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1 Power Grid Characterization

J Power Converter Noise Propagation Path Modeling

1 EMC Filter Design
J Outlook for APECS (Newly Developed EMI Prediction Tool)

Supra-EMC )
A
EMC FORUM 2026, SDU | JUNE 2026 |



» EMI/EMC in Power Electronics Importance

EMI/EMC Importance and Challenge

Supra-EMC

A with a growing demand
expected to reach 32000 terawatt-hours in 2030 (58
TWh DK)

Power Electronics are an essential part of the
, currently processing of our electricity
today

All power electronic converters/systems have the
potential to emit leading to

EMI is a major road-blocker for electrification and
green transition. Also, new standards and new
semiconductors are on the way

Solution =

».
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» New Challenge

Standardization Gap Between

2 kHz — 150 kHz i |
‘«—— Supraharmonics! —»!
New Standard
i Regulated range for some E
IEC Standards E No standards_ products E CISPR Standards
Challenges < . >4 >4 :

1 How to cope with new Supraharmonics Harmonics LE Range B _

standards while maintaining market competition i
9 kHz 150 kHz

:

' ! ' 30 MHz
] ! |
2 Further energy efficiency boost relies heavily on : i ' ¢——IEC 60533 /mil-std-461 i
: . : : ' | | 10 kHz . :

- | 1 1
operation optimization and filter life-cycle lcé’g?féio%yg 2 | ¢ CISPR 14 (Induction Hobs) | g?glf{{eflby
improvement LF : '™ CISPR 15 (Lighting Equipment) 1

. IEC 61000-3-12 | (Lighting Equipment) | CISPR 12
. :‘ i Power Electronics Equipment : ’i. .
. . ° ono I = = 1 .
3 New filter design affect size, cost and stability * ! Switching Frequency v
: ! [Non Intentional Emissions] | ]
i i Example: Power Drives (Elevators, Pumps, HVAC, | E
i i etc), PV converters, EV-chargers, Lighting i '
. o ' chargers, Power supplies (e.g., PC, TV, Laptop, etc.), |
4 Global competition in time-to-market (EMC test | UPS, etc. :
| |
is a costly and timely trial and error approach!) r~) _ Mains Communicating Systems (MCS) :FJ:
1 f :
3 kHzZ [Intentional Emissions] 148.5'kHz
1

Examples: Smart meter, PLC, etc.
Current Power

Quality (PQ) Indices

I
I
I
:
:
5 Lack of EMC software tool ! Communication using the power lines.
i
I
:
I

—3p-New PQ Indices is required

Supra-EMC
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|JEC Activities...

WG1, JWG6, & WGS [2 kHz — 150 kHz]

for professional equipment in commercial and light-industrial locations

Standard No. Description Status

TR 61000-2-15, 2023 Description of the characteristics of networks with high penetration of power|Published
electronic converters

TR 50627, 2015 Study report on EMI between electrical equipment/systems in the frequency range|Published
below 150 kHz

TS 62578, Ed2, 2015 Power electronic systems and equipment — Operation conditions and characteristics of | Published
active infeed converter (AIC) applications including design recommendations for their
emission values below 150 kHz

IEC 61000-2-2, 2018 Electromagnetic compatibility (EMC) - Environment - Compatibility levels for low-|Published
frequency conducted disturbances and signaling in public low-voltage power supply
systems

IEC 61000-2-4, 2024 Electromagnetic compatibility (EMC) - Part 2-4: Environment - Compatibility levels in|Published
industrial plants for low-frequency conducted disturbances

IEC 61000-6-3 Electromagnetic compatibility (EMC) - Part 6-3: Generic standards - Emission standard |Published!
for residential, commercial and light-industrial environments

IEC 61000-6-8 Electromagnetic compatibility (EMC) —Part 6-8: Generic standards — Emission standard |Ongoing

IEC 61000-3-10

Emission limits and measurement methods within 2-9 kHz

Limits agreed

Supra-EMC
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» Supra-EMC Overview

Supraharmonics ElectroMagnetic Compatibility strategies in power electronic based power grid
Innovation Fund Grand Solutions

/nnovation Fund Denmark
(1/5/2023 —31/10/2027, total budget: 3.2 million €)

Vision: To bridge the gap between power grid compatibility and Power Electronics (PE) EMC to develop and demonstrate EMC tools and device for PE applications. To exploit new
energy and cost-effective solutions for sustainable business opportunities and develop new EMC tools and devices for commercialization.
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» Supra-EMC Overview

Project Objectives

New energy and cost-effective solutions for new business potential and develop new

EMC tools and devices for commercialization.

