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A case study on Steel and stress module

Investigating the Impact of Convection and Segregation on Stresses During Casting and Heat Treatment
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Case study of Planet Carrier
Simulations carried out with Steel and stress module
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MA MA
Modes of Heat Transfer

Conduction. Conduction is the transfer of heat through a

material without the movement of the material itself. It happens at Heat Transfer
the molecular or atomic level when fast-moving particles :

- , L Conduction Convection
(molecules or atoms) collide with slower ones, transferring kinetic transfer of energy between adjacent molecules = %70 L

/

energy.

_ RA(T - o)

@ d

Convection: Convection is the transfer of heat through a fluid
(liquid or gas) due to the movement of the fluid itself.

Radiation: Radiation is the transfer of heat through o
electromagnetic waves (infrared radiation), and it does not require 'Zf“fi’s?;:%?

a medium (can occur in a vacuum). All objects emit radiation electromagnetic rays
based on their temperature.

sciencenotes.org

Q = oceA(T" — T, )

surrounding J
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MA.-MA
Convection In casting process

During casting solidification, the large temperature differences in the melt
cause the liquid density to also vary widely throughout the casting.

Due to the action of gravity movement of metal happens.
Movement of metal modifies the temperature field.

This fluid flow, caused by density variations due to temperature
differences, is called thermal convection. The current created by this

movement IS convective currents.

As the casting solidifies, the thermal convection flow also interacts with
the solidifying structure. At the tips of the solidifying dendrites where the
solid fraction is low, the solid provides little resistance to the flow, I.e., the
solid is still highly permeable an vise-a vise
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Method taken for experimentation

Material
Il Casting
[C] Feedernec 3
[l Feeder
[l Runner
[l Runner
[l rourin g Basin
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MA.-MA
Inputs for simulation

Material: GS30Mn5

Initial Temperature: 1640°C
Core Sand: Furan
Moulding Sand: Furan
Sleeve: MAGMA Sleeve
Chills: Steel
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MA. MA
Convection result(Absolute velocity)

Absolute Velocity
m/s
3.6463e-01

Empty

1.0000e-04
9.2857e-05
8.5714e-05

7.8571e-05

] : 7.1429¢-05

1.2988e-02 m/s

2.7609e-03 m/s
2 6.4286e-05

5.7143e-05
2.2900e-02 m/s i 5.0000e-05
4.2857e-05

0 3.5714e-05
s 9.2572e-03 m/s
1.3709e-02 m/s 1 2.8571e-05

T

2.1429e-05
{ 1.4286e-05
Y 7.1429e-06
0.0000e+00
UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Absolute Velocity 0.0000e+00
3min 9.5s, 0.00 %
X-Ray: on MA MA

\\
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The MAGMA APPROACH(Think ahead to your targets)

@
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SET UP YOUR OBJECTIVES

Describe the current situation - what are issues to resolve? (status, requirements)
What are the expected/desired outcomes and benefits? (optimum, robustness, knowledge)

DEFINE YOUR VARIABLES

What are the relevant variables (options, flexibility) that need to be changed or analyzed?
What are the important constraints (limitations, restrictions) that have to be considered?

SPECIFIY YOUR CRITERIA

Identify the measurable quality criteria and their locations (evaluation areas)?
Which quality criteria can (or have to) be combined and assessed quantitatively?

KEEP THE TASK EFFICIENT

Structure and simplify the complexity of your task!
Think about how to simplify the model, split into smaller tasks, reduce the number of influencing parameters, focus on a restricted number of
variables.

CHOOSE YOUR METHOD

Which MAGMASOFT® optimization tools are most appropriate and effective to reach your objective?
Apply single simulations, Design of Experiments (DoE), autonomous optimization or a reasonable combination.

ACT & CHECK IMPROVEMENTS

Decide upon suitable visualization tools (clear, understandable) to assess and communicate the results!
Discuss and decide for actions and measures — who is important in that team?

