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ABOUT US

- HEADQUARTERS | Idrija, Slovenia, EU

* 3369 employees

« EUR 396 million in turnover

+ 18 legal entities

» FIELDS | passenger cars, commercial
vehicles, industry

 Following the megatrend of the green
transition to a carbon-free society

*All information is related to the fiscal year 2023
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Kolektor Mobility Key Milestones

1963 PAVOE 2006-08 2017 2025

Year of foundation - start of  |Start of electronics Start of production of Opening of Competence Celebrating 60 years
production of Commutators  [(BLDC) development Magnetic components center for Magnetic of Kolektor
Materials Nacrtovanje
elektronike za EMC
2026
= |
KOLEKTOR
Nacrtovanje
elektronike za EMC
2023

2005 2013

Independent marketing Start of production of SOP of first SOP of high volume electrical

under KOLEKTOR brand Hybrid components motor/drive drive system for Automotive
name production for non Customer

Automotive

COMPOUDING
PLATING g le] REELTOREEL 5 \oULDING  WELDING MAGNETIZATION  MAGNETIC BONDING
STAMPING MOULDING
TECHNOLOGIES MATERIALS

& CO MPETEN CES M'g;”*&'{-g&?” CONFORM PROCESS GRAPHITE AND COPPER  FOURPOINT . ' ELECTRONIC MOTOR PUMP

OF COPPER COUPLING WITHOUT ~ INJECTION . e
MATERIALS ROEIREIbeh R ASSEMBLY CONTROL  HYDRAULICS

FORMING i
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PERMANENT MAGNET BRUSHLESS MOTORS AND DRIVES

25W 250W 500W 1000W 5kw 10kW 25 kw

BL230

BL350

BL180

BL167

BL145

BL90O

BL67

BL62

BL50

Typical values of continuous mechanical power
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AUTOMOTIVE & COMMERCIAL VEHICLE DRIVES

DRIVES AND ACTUATOR DRIVES AND ELECTRICAL
VACUUM PUMPS ELECTRIC OIL PUMPS MOTORS

Oil mist separation E-clutch

KOLEKTOR Nadrtovanje elektronike za EMC



INDUSTRIAL AND OFF-HIGHWAY DRIVES

Building automation

KOLEKTOR Nadrtovanje elektronike za EMC



Development Framework

APQP frame (design & production development)

4 main domains of development
« System

+ Mechanics

» Software

» Hardware

IATF certified development
Automotive SPICE based processes
Hardware SPICE based processes

ISO 26262, 61508 ready

REQUIEREMENTS
MANAGMENT

Polarion Requirements

o0 AUTOMOTIVE HZ[d%

SYSTEM DESIGN

System design
Polarion
PTC/Creo

KOLEKTOR

Nacrtovanje elektronike za EMC

Supplier
Management

Quality
Assurance
Project
Management

MECHANICAL
DESIGN

Mechanical Construction
(PTC/Creo)

HARDWARE DESIGN

Electronic Hardware Design
(Altium Designer)

|
MEH
/ Development
\ " /(ﬁ
Development /.

Technology
Development

L \
® e System
) Development -
3 Vehicle tests
System ¥

Testing

4
\ SW Testing

HW Testing

SOFTWARE
DESIGN
Embedded Software Development

(Polarion , Matlab/Simulink, C
compilers, Github)

SIMULATION

+ Altair + Moldflow
= Ansys + Matlab/Simulink

+ Creo Simulate

* LT Spice
+ Moldex



Kolektor Hardware Development Process Overview

HW processes are developed according to intacs Hardware SPICE process assessment model v2.1. The
processes are based on a “plug-in“ principle for existing Automotive SPICE framework for SYS and SW

development.

HW Qualification

HW Requirements Analysis
Kvalifikacija strojne opreme

Analiza zahtev za strojno opremo

N

Requirements
Specification (L.

