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Leadership in Electrification

* From 2019, all internal combustion engines in new Volvo cars will be
supplemented with electric propulsion in the form of mild or plug-in hybrid
powertrains, or be fully electric.

» Polestar, our performance arm, becomes‘a separately-branded electrified global
high performance company.

e |[n 2025, 50% of the Volvo sales will be BEV




4= S90 T8 PHEV
V90 T8 PHEV
XC60 T8 PHEV

LEGAL REQ.

- Auditory vehicle alert

system iAVAS)

- Sound design

ABSENCE OF
ENGINE NOISE

SPECIFIC
PHENOMENA

- Inverter whine - Road, wind noise

- Gear whine

NEEDS
- Evaluate concepts CUSTOMERS'’
- Complete vehicle &
subsystem requirements. EXPECTATIONS

"EV’s are (too) quiet”
- EV's =$33%
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The electric driveline

High Voltage Battery (DC) _>\

Inverter (DC/AC)

\ = Drive

Provide EV-specific noise! > RESEEHECIES

Reduction Gearbox
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The Inverter
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Example of vehicle measurement- inverter noise

Sideband order +12 re switch
frequency Switch frequency

re switch frequency

1500 2000 2500 3000 3500 4000 4500 5000 nirpmb500
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Vibration isolation of inverter bracket
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Possibilities for inverter noise
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Perceived annoyance and losses

120

Perceived annoyance Total inverter losses
T T T T T

T
— SVM ¢ =0 Hz (ref)
— — -SVM =300 Hz
—-— SVMo=1kHz

—&—DPWMo=0Hz
—&— DPWM g =500 Hz
—+—DPWMo=1kHz
A T/T [2%] 4

e erated

Annoyance
T, [Nm]

[]

~

T\ """ Continous | " "ecengetiitt |
P S
’ ; N
Y| S LN 8. N [ VD SN oo e e e e : ; : : e :
: ; : e : : i i i i i O |
: : . o . ‘ 1000 2000 3000 4000 3000 6000 7000
0 1000 2000 3000 Spﬁ:joﬁ?m] 5000 6000 7000 3000 Specd [rr'min]

Ref: A. Andersson, D. Lennstrém, A. Nykanen: “Influence of Inverter Modulation Strategy on Electric Drive Efficiency
and Perceived Sound Quality”, IEEE 2016
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The electric motor

High Voltage Battery (DC) _>\

Inverter (DC/AC)
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Radial force waves

Motor design Force characteristics
Radiation properties
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e-motor whine, v60 phev
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Take off sound, v60 phev
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Speed reducer/gearbox

High Voltage Battery (DC) _>\

Inverter (DC/AC)

Drive

Electric motor (AC)
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countermeasures example - gear whine

Std intm gear
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The daily work; ev nvh development..

EDU Installation
Source data from
electromagnetic sim.

Benchmarking
What eq. source data
can be used?
Vibrations/forces?

BE DATA DRIVEN!!

Work continously — Bushings
with SQ devel. Gather data for higher
frequencies

Sound pack
Prediction of sound
pack need

Vehicle

sensitivity
High frequency
modelling

Rig testing
Anechoic conditions,
low background noise
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Thank you for your attention!




