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Kirpart Product Groups
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Processes

FOUNDRY MACHINING

Each casting machine is equipped with its own
holding furnace, automatic die lubrication, die
heating-cooling device, jet cooling, vacuum
unit and able to cast the parts

weight from 50 gr. to 20 kg.

Melting Furnaces

» SN 2,0 Ton /Sl
» Shaft 2.0 Tong il
» Shaft SIS/ Hr

» Crucible O 258ceg S
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ASSEMBLY

Press (Ton) Pcs Brand
400 1 Metal Press
550 2 Metal Press
550 1 Era Press
750 2 Colosio
1000 1 Colosio
1100 1 Metal Press
1100 2 Era Press
1600 1 ldra
1900 > ldra
Total 16




As with all casting techniques,
High Pressure Die Casting
also consists of two basic stages.

SOLIDIFICATION

3.Phase This is the solidification
stage where the liquid metal
inside the mold is solidified
under approximately 1000Bar
pressure with the controlled heat
transfer.

FILLING

1.Phase This is the phase where the
liquid metal fills the chamber up to
the gate level, ensuring no air
remains in the chamber.

2.Phase This phase involves filling the
part and overflow cavity within
approximately 80ms.
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MAGMA
APPROACH
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OBJECTIVES

* Reduction of scrap
rate.

 Reducing the
number of redundant
casting trials.

e Elimination of the
trial and error method
that creates waste.
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VARIABLES
* 1t Phase Velocity
« 2nd Phase Velocity

» Switch Over

[ 7';) \
SN

CRITERIA

* Prevent air
entrapment in the
chamber.

* Optimization of gate
velocity in accordance
with the PQ? diagram.

* Machine acceleration
capability.

EFFICIENCY

* The part model was
simplified by keeping
the volume constant.

* Optimizations were
carried out by dividing
into segments.

METHOD

« SOBOL METHOD
« PQ? Diagram

* Parametric Function

il

=

ACT & CHECK

» Correct result
achieved in one go.

« Significant reduction
in the number of
casting trials.

* Reduction in scrap
rates.
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Optimization Chapters

Injection Curve Optimization #1 - 1.Phase

500 \; In Phase 1, the piston velocity accelerates
% M " n M
starting from “0" and then continues at an

: accelerated or constant velocity value.

2 : : i t
. Switch Over N Refers to the acceleration between 1 phase
S 250 1.Phase Oobtimizati P d 2nd ph In th imizati h

: L \ ptimization #2 & E : an phase. In the optimization, the

& Optimization #1 P :

: ] : ition of this movement and its
2,00 Pfod g PO s : : .
\§E§ . compatibility with the machine are examined.
: B

1,50 : =
: Optimization #3 — 2.Phase
2"9 Phase velocity is achieved in this

' 3 \
000 == optimization. With the help of the PQ?
0 100 200 300 400 500 700 800 ! . e .
diagram, the machine capability is questioned
in that velocity value.

4,50

350 2.Phase
: g Optlmlzatlon #3

. )
3 7 00 F : i ROOTOTOTOTN
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Optimization #1 — 15t Phase

Tem ppratu re

Filling, Temperature

Emptr
5771.7

2.9
_
Filling, Temperature
3.23%

Phase 1 consists of two main step.

In the first step; the piston will overcome the

frictional force, gain acceleration and start its first ; A Preseite
movement. Acceleration at this stage can cause an Filling, Air Pressure B Eoty
undesired wave motion in the liquid metal. -
In the second step; the piston, which performs its | ' 101
first movement, should move with the metal wave it -
creates in front of it and move at a velocity or - 101
acceleration that will not cause air entrapment in the o
chamber. |

Filling, Air Pressure
3.23%
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Optimization #1 — 15 Phase

1. Evaluation Area

O

Iﬁ_'l

Two different ‘Evaluation Areas’
are defined for the optimization
setup.

In the 15t Evaluation Area,
velocity differences are analyzed.

- In the 2"d Evaluation Area, air
AT :
entrapment is also analyzed
together with the velocity results.
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Optimization #1 — 15 Phase

—C ® —
-0— Design Variables P —— &
—0— Curve Type

|Dsign Variable Parametric Function

[# Filling - User Defined Curve - Plunger Velocity over Plunger Position Parametric Function

0.8
0.7
= 06 : :
E s - - -
E— Uinear Interpolated (3 points)
E 04 T . somple e esplation i e pins
= 0.3
ﬂ.E Back _-m Cancel
ﬂ.] :wum-muu-u.-.mmcm-nmmmnmmmmr«m n;}:.
0.0 . . . A
0 1000 200 300 400 500 600 700 : o (v Peare| vt | o on e o
Plunger Position (mm) * : T
|Pararnetric Function Parameter, Intensal 1 Lower Limit Upper Limnit |5up | o omow o
M X0 0.0 0.0 0.0 %
kg Yo 0.0 0.0 0.0
B WO 200.0 300.0 100.0 : B
= W1 0.0 400.0 100.0
M Y 0.03 015 0.05 —
[+ ¥2 0.15 0.85 0.05

