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The Group’s brand architecture

RHEINMETALL

GROUP

rRHEINMETALL rRHEINMETALL

AUTOMOTIVE DEFENCE

. Weapon Electronic Vehicle
Hardparts Mechatronics Aftermarket and Ammunition Solutions Systems
KOLBENSCHMIDT PIERBURG MOTORSERVICE
RHEINMETALL AUTOMOTIVE RHEINMETALL AUTOMOTIVE RHEINMETALL AUTOMOTIVE
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Rheinmetall Automotive — Three strong brands under one umbrella

RHEINMETALL

AUTOMOTIVE

Brands
KOLBENSCHMIDT PIERBURG MOTORSERVICE
Business Units ® Bearings = Actuators ®  Motorservice is responsible for
B Castings B Automotive Emission the global spare parts industry

within Rheinmetall Automotive.
Engine component sales in
more than 130 countries is our
®  Pump Technology core competence.

= Large Bore Pistons Systems

® Small Bore Pistons ®  Commercial Diesel Systems

® Solenoid Valves

© Rheinmetall AG | 5
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KSPG Automotive Brazil Ltda.
Global presence: More than 40 locations worldwide

Address Rod. Arnaldo Julio Mauerberg 4000
Distrito Industrial 1
13460-000 Nova Odessa-SP/Brazil

Contact Phone: +55 19 - 3466 - 9700
Fax: +5519 - 3466 - 9787

Products Pistons for Gasoline, Commercial Vehicles,
2Stroke Engines for Motorcycles and Cylinders

% Brasilia

KSPG Automotive Rio de Janei
Brazil, Nova Odessal A - il

Porto Alegre
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KSPG Automotive Brazil Ltda.
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KSPG Automotive Brazil Ltda. — Pistons Division

1967 — Established in Santo André / SP
1993 — Moved to Nova Odessa / SP

Employees: 1.134 in three shifts (*)
Constructed Area: 62.000 m?

Products:

Pistons for gasoline and diesel engines

Aluminum cylinders

(*) Basis = May/17
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KSPG Automotive Brazil Ltda. — Pistons Division

Products portfolio

Pistons for gasoline and diesel engines from Cylinders for chain saws

35t0 140 mm I

Around 0.55 million units/year
Cylinders assembly

Around 14 million units/year
Bare pistons and assembled pistons

© Rheinmetall AG |
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KSP Customers Panel

Domestic Customers

éo »¢ BorgWarner CNH E H&@m % @

7 INDUSTRIAL Husqvarna
N 83 Perkins o 9
\) M“M PSA PEUGEOT cnrzoiKl RENAULT NISSAN  gopnnn

DAIANID  MercedesBenz CATERPILLAR'

5 TIHL" WABCO N @YAMAHA

Export Customers

b, El @ weco (0
f/ég (H) eco (...
N &3 Perkins — O  w .
= : A= \% : A A |
\) CATERPILLAR® PSA PEUGEOT CITROIm RENAULT NISSAN  gcANIA 5 TIHL UM———M pem

Mercedes-Benz
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Estudo de correlagao para defeito no turbo compressor
Trabalho em parceria com o suporte da MAGMA Engenharia do Brasil
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(dldentificacdao do defeito
Rechupe na regiao do

massalote lateral

Refugo : 20,59%
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_lAjustes da simulagdo com suporte Magma

_lAjustes da malha

_lAjustes de temperatura e tempos de ciclo s

_lAjustes de HTC's

_lAjustes de curva de termopares

Cycle » Preparation
Die Casting
Aluminum
AIS10Mg

Weight: 207 kg
Totsl Weight 37 kg
Vield: 5592 %

W W e e e e

Cycles1- 10

Place Cores & lnsents 140 ¢

KOLBENSCHMIDT

RHEINMETALL AUTOMOTIVE

18] Ve Gerwration 0

Mesh Generation

of Hements

B Paametersers

Spacy the parsmeters for

mesh genessticr.

