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REFUSE Purpose

The project aims to enable resource-efficient
use, maximize utilization and extend the
lifetime of machining systems by developing
and demonstrating systematic and virtual
model-based methods to be used in the
Swedish automotive industry to jointly specify,
motivate, design and use reconfigurable and
circular machining system for generations of
product models.
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Circularity
/ /

Etablera Cirkular
samarbeten med produktions-
- utveckling:
externa parter for

5 hantering av
t.ex. effektiv produktionssystem

..an economic system that replaces the ‘end-of-life’ ervinning v enighet med

. . . . produktionsavia cirkuldra principer
concept with e.g. reducing, reusing, recycling and 4 k e
recovering materials in production/distribution and / /
consumption processes. s vl i

vid anvandning returfloden av
och majlighet for Enrodyl-:ter, t..ex.
..the aim to accomplish sustainable development, thus f"’.!f,:f".:;‘.‘i."" Al il
simultaneously creating environmental quality, economic @) | oC
prosperity and social equity, to the benefit of current and / / '
future generations. It is enabled by novel business models | Etablera
) Mt [l orh hallbarhetsfokus
and responsible consumers. o i inom
organlsatronen
o
o A

(Kirchherr et al. 2017)
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g Make parts of the production system redundant by abandoning
its function or by offering the same ability and function in a
Design
In this project we regard the machining system as

fundamentally different production system

RO - Refuse

Rethinking the ownership of production systems, e.g. leasing or

R1 - Rethink . .
co-purchasing production system

Circu Ia r R2 - Red Efficient production of the products in the system, e.g. through
- heauce minimizing natural resource and material usage
How to achieve a circular machining system, i.e., a Use R - Reuse Mt el e et Gl B s iUt Lot
company for new products with minimal change efforts

system to be re-used over generations of products?

Reconfigure the production system by e.g. add/remove
modules in order to cope with new product introductions or
significant changes in demand

R4 - Reconfigure

Changeable and reconfigurable manufacturing
principles as enablers to achieve circularity

Design Use A\ -/
RO, R1 R2, R3, R4
EOL-treatmel’v L /
R8, RO



Reconfigurable manufacturing

Reconfigurable manufacturing systems are
designed for rapid changes in structure, as
well as in hardware and software
components, in order to quickly adjust
production capacity and functionality
within a product family in response to
sudden changes.

(Koren, 2010)

MODULARITY- the system is divided into independant but
interlocking units

Q(_,D INTEGRABILITY- The modules have standard interfaces
enabling integration
DIAGNOSABILITY- It is quick to identify the sources of
quality and reliability problems
MOBILITY- it is easy and quick to move and install

B £ modules
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Project goals

Objective 1: Provide knowledge and a frame of reference for how
reconfigurability and circularity can be incorporated and applied in the
development, design and use of machining systems to extend life cycles and
maximize resource efficiency for multiple product model generations.

Objective 2: Develop a method to analyze, measure and economically justify
reconfigurability and circularity in machining systems.

Objective 3: Create methods to translate reconfigurability requirements into
concepts and detailed solutions for circular machining systems.

Objective 4: Demonstrate development and use of circular machining
systems using virtual models and provide best-practice.

Objective 5: Establish collaborative models to develop and use
reconfigurable and circular machining systems between involved parties.
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Aurobay

OUR VISION

Re-imagining motion for a
brighter tomorrow

“We develop and produce next-generation powertrain
solutions for the automotive and beyond. All the while,
pushing the environmental impact towards zero.”
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Aurobay in the Geely Holding Group

Aurobay is a Tier 1 supplier to OEMs inside and outside the Geely ecosystem

GEELY

Passenger
cars

Geely Auto group

Volvo Car Group

Aurobay

Zeekr Intelligent Technology

Lotus group

smart Automobile
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Aurobay in numbers

manufacturing sites, in Skovde, Sweden
and Zhangjiakou, China
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It’s not a race between different solutlons ; g ' g
it’s a joint effort towards Zero
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Powertrain Eng efing 3
Zhangjiakou (AZIK)




Today's components

Current Machining portfolio includes both Prismatic- & Cylindrical- products in
Aluminum, Grey Cast Iron &

' slancer Unit \ E-machine &
B Transmission Housing

& a
CYLINDRICAL /
\- .
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Aurobay Skovde Factory

Camshaft, :
Camshaft | %

&
MBS line

Cylinderblock
Gen1 & Gen 2

Cylinder-
block
Gen 3

H Crank-
shafts line

S

Entrance
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»» Re-Used Equipment to E-machine @ ASDE

11 x 2-spindle Machining Centres + Loading Equipment
3 x Turning Machines

2 % Grinding Machines

1 x Flexible Robot Washer

1 % Tunnel Washer

Various Automation, Robots, Conveyors, etc.