HW Qualification tests
HW qualification test report

Kavcic) )
Safety analysis report
FMEDA
i i e s EMC report
HW Archltecl;::srie znd Detailed HW Verification p
C g . Verifikacija arhitekture in enot
Razvoj arhitekture in enot strojne .
strojne opreme
opreme :
HW Architecture, HSI HW Unit tests
HW Units definition, verification HW Unit test reports
criteria
Schematics, Layout, BOM
HW Release HW S le Realizati
ample Realization
Realizacija vzrorcev RETE e SPICE nlil

KOLEKTOR A-SPICE derived process development 27.02. 2026




Kolektor Hardware Development Process Example

HW Requirements Analysis Pam—

1.8 Power Stage Requiren-l 1 .- 2409-26533 - Unj

@ 2409-30755 - Power stage shall be capable of providing continuous phase current of ) 2409-30847 - | AC_PHASE_CONT_MAX T 240930061 4 H “ ( A 5 )
=35A B MODUL ELEKTRONSKI 13_2409_03 Rev_A, [Variant(s)], «” Accepted, (14 Non Functional HW Verlflcatlon HW Unlt teStlng
QE 2409-30849 - Phase over or under-shoot shall be lower than @ 2409-30848 - U_PH OVERSHOOT MAX =4 V. Type: [% Test Case Requirement origin: ks Internal
B MODUL ELEKTRONSKI 13_2409_03 Rev_A, [Variant(s)], «” Accepted, (14 Non Functional Project:  13_2409_D_ESP2 Customer DVP Relevant: 3 No
@ 2409-30894 - Power stage shall operate at PWM frequency B 2409-30892 - F_PWM = 12 kHz. Author: - Kristjan Saksida put:
B 1IODUL ELEKTRONSK| 13_2409_03 Rev_A, [Variani(s)], & Accepted, ) Information TestLevel: gy HW Unit No.of DUTs: 1
@ 2409-30893 - Power stage shall operate at dead-time set point of B 2409-30852 - T_DEAD = 800 ps. Test Methods: - Requirements Based Resp. for Execution: - &= Intemal
B 1/ODUL ELEKTRONSK] 12 2409 03 Rev_A, [Variant(s)], « Accepted, [&] Functional Test Environment: (=) HW Test Bench Customer ID:
. . o g .
Categores:Strofna oprema HW Qualification
. -
1.9 Voltage & Current Sensing vatiantc):
& 2409-30718 - Hardware shall enable yC voltage sensing of all external supply voltages. 6. Verdict summary section
B VIODUL ELEKTRONSKI 13240903 Rev_A, [Variant(s)], «# Accepted, [&] Functional ——
i B P Bt Test :' ‘:'!:hm the Conclusion
-] 2409-30699 - Drive shall implement a dual shunt current low-side measurement concept for the phase current. P
B IQDUL ELEKTRQNSKI 132409 03 Rev_A, [Variant(s)], «# Accepted, & Design Decision Targets: EQ/IC 01: Resistance to the pulses 1 and 2a 81 P
& 2409-30701 - Voltage measurement is implemented on the DC link (Vbus) power line on the power stage. Quantifying Vpg overshoot and ringing amplitude/frequency during hard switching of the lor EQIIC 02: Resistance to pulses 3a and 3b o2 -
i [IQDUL ELEKTRQNSKI 13 2409 03 Rev_A, [Variant(s)], « Accepted, &g Design Decision
o ) ) o . . . Test type: EQ/IC 03: Resistance to 5b pulses 83 P
@ 2409-30900 - All voltage measurements are implemented by a direct ADC acquisition via resitor divider, capacitor and a double
diode protector. B |IQDUL ELEKTRONSK] 13 2409 03 Rev_A, [Variant(s)], « Accepted, §g Design Decision « Electrical EQV/IC 04: Resistance to short interruption of the power supply 84 P
Operating point (torque and speed): EQ/IC 07: Immunity to the transients on the signal lines 91 P
No rotation of the motor, brake engaging and disengaging conditions.
. . EQ/IC 08: Immunity to current injection (BCI) 9.2 P
1.10 Temperature S HW Architecture and Detailed Parameter Value Increment
& 2409-22804 - Temperature sensing ol Desi n EQ/IR 01: Immunity to radiated electric field (semi-anechoic or anechoic) a3 P
g . EQ/IR 02: Immunity te low frequency magnetic field 9.4 P
B0 ik N
m W HW sa m ple Rea I IZatlon EQ/IR 03: Resistance to electrostatic discharges, equipment not connected 95 P
L2
o
g EQ/IR 04: Resistance to electrostatic discharges, switched on equipment 9.6 P
s
o
z EQ/IR 05: Immunity to onboard transmitters 97 P
Active &
e 2 B Immunity to transients with wire to wire coupling (EMC12) 938 P
B GALvANICISOLATAION B , ( ; EQ/MC 02: Measurement of low frequency conducted noises 10.1 P
i : : EQ/MC 03: Measurement of radio frequency conducted noises on the 10.2 P
24V in LV input stage uC unit : - i »y 3 | power supply inputs
24V out
WAKE1
Wake logic /
aES PWH