Follow and track the improvements! S
| UGM | Chennai | Radission Blue ‘1‘




MA MA
© Defining the objective

Understanding the effect convection in casting process and heat
treatment.

o : :
= Define your variable
Simulation with and without convection and segregation

7+ Specify your criterion

Solidification results
Stress results
Mechanical properties (Heat Treatment)

"\
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MA. MA
@ Keep the task efficient

Reduced mesh and higher core systems

@ Choose you method

Two separate single simulations
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= Act & check improvements(Solidification results)

\ S
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Gradient result

Y@ .El,
UM2021 DEMO PLANET CARRIE R/vll

Solidification & Cooling, Gradient
11d 1h 1min

X-Ray: on, range [0.000, 0.008] °C/mm
Convection

Gradient

°C/mm
11.38

Empty

11.38

10.56

8.94

813

6.50
5.69
4.88
4.06
3.25

2.44

1.63

0.81

0.00

4.843e-07

Convection

14 29-11-2024
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UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Gradient
11d 1h 49min

X-Ray: on, range [0.000, 0.008] °C/mm
without convection

Without Convection

Gradient

*C/mm
87.41

Empty

87.41
81.17
74.93
68.68
62.44
56.19
49.95
43.71
37.46
31.22
24.98

18.73

12.49
6.24

0.00

5.368e-06

The gradient results show a significant
difference when the simulation is carried
out with convection. The convective
currents cause changes in the
temperature profile, resulting in a
substantial variation.
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MA.-MA
Porosity

Porosity Poroetty It was observed that in the simulation
= - with convection, the porosity
Empty Empty

_—_— a_— distribution differed compared to the
C -— 1000 o - — 1000 simulation without the convection

929 > 92.9 option.
85.7 85.7
78.6 7856
# 71.4 71.4
&
t‘ ‘. 64.3 F3 o 54.3
£
i 57.1 5 57.1
y §
¥ 50.0 i ¢ 50.0
42.9 ' 42,9
35.7 \ ' 35.7
28.6 28.6
21.4 21.4
v @ E: 14.3 v G 14.3

‘_tf/ 7.1 7.1

Cd
0.0 0.0
UM2021 DEMO PLANET CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Porosity Solidification & Cooling, Porosity
7h 7min 10s, 100.00 % 0 7h 14min 0s, 100.00 % 0
X-Ray: on, range [15.00, 100.00] % X-Ray: on, range [15.00, 100.00] % ..
Convection Without convection m MA
Convection Without Convection ‘S
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MA. MA
Porosity

Total Porosity Total Porosity
% %
100 100
l Empty Empty
— 100.0 100.0
92.9 92.9
85.7 85.7
78.6 78.6
i 71.4 71.4
- - ¢
b 643 & 64.3
‘ 57.1 f 57.1
' 50.0 50.0
\ +~. *
42.9 ' 42.9
e 35.7
28.6 28.6
21.4 21.4
I E_’J [ 14.3 14,3
|
< 7.1 7.1
4 0.0 0.0
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET CARRIER/v11
Solidification & Cooling, Total Porosity 8.977e-05 Solidification & Cooling, Total Porosity 0
11d 1h 1min 11d 1h 49min :
X-Ray: on, range [60.00, 100.00] % X-Ray: on, range [60.00, 100.00] % MA MA
Convection Without Convection A\
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Feed mod

UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Feedmod

11d 1h 1min

X-Ray: on

Feedmod

cm
10.28

Empty

10.28
9.62
8.96
8.30
7.64
6.98
6.32
5.66
5.00
4.34

3.69

3.03

171

1.05

1.049

Convection

29-11-2024
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Feedmod

cm
10.39

Empty

10.39
9.71
9.04
8.36
7.68
7.00

6.32

UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Feedmod
11d 1h 49min

X-Ray: on MA : MA

Without Convection

The convection also changes the feedmod
values which helps us in calculating the
feeding aid requirements closer to realistic
values such as feeder sizes, chills
locations etc.
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Niyama Friterion Niyama f:riterion It was Observed that the leama
91.21 o g .
criterion values varied. Therefore, the
convection mode of heat transfer can
also influence the evaluation criterion
Empty for the Niyama results. The Niyama
values decrease when the simulation
is performed with convection.

\ 58.23
/__‘

Empty

0.5 0.5
£
UM2021_DEMO_PLANET CARRIER/v11 S UM2021_DEMO_PLANET_CARRIER/V11 S
Solidification & Cooling, Niyama Criterion le-05 Solidification & Cooling, Niyama Criterion le-05
11d 1h 1min 11d 1h 49min .
X-Ray: off X-Ray: off MA "A
Convection Without Convection \S
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Niyama(X-ray)

@ ¢
PR

UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Niyama Criterion
11d 1h 1min

X-Ray: on, range [0.00, 0.10] -

Niyama Criterion

58.23

Empty

0.5

le-05

Convection

19 29-11-2024
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UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Niyama Criterion
11d 1h 49min