>» Cooling Filters

>» Measuring Room and Equipment

»» Pre-setting Room and Equipment

>» Facilities and Area tot volym
»» Facilities and Area 300k volym

Viktton Totvikttol

310,2
75
50
33
10
15

60

|
25
25

Mtrl fordelning

stal

Alu Koppar

273,18
67,5
45
29,7

9

13,5
54
22,5
215

15,51
3,75
2,5
1,65
0,5
0,75
3
1,25
1,25

CO2iton

971,5
234,9
156,6
103,4
31,3
47,0
187,9
78,3
78,3

1880222

40 740 000,0
14 550 000,0

z Tot new

46 407 667

3 300k

16 439 222




Available equipments

il

ents (not included tool grinding, tool calibration or measuring rooms)

550 Equip
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Casting improvements

GEN 1 Cylider Blocks | | Leakage outcome Gen 1 (2) | Gen 3 Cylinder Blocks, 2020-2022

GEM 3 Cylimler Bloc ks
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Cylinder block
Standardised work and coaching for
Final inspection,
Frequent inspection,
How to react/acting upon
deviations

Basic skills Machining training

Training Problem Solving, PPS

Continous Improvement with
suppliers — weekly follow up.

Continous improvement and
Cooperation ME and PD.

2,00

1,50

1,00

0,50

0,00

High scraprate due to old

partnumbers.

2,50
Rewiewed porosity
specification, different
~ YE 2020
™ | — 2,00
MPFOVEmMEnES Tooling optimization surface
optimization casting process. finish gto;surface = LTCR - 50%
, : 0
(scratches). = Defec_ts/unlt - 50%
= | eadtime -20%
1,50 = Total mfgcost - 30%
B = Tied up capital - 20%
— 1,00
0,50
-_—
0,00
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2022 ack
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A footprint on
two continents

Headquarters

Gothenburg, Sweden
R&D, Digital, Corporate functions

Skovde plant
Sweden

Manufacturing Engineering, Assembly,

Produsi®Powertrain Engineering Sweden AB | Proprietary |
VEP4, VED4, (Rotor))3 0405 | pelle Szekeres
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Zhangjiakou plant

China

Manufacturing Engineering, Assembly, Production
VEP4, GEP3, MEP1, MEP2, Geely CH/CB/CS



Aurobay Product Portfolio — On the market

Combustion Engines, ~550 000 units/year

3cyl, 1.51, petrol (95 kW), 12 V + 400 V PHEV

4 cyl 2.0 1, petrol LP (145 kW), 48 V BISG

4 cyl 2.0 1, petrol MP (184 kW), 48 V BISG

4 cyl 2.0 1, petrol HP (220 kW), 48 V BISG + 400 V PHEV
4 cyl 2.0 |, diesel HP (173 kW), 48 V BISG

Electric Drive Units, ~225 000 units/year
PMSM, coaxial design, 150 kW
PMSM, coaxial design, 180 kW
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Design

Structure, Dynamic, Cooling, Lubrication, Gas Exchange, EATS, FIE
and more.

CAE

FEA, Dynamic, CFD, Cooling, Electromagnetics, NVH and more

Testing

Dynamic, Controls, Cooling, Gas exchange, NVH, Vibration,
Corrosion, DV/PV testing and more

Control and Diagnostics

Engine Control & Diagnostics, Vehicle Control & Diagnostics, Transmission Control &
Diagnostics, E-Machine Control & Diagnostics, Data analyses of Field data and more

Since long, we have a well-trained development machine together with Volvo Cars for highly complex systems
We plan for and work with high commitment to meet tight demands, and we very seldom miss them

We have in our DNA to resolve problems to safeguard launches and high-volume production — every day
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