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S Strip Casting Process
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i Processing Conditions:
i * G = Gap height: 0.5-1.5mm
b ¢ L = Puddle length: 5-25mm
~ * V.= Wheel speed (linear): 5—15m/s
i i * AP = Qverpressure: 2 —5kPa
g » AT, = Superheat: ~100K
Uit * M = Mass of charge: 03-1.2kg
g « ¢t = Cast time: 3-4s
2T i ; * T'= Strip thickness: 0.08 — 0.35 mm
Copper-Beryllium '"‘; == * B=Strip width: 50 — 60 mm
Chill Whed! . Courtesy: Joydeep Sengupta, 2005
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S Purpose of Analysis
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Problem of interest:
* Al-Strip Casting likely similar to Fe Casting.
* Surface Depression observed in the Al-strip

* Quality of the strip affected
Key Components:

* Al-strip dimples & depressions observed on both the wheel side & liquid
side respectively.

Proposed Mechanism:

* Air gap on the wheel side causes a depression on the liquid side
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&3 Surface Defects observed
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Liquid side Wheel side
ey = A Liquid side (LS)

Wheel side (WS)

Wavy transverse
surface depressions

53 mm

Casting direction

A=~5mm

* Periodic Surface depression observed visually on both sides of strip
* Liquid depression is deeper
* Depressions separated by a distance of 5 mm

B

Courtesy: Joydeep Sengupta, 2005

University of Illinois at Urbana-Champaign . Metals Processing Simulation Lab . Aravind Sundararajan

4




&=, Detailed discussion of Implementation
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* Model the appropriate 3-D /2-D cases of the domain.

* Run Transient Analysis in ABAQUS till shell
thickness (T}iguiqus— 020°C) of 0.172mm is reached

* Calculate the Puddle Length (L) =t v, and check if it
is within the range.

* Measure and compare the depression formed in the
3-D Model with the experimental measurement.
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S Schematic Model Description
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Range of processing conditions in our case:

* G = Gap height: 0.7874 mm
L = Puddle length: 5-25 mm
* V.= Wheel speed (linear): 6.23 m/s

* Cast time: 3-4ms

* t = Strip thickness: 172 pm

Courtesy: Joydeep Sengupta, 2005
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&g FEA Domain Discretization

asting
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* Since the depressions repeat themselves every Smm, symmetry is exhibited on
either sides at a distance of 2.5 mm from the geometric center of the depression

* Model the measured air gap on the wheel side in the domain and observe the
size of the depression on the liquid side
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Domain Differential Equation and Boundary
S conditions
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Governing Differential Equation

T _ 0 (1), 2 (1)1 2 (1?7 1 .
p(Dcp(T)g—ax[k(T) axj+ ay(km ay]+ az(km az] P

Domain Boundary condition

SRS

_szX

&
=
ww 74170 = 2

l X=25mm

A
v

or
5 =h (Z‘erace_ Y;heeA =0

h =17x10W/m’K, T,.= 25°C

wheel
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s Thermo-physical Properties
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% Transverse Depression Dimple Case
'\“a"'ﬂ:_ L .
S, (3-D Analysis)
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« 2D analysis.
WS depression is a trench
3D ana]ygs 1=25mm 16/””:‘;
+—>
WS depression comprises of rows of equally spaced 137 um
(A= 120 um) pancake shaped craters (dimples)
Liquid side
N—"
=
~
< Crater as shown above
~
N—" N
~
0.12
12 mm
Wheel side -
YI
z w =0.172 mm
X I =25mm Courtesy: Joydeep Sengupta, 2005
b =0.06 mm
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&=, Depression Dimple Case (3D FE Mesh)
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» Structured mesh with 8 noded linear bricks (DC3D8 in ABAQUS)
o * BC applied on Surfaces P and Q as discussed

25 mm h effective
Surface P

1=
=
(\\
A
o
z
X wheel
| Dl Surface Q

r= 0.016 mm

Air cavity
Pancake-shaped WS crater
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epression Dimple Case (3-D Results)
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Temperature (°C)
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Liquid side shell profile growing

o.\ﬁ«\m

» Liquid Side Depression observed is 56 um

*The puddle length (L) calculated is 19.41 mm which is within the range.
Courtesy: Joydeep Sengupta, 2005
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Liquid side transverse depression

Predicted profile

* Good match confirms the validity of modeling methodology
* Formation of LS depression is a heat transfer-driven phenomena in the presence of a row of

craters on the opposite (wheel) side of the strip

Courtesy: Joydeep Sengupta, 2005
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Longitudinal Depression - Groove Case
(2-D Analysis)
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SEM picture of cross section of the longitudinal depression
*» The depression along the solid and liquid sides of the strip are relatively uniform
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DN Groove case (2D Results)
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2D Mesh
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