In 1t Phase Optimization, "parametric function” was used to determine the wave by the momentum of the piston and the
subsequent acceleration or constant velocity values. A total of 450 design examples were created according to the variables entered.
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Optimization #1 — 15 Phase

| Start Sequence + XU =202
Design ID' | Filling - User Defined Curve - Plunger Velocity over Plunger Position Parametric Function, Interval 1, W0 (mm)  |Filling - User Defined Curve - Plunger Velocity aver Plunger Position Parametric Function, Interval 1, W1 (mm) |Filling - User Defined Curve - Plui *
1 300.0 200.0
Z | 2000 3000
] 3 3000 100.0
| 4 2000 3000
[ 5 3 Generate Start Sequence X 100.0
[] 3 200.0
— Add Designs to Start Sequence =
! - 400.0
] g Select an algorithm to create a start sequence and enter its parameters. RN nan
[ 9 —
— m Parameters

Algorithm Parameters

_ 1 g i::&g‘.ngd MNumber of designs 40 Numbﬂ l:rf deﬁigﬂ g dﬂ
|| i © Full Factorial \‘
—::_ (O Reduced Factorial

=i

~

300.0
1 16 3000
] 17 100.0
[ 18 0.0
] 19 200.0

20 | 2000
1 i; @ Generate | Cancel ﬁg
] 23 " 100.0
N 2 200.0 200.0
] 2 300.0 0.0
] 26 200,0 100.0
[ 2 3000 300.0
| 2 | 2000 100.0

L4

< >
Mumber of designs: 39 Unfeasible: 0 Duplicate: 0

450 different design examples were reduced to 40 designs using the Sobol Method.
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Optimization #1 — 15 Phase

Objectives

| Mame | Type | Value | Expression

Air Minimize {Cycle 1/Filling,/Air/25.0 %/ Avg/Cast Alloy Class, Evaluation Area 1D 1}

Velocity Minimize {Cycle 1/Filling/Velocity/Absolute Velocity,/Max/Cast Alloy Class, Evaluation Area D 2}

Temperature  Minimize 690-{Cycle 1/Filling/Ternperature/25.0 %6/Avg/Cast Alloy Class, Evaluation Area D 1}

VOF Minimize {Cycle 1/Filling/VOF/Max Free Surface of Cast Alloy Class, Evaluation Area ID 1}

Velocityl Minimize {Cycle 1/Filling/Velocity/23.0 %/ Velocity ¥/ Max Diff/Cast Alloy Class, Evaluation Area D 1}

Velocity2 Minimize {Cycle 1/Filling/Velocity/Velocity ¥/Mormalized Average Direction of Cast Alloy Class, Evaluation Area D 1}

The objective is to The objective is to The objective is to minimize § The objective is to minimize
minimize the amount of minimize temperature the amount of free surface f§the difference in metal

air entrapment in the changes in the liquid of the liquid metal. velocity along the Y-axis.
chamber at the 25% of metal.

the filling stage.
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Optimization #1 — 15 Phase

<
S 36.47
5’0 33.93
g 31.40

il
e ;g:g; As a result of the

m 2380 L

" 21 optimization, the most
n) 18.73

| |

16.20 .
Py suitable values were

m 1113
20 860 obtained in the 14th design.
27#’ ::(5)3

220 1.00

A 00055 117.13 1.1E+04 0.13 0.53 0.99 A 00

Selected Design(s): 14 "ﬁ‘

- Kwwerpr




v

Optimization #1 — 15t Phase

Velocity2

[-1

Velocityl

Temperature  VOF [-] Velocity [-]
[-]

[-]

Air[-]

0.9

0.99

0.98
2.957]

1.74

g

0.53_]

0.857

0.43

0.13_
1.4E+04

1.2E+04

1.1E+04
133.99

125.56

117.13
0.12

0.062
0.00055
200.00
Filling - User Defined
Curve - Plunger Velocity
over Plunger Position

Parametric Function,
Interval 1, WO [mm)]
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30000

I
00 100 .0010() .0030(] 00,000

Filling - User Defined
Curve - Plunger Velocity
over Plunger Position
Parametric Function,
Interval 1, W1 [mm)]

0.050 0.10 0.15

Filling - User Defined
Curve - Plunger Velocity
over Plunger Position
Parametric Function,
Interval 1, Y1 [m/s]

0.02@DBIOBOBEIEBRES
0.45

Filling - User Defined
Curve - Plunger Velocity
over Plunger Position
Parametric Function,
Interval 1, Y2 [m/s]

P

Correlation

1.000
0.875
0.750
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

hﬁdﬂihtﬂ

In the “Main Effect Matrix”
perspective, the outputs for
each objective entered are
shown in a table depending

on the variables.