@ Mukiple Paramerer Satc

Optizn
IMesh for solves 5

Cartesian Miesh Parmeters (Standare)

5 [« Sandnd @l Wi al Thickmess Fouidimant
L & CoreDL
i x ¥ z
= & CoreD2
% Peanent ok nferoreipscator Geometryfiter ) 50 1581 mm
Sul 3 3 3
Minims! element sze 5 0 sa mm
Masirmuen length ratio of neighboring elements. 2
Masimum sspct ebio of a element 3
4 BB podute
&1 CastingID1
¥ FesderiD)
e
Mesh Sae
Number of ces Hurmber of caviey el s
Messoges
@ Catculote_| [_Generate o
‘Selidification & Cooling until Eject
m M
[Die Open:70s Eecion Tme 005 )
b

£ Cast Alloy

B Costing

B} Casting System

B Fiter
L Filter D1

Bl Permanent Mold
- Permanent Mold

Die Opened
inferier_espacador

[Die Open Step: 7.0 5 after Die Open Step - Permanent Mold supesior] |-

Die Opened

- PermanentMold  inferior

|- PermanentMold  superior

[Die Open Step: 70  after Die Open Step - Permanent Mold superior] |-

| Frmenill] | g o -

- Permanent Mold
O core

inferior_disco

Die Open Step: 1630 s after End of Preparation PH
-{Die Open Step: 1630 s after End of Preparaion P}
===~ PY{Dse Open Step: 70 s aftes Die Open Step - peror] |-~

- Core D1
- Core D2
ED Uses Defined

- \[Place Ingert Step: 43,0 & aftes Begin of

Place Insert Step: 29.0 5 st Begin of Prepatation |-+~~~

L User Defined 1
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Material 1 | Mat ID |Materia| 2 Mat ID Database/Filename Type
- Cast Allay Permanent Meld
E] Casting Permanent Mold
- g Casting D1 #Permanent Mold  inferior Project/AISi10Mg-2000 Temperature Dependent HTC
. g Casting D1 A Permanent Mold  superior Project/Al5i10Mg-2000 Temperature Dependent HTC
. -gACasting D1 #-Permanent Mold  inferior_disco Project/Al5i10Mg-2000 Temperature Dependent HTC
E| Casting System Permanent Mold
- Feeder D1 #Permanent Mold  superior Project/AISi10Mg-2000 Temperature Dependent HTC
----\l_“_Feeder D1 A Permanent Mold  pesticoes_massalote  Project/AlSiL0Mg-2000 Temperature Dependent HTC
.. WFeeder D2 Permanent Mold  inferior Project/AlSi10Mg-2000 Temperature Dependent HTC
[+=) ) 9 P P
----J_“_Feeder D2 A Permanent Mold  superior Project/AISiL0Mg-2000 Temperature Dependent HTC
- Feeder D2 #Permanent Mold  posticoes_massalote  Project/AlSiL0Mg-2000 Temperature Dependent HTC
IE;[ Runner D1 A Permanent Mold  inferior_disco Project/Al5i10Mg-2000 Temperature Dependent HTC
[—“_} Cast Alloy Core
E] Casting Core
. L.gfCasting D1 w*Core D1 MAGMA/AISIIOMg-core  Temperature Dependent HTC
. -gACasting D1 w*Core D2 MAGMA/AISIIOMg-core  Temperature Dependent HTC
E| Casting System Core
- Feeder D1 @ Core D1 MAGMA/AISILOMg-core  Temperature Dependent HTC
24 Runner D1 w*Core D2 MAGMA/AISIIOMg-core  Temperature Dependent HTC
- Pouring Basin ID1 @ Core D2 MAGMA/AISIIOMg-core  Temperature Dependent HTC
5. Filter Core
: - A Filter D1 @ Core D2 MAGMA/AISILOMg-core  Temperature Dependent HTC
E| Permanent Mold Permanent Mold
.. i Permanent Maold inferio Permanent Mald  inferior Project/MERGE_C2000 Constant HTC
Il
- Permanent Mold inferi... Permanent Meold  superior MAGMA/C2000.0 Constant HTC
p
- @ Permanent Mald inferi... Permanent Mold  inferior_disco Project/MERGE_C2000 Constant HTC
Il
.. ffePermanent Mold superi  fPermanent Mold  posticoes_massalote  Project/MERGE_C2000 Constant HTC
[—j Permanent Maold Core
- fikPermanent Mold inferi... @ Core D1 Project/MERGE_C1000 Constant HTC
Il
- fkPermanent Mold superi  g#Core D1 Project/MERGE_C1000 Constant HTC
- fkPermanent Mold superi  g#Core D2 Project/MERGE_C1000 Constant HTC
'Permanent Mold inferioc @ Core D1 Project/MERGE_C1000 Constant HTC
[ij-Permanent Maold User Defined
- fkPermanent Mold superi &8 User Defined 01 MAGMA/C100.0 Constant HTC
User Defined
D1 w2 User Defined D1 MAGMA/C100.0 Constant HTC
D2 w2 User Defined D1 MAGMA/C100.0 Constant HTC
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Ajustes da simula¢do com suporte Magma