Supra-EMC

Open access grid Supraharmonics data platform

Digital Impedance Characterizer Device

New EMI Filtering Techniques with reduced:
» Maintenance cost
» Energy loss

Smart Control for Compatibility in Networks

First in class Supra-EMC software
enabling reducing:

» EMC design and optimization effort
» Development time and cost

N
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VISION

OBIJECTIVE

APPLICATIONS

TooL FOR MODELING
AND ESTIMATION

RESEARCH AND DEVELOPMENT (WP2, WP3, WP4, WP5)

100%
Renewable Energy by 2050

Electromagnetic Compatible
Electronic Systems by 2030

WP7. APPLICATION DEMONSTRATIONS f

4 @

L

LED Lighting Pump HVAC Motor drive

(NPC) (Grundfos) (Danfoss)

3

f

{WPS. SuPRA-EMC Tool \
e Firstin class semi-empirical Supra-EMC tool
* Develop time-frequency modeling method
e Product Development and go-to-market strategy J
T '
WP2-5 v
4 N
*-7 ™\
WP5. COMPATIBILITY IN NETWORKS
E * Develop system level feature extraction and aggregation method
E e Develop new power quality and instability indexes
g P e Contribute to national and international standardization
E s Develop an Al-assisted control algorithm for self-adaptation of power electronic
)
g -
: /WP4. FILTER DESIGN AND RELIABILITY )
: o Develop new reliable, cost-effective and energy efficient filters
E * Develop an open-access semi-empirical lifetime database
é * Quantitative methods to assess design and reliability
E ( Product Development and go-to-market strategy Y.
; | SR /
g @Pl EMISSION PROPAGATION PATH MODELING AND IMIEASUREMENT \
E » Develop converter impedance and noise source modeling method
E e Develop an open-access database of converter behavioral models
’ * Develop an power electronic device EMI characterizer unit
E \.* Product development and go-to-market strategy Yy,
: } v
E ‘_(\}VPZ. INDUSTRIAL POWER GRID CHARACTERIZATION AND DATA COLLECTION )
i | * Develop first open-access grid behavior and data platform
E.’ * Data collection methods and feature extraction
\* Contribute to national and international standardization y,
\ J

feedback esssessessssessessssssseesseseseeeed

'



> OUTLINE

] Power Grid Characterization

Supra-EMC
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> Power Grid Characterization (wr2)

Objectives:
» Power Grid data collection (2-150 kHz)

» Create a database of power grid impedance

» Create a database of power grid emissions

» Examine the suitability of defined reference impedances against actual power grid impedance

» ldentify possible device and power grid impedance interactions (stability)

» Need to define new AMN/LISN?

i#z.cnv}ﬁ) e 00

( \ fc’m total
Z, | &

Important for: K S hemit®
» Understand emission propagation at grid and device side L <
» Simulate emission propagation at device and system level =
» Solving customer challenges —o | |

I_' I p— Tﬂm J$

: e .