LV Connector

LV logic
supply,

CAN
interface

Hardware 2 [l A T[]
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General Embedded Software Functionality

Motor control —+ INVERTER

* FOC, Field weakening
- Control Loops - Position, Speed, Torque

..........

, LU | CONTROL [ inimic
sensing. 1 Loaic
« Temperature Management (Sensors, i2t, Derating) 0

- Current Sensing (Three phase current reconstruction for cost effective solutions)
- Positon Sensing (Sensored - linearization, sensorless opreation in wide temp range -40°C,150°C)

Communication

- Control, Configuration, SW updates - bootloader

- HW layers (LIN, CAN, RS485)

- Application layers (UDS, J1939, CANopen CiA 301 CiA 402, Modbus)

Cybersecurity
« 1SO 21434

KOLEKTOR Natrtovanje elektronike za EMC 27/02/2026



Combination of Model Based Design and C code design

Model Based Design enables SW
- Design

« Simulation

« Verification!

in virtual environment

Simulation of complete system

Autogenerated code from SW model

KOLEKTOR Nadrtovanje elektronike za EMC

current
feedback
o #include <stdio.h>
J 01
. ] 1Int main
i == printf("Hello world");
return o;
om
1101

voltage
excitation

torque generation

Load
model

27/02/2026

. ld .
Ug = Rgig + Ly a WeLgly

Uy = Rglg + L

di,

q E + well‘did + Wer Iabm

3 . .
T, = Ep(wmlq + (Ld - Lq)ldlq)

J

dwmeh

dt = Te - TL - meeh




Model In the Loop - Simulation

MATLAB
SIMULINK

Simulated
Enviroment

KOLEKTOR Nadrtovanje elektronike za EMC

SW verification

Hardware In the Loop - real time

dSPACE

S(k\i‘k\ﬁ

A S
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Software Development Process Capability

Test levels m P I"OJEC'[

system | [ climatic -
System Testi
Requirements e System Test gl
............ \.............................................................................................}/............. Test B e f
System Sys. Integration \_ )| pimensional
Architecture Testing e N Tests

.................... \ .............................................................................;/.................... sammmmmmmmsmEmEny VECTOR >

HIL
oftware [ Software Testing ]

. t Test
.‘f'.'i‘?'f‘.‘:':;.’f ........................................................ e — KVASER
Software ] [ SW Inte-gration ] —_— w

[ Architecture Testing

................................... T T T TFET TP (S § L 1 1T M
Ean e “ | dSPACE
\ y

'F. lv,» ("

WMQE

MATLAB
SIMULINK

L‘ r " r @ENTERPRISE
W LDRA

-
|
‘ SIKEIL
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TESTING & VALIDATION CAPABILITES

design & process validation tests can be performed internally

THERMAL TESTS ELECTRIC & DIMENSIONAL ADVANCED MECHANICAL MOTOR & MOTOR VIBRATION TESTING
ELECTRONIC MEASUREMENTS ANALYSIS PROPERTIES CONTROL TESTS

b

* Temperature Povxfer Suppliesj High resolution SEM/EDX + Tensile strength + Computer Guided
Chambers Oscilloscopes with optical 3D scanner microscope Flexural strength Test Benches
» Climatic Test Probes Coordinate CT Scanner Impact strength * Universal Test
Chambers Multi-meters Measuring Machine Optical 3D Hardness & Benches
» Temperature Shock Precise RLC - 3D Optical microscope Microhardness « Back-to-Back Test EMC testing at

Chambers Meters Measuring Machine - Confocal 3D Spin testers Benches external contractor
* IR Measurement Low Resistance Form tester microscope

