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I MTS Systems Corporation Introduction and Brief History

MTS has been a global supplier of high performance testing and simulation systems for over 55 years
Operations span across Americas, Europe and Asia

Deliver technology and engineering expertise to produce high quality, innovative testing solutions for our
customers

1966 — MITS founded as spin-off from Research Incorporated.

1967 — Moved to current location in Eden Prairie, Minnesota, USA.

1989 — Acquired Sintech, PC based screw driven test machines.

2008 — Acquired SANS, testing equipment company in China.

2014 - Acquired Roehrig Engineering, US based vehicle component testing company.
2018 — Acquired E2M Technologies B.V., EU based simulation and testing company.
2020 — Acquired R&D, Denmark, simulation and testing company.

2021 — MTS Systems Corporation acquired by lllinois Tool Works (ITW).

MTS has approximately 1,700 employees worldwide, including a network of ~400 field engineers and technical
specialists
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MTS MTS Multi-Axis Shaker Table (MAST)

= MTS has delivered hundreds of MAST systems in the past 50 years
» We have learned a thing or two . . .
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mMTsS MAST Testing — Why?

= Why do customers perform multi-axial simulation tests of components/subsystems?
» To more efficiently and accurately reproduce road inputs
» In-phase DOF necessary to:
= Validate durability life of vehicles, subsystems, and components

= Ensure quality and reduce warranty expenses

= Advantages of testing in the lab:
» Consistency and repeatability of test inputs and test results
» Shortens vehicle development cycle:
= Accelerate tests by eliminating non-damaging content
= Perform test before full vehicle is available

= Minimize delays due to weather, driver/vehicle availability
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mMTS MAST Testing — What Tests?

= Durability Testing
» Reproduce acceleration time histories that represent a durability test
» Typically, up to 50 Hz
» Run until failure
» Accelerates vehicle development process
» Integration in Environmental Chamber
= -40to +100 deg C

= Noise and vibration Testing
» Lower amplitude tests
» Combination Time History and Sine Sweep
» Controlled, repeatable test environment
» Integration in Anechoic/Acoustic Chamber
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mMrs MAST Testing — What Tests?

I -

= Performance evaluation — Transmissibility

» Use Sine Sweep or Random as test method

» Typically, up to 50 Hz

» Allows engineers to get closer to test samples
e.g., Ride Comfort of Seats

= Combination Durability and Transmissibility
» Durability ‘ageing’ of components combined with performance testing

<
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MTS MAST Testing — What Test Article?

Battery Testing
» BEV (Battery Electric Vehicle)
» PHEV (Plug-in Hybrid Electric Vehicle)

= Powertrain Mounts

* Fuel Tanks

= Radiators

= Seats

= Electrical Systems

= Instrument Panels

= Exhaust Systems

= *Seismic Applications

* *Transportation/Packaging Standards
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mMrsS. MTS MAST Systems - Orthogonal

= 323.XX Series MAST Systems
» Variety of displacement & force capabilities
» Typical max. testing frequency 50 Hz.

= Standard Table Sizes
» 1.5x1.8m
» 1.5x2.1m

= Payload
» 500 kg
» 680 kg

Page 10 | 12/13/2022 MTS Proprietary and Confidential Information



I
MTS
B

Page 11 | 12/13/2022 MTS Proprietary and Confidential Information

MTS MAST Systems - Hexapod

Model 353.10

1 meter round table

Up to 500 kg payload

Up to 500 Hz control bandwidth
Durability applications

NVH applications

Environmental chamber

integration

Anechoic chamber integration

Model 353.20

2 meter round or 2.2 meter

square table

Up to 1,000 kg payload

Up to 150 Hz control bandwidth
Durability applications

Ride Comfort applications

Environmental chamber

integration

Anechoic chamber integration

Model 353.50

2.5 meter square table
Up to 3,000 kg payload
Up to 100 Hz control bandwidth

Heavy-duty Durability

applications

Seismic applications

Model 354.20

2 meter round or 2.2 meter

square table
Up to 2,000 kg payload
Up to 100 Hz control bandwidth

Heavy-duty Durability

applications

Seismic applications



MTS Market Trends

= Global shift towards zero-emission electric vehicles
= Need for comprehensive vibration battery life cycle testing
= Driving requirements to support development of Battery Electric Vehicles and Plug-in Hybrid
Electric Vehicles:
» High frequency solutions
» Higher payloads
» Larger platforms
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MTS EV Battery Testing Requirements

The challenge is to provide a MAST system to accommodate:
MAST table size

(~¥3.5m x ~2.5m)

Market Drivers

Test article mass
(~1,000 to 3,000 kg)

= Large specimen footprint Safety

= Increased test frequency (thermal event)

= Large test payloads

Integrated with environmental chamber

Integrated with Battery Management System
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Integrated with specimen monitoring & safety systems

Test frequency
(5 —-200 Hz)

Test temperature
(-40 to +100 degC)

Humidity control




mIS. EV Battery Testing Requirements

Physical size
» X,Y, Z (and center of gravity — need to consider overturning moment)

» Total mass (specimen + fixture)
MAST table size

» Component or sub-system
(~¥3.5m x ~2.5m)

» Specimen Boundary Conditions

Test article mass
(~1,000 to 3,000 kg)

Safety
(thermal event)

Performance
» Acceleration, Velocity, Displacement, Frequency
» Road Load Data (RLD) or standard test protocols

Testing standards
» (ISO, SAE etc.)
» Road Load Data

» SDOF or MDOF Test frequency

(5 — 200 Hz)

Test temperature
(-40 to +100 degC)

...often pulling in opposite directions!

