X
~
by
~
~
~
~
.
Y,
-
/
P

s

o
.
N\

o
//;
l é\:
NN
NN

S
R VIV I RN \ NN /%
Prei S N i NS Pouest/ 7
L P NN NS W7
| T NN 280 L \\\\.“ Wi §7 T
i AN ONN N kS \\\\\\ N /ﬂ o
srsasssis - N AN ANNERNN N St T ST T
i ’ NN % Q\S\&\ \3 b 7
Y
N
.

N
b ; N

3205500000000 mwn 320
/ :

_
?.
.~
'E[
|
f
{

W

{\\
NNAN
ANAN
PR

NN

NS
ANNN

AN

RN

3N

s

NN

R

AN

RN

N

N
>
LA
P
77
Lo
z
i

~7
AR
757
CaA
s
~
520%
e

T

fj///f
7
S
W/ Z
A / 7z
/_//
7

N
CLLTLlnet WAN] r \S \\\ it
P . RN §§\§‘3\* == ??ﬁ
i A A ==
o A o | LaN > vy
! Isoe“oe 3601 360 =/ 1 180 0 360 %l\\\ == ,H’.i
- — 1 1 = L 1 -1 = =1 1 - 1 R T T e e S e S |
20 60 100 140 180 20 60 100 140 180 20 60 100 140 180 20 60 100 140 180

Ingot Width (mm) Ingot Width (mm) Ingot Width {(mm) Ingot Width (mm)




9

40

80

120

160

200

240

280

320

360

Melt Pool Profile Slopes

Particle Identification

O

30 40 50 60
Pool Slope (degrees)

Two-point Correlation

N

40 -

120
160+
200~

2401

2801

320

360+

40 Sb 60
Pool Slope (degrees)

40

80

120

160

200

240

280

320

360

Current

1 1 1 1
2000 3000 4000 5000
Electrode Current (A)

= Particle identification

= Slope varies along ingot
height

= "Two-point correlation

= Slope remains
approximately constant
along ingot height
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10 I Secondary Dendrite Arm Spacing

Particle Identification

Particle SDAS
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11 I Average SDAS
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= Particle identification

= Poor precision

= 'Two-point correlation

= Accurate and precise

1
A =5.5(Mt;) /3
M = 2.74 um?/s for alloy 718

W. Kurz and D. J. Fisher, Fundamentals
of Solidification, Enfield, NH: Trans Tech
Publications Inc, 1998.




12 I Conclusions

Digital image analysis techniques provide a practical means to characterize
large microstructural data sets

Dendritic microstructures can be used to reconstruct solidification history
in remelted alloy 718 material.

" Microstructure 1s compared to process parameters

Particle identification is less precise than two-point correlation

= Data averaging improves results

Computational models can be validated against the results produced
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15 I PDAOQO Calculation from Two-point Correlation
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SDAS Calculation from Two-point Correlation
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