Equipment HV Insulation Conturograph
CTI Tester
Nondestructive
Insulation

KOLEKTOR WMobility

Plan 2026:
- EMC pre-compliance chamber
- Media resistance chamber

KOLEKTOR Nacrtovanje elektronike za EMC 14 (f)'



SUPPORTED BY

PROTOTYPE MACHINE BUILDING AND END-OF-LINE
TOOL SHOP AUTOMATIZATION TESTING

KOLEKTOR Nadrtovanje elektronike za EMC



Typical industrial motion control drive

BL62 - PMBL Drive

— Features:
- - CANopen

- Brake implementation

Safety functionality in
development:

Nominal DC voltage [V] 48

Nominal supply DC current [A] 16,6 = STO
Nominal phase current [A] 18 Peak phase current [A] 35 . SS’l
Nominal torque [Nm] 15 Peak torgue [Nm] 3

Nominal speed [RPM] 4300 Peak torgue speed [RPM)] 4000

Nominal mechanical power [W] 676 Peak mechanical power [W] 1256

Nominal efficiency [%] 85 Electromagnetic brake [V] 24

IP protection class IP65 Encoder sensor type & voltage n/a

Weight [kg] 35 Temperature sensor n/a

Gearbox ratio n/a Motor control unit YES

MCU communication protocol CAN

KOLEKTOR Nadrtovanje elektronike za EMC




Priloznost za zaposlitev

Razvojnik elektronskih vezij
- Altium SCH/PCB razvoj
- Izbira komponent
- Simulacije LT Spice
- Testiranje HW enot / EMC testiranje
- Razvoj HW zahtev in zahtev za testiranje
- Zazelen zaklju€en magisterij smer Elektronika
- Delovno mesto L) Stegne

- Kontakt jaka.ivancic@kolektor.com ali prek L. Kavcic

KOLEKTOR Nadrtovanje elektronike za EMC
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EMC izziv....

—

MNoise ] o
Source —Jé l victim

{ %y | Inductive
Capacitive
— q
Conductive
-

Vir: esongemc.com; L.Kav¢i¢
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KOLEKTOR

Nacrtovanje elektronike za
-MC

Opis izziva: Pogon BLAC motorja

Luka KavcCic

24.2.2026



Kaj je brezkrtacni motor

D C— 3" A%a?er'ador‘ de poemas

3-phase output

|—o—F‘|‘EseA—-—F‘|‘ase C ——Plase B |

Neutral
»

Ce sem videl dlje, je to zato, ker sem stal na ramenih Velikanov. - Newton

KOLEKTOR Longer title of the presentation in one line 10 pt 2/27/2026 All rights reserved by KOLEKTOR® 20



Stikala

2 University of Ljubljana
- Faculty of Electrical Engineering

T
aboratory o Electrical Machines G Magnetni pretok in inducirane napetosti

Preklapljanje stikal in vrtilno magnetno polje

|
|
) |
__I_‘ |
S1| S3/ 55 ' * 51( 53:| ] ¥ 51( 53| 55 ] i :
52[ s4j Q 52‘,: g4ise O 52} S4i s6/ Q i/_/‘iA—\E
_ . /. - : A _ . A | |
+——'—‘ . i_/ é i |
_ . . Ny L . o
!
[
|

Prof. dr. Damijan Miljavec
28.2.2023 EMC 2023 (glavni sponzor Kolektor Mobility d.o.0.)

KOLEKTOR Longer title of the presentation in one line 10 pt 2/27/2026 All rights reserved by KOLEKTOR® 21



[ ) (" 4 [ )
o Hitrejsa stikala
et University of Ljubljana
- Faculty of Electrical Engineering @
Laboratory for Electrical Machines

Trifazni sinusni toki

Motor Phase Voltage

BDoav 2 :11“
| = |
a0 |
| 1
= 2 DoV K
= | =
iy I 8
| 2
2000y | | g
» 180
Tirne
DOV
= | 200 i i
Lp00v | 4 . | 2 202 204 205 208 21
£ 2 p00v | A ‘ Time [5] (a)
DIy Motor Line Currents
| 12 T T T T
BTV H v H
Tirne
.
= £
" i .
2 0 204 208 208 ?