Each relevant objective is
examined in the table
depending on the

corresponding variable.
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Optimization #2 — Switch Over

Between 15t Phase and 2nd
Phase, there is a transition
area called “switch over”
which depends on the
machine capabilities.

Chamber Full
Velocity (m/s)

250 300 350 400 450 500
Plunger Position (mm) Except for extreme examples,
this acceleration distance
should be between the ‘metal
at gate" or “‘chamber full”
positions depending on the
part character and runner

design.

Metal At Gate
Velocity (m/s)

250 300 350 400 450 SC'G'
Plunger Position (mm)
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Optimization #2 — Switch Over

—0
-0— Design Variables
—_——
|Design Variable Lower Limit (mm] | Upper Limit {rmm] | 5tep (mm)
Filling - Acceleration Phase - 5tart - At Plunger Pesition  413.0 465.0 5.0

In the switch over optimization, design variables were selected between
415mm (chamber full) and 465mm (metal at gate) with 5mm steps.

A total of 10 different designs were created and the simulation was run.

{‘ KIRPART
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Optimization #2 — Switch Over

Objectives

| Mame | Type | Value | Expression I
Air Minimize {Cycle 1/Filling/Air/from 0.0 % to 100.0 % every 0.1 %/Max,/Runner ID 1}
Velocity Minimize [Cycle 1/Rilling/Velocity/Velocity Z/Normalized Average Direction of Runner [D 1}
VOF Minimize {Cycle 1/Filling/VOF/Max Free Surface of Runner ID 1}

Air Contact Minimize s

{Cycle 1/Filling/Air Contact/End of Filling/Min/Runner |D 1}

The objective is to The objective is to The objective is to minimize | The objective is to
minimize the amount of minimize the velocity the amount of free surface | minimizing the air contact
air entrapment in the difference in the Z axis in  § of the liquid metal. surface of liquid metal.
chamber at the 100% of metal velocity.

the filling stage.
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Optimization #2 — Switch Over

Design ID [-]
- 10.33
! 9.67
& 2 & 200 As a result of the
< S 2L é?é S 8.33
¢ ¢ ® & S e optimization, the most
_ 386.70 8.02 1344.6 0.95 11.00 6.33
i & e se suitable values were
10.00 4.33 . . .
257 obtained in the 10th design.
9.00 2:33
1.67
1.00
8.00 IA /
Although the ‘Air Contact
7.00 .
results were selected at high
6.00 .
values, the maximum and
5.00 - In
minimum values of Air
4.00 , .
Contact’ do not have a wide
3.00 .
| range as seen in the graph.
2.00
= 1.00
53.99 7.68 A 37307 A 95 A 10

Selected Design(s): 10 MA&A
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Optimization #2 — Switch Over

e

Correlation
000 As a result of the optimization, the

0.875 ) )

0750 most suitable values were obtained

0:500 . .

0375 in the 10th design.

0.250

0.125

0.000

-0.125

-0.250

-0.375

-0.500

-0.625

-0.750

-0.875

-1.000

VOF [-] Velocity [-]
EEEEN

Air Contact [-]

Air [-]

53.99_

| T T | T T T | I T
21500 32000 22590 43000 4350 44000 24500 25000 45500 46000 26590

Filling - Acceleration Phase - Start - At Plunger Position [mm]
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Optimization #3 — 2" Phase

VPiston X APiston _— VGate X AGate

Equation of Continuity

{< KIRPART



v

Optimization #3 — 2" Phase

VPiston X APiston _— VGate X AGate

V_ = 35m/s - 50m/s

V. = 35m/s x 8,21cm? / 63,62cm?

¥

e © © o © °
E) ATOMIZED MIST | [ieselece e o o o =

\/

8 CONTINUDOUS

V. = 50m/s x 8,21cm? / 63,62cm?

o
?CDARSE PARTICLES Ooooo o

0% V..=4,5-6,5m/s

H

{< KIRPART



v

Optimization #3 — 2" Phase

450

400

350

300

150

100

50

0 500
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T

1000

T

1500

T T T

2000 2500 3000

Q2 (mm3/s)?