ZI-' . f er?' power converter

Supra-EMC |
X
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> Power Grid Characterization (wr2)

Power Grid Impedance Measurement Results

7 Lom total
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https://www.supra-emc.energy.aau.dk/

» So far +1300 measured impedances at four different locations
(CP1, AR1, AR2, AL1, and SW) — 7 sites

» To understand emission propagation at grid and device side

» Simulate emission propagation at device and system level

» Solving customer challenges

~ IMD-300
Supra-EMC
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> Power Grid Characterization (wr2)

Power Grid Impedance Measurement Results
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» So far +1300 measured impedances at four different locations
(CP1, AR1, AR2, AL1, and SW) — 7 sites

» To understand emission propagation at grid and device side

» Simulate emission propagation at device and system level

» Solving customer challenges

IMD-300
Supra-EMC
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» Power Grid Characterization (wr2)

. T T T T 1 .“
10? | | m—EC 61000-4-7 o’

‘ CISPR16-1-2 o’

: gl A | =

| |m—EC TSE2578 | 223 BETCENt " Lid

Magnitude: L1-L3

- 95 Percentile o**
“

.i... p’
=] 1 il TP .n‘f-‘:'#'
= 10 ¥
)
Q
c
4]
o
]
3
= 10°]
i *
-
- = s
| - s
10-‘1 i I I S S ) (O | i i I | R T T T
2 10 50 150
Frequency in [kHz]

[N = R
: 95 Percentile |
= w= = = Proposed AMN

Impedance (2)
S_L

—
L
Lo

2 10 50
Frequency [kHz]
Supra-EMC
" ¢

150

Uy @

» Examine the suitability of defined ‘

reference impedances against

7 fem, total
£ 4+

‘Zz', cnvl

—0—

actual power grid impedance
» Need to define new AMN/LISN?

O
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> Power Grid Characterization (wr2)

/ dBuV
150 ] [ 100

110

100

88dBuV

—-=-= 7:00 PM - 8:00 AM | \

Setup of NI DAQ system for continuous logging of signals

Supra-EMC
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» 24hr data is analysed (nearly 125 GB data)

» Looking at the supraharmonics frequency range (2-150 kHz),
there are peaks around 20 kHz and 30 kHz

» In 2-150 kHz, peak value is around 85 dBuV

» There are some free frequency bands available

I h.envn f/f)
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OUTLINE

Supra-EMC

o

J Power Converter Noise Propagation Path Modeling
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> Power Converter Characterization (wr3)

Level of experimental modeling and accurac
HIGH fexp g U

[ o L] O
Emission and Impedance Modeling Low S
Level of insight and EMC design time
empirical and Semi-emperical pure analytical
- . . data-drive models models models
Modeling Principle: i - <

£ ] i Al '

= EMI digital-model based modeling (grey-box approach)
= Characterization of power converters (black-box approach)

-
=,

= Time-frequency analysis Black-box Grey-box White-box
. . modeling modeling modeling
= Capturing closed loop impedance
. . . . Supra-EMC Tools
= Components non-ideal behavior (e.g., magnetics saturation)

= Developing equivalent circuits for conducted EMI noise estimation
(DM and CM sepa rately) Supra-EMC Component/Device

AMN/LISN AMN/LISN

,,,,, =T : - AR

|
EMI Receiver « | ZUSNQ
[ i

[ =

Equivalent circuit diagram of DM and CM noise sources in single-
phase and three-phase power converters

ZDM: Passive components + Closed Loop Impedance

ZCM: Parasitic capacitances to PE
Supra-EMC
.
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VDM, VCM: Semiconductor switching transients + Modulation
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> Power Converter Characterization (wr3)

Emission and Impedance Modeling

voltage r _____ I
control loop : current
Different effects dominate depending \ e :"””0”0‘"?_ -
on the frequency range of interest. fe A7 2 kHz |
Suitable methodologies must be

adopted accordingly!

Supra-EMC
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L inductor and EMI filter Parasitic Power module
(biasing effect + filter capacitance and and circuit
resonances) ground bounce layout
\ ! Y
| | N |
0.5 MHz 3 MHz '\ 30 MHz 100 MHz
/

voltage'
feedforwara:/LPF

sampﬁ.ng delay

140

120

—
o
o

Noise Level (dBuV)
(98]

(9)]
o

40

— - — 202
104

Switch-mode + modulator

10°

10° 107
Frequency (Hz)

A
\
-~
-
-
-

Magnetic coupling -

[~

108
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» Power Converter Characterization (we3)

