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ISO standardization for vibe testing of e-mobility components

Agenda

» History of ISO standardization for vibration testing of automotive
components

» Motivation for a new standard for e-mobility components

» Standards under responsibility

» Development of new vibration profiles

» Specific requirements for traction batteries, going beyond vibe testing
» Current status on the merger of the two standards series

» Macroscopic trends in the industry evident in the microcosm of
standardization

» Conclusions and Outlook
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ISO standardization for vibe testing of e-mobility components
History of ISO standardization for vibe testing of automotive components

Do

INTERNATIONAL
STANDARD

» In the course of technical discussions in the late 1990°s
between Bosch and Volkswagen the idea arose to
standardize the vibration requirements for automotive
electronics, at first in a DIN standard.

» Motivation was the necessity to determine before the
validation the actual vibration load in the vehicle.
(conflict of objectives!)

» With the help of an extensive database of vehicle
measurements from Bosch standardized test profiles
specific for a mounting location the vehicle could be
derived and introduced into the standard.

ISO
16750-3

» These standardized profiles can be applied in an early
development stage of a component to determine the
basic capability and robustness.

Third edition
2012-12-15

Road vehicles — Environmental

The aim should always be to determine the actual
vibration load through a vehicle measurement and
compare it to the test profile.
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conditions and testing for electrical
and electronic equipment —

Part 3:
Mechanical loads

Source: iso.org
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ISO standardization for vibe testing of e-mobility components
ISO 16750-3 as one part in a series of standards on environmental testing

The standardized vibration profiles had been published
within a DIN standard and later became one part of the
standards series ISO 16750 that deals with various kinds
of environmental testing for E/E equipment in road
vehicles.

» ISO 16750-1: General descriptions, e.g. different
installation areas and operating as well as failure
modes of the components during and after the test.

» ISO 16750-2: Electrical conditions and requirements for
12/24 V electrical systems in the vehicle.

» ISO 16750-3: Mechanical loads.

» ISO 16750-4: Climatic loads (Temperature, humidity
and corrosion)

» I1SO 16750-5: Chemical loads (all media that can occur
in the vehicle)

Powertrain Solutions | PS/ETC3-Si | 07.02.2022
22_0056

Do

INTERNATIONAL ISO
STANDARD 16750-3

Third edition
2012-12-15

Road vehicles — Environmental
conditions and testing for electrical
and electronic equipment —

Part 3:
Mechanical loads

Source: iso.org
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ISO standardization for vibe testing of e-mobility components
Motivation for a new standard for e-mobility components: ISO 19453-3

» New vibration test norm ISO
19453-3 has been published in

2018 which deals specifically with

components for hybrid and
electric vehicles.

» Motivation:

Large, heavy components like a

power electronics module or
electric motors respond with a
higher moment of inertia to
external excitation compared to
small, light ECUs or sensors.

» Also, the temperature profiles
had to be made flexible to allow
for sufficient time to reach
thermal equilibrium in the core

of the big and heavy components.
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High-voltage

Power Electronics
Module

10...15 kg
> 1SO 19453-3

ECU

~1 kg
- 1S0 16750-3

BOSCH




ISO standardization for vibe testing of e-mobility components
Standards under the responsibility of ISO/TC22/SC32/WG02
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ISO standardization for vibe testing of e-mobility components
Evolution of car-body-mounting profile for EV components, e.g. inverter

RMS = 17,8 m/s?
Test duration: 3x8hr
(as in 1SO 16750-3)
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of 1ISO16750-3/19453-3 based on >1700 channels.
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ISO standardization for vibe testing of e-mobility components
Development of new vibration profiles for traction batteries
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and cat2

Range of durability
design = durability
profile

ISO 19453-6 cat1 (40h)
ISO 19453-6 cat2 (40h)
GB (21h ->40h)*

ISO 6469-1 (12h -> 40h)*

Japan proposal well below
JP (12h ->40h)* p prop

the safety profile

* The original test profile uses a different test duration and its projected to 40 hours
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ISO standardization for vibe testing of e-mobility components
Specific requirements for vibration testing of traction batteries

Category 1 and 2 Category 3
C.-,—:‘ﬂ | —— J=If

» Category 1 . ||:|| ‘ l ‘ | :: | 4‘4“
* Locally restricted mounting in the vehicle. ((T—= | | — -I=I\ — )
» Car-body rigidity has no impact on battery. A——
* No dynamic interaction between battery and car-body.
* Typical DUT mass < 20 kg. = mountingpoints
» Category 2 [ batery packorsystem —

* Locally restricted mounting in the vehicle.

