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Why noise reduction? 

Electromagnetic forces exiting mechanical structure → high level of noise

Aren’t 
E-Motors 
silent ?

Run up @ constant load
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“Noise canceling” of critical frequencies?

Design 
optimizations ?

Control 
optimizations? 

Harmonic Current Injection
Injection of 6fe current into DQ frame 
to reduce breathing mode harmonics (H24 / H48) 
(for PMSM with S=48/p=8)
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Task:
• Calibrate 6fe harmonic current injection (amplitude & phase) to actively reduce the H24/H48 breathing 

mode harmonics measured in the airborne noise for the full operating range (motor & generator) 

• Validate reduction of sound pressure level (SPL) for dynamic speed/load points

Calibration Task
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NVH Setup – EDU NVH Testing

1m Top

1m RHS
1m LHS

1m Rear

0.5m Bottom

Example of standard airborne noise measurement set-up with 1m microphones
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E-Storage

Testing Overview

Dyno 1 Dyno 2

XCU I/O
PUMA

ASAP3 î/ϕ harm inj.

CAN 1 (Temp, SoC, Actual TQ,…)

ACP Online Parameter Variation + Online ML

Speed

IndiCom + 
XION NVH

Online NVH  
KPI Calculation

CAN 2 for TQ control

Vibration, Noise

CAN 2 
EMotor Speed

CAMEO

IndiAdv online NVH Kpis



Benjamin Kanya / Francesco Duchi | AVL TECHDAY E-MOTOR Würzburg 2023  | 16 März 2023 |/ 9Internal

40

30

20

10

Testing methodology

H6CurInj amplitude

H
6
C

u
rI

n
j 
P
h
a
s
e

62.5



Benjamin Kanya / Francesco Duchi | AVL TECHDAY E-MOTOR Würzburg 2023  | 16 März 2023 |/ 10Internal

2) Map Shaping

Testing Methodology – Run up at constant load

1) Fixed value
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KPI definition – Integral and Peaks of SPL 24th Order

Integral 
2000-

3600rpm

3 highest peaks

5dB
5dB
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Feasibility of testing methodology with Star DOE

Start DoE point

DoE Points

Star DoE variations

H6CurInj ampltitude
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• Good repeatability, each color-pair shows repeated measurement

• Effect of harmonic current injection can be clearly seen with Star DoE → feasible methodology for calibration 
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Feasibility of testing methodology with Star DOE

• Good repeatability, each color-pair shows repeated measurement

• Effect of harmonic current injection can be clearly seen with Star DoE → feasible methodology for calibration 
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At 6000 rpm resonance, 
opposite effect by 
harmonic injection

Critical region shows 
clear effect (up to 10dB)

by harmonic injection
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CAMEO Model Quality
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CAMEO model - intersection
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Calibration results 

PhaseAmplitude
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SPL 24th Order before/after with map v1

5dB

Low Torque Mid Torque

High Torque

- variation range

- base

- optimum
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Low Torque – optimized vs baseline (Map v1)
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Fragen und Antworten 

Stellen Sie Ihre Fragen und
unsere Experten antworten.



Internal

www.avl.com

Vielen Dank
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