1.8¢ 10° : : 1 ! 1
fitted curve : s faaas : igatt
1.6 O data ol
. sl L% fitted equation : g
Single-phase PFC @ 20 kHz Ll 10°
— 1t _
L [mH] 1.73| Ude [v] 400 z =
= o8} — o
Resr[2] |0.1101| Po [kw] 2
0.6}
04}
Ic_nf 10° ——— L HF
0.2}
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4 D CnE[pF]| 10 0 : : ' ; ; . -
-~ e JCee g 0 20 40 60 80 100 102 10° 107 10°
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Uin . (o — lu-:fc ] CDE [pF] 40
Filter - ~ ——
[]
PEL S or]
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iC'f
= Coe= Coi-4¢

/ 101 |
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No.Cde | 1 S

107 10° 10° 10° 108
Frequency [kHz]

Supra-EMC
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> Power Converter Characterization (wr3)

Noise Estimation
DM Results

dExample: Single-Phase PFC

lide=—

N
A AL B R e

Magnitude (£2)
=

_ - Nominal Inductance

Closed-loop Impedance |

10 103 10* 10°
Frequency (Hz)

O Closed loop impedance effect is evident below the controller bandwidth

O At frequencies higher > BW input impedance becomes almost inductive (L in PFC)

Supra-EMC
 » J
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i!. L
[:
— -
+ S
Y = S
Us @ o Tuin t Turec SJI: (/dc T Tudt S
Zi.c'm'
TABLE I PARAMETERS OF THE SYSTEM
Symbol Meaning Value
Us Grid phase voltage 230 Vrms
fe Grid frequency 50 Hz
L Boost inductor 1.9 mH
Cc DC link capacitor 500 uF
Uldc Output voltage 400 Ve
Po Rated power 2 kW
Jow Switching frequency 20 kHz
TABLE II EMI FILTER PARAMETERS
Symbol Meaning Value
Conr Dlﬂ&l‘&l’lilf.l.l mode 1.4 uF
capacitor
Loy Differential mode 180 nH
inductor
Ra DAMPING RESISTANCE 11 Q

18



> Power Converter Characterization (wr3)

\ 7 ‘!e?m, total

i h,.env? (f) .

U,

Load

Black-Box Modeling Approach

» Extract modal impedances, Z,,, and Z_,

/ A0 Converter DM Impedance 80 ey C?'f‘f?fte’ LM impedance 0
i -
. ll = Magnitude ! ‘\ 120
0 @ 70 [\ _
S, 20 = , " ]40 %
@ @
I . 2
c g 60 , 60 :
©
T, \ ? 80 <«
@ $- \ Qg
E‘ On state ] \ E 2100
- B — Off state
20 111] , , | { | ‘.-1 (] PP " PPN _1 20 “
v, 10 =0 180 2 10 50 150 —
—_——]
Frequency [kHz] Frequency [kHz] o—-:E-——o
\ / T i J
. —
f tlter power converter
Signal
generator
Injection e I I——————————— |
transformer | ' | I Power Converter :
| s 7 | P | - |
_______ - | u, = | I E g J -§ I
| . ! | < N || == S
| s IP I | g | |
z | | ey e L = |
| w, = | | Grid = | o E | | .
: Ry e It R et - > Extract noise sources V.
Iniecti Signal
B e, UNREYE=)

Circuit schematics to characterize the DM impedance of the

single-phase converter.

Supra-EMC
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Amplifier

Circuit schematics to characterize the CM impedance of the
single-phase converter.

I h.envn (r)

Zf. CHVH
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» Power Converter Characterization (we3)

Black-Box Characterization Device
Relay board

————— Powerline

Source load

— @ ] | e Communication signal
5 5.0 — Injection path Half bridge board
\‘ — Voltage measurement

Oscilloscope&AWG

Current measurement
Auxiliary power

GaN half
bridge board

Injection transformer

AA

USB |
cable :

0-240Vac

Injection transformer L
Current sensor *

DUT

(5] ,
Grid |AMN—<—®

_|E

(e}

Relay board

Supra-EMC
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Top side
\ Current sensors

Bottom side

Voltage probe Digilent

. Oscilloscope & AWG

Injection transformer

Black-Box Device

Extract modal impedances, Z,, and Z__,
Extract noise sources V,

Full black-box model (up to 500 kHz)
User-friendly GUI

Multi-tone injection approach

4-wire measurement

VVVVYVYY
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» Power Converter Characterization (we3)
Impedance Modeling (Closed Loop) Validation

Case Study: Single-Phase PFC

JAnalytical model matches very good!