X-Ray: on, range [0.00, 0.10] -

Without Convection

N

Niyama Criterion

91.21

Empty

0.5

le-05

This results shows the clear indication of
the niyama value distribution. Here the
values are having lower values with
convection even with X-ray (0 to 0.1).
The probability of defect occurrence
increases with the niyama values
approaching 0.

i




MA.-MA
Hotspot FStime

Hot Spot FSTime Hot Spot FSTime .
" " The hotspot FSTime value decreases
1.501e+04 1,.599e+04 . . . 0
i,/,il oty i’/’/fl ety when the simulation is conducted with
convection. In the current case, the
K ! 1so11 ! 15993 difference is not significant, but if critical
(‘ -' 14480 4 15449 profiles are present, this difference may
13949 5 14906 increase, potentially leading to major
13419 14363 defeCts that may not be aCCUI‘ater
— é - 13820 indicated in simulations conducted
/ g s - without convection.
11827 12734
| "
f8609.385 5 | 11296 10195.021 5 12191
10766 11648
10235 11105
9704 10561
I 9174 10018

9475

(¥ Z[ 8643
8113 8932

N

[l 7582 [ 8389
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Hot Spot FSTime 7582 Solidification & Cooling, Hot Spot FSTime 8389
11d 1h 1min, 30.00 % 11d 1h 49min, 30.00 % :
X-Ray: on X-Ray: on m MA
Convection Without Convection \S
20 29-11-2024 | UGM | Chennai | Radission Blue Z‘
-




Hotspot
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UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Hot Spot

11d 1h 1min

X-Ray: on

Convection

21 29-11-2024

Hot Spot

H
2.57e+04

Empty

25696
24998
24301
23603
22906
22209
21511
20814
20117
19419

18722

18024

17327

16630

15932

1.593e+04

| UGM | Chennai | Radission Blue
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UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Hot Spot

11d 1h 49min

X-Ray: on

Without Convection

Hot Spot

s
2.619e+04

Empty

26190
PALLY
24914
24276
23638
23000
22361
21723
21085
20447

19809

19171

18533

17895

17257

1.726e+04




= Act & check improvements(Stress results)
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MA MA
Mechanical strain rate

Max. Principal Max. Principal 0 q q 0
Strain Rate Strain Rate The maximum principal strain rates
% /s %5 . . . .
7.8468¢-07 7.4558¢ 07 differ when the simulation is conducted

Empty

Empty with convection. Variations in the value
were observed.

7.8468e-07 7.8468e-07
- 5‘99?3607 |°/’ 7.2856e-07 7.2856e-07
6.7244e-07 6.7244e-07
6.1632e-07 6.1632e-07
5.6019e-07 5.6019e-07
5.0407e-07 5.0407e-07
4.4795e-07 4.4795e-07
3.9183e-07 3.9183e-07
3.3570e-07 3.3570e-07
2.7958e-07 2.7958e-07
ey 2.2346e-07 44 2.2346e-07
1.6734e-07 1.6734e-07
@ /i 1.1122e-07 @ 1.1122e-07
L% 5.5093e-08 ! @ 5.5093e-08
EI }—/ -1.0299e-08 EI -1.0299e-08
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Max. Principal Strain Rate -1.0299e-09 Solidification & Cooling, Max. Principal Strain Rate -4.580%e-10
10d 23h 43min, 100.00 % 11d Oh 8min, 100.00 %
X-Ray: on X-Ray: on MA ‘ MA
Convection Without Convection A\
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MA. MA
Effective plastic strain

e Ten The effective plastic strain is used as the
21 2075 hardening parameter and is directly
Empty Empty calculated from the plastic strain tensor at
ot s the end of each increment. The
o o differences observed were minimal.
16.53 17.85
15.18 16.40
13.84 14.94
12.50 13.49
11.15 12.04
9.81 10.59
8.47 9.13
7.13 7.68
5.78 6.23
7 4.44 7 4,78
@ 3.10 8 3.32
‘Y_%’b_ 1.76 ! @ 1.87
| H 0.41 0.42
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v1l
solidification & Cooling, Effective Plastic Strain 0.4134 solidification & Cooling, Effective Plastic Strain 0.41395 .
Ambient, 100.00 % Ambient, 100.00 % h
X-Ray: on X-Ray: on MA MA
Convection Without Convection \S
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Cold crack Tendency

cod Crack “iéde= " The final 'Cold Crack’ result (at ambient
0.7247 0.7811 - .
ot oo temperature or after a machining step)
highlights areas where a high crack
0.7247 0.7247 tendency develops due to tensile loads
06729 06729 during solidification and cooling of the
0.6211 0.6211 Casting.
. e It was observed that the cold crack values
p— e decreased, indicating a lower likelihood of
- - cold crack occurrence. In contrast, without
e o convection, the values were higher.