Ajustes da malha

Versao original Versao alterada

Mesh Generation = Mesh Generation = | (=] |
Mesh Generation Mesh Generation

Specify the parameters for mesh generation. Specify the parameters for mesh generation,

Mode Options Mode Options

@ MNumber of Elements [¥] Mesh for solver 5 () Mumber of Elements [¥] Mesh for solver 5 I

(2 Multiple Parameter Sets [7] Generate core @ Multiple Parameter Sets ["] Generate core

Parameters .

Nomber of elements < 500000 Parameter Sete Cartesian Mesh Parameters (Standard)

i B Standard @ Classic () Min. Wall Thickness () Equidistant
E§ Advanced X v z
Eg produto

Geometry filter 15.0 15.0 150 mm
Subdivisions 3 3 3
Minimal element size 5.0 50 50 mm
Maxirmum length ratio of neighboring elements 2
Maximum aspect ratio of an element 3

Mesh Size Mesh Size

MNurnber of cells 5,925,150 Nurnber of cavity cells 357,451 Mumber of cells 9,346,260 MNumber of cavity cells 436,925

Messages Messages

. - )

k?,' Calculate ] ’ Generate Stop \‘?Jl Generate Stop
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_lAjustes da simulagdo com suporte Magma
_lAjustes de temperatura e tempos de ciclo

Versao original Versao alterada

Cycle D Preparation Pouring Solidification & Caoling until Eject Cycle ] Preparation Pouring
Die Casting 7} —e —® 2 Die Casting Y, Vi v —®
sty ’ ?J }J ?J L' }J "

g k3 Ll ! o=
o
T:tlag\ Weight: fug kg Weight: 228 kg b
Vil 5501 % o . £ Total Weight: 4.08 kg v B
ield: ] & ol Yield: 55.92 % 2
Grisileld —————— 005 149.0 5 | e U 5105
Preparation Pouring: 905 Solidification 8 Cooling until Eject SE=L=l F———— 290 s —{Place Cores & Inserts: 140 s
[ ‘ ‘
Cast Alloy Preparation Pouring: Automatic Filling Control
B Filter ‘ ‘
Cycle
 Pamancr el o ey e
Core I I L L S
Permanent Meld Die Opened
Core -4 B Die Gpen
User Defined 1| pie Open Definitions

Define the separation of cast alloy materials and die materials.

Material Mat ID Process Control Boundary Definition
= Permanent Mold
. fPermanentMold  inferior_espacador 7.0 5 after Die Open Step - Permanent Mold superior  MAGMA/default.do
. @ Permanent Mold  inferior 7.0 s after Die Open Step - Permanent Mold superior  MAGMA/default.do
. @ Permanent Mold  superior 1630 5 after End of Preparation MAGMA/default.do
. @ Permanent Mold  posticoes massslote 1630 s after End of Preparation MAGMA/default.do
. @ Permanent Mold  inferior_disco 7.0 s after Die Open Step - Permanent Mold superior  MAGMA/default.do

<

T e F

I
&

[2 Problems 52

Description —r
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_lAjustes da simulagdo com suporte Magma