Magnitude (Q)
SN

Phase (Deg)
o

-100

-200

Supra-EMC

w/o EMLC Filter

Closed Loop Input Impedance

analytical

measurement

oo | 1 I P T N T W | 1 I P T N T N |

.

10° 10 10°
Frequency (Hz)
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—
o
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—
o
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¢

=
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Magnitude (£2)

i,
o
o

.’.r':f — ;r L PO = 1 kW
: e R . LPF=0.5kHz
H'«.Q —oed T”i” T“rt}kﬁ ;S‘J ('_"d‘: — T”d“ % fs = 20 kHZ
- ~ Kp = 0.06
i j Ki = 300
Z.-"_mr
Closed Loop Input Impedance with EMC Filter
analytical

measurement

0 0
O O o OUVY

Frequency (Hz)
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> Power Converter Characterization (wr3)

Impedance Modeling (Closed Loop)
Case Study: Single-phase PFC

Magnitude (dB)
- N w iy
o o o o

o

N
o

200

100

Phase (Deg)
o

-100

-200 ! e S
102 19° 10*
Frequency (Hz)

Effect of phase lead compensation on closed input
impedance of PFC converter at 1 kW with f, = 40 kHz, with
single update sampling and f. = 2320 Hz.
Supra-EMC
3

EMC FORUM 2026, SDU | JUNE 2026 |

10°

dModifying the control loop can reshape
the closed loop impedance

|Uin(s))| Jeeienid
1 SEoodoodooooon0oa0 E. ......
X1 Un i G LPlF(S) power stage
) 4
Urs —>@—>ch@)—> X—> Gei(s) P (+)>(Gu(s) Gral(s)E—e> U,

Gid(S) T—> 11
Rs

(1): Without compensation
(2): With Lowpass filter
(3) : With input voltage feedforward
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> Power Converter Characterization (wr3)

EMI Modeling " t L.
H A *\j\r* Pl H
O fwh \ [ D TCo
» Switching | ton = DT, é’ Z EMI v
characteristics J Uin = Filter Cac== ludc
" PE_L L

Load

Receiver

» Passive components
HF model

L{mH}

= CDE = CDl -4E

107
Frequency [kHz] Frequency [kHz]

» Parasitic capacitance

C3 CZ Cl
> AM N/L|SN Gride— AW 8 WF 250 nF C+ Converter
~~
1330 5R£2) (50Q [11kQ)| | R: lumeas
© O

Attenuator  Pre-selector . RBW Filter Video filter
Mixer Detector

> EMI Receiver ;:gpnu;l>_.>_. ST\ :@4* A
MB
Variable frequency
oscillator
A ik

. Sweep generator Display
@
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> Power Converter Characterization (wr3)

Noise Estimation

nt

me

Measure

Standard
— — — Estimated (APECS-Lab)

140

Single-phase PFC @ 20 kHz — no EMI filter

gp] u |aaa

40

10 7

10 ©

10 °

10

Frequency [Hz]
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> OUTLINE

Supra-EMC

d

1 EMC Filter Design
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> Filtering (wpa)

WP4.1: Passive filtering size and volume optimization
Fixed switching frequency, To

meet >150 kHz limit

Single-phase PFC @ 20 kHz - Power Loss - Total Price (based on 1 QTY) =
DM Loss (W) | 2.935 132.92 DKK
L [mH] 173 Ude [v] 400 CM Loss (W) |0.0031
Resr [2] |0.1101| Po [kw] 2 Volume = 47.3 cm3