0.3623 0.3623
0.3106 0.3106
0.2588 0.2588
0.2070 0.2070
0.1553 0.1553
0.1035 0.1035
0.0518 \ ’ 0.0518

, 0.0000 0.0000

UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11

Solidification & Cooling, Cold Crack 0 Solidification & Cooling, Cold Crack 0

Ambient, 100.00 % Ambient, 100.00 %

X-Ray: on X-Ray: on MA MA

Convection Without Convection ‘S
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Von mises

Von Mises

MPa
41.53

Empty

41.53

PN 1
SR ~ == 35.403 MPa 38.57
p -
b w B ) 23.054 MPa 35.62
’
5.013 MPa 32.66
29.71
2.448 MPa
g e 14.095 MPa | #6719
5.163 MPa 23.79
4,178 MPa 50.84
1t
A | 1492
11.97
9.01
() 6.06
y @
‘—‘(V 3.10
| 0.14
UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Von Mises 0.1425
Ambient, 100.00 %
X-Ray: on
Convection
26 29-11-2024 | UGM | Chennai | Radission Blue

m )|
g S N 35 085 MPa
o 4
4.720 MPa
1.834 MPa ‘
o 14.071 MPa |
- =
: 5.702 MPa |8
4.436 MPa
1.104 MPa
2.371 MPa [N

S
Y @
|

UM2021 DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Von Mises
Ambient, 100.00 %

X-Ray: on

Without Convection

Von Mises

MPa
41.23

Empty

41.23
38.29
35.36
32.42
29.48
26.54
23.60
20.67
17.73
14.79

11.85

3.04

0.10

0.09973

To detect the crack tendency of a casting
during solidification, cooling, or subsequent
machining steps, the von Mises stress can
be compared to the tensile or compressive
strength of the material. The stress and
strain states change as a function of time
during the process, while tensile strength is
a temperature-dependent property.

The von Mises stress distributions vary,
and with convection, these results may
appear more effective.

The residual stresses can be evaluated in
the same way as the crack tendency. First
of all, you should have a look on the von
Mises stress at ambient temperature. In a
second step, you should evaluate the
maximum principal stress and the minimum
principal stress in order to see if the von
Mises stress is based on tensile or
compressive stresses. The principal stress
vectors visualize the direction of the \
principal stresses. S
)




MA.-MA
Max Principles Stresses

Max. Principal Max. Principal

Stress Stress The residual stresses can be evaluated in
1628 1614 the same way as the crack tendency. First
Empty Empty of all, you should have a look on the von

Mises stress at ambient temperature. In a
second step, you should evaluate the
maximum principal stress and the
minimum principal stress in order to see if
the von Mises stress is based on tensile or
compressive stresses. The principal stress
vectors visualize the direction of the

162.8 161.4

143.3 142.1

123.9 122.8

104.4 103.5

85.0 84.2

65.5 64.9

46.1

45.6 2 @
principal stresses.
26.6 26.3
7.2 7.1
-12.3 -12.2
-31.8 -31.5
-51.2 -50.8
-70.7 -70.1
-90.1 -89.4
-109.6 -108.7
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11
Solidification & Cooling, Max. Principal Stress -109.6 Solidification & Cooling, Max. Principal Stress -108.7
Ambient, 100.00 % Ambient, 100.00 % =
X-Ray: on X-Ray: on MA "A
Convection Without Convection \S
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MA.-MA
Min Principles Stresses

Min. Principal Min. Principal
Stress Stress
MPa MPa
140.2 140.9

Empty Empty

140.2 140.9
120.7 121.4
101.2 102.0
81.7 825
62.2 63.0
42,7 43,5
. Y 1,093 MPa
L 23.2 24.1
3.7 4.6
-15.8 -14.9
-35.3 -34.4
-54.8 -53.9
-74.3 -73.3
Q@ ] -93.9 -92.8
@ Iy
K -113.4 -112.3
EI |/ -132.9 -131.8
UM2021 DEMO PLANET CARRIER/v11 UM2021 DEMO PLANET CARRIER/v11
Solidification & Cooling, Min. Principal Stress -132.9 Solidification & Cooling, Min. Principal Stress -131.8
Ambient, 100.00 % Ambient, 100.00 % :
X-Ray: on X-Ray: on m MA
Convection Without Convection A\
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= Act & check improvements(Mechanical properties)
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MA.-MA
Hardness & tensile(Quenching)

Hardness Vickers Hardness Vickers Tensile Strength Tensile Strength
HV HV MPa MPa

535.7 1981 1676
Empty Empty Empty Empty
- .