_lAjustes de HTC's

Versao original Versao alterada

© Rheinmetall AG |

Material 1 [MatID |Material 2 [MatID [Database/Filename Type Material 1 [Mat D |Material 2 [MatID |Database/Filename Type
£ Cast Alloy Permanent Mold E}-C_astAIon Permanent Mold
&} Casting Permanent Mald [ Casting Permanent Mold
-.gaCasting 1D1 4 Permanent Mold D2 Project/al-fe-ab Temperature Dependent HTC : - g Casting D1 #Permanent M inferi.. Project/AISiL0Mg-2000 Temperature Dependent HTC
gt Casting ID1 4 Permanent Mold D3 Project/al-fe-ab Temperature Dependent HTC g Casting D1 #Permanent M superi  Project/AISil0Mg-2000 Temperature Dependent HTC
| i-giCasting 1D1 4 Permanent Mold D5 Project/al-fe-ab Temperature Dependent HTC i gl Casting D1 #Permanent M inferio  Project/AISil0Mg-2000 Temperature Dependent HTC
é}-Casting System Permanent Mold é}-Casting System Permanent Mold
- #Feeder D1 4 Permanent Mold D3 MAGMA/AISL0Mg-coat Temperature Dependent HTC - W Feeder D1 - Permanent M superi  Project/AlSil0Mg-2000 Temperature Dependent HTC
- ¥-Feeder D2 # Permanent Mold D2 MAGMA/AISI10Mg-coat Temperature Dependent HTC - WFeeder D1 #-Permanent M postic  Project/AISil0Mg-2000 Temperature Dependent HTC
Fesder D2 & Permanent Mold D3 MAGMA/AISLOMg-coat Temperature Dependent HTC - #=Feeder D2 #-Permanent M inferi..  Project/AISiL0Mg-2000 Temperature Dependent HTC
LYy Runner  ID1 # Permanent Mold D5 Project/al-fe-ab Temperature Dependent HTC - #Feeder o2 f-Permanent M superi  Project/AISi10Mg-2000 Temperature Dependent HTC
& CEESt iy o ----\'_“Feeder D2 - Permanent M postic  Project/AISil0Mg-2000 Temperature Dependent HTC
& Casting S g Runner D1 #Permanent M inferio  Project/AISi10Mg-2000 Temperature Dependent HTC
D1 @ Core D1 MAGMA/AISIL0Mg-core Temperature Dependent HTC & Cast Alloy Core
D1 @ Core D2 MAGMA/AISIL0Mg-core Temperature Dependent HTC E| o Core
Core - g Casting D1 @ Core D1 MAGMA/AISILOMg-core Temperature Dependent HTC
D1 @ Core D1 MAGMA/AISI10Mg-coat Temperature Dependent HTC . .
_— & Core i MAGMA/AISI1OMg-coat Temperature Dependent HTC Qll Casting D1 @ Core D2 MAGMA/AISILOMg-core Temperature Dependent HTC
(= Filter Core & Casting System Core
oM Filter D1 w* Core D2 Project/al-fe-ab Temperature Dependent HTC - #Feeder D1 ## Core D1 MAGMA’:NSFOMQ'CME Temperature Dependent HTC
[ Permanent Mold Permanent Mold <defined individually> Constant HTC | w1 BREDE Dz MAGMA/AISILOMg-core Temperature Dependent HTC
1. Permanent Mold Core Project/MERGE_C2000 Constant HTC - Pouring Basin D1 @ Core D2 MAGMA/AISILOMg-core Temperature Dependent HTC
[+ Filter Core MAGMA/AISIIOMg-core Temperature Dependent HTC
- Permanent Mold Permanent Mold <defined individually» Constant HTC
- Permanent Mold Core Project/MERGE_C1000 Constant HTC
- Permanent Mold User Defined MAGMA/CL00.0 Constant HTC
- Core User Defined MAGMA/CL00.0 Constant HTC
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Suporte MAGMA - Desenvolvimento do projeto

_lAjustes da simulagdo com suporte Magma

440
420
400
380

360

Temperatura [2C]

340
320

300
09:50:24 10:04:48 10:19:12 10:33:36 10:48:00 11:02:24 11:16:48 11:31:12 11:45:36 1°
..............................................................................................................................Tem O .................................................................................................................................

© Rheinmetall AG | inferior superior = = superior_simulacao = = inferior_simulacao
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Suporte MAGMA - Desenvolvimento do projeto

_lAjustes da simulagdo com suporte Magma

Versao original Versao alterada

Adi¢ao de metal no
topo dos massalotes

© Rheinmetall AG |
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Suporte MAGMA - Desenvolvimento do projeto

_lAjustes da simulagdo com suporte Magma

Versao original Versao alterada

Modelamento do ar
no interior dos
machos

© Rheinmetall AG |
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Versao original Versao simulada pelo suporte Magma Porosity
Yo

Empty

100.0
92.9
85.7
78.6
71.4
64.3
57.1
50.0
42.9
35.7
28.6
21.4

O topo do massalote solidifica antes do corte da 14.3
alimentacao, assim sendo nao existe a 71
possibilidade do metal descer para alimentar a 0.0
regiao do produto com massa liquida isolada.