Total Loss (W) | 2.938

CpE [pF] 10
CnE [pF] 10

CmE [pF]

u@ EMI R _powertoss- | Fixed switching frequency, To
Ll - CSE[pF]| 40 DM Loss (W) | 2.947 meet <150 kHZ ||m|t
pEJ:__ CS3E [pF]
CS4E [pF] CMLoss (W) [0.0051] | Total Price (based on 1 QTY) =
lc': Total Loss (W) | 2.951 207.74 DKK
hd Coe = Co1-4¢
Volume = 153.6 cm3
Lewm
P o—¢——E j_ o p’
Cxz QRI O Cx1
N o T . I o N’
T°T
PE oy —1° PE -powerloss- | Frequency dithering Af = 6 kHz,
B - _ pmLossw) 3020 || 1O meet <150 kHz limit
Grid side Converter side
CM Loss (W) | 0.0036
CLC Filter Total Price (based on 1 QTY) =
Total Loss (W) | 3.032 85.44 DKK
Significant improvement on
Supra-EMC volume and cost!
T T Volume = 58 cm3

-
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Estimated total EMI of the single-phase PFC converter

Level in [dB V]

[dB V]

Frequency [Hz]
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el in
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Frequency [Hz]
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> Filtering (wpa)

WP4.1: Passive filtering size and volume optimization

a-?\e

3 CASE Il

25 Volume =420 cm?
© =

14 15

13
L

12
8

CASE |

Volume =182 cm3

11
6

10

=
e =
2 CASE Il
L2 (V]
S Volume = 195 cm3
O
N‘ES

Supra-EMC
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o p’

)
2]

o N

A —

C‘VT |

O
_LPE

Grid side Converter side
CLC Filter
Selected components CASE | Selected components C A S F ! !
X1 [nF] 1000 X2 [nF] 1000 €x1 [nF] 1e+04 CX2 [nF] 1e+04

CX1 Model No. | 830334027009 _10F |

Company |Wl;]rth Elektronik |

CX2 Model No. | 830334027009 _1uF |

Company ‘ Wirth Elektronik |

CX1 Model No. | 850414028002C5_1(

CX2 Model Neo. | 850414028002C5_1(

Company | Wilrth Elektronik Company | Wiirth Elektronik
€X [nF] 0 CY [nF] 15 CX [nF] 0 CY [nF] 15
CX Model No. | | CYModel No. | 830224022007_15nF | CX Model No. | CY Model No. | 850324022007_15nF
Company | ‘ Company ‘ Wirth Elektronik | Company | Company | Wirth Elektronik
1EM (mH) 12 LDM (uH) 0 LCM (mH) 12 LDM (uH) 0
LCM Model No. | 7448051012 | LDM Model No. | | LCM Model No. | 7448051012 LDM Model No.
Company | Wirth Elektronik ‘ Company | | Company | Widrth Elektronik Company
Selected components CASE Il
X1 [nF] 2200 CX2 [nF] 2200

CX1 Model No. | 830334027021C5_2, |

Company | Widrth Elektronik |

CX [nF] 0

CX Model No. | |

Company | |

LCM (mH) 1

LCM Model No. | 7448251201 |

Company |'I.|"I."[]|'th Elektronik |

CX2 Model No. | 830334027021C5_2, |

Company | Wiirth Elektronik |

CY Model No. | 890324022007 _15nF |

Company | Wiirth Elektronik |

LDM Model No. | |

Company | |

CY [nF] 15

LDM (uH) 0
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> WP4: Filter Design and Reliability

WP4.1: Passive filtering size and volume optimization

140

Experimental results

CASE |

T T T T T T T T T LI B |

120

100

T

p!
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60 |
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Level in [dB

40 L

20 |

0 L ; N R i R R |

10 4 10 ° 10 8

Frequency [Hz]

Predicted results
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> Filter Reliability (wra)

» Capacitor accelerated degradation test

* Six types of EMI suppression capacitors from three manufacturers are tested under four different test conditions (240 capacitor samples in total).