634.5 634.5 1961.323 MPa 1981 - 1410.482 MPa 1676

598.6 598.6 1868 1604

562.7 562.7 ,1959.849 MPa 1754 ,1409.850 MPa T 1531

526.8 526.8 1640 1459
585.931 HV 490.9 - 509.673 HV 490.9 4 1831.303 MPa 1527 ) 1594.733 MPa 1386

221.700 HV

212.417 HV 697.844 MPa

_ 4549 as4.9 1413 1314
- 419.0 419.0 667.607 MPa 1299 1241
383.1 3831 1186 1169

‘ 347.2 347.2 1072 1097

N 213.975 HV 218.066 HV 685.019 MPa

3113 3113 958 1024

2754 275.4 845 952
213.378 HV 225.231 HV 708.154 MPa

2395 239.5 731 879

\

@ 1 i .

Y @& 2035 D 2035 Y @& 617 D 807
e e
g \ X @ . \ ) Y @
| 167.6 ’ y 167.6 I 503 ¥ 734
‘ . -
1317 | 131.7 390 | 662
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11
Heat Treatment, Quenching, Hardness Vickers UM2021_DEMO_PLANET_CARRIER/v11 Heat Treatment, after Quenching, Tensile Strength UM2021_DEMO_PLANET_CARRIER/v11
20h 32min 0s (0.00°) 1317 Heat Treatment, Quenching, Hardness Vickers 211.2 20h 32min 0s (0.00°) 389.8 Heat Treatment, after Quenching, Tensile Strength 662
X-Ray: on 20h 32min Os (0.00°) X-Ray: on 20h 32min Os (0.00°)
Convection X-Ray: on MA MA Convection X-Ray: on MA MA

It was observed that the mechanical properties vary, and the distribution within the casting is different when the simulation is carried out with
convection.

\\
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Hardness & Tensile(Tempering)

Hardness Vickers Hardness Vickers Tensile Strength Tensile Strength
HV HV MPa MPa

1779 1501

Empty Empty Empty Empty
e
569.6 4796 ; 11762.120 MPa |1305.062 MPa 1501
538.3 460.4 1441
! 563.887 HV 507.0 441.2 .1760.988 MPa 726.419“!\;68 1381
475.7 422.1 1321
444.5 ) 402.9 - 1261
212.366 HV _461.164 HV 697.680 MPa il '154]“209 MPa .1442.955 MPa
413.2 383.7 1201
381.9 218.375 HV > 364.5 666.701 MPa 686.006 MPa < 1141
350.6 345.4 1084 1081
647.859 MPa ) |
L 5 985
213.703 HV 3193 217.877 HV 2262 670.018 MPa 684.424 MPa 3021
288.1 1 307.0 \ 886 | 961
| { |
256.8 2 287.8 786 | 901
212.400 HV 224.266 HV 665.470 MPa 705.118 MPa
225.5 | 268.7 7 687 L 842
194.2 3] 249.5 Y @] 588 782
Y@ | =
163.0 2303 \\} 489 ’ 722
! El ‘
1317 | 2111 390 [ 662
UM2021_DEMO_PLANET_CARRIER/v11 UM2021_DEMO_PLANET_CARRIER/v11
Heat Treatment, Tempering, Hardness Vickers UM2021_DEMO_PLANET_CARRIER/v11 Heat Treatment, after Tempering, Tensile Strength UM2021_DEMO_PLANET_CARRIER/v11
1d 14h 2min (0.00%) 1317 Heat Treatment, Tempering, Hardness Vickers 2111 1d 14h 2min (0.00°) 389.7 Heat Treatment, after Tempering, Tensile Strength 661.9
X-Ray: on 1d 14h 2min (0.00°) X-Ray: on 1d 14h 2min (0.00°)
Convection X-Ray: on MA MA Convection X-Ray: on MA MA

It was observed that the mechanical properties vary, and the distribution within the casting is different when the simulation is carried out with
convection.
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MA MA
Microstructure- Pearlite