Prof. dr. Dé”m-.ijan I'\/Iiljave.c
28.2.2023 EMC 2023
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Zakaj merimo MHz, ce je signal kHz

Vigvh)

28dB

21dB

4v-

14dB—
2V

TdB— V7

-2V

0dB—
AV

£V
-fdB+

BV

14dB-} ol U | i i |

12v T T T T T T T T T
Ops 30ps 60ps 90ps 120ps  150ps  180ps  210ps  240ps  270ps  300p

-21dB—
-28dB—
-35dB—

e Mn A oLl N l“lll ,.\ H\l 11 | |

T T | T |
12KHz 16KHz 20KHz 24KHz 28KHz 32KHz J6KHz 40KHz 44KHz 48KHz 52KHz
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10dB—

odB—

1 0dB—|

-20dB—

30dB—]|

~ANdB—|

-S540 B—]

-6 B—]

T OdB—

“B0dB

“0d B
AOKH=

JW‘I\MWJHW.nllnu\l.uhlm.H Y T

100K H=

-60dB

-fodB—

-80dB—

-S0dB—|

-100dB—

-110dB—

-120dB—

-130dB—

-140dB—

-150dB

-160dB—

-170d B

-180d B

-190dB
10K

T T T
Hz 100KHz 1MH=z 10MH=z
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Kaj vpliva na padanje amplitude

A
U
T | T
L, <7 T
:L,: ON LS
T
S A
U AT NZ20 dB /dek
12"-;“/\
A
: 40 dB/dek
NN S
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Drugi viri motenj

MOSFET turn-on characteristics

resistive load " overshoot

N=

e <
S

VDC

Cgd [ 1Vd

Ve - . R Ids = gm*(Vg-Vth)
Ve g e )
V
CgSL_ /\ h'
r:wershm;\./;

hogic 0 undafined logic

2/27/2026 All rights reserved by KOLEKTOR® 26
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Lastnosti pogona

SplosSne lastnosti: Arhitekturne lastnosti:
Napetostno obmodje 45 + 57,5V * GOﬂI|nIk DRV8334PHPR
Tip motorja trifazni brezkrtacni, BLAC, delta ° TO kovni g0n||n|k| konéne Stopnje
vezava « -20+105°C komponente
Mo¢ motorja 20 A zagonski fazni tok

200 W stalna nazivha moc

Obrati 2000 / min . .o .o
| | Dimenzijske omejitve:
Tip vodenja senzorsko . .

- | - Predpisana kontura vezja
Regulacija toka dva merilna upor . . e .

o - Predpisane pozicije vhodnega konektorja, board
Komunikacija / . . . TR

to board konektorjev in faznih prikljuckov
Profil delovanja: - Omejitev 2 mm viSine na spodnji strani

rPM |

nazivno delovanje

D000 - - —

mirovanje

a

v

t=4s (&as ni omejen)
Ifaz_max = 20 A Pmeh = 200W

KOLEKTOR Natrtovanje elektronike za EMC 2/27/2026 All rights reserved by KOLEKTOR® 27




Pogon brezkrtacnega motorja

Tekmovalevo vezje

= Vezje z logiko

Akumulatorsko
napajanje 51,2V

wickrvii

‘_( Linearni pretvornik

Vhodni konektor

'L napetosti

™~

CAN vmesnik

‘11 2 V-
\_// ,

Board to Board 24V 5V

konektor |
24 v >
5V (samo za Vref).
M okrmilnik
Gonilnik tranzistorjev ontrolni PWM— (ISAI VI NU! Led o
512V -
SPI |n|C|aI|gau1a / >
Analogna meritev toka 3
Kontrolni PWM Analogna meritev toka

~

Meritev toka

Moénosina stopnja

Fazni kontakti

Senzor pozicije

CAN

(neobvezno)}—»

Motor

KOLEKTOR Nadrtovanje elektronike za EMC

2/27/2026 All rights reserved by KOLEKTOR®
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Vhodni filter in konektoriji

s rnel o p——————— VBALRE
am Bl =y

==

‘Preko tega pina z1¢ povezava oz kiovinskp ahisje motaia DC_LINE

62200421121

WY1V

I

e

E PHASE CURRENT
S (=S

P
50U .pacuRRU
e o

L 30V .
J:‘ ST i
GND

e Power_Dnver
0 D EN GATE 0.0 F.GATE

|

— PHASE CURFENT Power_Mosfet

MOSFET DRIVER. ¢ | » MOSFET DRIVER.
UM DRIVER. TRIVER DIGITAL DPUT
n 0 D PRM UH

SHUNTS | SHUNTS
0 D FWM TH FWMDRIVER. - -
ODFIMUL o1 gy

0D I VH

LODEWMYVL .o p pwagve —

ODPUMWH g, pwat WH
0 D WM WL 0_D PN WL

!
¢
?

