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Wirth Elektronik ICS — Ronald de Jeu
BUSINESS DIVISIONS

' - | e Intelligent Power &
Electron_lc & Electro Printed Circuit Boards telligent
mechanical Components : Control Systems

Year of foundation Employees Turnover 2023
WE Group: WE Group: WE Group:
1971 7,870 EUR 1,24 billion*

Year of foundation Employees Turnover 2023
WE ICS: WE ICS: WE ICS:
1984 640 EUR 137 million*
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Wirth Elektronik ICS — Ronald de Jeu
WE INTELLIGENT POWER AND CONTROL SYSTEMS

SYSTEMS FOR POWERFUL COMPONENTS
MOBILE MACHINES AND FOR A WIDE RANGE OF
COMMERCIAL VEHICLES APPLICATIONS

HMI SOLUTIONS PCB COMPONENTS
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AGENDA

1. PDU presentation
2. PDU components
3. Fuse sizing
4. Thermo Simulation
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1. PDU PRESENTATION
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1. PDU presentation
POWER DISTRIBUTION UNIT

1 2 3

Distribute the energy safely

oy ) L Protect the vehicle’s electrical Enable safe and easy
within the vehicle by switching . .
network and provide maintenance
loads when needed .
measurements to vehicle
controllers
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1. PDU presentation
BATTERY ELECTRIC VEHICLE ARCHITECTURE

=%

e } Power Distribution Unit
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1. PDU presentation
POWER DISTRIBUTION UNIT EXAMPLES

HVIL loop
= Snap action switch for
lid opening detection

Measurement = HV-Interlock
connectors

= Current measurement on CAN

= Temperature measurement
°

Fuses
= 2x8Ato30A

100 % connectorised

400 A main fuse

= 400 A 600 VDC _ _ system
fuse integrated " rzaot'goo Alnterrupting = TEHV800
= TEHVA 630

= Deutsch connector for LV

Precharge circuit
= Using Gigavac minitactor & PTC GIGAVAC contactor integrated 600 VDC max
= Directly plugged into PCB .
200 A nominal
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2. PDU COMPONENTS

ENERGY STORAGE
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2. PDU components

CONTACTORS

= |ntegration of different types of contactors (from
different brands) with direct contact to PCB over
Powerelements

= (Connection of coils and auxiliary contacts with
direct contact to PCB or with small wire harness
(depending on contactor type)

m ! -
- e e

| 'ENERGY STORAGE
O : 7
Eleﬁ&"’"s Power Electronics & Energy Storage event ,/é
T — 28 mei 2024 | 1931 Congrescentrum ‘s-Hertogenbosch ‘

l%u\




2. PDU components
FUSES

= Possibility to integrate different types and sizes of
fuses with direct connection to the PCB

= |t could be from small to really big ones, with clean
integration for service & maintenance

oy
P

rNENES
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3. FUSE SIZING

ENERGY STORAGE
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3. Fuse sizing

MISRATING OF A FUSE
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3. Fuse sizing

MISRATING OF A FUSE

= Afuseis the ultimate safety device

= |n case of misusing or misrating,
= Damage on the system

= Life risk for user
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3. Fuse sizing

GENERAL PRINCIPLES

Three main functions:

Current conduction (during normal operation)
Protection (during a current short-circuit or overload)

Insulation (after opening, one-time)

Four main parts:

Body (for mechanical integrity — ceramic or composite)
Sand (for arc energy absorption (quenching) and heat transfer)

Terminals (for current conduction, cooling and mounting
purposes — silver, aluminium or brass)

Element (for current conduction, notches melt when the current
intensity is too high for too long — copper or silver)

Notches

Holes ~—

Body

Quartz sand j

O
O

™\

OO

Fuse
element
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3. Fuse sizing

GENERAL PRINCIPLES

Blade

Filler

ENERGY STORAGE
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3. Fuse sizing