Humidity control
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MTS Standard System Solutions — e.g., 353 Series 354 Series

= The standard 354.20 MAST bandwidth with a maximum
payload of 2000kg

» Time history replication with content up to 100Hz using
RPC or other MTS compensators

» PSD Testing with RPC or Vibration Controller up to 200Hz

ACCELEROMETER
SET #1

» Learn more MTS Hexapod Solutions which are suitable for SniNgR
Battery testing: I T N
= https://www.mts.com/en/products/automotive/subsystem- S ¥/
component-test-systems/multi-axial-simulation-table-systems l: \
» Read MTS Battery article: ! e ;, i 55 ,-.3:.- N ia

= https://www.mts.com/en/articles/automotive/battery-test

» For more info and inquires contact Pontus Berggren:

ACCELEROMETER

SET #2

= Pontus.Berggren@mts.com

= +46 (0)761 470880, +46 (0)31 686999
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MTS System Design — Custom Solutions

= MTS advanced actuator performance simulation
= Actuator and strut design for >200 Hz operation

= Finite element analysis for fatigue resistant table design

= Modal analysis of table for >200 Hz, designed for 1t bending mode

= Draws on MTS experience of MAST and Seismic Test Systems
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MTS Vibration Test Standard — 1ISO 12405

= |SO 12405 Battery Specification
» Power Spectral Density (PSD) Vibration profiles in X, Y and Z; 5-200Hz

» Typical vibration test description (as used by electrodynamic test system)

Y1 Y2
1]1-ilI E ’ 1= 2 - I | 9:52
ey | s s o— —o 1
X frequency (Hz) - "*:‘H ' > 7
Y1 power density (g2/Hz) ) : SN —-—a 3
) 0,01 & 0,962
Y2 power density (PSD) (m/s?/Hz) g —--—a 4
1 PSD horizontal longitudinal X
2 PSD horizontal transverse ¥ b\ C
3 PSD horizontal transverse Y 0.001 A 0,096 2
4 PSD "l'E”.lEal E ‘*'x::'x_:l
0,000 1 0.009 6
1 10 100 1000 X
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Table 20 — Values for PSD_horizontal_longitudinal_X

I i i PRI | o | ook
MTS Vibration Test Standard — ISO 12405 e

= |SO 12405 Battery Specification
» Power Spectral Density (PSD) Vibration profiles in X, Y and Z; 5-

Table 21 — Values for PSD_horizontal_transvers_Y

200Hz e | ene | epme
. . 5 0,04 3,85
» The test shall be performed in accordance with IEC 60068-2- 20 0.04 385
. . . 200 0,0008 0,08
64:2008, Tables 20 to 23, or according to a test profile determined by — e | 2o
the customer and verified to the vehicle application Table 22 — Valuesfor PSD. horizonta_ansvers. poesoner ommranen st
» The vibration test shall be performed in a sequence of all three Froqueney | | oz
spatial directions, if not otherwise agreed between the customer and d s 0.6
1 01 1,44
supplier, starting with the vertical direction (Z), followed by the 20 0015 144
transverse direction (Y) and, finally, with the longitudinal direction (X) e e T
rm.s 0,859 9,32 m/e?
Table 23 — Values for PSD_vertical_Z
Frequency PSD PSD
Hz g2Hz (mis22/Hz
] 0,05 4,81
10 0,06 577
20 0,06 577
200 0,000 8 0,08
rms 1,44 g 14,13 mis?
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MTS Vibration Test Standard — 1SO 12405 — Option 1

B
= |SO 12405 Battery Specification with max payload; 2,000kg —
Time History Replication in RPC Connect ; T
» A Gaussian time history was created based on the 1SO 12405 m""*‘mm
Specification with content from 5-200Hz in three translation '
degrees of freedom: Longitudinal (X), Lateral (Y), and Vertical (Z) |

» RPC was used to iterate to the desired profiles to show the T S -
capability of the table to reproduce time histories in 3 degrees of o ‘
freedom simultaneously

» Successful results were achieved with less than 3% RMS error
after 6 iterations with conservative gains

» X,Y, Z axes tested sequentially
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MTS Vibration Test Standard — 1SO 12405 — Option 2
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MTS EV Testing Total Solution

= MTS works with partners to provide turnkey testing solution
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MIS. Battery Turnkey Offerings

Vibration motion platform from MTS

Isolation Mass

Environmental Chamber

» Typical temperature range is -40 deg C to +100 deg C

Battery Management Systems (BMS) — battery charge/discharge
» Battery Power and Cooling, Quick disconnection System
» Specimen Monitoring System or Customer Supplied
» Pallet for specimen fixture
» Hydraulic clamp element
» Pit cover flaps inside the climate chamber

» Winch system

= Safety PLC Monitoring System
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MTS

— Thank you for your attention!