Pearlite Pearlite

% %

78.71 66.69

Empty Empty

78.71 66.69
FERSE] 61.93
67.47 57.17
61.85 52.41
5 " 56.23 47.65
50.60 42.89
44,98 38.13
39.36 33.37
EENE 28.60
28.12 23.84
22.50 15.08
16.88 14.32
@ 11.26 9.56
19
\, 5.64 4.80
B a
0.02 0.04
UM2021_DEMO_PLANET_CARRIER/v11 )
Heat Treatment, Quenching, Pearlite UM2021 DEMO_ PLANET CARRIER/v11
20h 32min Os {0.00°) 0.0213 Heat Treatment, Quenching, Pearlite 0.04155
X-Ray: on 20h 32min 0s (0.00%)
Convection X-Ray: on m "A
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MA.-MA
Effect of C segregation on Mechanical properties(HT)

Hardness Vickers Carbon
HV Concentration
569.6 wt. %

0.4203

Empty
Empty
=N
o,
_563.217 HV 569.6 _04422 wt. %
0.4203
538.3
0.3906
507.0
248.211 HV 0.3608
475.7
0.3310
it 0.3012
4132 0.2714
222.361 HV
~atd 0.2416
350.6 02118
319.3 0.1820
288.1 0.1522
256.8 0.1224
< 2255 0.0926
Y @1 194.2 D 0.0628
PR Y@ |
- \ 163.0 "—‘E 0.0330
1317 . i
UM2021 DEMO_PLANET CARRIER/v11 g3
Heat Treatment, Tempering, Hardness Vickers UM2021_DEMO_PLANET_CARRIER/v11
1d 14h 2min (0.00°) 1317 Solidification & Cooling, Carbon Concentration 0.003252
X-Ray: on 11d 1h 1min ,
Convection X-Ray: on m MA
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Can the sand system affect the stresses and
convection?
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MA MA
© Defining the objective

Understanding the effect of Sand system on convection & stresses

... Define your variable

Simulation with different sand system(Cera-bead, Chromite, Silica &
Zircon

I Specify your criterion

Solidification results
Stress results

"\
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MA. MA
@ Keep the task efficient

Reduced mesh

@ Choose you method

Start sequence
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= Act & check improvements(Solidification & Stress
results)

||||||||||||||||||||||| ”3‘




MA. MA
Correlation Matrix

H 2=

Correlation

| | 1.000
m 0875
B 0750
0.625
0.500
0.375
0.250
0.125
0.000
-0.125
-0.250
-0.375
-0.500
-0.625
-0.750
-0.875
-1.000

s (Heat
Treatment)

Mises Stress Mises Stres

Stress (Heat (Casting
Treatment) Process) [-]

Principal

Principal
(Casting

Tear [-]

Crack Risk
(Heat
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a
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Process) [-] Treatment)

Crack Risk
(Casting

MAGMA/Cerabeads_dp MAGMA/Coldbox_chromite_dp MAGMA/Coldbox_silica_dp MAGMA/Coldbox_zircon_dp

Sand Mold Class - Material Data [-]

\
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MA MA
Effect of sand on Solidification results

Rank Desir S Mold Class - Material Data (-) Gradient (-] . .
g on s - Viatenal Data ) racient Observation: With Cerabead sand, the

Rank 1 Design 1 VAGMA, ¥ . . q
Rank 2 Design 4 MAGMA . convection effect is more pronounced, which
Rank 3 Design 3 MASMA - " improves feeding but also leads to increased

Rank 4 Design 2 VIAL q
segregation.

Rank Design

Rank 1 Design 1
Rank 2 Design 3
Rank 3 Design 4
Rank 4 Design 2

Rank Design Sand Mold Class - Material Data (-]

erabeads_dp

Rank 1 Design 1
Rank 2 Design 3
Rank 3 Design 4
Rank 4 Design 2

ilica_dp
ircon_dp
_chromite_dp

Carbon Concentration (-}

0.401

Rank Design

Rank 1 Design 4
Rank 2 Design 2
Rank 3 Design 3
Rank 4 Design 1

\

)
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Effect of sand on segregation