0D PAM VH

spr
1D_SPI MISO
0_D_SP1_MOST

1D SP1 MISO
0 D SF1 MOSI

0D SA CLK
NDSMCS

0_D_SPLCLE

0.D SPLCS

KOLEKTORSAOURE Daturn:18. 02 2028 Maziv Skdop SAPID  sessen | Rev-A
Kolektor Group d.0.0. Konst: EMC2026 T | T
Wojsova 10, p.p, 25 e SCHEMATIC

315220 ldrja . Slovenia Luka KavEic Koda  EMC2028 Datoteka: Main SchDoc

KOLEKTOR Nadrtovanje elektronike za EMC
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Gonilnik

DRIVER. DIGITAL INPUT MOSFET DRIVER.
.+ DRIVER. DIGITAL DWPUT 0 D EN GATE O D EN GATE GAIEUH |, oare un
U SHU
GAETL | ourp
PWMORIVER LU au
0. W UH 0D 7WM UH —_— d
GATE_VH
0.D pw UL ——2 D FWM UL P m‘_
E LV MOSFETCRIVER
0.1 Fwna e 0D PN VH i
< FWRDRIVER. 0_D_PWM VL SR GaTE VL
0_D_PUM_VL @y
SLV
0. P W oD FWM WH e —
0D M UL — | GAEWH
0 D_PWM WL W @
GAEWL |, gare wr
SL W SLW
PHASE CURRENT
- 00y acomru
0_D_SP1_MOSI 0 DIEIT MO PHASE CURRENT -
0.D_SPLCS 0 [1SH G5 0V Ly acuRRY
op.oax 0.0 5P CLE
D59 M50 1D 59 B8O & B g g B o SHUNTS
B il Bl o= e -
o b I = e e SN_U
hioe BV @2V —_———
TRVEIMPEDR. % 9 9 =% A oA : =
Y o
[ERNTI ] -
BEBRERAAZ G
GATE WL U e
Lw | com
U 3 5o
;MU 2] oo
3PV 3 se8
SNV [} SHE
Tf sec
P D e
DDENGATE 8| ppvorr
eni—Y seo
ODPMTH 1| o
0 D PWM UL lé DILA
5
=] ] 4] 5 = I
i BdBdguifdsis
1= I == = = (= I
& -
L B o E g g4y . =4
o g g 2 g ;
g E| E| & 5 B & 8
a Al al A g A el A
cl al el e -l cl el o
sV MV DCIDE
T T T
Povezite VDRAIN z DC LINK, PVDD z 24V in VREF z 5V
KOLEKTORGROUP | Datem 19.02. 2020 Naziv SHiop SAPID =
Koiektor Group d.o.0. onst: EMC2026 ECH / |Lﬁ Faise
jkova 10, p.p. 85 i POWER DRIVER
15280 I . Slovenija ik Koda  EMC2028 Datotzka: Bower Driver SchDioc
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Mocnostna stopnja in meritev toka

MOSFET DRIVER

GATE_ L o—CATE U
[ L —
A AT T
aate L —2 UL T
SL_U -t
spoe— & u
GATE ]
. TAGEFET GRIVER [ ARSEIT]
GATE ¥ SIS v
81 R
GATE Wt +—TE Tfarl | BN Y
W
GATE_WL
1w
e LNk
]
= 5w
3 1
BT 1 By 1
74613 7361061
! T46L081
o ayn av
=i
alv neF 2
EP 1 pd L
LW
™ 1
L. [:Ii:\»
Lo e
: w
ML ~ — 4
= =
™
aND
aRth
KOLENTOREROUR | Dalum:1s oz Z0e8 Matv Sidop SAR D e [ Rea
Hotektor Group do o Keanst EMC2026 LR MOSFET BRIDGE L [ rome
iofucha 10, pp. B85 WE] E
EL5280 ldrija . Sovenia [Lulka Kawtt Koda  EMC2026 Datatekas Power hestet SchDo:

KOLEKTOR Nadrtovanje elektronike za EMC
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Postavitev

4 Pregled, generiran z umetno inteligenco

SRR * Hlajenje tranzistorjev
S R ° Pustite prOStor Za Stvari kijih A common, rough rule of thumb for estimating

inductance in electronic circuits is 10--25 nH per

bOSte mOgO ‘c,e ra bi I i inch (4--10 nH/cm) of conductor length . For typical

PCB traces, this often translates to roughly 1 nH/mm
. E M 'I' or 1 nH per 0.04 inches. @ EDN - Voice of the Engineer +2
| R Coo-

Capacitance (C)

1 nF

Inductance (L)

3 nH v

Resonant frequency (f)

91,888 MHz v

Capacitance (C)

1 nF v

Inductance (L)

150 nH v

Resonant frequency (f)

12,995 MHz v

KOLEKTOR Longer title of the presentation in one line 10 pt 2/27/2026  All rights reserved by KOLEKTOR® 32




Zahteve In cilji izziva

1. Osnovna funkcionalnost: 2k rpm 200W

2. Skladnost s CISPR 25 in VW81000 zahtevami za sevalne in prevodne emisije ~50 %
3. Cena in skladnost komponent (MOSFETi, dusSilke, kondenzatoriji, ...) ~25%
4. Skladnost z dodatnimi funkcionalnimi in nefunkcionalnimi zahtevami ~25%

- Odpornost na napacno polariteto
- lzgube vezja

- Gretje MOSFETov

- Delovanije pri razlicnih napetostih

46
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< 30
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= 28]
£
3 2 B
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22 _ —_
201
18— — — EEE—
16 —_—
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30 100 200 300 400 500 600 700 800 900 960
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CISPR25_class5_30M-1000M_alse_QK
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CISPR25_class5_30M-1000M_alse_PK
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Pregled in cena komponent

Pregled 1 - Pregled BOM

Pregled BOM obsega kriterije:

- skladnost z zahtevanim temperaturnim obmocdjem,

- skladnost z ostalimi zahtevami podanimi v tem dokumentu.

ke ck za vsak izpolnjen kriterij.

Pregled 2 - Cena komponent

Med tekmovalci se primerja sestevek cen vseh komponent, ki so jih dodali v shematiko. Cena vnaprej dolocenih komponent se
ne uposteva.

Nizja cena pomeni boljsi izid oziroma manjsi tockovni odbitek.

Upori velikosti 0603 ali manjse in kondenzatorji do vrednosti 100 nF velikosti 0603 ali manjse imajo ceno 0,01 €.

Cena se izbere na podlagi cene v spletni storitvi Octopart za kolicino 1000 vezij.

Ceni vsake komponente se doda vrednost 0,02€ zaradi stroska polaganja.

Cene komponent se gledajo iz odobrenega seznama dobaviteljev:

e Farnell
* Mouser
e Arrow
e TME
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Osnovna funkcionalnost in dodatne zahteve

Test 1 - Osnovna funkcionalnost
Opis metode: preizkus pogona na namenski testni napravi.

Testni pogoji:
Uin = 45 + 57,5V s korakom 2,5V
T=23°C

Pricakovan rezultat:
- pogon uspesno pospesi do 2000 rpm,

- pogon vzdrzuje 2000 rpm 2 minuti,

Stevilo tock: 2 tocki za delovanje v vsakem od napetostnih korakov. Skupaj; 12.

Test 2 - Izkoristek vezja
Opis metode: Merjenje vhodnega toka v motor pri nazivnem obratovanju.

Testni pogoji:

Uin=512V

Trajanje t = 600 s

T=23°C

n = 2000 rpm

Stevilo to¢k odbitka: Negativne to¢ke za vhodni tok se izra¢unajo po spodnji ena¢bi. Vsem tekmovalcem se odsteje tok, ki ga je

imel tekmovalec z nayman)sim tockom. K=2 tocki/10mA.