» Car-body rigidity has minor impact on battery.

* Low dynamic interaction between battery and car-body.

+ Typical DUT mass > 20 kg.

» Category 3

» Large-area mounting in the vehicle with different loads at different positions.
* Car-body rigidity has major impact on battery.

» High dynamic interaction between battery and car-body.

+ Battery can be part of the support structure of the vehicle, e.g. underfloor battery pack.
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ISO standardization for vibe testing of e-mobility components
Going beyond conventional vibration testing for Category 3 battery packs

Category 1 and 2 Category 3

« Battery as part of the support structure. = | —T— — T \
* Thus, vibration loads very vehicle- (I |’ ‘[ __\ # —— |

specific. === | — E—= e ST
« Due to that no standardized random === -

profile in ISO 19453-6. 5 mounting points |
« Instead a real vehicle-specific profile S =

Category 1 and 2 Category 3

needs to be derived.

« Most likely not in-phase excitation at all
mounting positions like a rigid body.

* Local mechanical loads need to be
tested separately, as suggested in the
figures below.

@%@J

Figure B.2 — Global bending of the DUT Figure B.3 — Global torsion of the DUT Figure B.4 — Local bending or torsion of the DUT
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ISO standardization for vibe testing of e-mobility components
Current status on merger of the two standards

INTERNATIONAL ISO
STANDARD 16750-3

Third edition
2012-12-15

INTERNATIONAL ISO
STANDARD 19453-3

First edition
2018-03

Road vehicles — Environmental
conditions and testing for electrical
and electronic equipment —

Part 3:
Mechanical loads

Road vehicles — Environmental
conditions and testing for electrical
and electronic equipment for

drive system of electric propulsion
vehicles —

Part 3:
Mechanical loads

New 4th edition of ISO 16750-3 with approx. 120 pages.

Many revisions like engine speed distributions, vibration profiles, eCV testing...

Currently balloting for ,,Draft International Standard“ (DIS) on-going.
Publication probably end of 2022 or early 2023.
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ISO standardization for vibe testing of e-mobility components
When national positions play a major role in standardization — two examples

According to coverage in the media and from personal experience it can be
stated:

*)1»

China plays a more and more important role in international standardization,
being more active in committees, claiming more chairs and other functions at
ISO than ever before.

China might have realized that when selling to a global market, international
standardization can help them stake their claims.

Clear trend in the automotive sector that content of ISO standards is carried
over into national GB/Ts, also setting the bar for e.g. homologation. Very
desirable trend!

« Japan tried to ,boycott* an update for a car-body-mounting vibration profile
for e.g. inverters in the current revision of ISO 16750/19453-3.

« The new profile led to a failure in the vibration test of a previous generation

inverter.

« Instead of advancing the state of the art by using a statistically much more
robust profile they proposed to keep the old profile from ISO 19453-3
based on just eight vehicle measurements.

« They were concerned about a too severe profile in Chinese GB/Ts for
homologation which their components might not pass.
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ISO standardization for vibe testing of e-mobility components
Conclusions and Outlook

« Transformation in the automotive sector started in ISO standardization already in
2013 with the new standard series ISO 19453-3 for hybrid and electric vehicle
components.

* Due to their even higher mass and interaction with the car-body, traction
batteries demand more specific testing conditions.

« The merger of the two standard series is taking much more effort than expected,
also due to COVID pandemic.

« Alot of improvements could still be implemented, despite some resistance.

« ,The Revision is dead. Long live the Revision!*
5th edition of ISO 16750-3 already in the planning with e.g.:
« Updated eCV vibration profiles.
« New harmonic vibration profiles to test for internal loads/sources in e-powertrain.
« Possibly vibration profiles for fuel-cell systems and components.
« Using dataloggers on EVs to determine real-world loads and rough road percentages.
« Integration of the testing conditions for battery packs and systems (ISO 19453-6).
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