— Carbon Carbon
[r ‘ Concentration Concentration
- wt. % wt. %
0.4126 0.4061
Empty Empty
0.4126 0.4126
- LA
: _— 0.3757 0.3757
Z ' - 0.3388 Z 0.3388
() ‘\ 0.3020 (%) 0.3020
Y@ \ 0.2651 YD 0.2651
0.2282 A_E 0.2282
}/ H
0.1914 0.1914
UM2021_DEMO_PLANET CARRIER/v12 d1 . UM2021_DEMO_PLANET CARRIER/v12 d2 o
Solidification & Cooling, Carbon Concentration & Solidification & Cooling, Carbon Concentration >
22d 6h 21min 0.1545 8d 23h 46min 0.1596
X-Ray: on X-Ray: on
Cerabead Chromite
= Carbon Carbon
“ ‘ e Concentration Concentration
wt. % wt. ¥
0.4081 0.4007
Empty Empty
0.4126 0.4126
A _— 0.3757 0.3757
p 4 P— 0.3388 7 4 0.3388
D ‘ 0.3020 ) 0.3020
Y 0.2651 YD 0.2651
-\ 0.2282 0.2282
H
0.1914 0.1914
UM2021_DEMO_PLANET_CARRIER/v12_d3 0.1545 UM2021_DEMO_PLANET_CARRIER/v12_d4 0.1545
Solidification & Cooling, Carbon Concentration ' Solidification & Cooling, Carbon Concentration '
10d 22h 11min 0.1423 8d 20h 58min 0.1578
X-Ray: on X-Ray: on .
Silica Zircon MA MA
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Observation: The variation in carbon
percentages inside the casting is greater
with the Cerabead sand system.
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MA.-MA

Effect of sand on Stresses results

Rank Design / ( Material Data (-)
Rank 1 Design 1 VIAGMA/C dp

Rank 2 Design 3 \ Wl lica_dp

Rank 3 Design 4 \ W] zircon_dp

Rank 4 Design 2 Wi ! _chromite_dp

Reduce Von Mises Stre sting Process) (-)

Observation: Sand system also have effect on
the stress distributions

Rank Design

Rank 1

Rank 2 ) 3 VAGMA silica_dp
Rank 3 1 l 1 1_dp
Rank 4 Design 2 VIAGIM ox_chromite_dp

[(Casting Proc

Rank Design

Rank 1 Design 1

Rank 2 Design 3 GM ca_dp
Rank 3 Jesign 4 GMA/Co x_zircon_dp
Rank 4 Design 2 Vi hromite_dp

sting Proce:

Design

Design 2 Wi _chromite_dp
Design 4 \ WA/ Co _zircon_dp
Design 3 W o lica_dp
Design 1 VIAGM erabeads_dp
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Effect of sand on Stresses

UM2021_DEMO_PLANET_CARRIER/v12_d1
Solidification & Cooling, Von Mises

Von Mises
MPa

Ambient, 100.00 % 0.08552
X-Ray: on
Cerabead
Von Mises
MPa
Empty
41.08
35.23
7 29.38
® PERE]
Y @] 17.68
11.82
=
5.97
UM2021_DEMO_PLANET_CARRIER/v12_d3 0.12
Solidification & Cooling, Von Mises '
0.1202

Ambient, 100.00 %
X-Ray: on
Silica

42 29-11-2024

Von Mises

MPa
5.93
Empty
55.93
47.96
7 39.98
® 32.01
Y 24.04
16.07
8.10
UM2021_DEMO_PLANET_CARRIER/v12_d2 5ig
Solidification & Cooling, Von Mises '
Ambient, 100.00 % 0.1327
X-Ray: on
Chromite
Von Mises
MPa
Empty
48.27
41.42
34.56
Z ‘ 25.346 MPa
@ o 27.70
y @ 20.85
13.99
E] 7.13
UM2021_DEMO_PLANET_CARRIER/v12_d4 0.28

Solidification & Cooling, Von Mises

Ambient, 100.00 % 0.2751
X-Ray: on '.
Zircon MA MA

| UGM | Chennai | Radission Blue

Observation: The von Mises distribution is also
different for each sand. Higher von Mises
values were observed with the Chromite sand
system.

Why do the hot tear and cold crack results
show opposite trends?