T

3500

T

4000

T

4500

1

5000

=== \achine Line

e ()th Theoric Volume
@ Pmin

P max

------- Die Line Min

------- Die Line Max

mmmmm Die Line Average

PQ? Diagram Shows that the desired 2"
phase velocity is within the capabilities of the
machine. As can be seen in the diagram on
the right, the calculated 2n? phase velocity is
seen in the green frame. Therefore, the
machine to be produced is capable of
reaching the maximum speed we have

calculated.
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Optimization #3 — 2" Phase

S ¥
-0— Design Variables
——
|Design Variable |Luwer Limit (m/s) |Upper Limit (m/s) |5tep (m/s)
Filling - Second Phase - Velocity 4.5 6.3 0.5

In Phase 2 Optimization, the calculated min - max velocity values of 4.5m/s and 6.5m/s were entered.

A total of 5 different simulations were run by setting the step as 0.5m/s.

{‘ KIRPART



v

Optimization #3 — 2" Phase

Objectives

| Marne Type Value |Expression
Smeoth Filling Minimize {Cycle 1/Filling/VOF/Max Free Surface of Cast Alloy Class}
Reduce Gate Velocities  Minimize  » {Cycle 1/Filling/Velocity/Absolute Velocity,/Max/Gate All 1Ds}
FAovoid Misrun Maxirnize {Cycle 1/Filling,/ Temperature/Min,/Casting All IDs}
Hot Spot F5Time Minimize {Cycle 1/5clidification & Cooling until Eject/Hot Spot F5TimeVolume/Casting 1D 1}
Air Pressure Minimize {Cycle 1/Filling,/Air Pressure/End of Filling/Avg/Casting 1D 1} :

Hot Spot FS Time Reduce Gate Vel. y

The objective is to keep the | The objective is reducing J| The objective is elimination [ The objective is minimum

amount of air entrapment

in the casting to a
minimum.

shrinkage by increasing of maximum velocity turbulence formation in

the temperature of the occurring at gate points. the flowing liquid metal.
kinetic energy inside the

mold.
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Optimization #3 — 2" Phase

Design ID [ As a result of the optimization,

4,73 .

4.47 the most suitable values were
4.20

3.93 . . o

367 obtained in the 1st design.

3.40

3.13

2.87

2.60

2.33

Sor When we carried out our
1.80

3 examination from the perspective

1.27
1.00

b,
ar. e
o.o,bgege

R,

561.87 27.71 70.49 8.4E+04 5.00

4.00

of parallel coordinates, design 1,

which is below the maximum
200 gate velocity and where targets
such as turbulence hot spot are

oo at acceptable levels, was selected.

561,85 25.24 A 364 A 3oE04 A

Selected Design(s): 1 MA&A
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Optimization #3 — 2" Phase

Injection Curve
5,00

A 4

4,50 s
Nty
|
3,50
3,00
L
£ 2,50 ‘
2,00 8
1,50
1,00
0,50
0,00 === |
0 100 200 300 400 500

mm

The piston velocity must increase from Vi to V2 within a
distance of X. Therefore, the machine must provide this
capability.

The acceleration calculated from the following
“equation of motion without time formula” must be

smaller than the maximum acceleration of the

machine.
V2 = Vo? + 20
V22-Vvi2  (4,5) + (0,45)
2X 2 x 0,05

o =200.475 m/52< OlMachine =500 I'TI/S2
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Filling, Air Pressure
0.1ms, 3.25%

Plunger position: 0.00 mm

Filling, Air Pressure
3.23%

Air Pressure

Empty
3.000

2.714
2.429
2.143
1.857
1.571
1.286

1.000

Air Pressure
bar
Empty
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

On the side air pressure results were
obtained by combining three different
optimizations.

At the top, the filling result of the
combined designs does not show any air
entrapment. This is a result that we
always aim for.

Clearly, we can see undesired air
entrapment result at the bottom. A large
amount of air is trapped in the last stage
of the chamber filling.



679
Empty
3.000
2.714
2.429

2.143

1.857
1571
1.286

1.000

Filling, Air Pressure
8.63%

In the images above, we can see the results obtained in the previous slide with the “die filling test".
The first image does not show any air entrapment.

However, in the other image, there is a high amount of air entrapment in the marked region, which is also seen in the simulation result.
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Samples

Chamber Full Metal At Gate

S . — ol w
Air Pressure Air Pressure \ , g " s 7
Py ) T o b 0 o
A2 B0 S Dm0, O o
X )

i AR I R | ) %] B a0 o ) PO N o6
bar O A IFN B 820 N2 0 Kby D o o Wb o \a¥ S

y

. 7

@

Fl

€53.610.01.03/v13_d2
Filling, Air Pressure
34.00 %

€53.610.01.03/v13_d1
Filling, Air Pressure
3401%

The filling results of two different simulations with both chamber full and metal at gate points are shown above.

Chamber full — In this example, at the switch over with chamber full, air entrapment is observed in the main
runner as shown in the X-Ray results on the side.

Metal at gate — In the other result, ‘metal at gate’, no air entrapment was observed in the runner. X-Ray results
also support the simulation.
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