FUSE RATING
Low voltage, e
= Fuses also have a voltage rating, corresponding to the low current |
maximum voltage that they are designed to operate at in h'ghregt?/:;age OO0
the worst specified conditions (maximum current, ' 00
maximum time constant)
OO
. OO
= Higher voltage rated fuses are longer and have more higher current
notches in series (= more voltage generated during rating OO0
arcing) —

_ _ IEC fuses are tested at:
= Higher current rated fuse are wider and have For AC @690V
. . +10% of the labeled voltage
more/thicker elements in parallel (= less current +15% for other fuse links
For DC: +20% of rated voltage

denS|t\/) After 690V: under revision

UL fuses are tested at rated voltage
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3. Fuse sizing

FUSE SELECTION

Fuse current rating
Dilemma

Electrical fusible link: Current cycling causes:

small wire/conductor that melts = Temperature cycling

under short-circuit or overload Thermal " Mechanical cycling

management and , , ,
durability Ultimately leading to fatigue

and failure

10%

e\ EV50A300-38G
MEV50A400-38G
MEV50A500-38G

100,

Smaller element Larger element
e ‘ quicker melting better cycling Fuse element temperature

under current cycling

Pre-arcing time (s)

_ ENERGY STORAGE
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3. Fuse sizing

HOW TO SELECT THE RIGHT REFERENCE

F : Fuse datasheet
use pre-selection
e Voltage — series

e  Currentrating + derating Check protection
factors — nominal current MBC

IR

L/R
Derating factors: Coordination
e  temperature + air cooling

Aging factors
based on generic

cycling tests

Protection and durability okT
Thermal FEM

simulation

o altitude . Durability ok———(EVSE=[leq[e]y
e  terminal connexion size Durability question? —p RAESCLCLL profiles
e  cycling and overload Lower rating required *  Temperature
for protection? . . .
Higher ratlgg required On protection — higher
Ves : rating, partial protection

) On durability — higher
Compromise . ;
+ additionnal tests acceptable? premature opening risk

to check specific

protection cases > Fuse adaptation or
new development
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3. Fuse sizing

HOW TO CHOOSE THE RIGHT REFERENCE

Fuse current rating
Dilemma

Carry the required
currents without melting
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3. Fuse sizing

HOW TO CHOOSE THE RIGHT REFERENCE

= Short-circuit requirements
= (Coordination with other devices
= \oltage
= Mechanical interface
= Application
= Main fuse
=  Aux fuse

= (Charging fuse
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3. Fuse sizing

HOW TO VALIDATE THE FUSE PROTECTION?

103 ¢ 1 1 |
= The TCCis the main tool used to select a fuse for its Cable Juming curve, S=20mm Tamb=20°C,dT insultion=100°C 5
protection function: 10% F ;
i |
= Represents time to reach arcing (not time to reach 101 - : |

opening) for a given current

—_—

o
[=}

™

= Log/log scale

= The fuse must melt before the protected equipment

Pre-arcing time (s)
o
T

I
0
I
I
I
0
i
0
i
_ 102 ¢ ! E
curve is reached (= the fuse TCC must be under the : -
) - Cable not 1
protected equipment TCC). 10°F protected, the fuse - E
I must be combined I
104 L with other | i
| protection devices ! :
[ : Cable protected
10-5 . . L 1 R . L L
102 10° | 104 10°

RMS current (A)
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4. THERMO SIMULATION

POMER < | ENERGY STORAGE
LECTRONICS Power Electronics & Energy Storage event |
~ , — 28 mei 2024 | 1931 Congrescentrum ‘s-Hertogenbosch WE \




3. Thermo simulation

ARGUMENTS FOR THERMAL SIMULATION

Avoid product

Why Simulation Optimize Design

failure

EXAMPLES

Layout: copper thickness / layer count

REDUCE DESIGN LOOPS IMPROVE PRODUCT

Time gain: Smaller product:

= Layout: 20WD / loop = Better heat flow
= Box tooling : 100WD / loop

* Cost savings Higher currents:

 Speed of Boxesishape Financial gain: = Better heat distribution
d I t =" = Layout: 2k€ / loop
evelopmen = Box tooling: 180k€ / loop Better reliability:

* Reducedtimeto = Lower temperature

market

. Quali t\I Lower costs:
. = Reduced copper thickness /
improvement layer count
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3. Thermo simulation

Temp_inside '[I;eerlr]Ip_fuse
[cel]
= |jttelfuse e 55 i
150.20 . 86.50
13958 8425
= MINI fuse st sz
107.72 ;? ;S
97 10
= ATO Fuse o Iﬁ?
ke o
54 62
| |
MAXI Fuse - =
Min: 64.015
= MEGA Fuse
r4
t

Min: 62.028

ENERGY STORAGE
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3. Thermo simulation

EXAMPLES

= Hongfa

Micro relay

Mini relay

= Power relay

ENERGY STORAGE

Power Electronics & Energy Storage event
28 mei 2024 | 1931 Congrescentrum ‘s-Hertogenbosch




3. Thermo simulation
EXAMPLES o 3D models and material properties provided by Mersen

= Mersen
= MEV100A300
= MEV100)450
= MEV100J600

Temp_inside

[cell

Max 159 518
162 586

. 156 327
150.695
145 062
139.429
133.796

. 128 164
122 531
116.898

111.265
105633
100.000

Min: 67.672
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3. Thermo simulation

CUSTOMER PRODUCT — THERMO TEST VS SIMULATION LOW VOLTAGE
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3. Thermo simulation

CUSTOMER PRODUCT — THERMO TEST VS SIMULATION HIGH VOLTAGE

Thermography._...
[cel]
Max: 113.038
65.00
. 60.20
56.68
53.16
49.64
46.12
42.60
39.08
35.56
32.04
28.52
25.00
Min: 28.038

: ENERGY STORAGE
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WURTH

W(rth Elektronik ICS - Webinar ELEKTRONIK
MORE THAN
CONCLUSION VOU EXPECT

IF YOU HAVE ANY
PROJECT REQUEST,

PLEASE CONTACT US
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Waurth Elektronik ICS
YOUR CONTACT TO US

GERMANY
Niedernhall

Wiirth Elektronik ICS GmbH & Co. KG
Intelligent Power & Control Systems

Gewerbepark Waldzimmern — Wirthstral3e 1

74676 Niedernhall — Germany

Tel.: +49 7940 9810-0 — Fax: +49 7940 9810-1099

ics@we-online.de

FRANCE

Furdenheim
Wiirth Elektronik France
Intelligent Power & Control Systems

+33 388 112600
ics-france@we-online.com

INDIA

Mysore & Bangalore
Wouerth Elektronik India Pvt Ltd
Intelligent Power & Control Systems

+91 821 2305325
ics.sales-india@we-online.com

Benelux & Denmark

Meteren, Netherlands

Ronald de Jeu

+31 6.10-98 4471
ronald.dejeu@we-online.com

ITALY

San Giovanni Lupatoto (VR)
Wuerth Elektronik ICS Italia s.r.l.
Intelligent Power & Control Systems

+39 458 752222
ics-italy@we-online.com

UNITED KINGDOM

Manchester

Wourth Electronics UK Ltd.
Intelligent Power & Control Systems

ics-uk@we-online.com

WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

Our imagefilm
available on our
website and on
YouTube

USA

Miamisburg (OH)

Wurth Electronics ICS, Inc.
Intelligent Power & Control Systems

+1877 6902207
cs@we-ics.com

www.we-online.de/



http://www.we-online.de/ics
https://www.we-online.de/web/en/intelligente_systeme/ueber_uns__/imagefilm/imagefilm_1.php
https://www.youtube.com/watch?v=jHhbsM1h7nA&feature=emb_logo
https://www.youtube.com/watch?v=gEZsD_lgJTE
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