"\




Opposite trend indicates due to the heat transfer rates are different, cera-bead is having insulating properties which may
increase the hot tear chances as the metal solidification takes more time. Cold crack chances in Cerabead sand will be less
due to slow cooling in solid contraction stage. Which is opposite with Chromite sand
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Can the chemistry change affect the stresses and
convection?
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MA MA
© Defining the objective

Understanding the variation in chemical composition on segregations &
Mechanical composition

o : :
= Define your variable
Composition of Carbon 0.24 % to 0.34% with Interval 0.05%

7+ Specify your criterion

Solidification results
Heat Treatment Results

"\
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MA. MA
@ Keep the task efficient

Reduced mesh

@ Choose you method

Start sequence
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= Act & check improvements

\ S
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Carbon percentage distribution in casting

Carbon
Concentration
0

0.3262
Empty

0.3262

0.3110

0.2958

0.249 wt. %

0.2805
0.2653
0.2501
0.2348

0.2196

0.229 wt. % 0.2044
. P

0.1891

0.1739

0.1587

@ o 0.1434
@ I\
\ g 0.1282
[ H 0.1130
UM2021_DEMO_PLANET_CARRIER/v15_d1
Solidification & Cooling, Carbon Concentration

7h 26min 2s
X-Ray: on

N

0.113
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0.302 wt. %

0.252 wt. %

z

© __
oA
B

UM2021_DEMO_PLANET_CARRIER/v15_d2
Solidification & Cooling, Carbon Concentration
7h 25min 45s

X-Ray: on

| UGM | Chennai | Radission Blue

Carbon
Concentration

wt. %
0.392

Empty

0.3920
0.3737
0.3555
0.3373
0.3191
0.3009
0.2827
0.2644
0.2462
0.2280

0.2098

0.1916

0.1734

0.1552

0.1369

0.1369

0.352 wt.

0.289 wt. %

N

®®/Y,-
ot

UM2021_DEMO_PLANET_CARRIER/v15_d3
Solidification & Cooling, Carbon Concentration
7h 25min 49s

X-Ray: on

;
%

Carbon
Concentration

wt. %
0.4611

Empty

0.4611
0.4397
0.4183
0.3969
0.3755
0.3541
0.3327
0.3113
0.2899
0.2685
0.2471

0.2257

0.2043
0.1829

0.1615

0.1615
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Mechanical Properties: Hardness

Hardness Vickers o 5 o
HV XD-D 1‘1.5' A\‘.‘fo' '1:51' 3@' %ﬁ"?

212.754 HV

UM2021_DEMO_PLANET_CARRIER/v15_d1
Heat Treatment, Tempering, Hardness Vickers

1d 14h Omin (0.00°)

Hardness Vickers
M) s Wl
HV XBD 'ﬂ.} f)(:" 1:’;' ? 3@' g&‘\"‘?

UM2021_DEMO_PLANET_CARRIER/v15_d2
Heat Treatment, Tempering, Hardness Vickers

1d 14h Omin (0.00°)

X-Ray: on X-Ray: on
C-0.24% C-0.29%
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Hardness Vickers o
HV R RIS

2 2

"
AP (o

UM2021_DEMO_PLANET_CARRIER/v15_d3
Heat Treatment, Tempering, Hardness Vickers
1d 14h Omin (0.00°)

X-Ray: on

C-0.34%
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Mechanical Properties: Tensile

Tensile Strength o o Tensile Strength o o Tensile Strength
MPa A0 480 40 0 (D (. PO (o MPa A0 480 350 9 (@0 (P P F MPa

=
1O 420 0 8 (B PP (of

731.926

666.338 MPa 727611 M

- 5
_ ] .
99 P 678.170 MPa
z
¥ ; —_— v cam y s ——— |- " ——
1 - I

B S22
4

UM2021 DEMO_PLANET CARRIER/v15 d1 UM2021 DEMO_PLANET CARRIER/v15 d2
Heat Treatment, after Tempering, Tensile Strength Heat Treatment, after Tempering, Tensile Strength

1d 14h Omin (0.00%) 1d 14h Omin (0.00%) 1d 14h Omin (0.00%) -. 3
X-Ray: on X-Ray: on m MA

UM2021 DEMO PLANET CARRIER/v15 d3
Heat Treatment, after Tempering, Tensile Strength

X-Ray: on

\\
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Summary

Effect of convection was observed to some significant value in
solidification stress and heat treatment as well.

Changes in chemical composition MAGMASOFT® effects the
segregation distribution and Mechanical properties.

Sand have major influence over stresses as well as segregations. Less
segregations in Chromite sand system.
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Thank you
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MA. MA
Running heat Treatment with opposite orientation

Can we do the stress simulation for the heat treatment with orientation ?
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Utilising the Result mapping feature

Export model from results with scalel Create New version or project and
(saved as M1 or any other name) import M1

Now HT stress simulation runs
considering the stresses from base
version

Select the results required from base
version
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Change the orientation of M1 for heat
treatment

Tools>Result mapping

Locate the base version with casting
process stresses

Update the geometry and map as per
the current orientations
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