TocCke = _(Imeas - Ibest) * K

KOLEKTOR Natrtovanje elektronike za EMC 2/27/2026  All rights reserved by KOLEKTOR® 35




Osnovna funkcionalnost in dodatne zahteve

Test 3 - Segrevanje vezja
Opis metode: snemanje zgornje strani vezja z termo kamero. Gleda se najvisja temperatura.

Testni pogoji:
Uin =512V
Trajanjet = 600 s
T=23°C

n = 2000 rpm

Kriterij:
- Gleda se tocko z najvisjo temperaturo na zgornji strani z termo kamero. Zahtevana temperatura je pod 60 °C. Temperaturno
obmocdje se razdeli na intervale po 5 °C (60-65 °C = -2 tocki, 65-70 °C = -4 tocke...)

Stevilo tock: Za vsak temperaturni interval nad 60 °C se odbije 2 tocki.
Test 4 - Priklop obratne polaritete

Testni pogoji:
Uin=-55V
Trajanjet = 120 s
T=23°C

Kriterij: Na vezje se priklopi -55 V (napacna polariteta). Vezje ne utrpi trajnih poskodb.
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ToCkovanje EMC

Prevodne emisije po EN55025 Sevalne emisije po EN55025Sevalne emisije po VW81000
150 kHz - 108 MHz 150 kHz - 1 GHz 9 kHz - 150 kHz

Stevilo tock glede na doseganje razreda: Stevilo tock glede na doseganje razreda: Stevilo tock glede na doseganje razreda:
-Class 1:0 -Class 1:0

-Class 3: 3
-Class 2:5 -Class 2:5 Class 4+ 6
- Class 3: 10 - Class 3:10 IESS
- Class 4 : 20 - Class 4 : 20 - Class 5:10

(Iass 5:40 - Class 5: 40 /

Na voljo dodatne tocke za med razredi
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Sevalne emisije

9 kHz - 30 MHz 30 MHz - 1000 MHz
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VW81000 Sevalne emisije

PK limits based on first table image

—— Base PK limit (all classes)
Class 3 PK (0.1-0.15 MHz)
80 - — (Class 4 PK (0.1-0.15 MHz)
— (Class 5 PK (0.1-0.15 MHz)
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=
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Frequency in Hz
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Limit in dBpWim
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Prevodne emisije

Enosmermi
napetostni Sito

Prevodna ploséa

200 mum — 400 mm
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Dodatne tocke za EN55025
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PreizkuSanje pogona in pregledi
1. Razvojno testiranje: Na fakulteti za Elektrotehniko
2. Funkcionalno testiranje in izkoristek: Kolektor Mobility
3. Pregled BOM: Kolektor Mobility
4. Elektricni testi: Kolektor Mobility

5. Testiranje sevalnih in prevodnih emisij: SiQ
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PreizkuSanje pogona in pregledi

1. Razvojno testiranje: Na fakulteti za Elektrotehniko, Studentje izvajajo sami

Ponedeljek 6. April 2026  Narocilo TIV in materiala
Ponedeljek 4. Maj 2026 ZacCetek preliminarnega testiranja izdelkov

Ponedeljek 1.Junij 2026  Oddaja projektov za testiranje

€ )
g
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Povezave

« Uradna stran tekmovanja: LPVO: Nacrtovanje elektronike za EMC 2026 (uni-lj.si)

« Texas Instruments DRV8334PHPR domaca stran: https://www.ti.com/product/DRV8334/part-
details/DRV8334PHPR

- Datasheet: https://www.ti.com/lit/ds/symlink/drv8334.pdf
+ Understanding Smart Gate Drive: https://www.ti.com/lit/an/slva714d/slva714d.pdf

- Best Practices for Board Layout of Motor Drivers: E : ! » -|-| E
||
|| rl I‘

https://www.ti.com/lit/an/slva959b/slva959b.pdf
. . o

J

Kontaktna oseba

Luka Kav¢€ic€, PreizkuSanje izdelkov
Kolektor Mobility d.o.o.

Luka.Kavcic@kolektor.com ia
068 128 269

Discord: @Luka Kavci¢ na EMC delavnica
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