Test platform

Test Conditions [ Copnitor Sampies |
Test condition 1 2 3 4 : : Ly L (IR
AC Voltage (RMS) V_rated V_rated V_rated V_rated - ™ T f_ oY ¥ iy "  |
AC frequency 50 Hz 50 Hz 50 Hz 50 Hz 1 N e e
Chamber Temperature 85 eC 85 eC 125 °C 110 °C _
Chamber humidity 85 % 70 % - - ry | e

Climate Chamber ———==

Capacitors under test

Number Brand Value (uF) Class Voltage (V) Tolerance Pitch size (mm)  Samples Dielectric Max temp THB grade
1 Pikor 1 X2 305 20 27.5 40 MKP 105 -
2 Pikor 0.1 X2 305 20 15 40 MKP 105 -
3 Kemet 1 X2 310 20 22.5 40 MKP 110 1B
4 Kemet 0.1 X2 310 10 15 40 MKP 110 1B
5 EIZ\(/:l’cj:érr]\ic 1 X2 275 10 22.5 40 MKP 105 -
6 Elz\él’cj:(g:ic 0.1 X2 275 10 15 40 MKP 105 -
Supra-EMC
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> Filter Reliability (wpa)

» EMI analysis

e Test results

e Capacitor: Case 5 (1uF)
» Test condition: 85 % RH/85 °C, rated voltage

20 L L L L L ""I: )
— 1 uF, Reference
— 1 1F, Aged for 1600 h
() tm—— | 160 kHz reference
-20
)
O,
= -40
o
O
-60 :
'80_ N'
I:
X :
o :
w ;
-100 S —— -

10° 0
Frequency [kHZ]

Comparison of DM Gain Using Reference and Aged Capacitors (1600 hours)

Supra-EMC

f i alalb Ra.Bacaba.an I Rat
) | [ | RBellbollbNed | B S
y |,, 16 L J | L bl | J*l’?l*

| | L ) "
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10%

Level in [dB V]

140
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40

20

-20

P o +— o p’
szJ‘ R1 O %Cﬂ
N T o N’
Cy ==
PECJ;__ 1 T J: PE
Grid side Converter side
CLC Filter
- =
8
! /\J.A | | N
awif | :.- ,': E g
e J".‘I v \.:.J- f\ RN l : ::: IIHI
— M ! 1'..' - | |:. .I E.I . .| Hi | fr'| .
Il!fi.:#"."ﬂ.; o ] 'JI. ‘ l lllllllirh
TR B
L !r 11[ |‘[l ﬁ.‘ EI-I | H By ll'ililll'l'l
1 T
b ' i |h N P/
AW . r
- i HJ ] ”’Wmﬁl i ."
|,I' | ' f
I| ‘I |
| | | |
10* 10° 10° 10
Frequency [Hz]
DM Gain Variation at 160 kHz for Reference and Aged Capacitors
Ref. Gain @ 160 kHz Aged Gain @ 160 kHz .
Case no. (dB) (dB) AGain (dB)
5 -50.37 -31.9 18.47
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OUTLINE

Supra-EMC

o

J Outlook for APECS (Newly Developed EMI Prediction Tool)
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» Power Electronics EMC Design Tool

Conventional EMC Design

50% of products fail EMC testing the first time! [1], [2]

EMC testing accounts for 30%-50% of product development time and cost

EMC filters accounts for more than 30% of cost and volume [3]
Lack of EMC filter volume and size optimization algorithm
Challenge of coping with new upcoming standards

Our Solution

Supra-EMC

1/3 REDUCTION

P TIME-TO-MARKET

®
)
e

SOFTWARE TOOL

' DEVICE MODEL

OUR SOLUTION

PILOT RUN NO COMPLIANCE

§ ®a oK S$$

$ 1/4 REDUCTION

FRODUCTION

o EMI ESTIMATION d L]
STABILITY CHECK
i > {2} =5|> Mamm >
I

Time-Frequency Modeling

) EMC Metrics
Designer/Inputs

e

CONVENTIONAL
APPROACH

( ® P TIME-TO-MARKET
—~ —~ ~ S
o O e §V5 o [Eg) > Mumm
NO NO NO
< INVESTIGATION PROTOTYPING PILOT RUN COMPLIANCE PRODUCTION

§ "’ 55 " 55 " 545 POSSIBLE
+$ +$ +$

INCOMPATIBILITY

+$$3%%

e

Sources

[1] Why 50% of Products Fail EMC Testing the First Time

[2] Precompliance EMI Debug, Application Note, Rohde & Schwarz, 2020.