© Rheinmetall AG |

wid
FSTime
46.169s 40.00 %

v08 vi4
Porosity Porosity
2min 39.0s 93.19 % 46.169s 98.53 %
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Anadlise de Resultados — FSTime

Versao alterada FSTime

5

Empty

220.0
204 .6
189.3
173.9
158.6
143.2

127.9
A partir deste instante esta regiao do 112.5

produto passa a ser alimentada 97.1

o 81.8
exclusivamente pelo massalote coa

51.1
35.7

20.4
‘ 5.0

Corte da / |

alimentacao

vi4
FSTime
46.169s 40.00 %

© Rheinmetall AG |
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Anadlise de Resultados — FSTime

Versao alterada

FSTime

Empty
Realizando-se um corte na regiao do massalote

220.0
204.6
189.3
173.9
158.6
143.2
127.9
112.5
97.1
81.8
B66.4
51.1
35.7
vid 20.4
possibilidade do metal descer para alimentar e - 5.0

a regiao do produto com massa liquida
.............. isolada.
© Rheinmetall AG |

O topo do massalote solidifica antes do corte
da alimentag3o, assim sendo n3o existe a 40s




KOLBENSCHMIDT

RHEINMETALL AUTOMOTIVE

Peca 01 Peca 02

_ Peca 03 : Peca 04
(04/06) 4 (04/06)

(04/06) s (05/06)

Peca 05 il — Pec¢a 06

(05/06) ] (05/06) © s | (05/06)

© Rheinmetall AG |
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Peca 01 | Peca 02 : - Peca 03
(04/06) (04/06) = % | | (04/06)

Wfa—_
-

i 7 s g % B

02 dos 07 galhos cortados apresentaram rechupe visivel no topo do massalote
(indicativo de funcionamento). Nessas pecgas, nao foi observado rechupe de

Pega 05 grandes dimensodes na regiao critica.
(05/06)

04 dos 05 galhos que nao apresentaram rechupe no topo do massalote
apresentaram rechupes intensos no produto.

o Nesse contexto, é possivel concluir que a causa para os defeitos esta na
)| solidificacdo prematura do topo do massalote (casca sélida).

© Rheinmetall AG |
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8
Proposta:

Adicionar monolites no topo dos massalotes

_____________________________ .
- |
| 80 :
| ‘ 0y
| 2% 46" |
| an |
| 7 l
| |
| |
o] © Ta |
I?ﬂ.- - 77 w| @ |
| —{l—-—-—] Dl ik 1 |
@ |
| &
| p |
| 2 A |
W v |
|
|
I 40 |
I 90.2 0.1 Corte G-C :
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Simulacao apresentou significativa melhora na atuacao do massalote

FSTime
s

Empty

2141
199.3
184.5
169.7
154.9
1401
125.3
110.5
95.7

80.9

Adicao de material refratario no topo do
massalote possibilitou uma melhor atuacgao
Eliminando os defeitos apresentados nesta regiao

51.3
36.5
21.7

vi4
FSTime
46.169s 40.00 %

FSTime

Empty

206.4
191.4
177.4
163.4
149.3
135.3
121.3
107.2
93.2
79.2
65.2
51.1
311
23.1
9.0

v15
FSTime
35.433s 40.00 %

© Rheinmetall AG | 29
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Simula¢ao apresentou significativa melhora na atua¢ao do massalote

@ KOLBENSCHMIDT
RHEINMETALL AUTOMOTIVE
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Simula¢ao apresentou significativa melhora na atua¢ao do massalote

Antes das alteracdes Ap0s as alteracoes

© Rheinmetall AG | 31
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vi5

Porosity
35.433s 96.95 %
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Souring E

Pino de apoio para macho obstruia alimentacao
Na regiao onde apareceu o defeito

vi5
Geometry
Solucao foi transferir o pino central para dois pinos y 4 Coung]

laterais

Isso possibilitou aumentar a espessura para alimentacao
da peca naquela regiao
v18

Geometry

© Rheinmetall AG |
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Porosity
%

Empty

Simulacao confirmou o estudo =

18.57
17.14

eliminando a tendéncia na regiao =

12.86

11.43
10.00
8.57
7.14
5.71
4.29
2.86
143

vi5
Porosity
354335 96.95 %

Porosity
%|

Empty

100.0
92.9

v18
Porosity
35.143s 97.02 %

© Rheinmetall AG | 34
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Simulacdo confirmou o estudo
eliminando a tendéncia na regiao

vi5
FSTime
35.433s 40.00 %

vi8
FSTime
35.143s 40.00 %

© Rheinmetall AG |
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