[3] D. O. Boillat, F. Krismer and J. W. Kolar, "EMI Filter Volume Minimization of a Three-Phase, Three-Level T-Type PWM Converter
System," in IEEE Transactions on Power Electronics, vol. 32, no. 4, pp. 2473-2480, April 2017.

[4] https://www.tek.com/blog/financial-case-emi-emc-pre-compliance-test-solution

Reduced EMC assessment cost and time (solving EMI early in design cycle)
Computationally-efficient EMC analysis (digital model)

User friendly interface

EMI filter volume optimization

Easy to cope with continuous new EMC standard updates

Optimization and Design for EMC

v Components data ﬂj

v Select components
m\/ Select application

¥" Select operating condition EMI Digital Model : i —>

pie

j’; Semi-empirical models

\_ J
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wa .
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» APECS-Lab

ARIECS

ADVANCED POWER ELECTRONIC SOLUTIONS

A NANE NN

25%-40% product development cost reduction
30% faster time-to-market

+100 times faster simulation time (Accelerate
Focused solely on power electronic converters
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> APECS Key Features

A best-in-class software solution, streamlining power electronics

compatibility to accelerate the global green transition

‘;101010

Power Electronic EMI Digital
Model

Advanced numerical modeling platform for
precise EMI analysis and simulation in power
electronic systems.

v' Device-specific modeling
v’ Fast computation engine
v' Accurate EMI prediction

User-Friendly & Versatile
Interface

Intuitive workflow with power features designed
for all expertise levels.

v’ Step-by-step guidance

v’ Read-to-use libraries

v’ Exportable results

v’ Publication-quality graphics

Supra-EMC
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ARIZCS

ADVANCED POWER ELECTRONIC SOLUTIONS

Wide Application Coverage

Comprehensive suite of tools covering various
power electronic applications and analysis needs.

v" Multiple converter topologies
v’ Extensive component database
v EMC filter design support

v Automated EMC design

Anytime, Anywhere
Built for the Cloud

A fully cloud-based software platform that
removes hardware constraints, accelerates
collaboration, and keeps you always up to date.

v No local computing power required
v’ Designed for teamwork

v’ Always up to date

v' Access from anywhere
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» Power Electronics EMC Design Tool

WWW.APECS.DK

— - , -
= Free Trial! Simple, Transparent Pricing

Limited Seats availa ble Flexible seat-based licensing fortelarlns ot];any silze.tchoosT between Commercial or Academic
— pricing, then select your plan.

ADVANCED POWER ELECTRONIC SOLUTIONS

Try it Free Expert Support

Experience the future of power electronics design with Standpec Bios

] o=l 14-Day Trial Commercial Premium Plan Expert Support
our comprehensive Digital Model platform for EMI €0 €6,000 sccuyecr Coimiorital Custom
a n a Iys I S and S}/Stem Opti m izatlon z No credit card required Academie €1 0,000!5eatfyear Professional services tailored to your needs
€1 ,ZOD/seat/’year Academic © Hourly consulting - €150/hour

@ Project assistance - Full lifecycle support

(80% discount) €2 000 S
’ seal/yedr @ Custom code - Tailored development
h b H B 2 B0 SmOERST Sedl ARSI © On-premise setup - Premium only
o a p —3 " &
Launch APECS La Pre-Sign-Up Now B e

@ 5 GB storage per seat

© Team collaboration )
@ Everything in Standard

@ All simulation tools
& Priority support

Email support

° b @ Advanced analytics

@ On-premise deployment

All prices are in EUR and billed annually. Academic pricing requires verification of educational institution status.

Supra-EMC
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