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Vehicle Electrification

Turntide provides electrification and powertrain
components that electrify fleets faster, with less
risk, and higher performance safety.
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Industries we serve
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Construction Agriculture Material Handling : Performance Sports
We offer electrification solutions to help Cars
From mini excavators to forklifts, we offer simple We'll deliver the intelligence, efficiency, and warehouses and distribution centers increase .
drop-in solutions to help you get an EV to market controls you need to build industry-leading the productivity of their autonomous mobile “|‘e Bff_felf DT?VE‘H hlqh‘DEVfcrmZ"C\?l ) .
quickly and easily. vehicles, from tractors to combines, for years to robots (AMRs) and automatic quided vehicles ge:m 'CatﬁnlCOTﬂﬂﬂ':_rﬂﬁ and.eol utions to de-
come; (AGVs) by minimizing downtime and taking riskyodevehicle electrification;programs

advantage of opportunity charging.

Light passenger

Trucks / Buses

We offer a range of highly reliable electrification VEh |CI es 2,3,"‘ Wheelers We provide high-performance electrification We've helped world-class manufacturers
solutions, from high-power electric traction components for rail solutions to provide a path ta electrify their marine vehicles.
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Rail ‘ Marine

Our electrification solutions for two, three, and
four wheel light passenger vehicles ensure
quality, reliability, and efficiency.

drives to low-power pumps fans and hotel loads, carbon reduction.

ta help you deliver your emissions targets.
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Overview

Switch mode power supply simulation (SMPS)
Conducted emissions from a ‘bad’ SMPS based on a topology
used in an automotive inverter were simulated, including
parasitic effects of the PCB and components.

Comparison of original against measurement

A physical equivalent was built and tested. Simulation and
experiment were compared.

Trial of improvements in simulation
The model was used to trial a PCB layout change.

Comparison of improved design against

measurement

The improved design was built and tested. Simulation and
experiment were compared.

U .
® Turntide Technologies. All rights reserved. ‘?.I? TURNTIDE



Circuit topology
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Complete model

The complete model included a CISPR 25 conducted emissions set up.

Acrtificial networks

(ANS) - Supply wiring

PCB in enclosure

Load resistors on
heat spreader plate

Load wiring

Insulating spacer Ground plane
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PCB model

PCB exported from PCB layout software.
Design was altered to use a through-hole FET to exacerbate emissions by capacitive coupling

between FET tab and chassis via insulating spacer.

Mechanical CAD of PCB exported from
layout software, showing component
positions. Through-hole FET
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PCB in enclosure

PCB

Grounding strap

PCB in enclosure

KL30 and KL31 (grounding strap

iri iti not visible
wiring (positive . :
and negative behind
supply) i enclosure)

N T > v and HV load
' : wiring

\ Stand-offs Copper tape piece connecting
(conducting) exposed copper on PCB and

MOSFET mounted on heat- side wall of enclosure
sink via insulating spacer
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FET mounting on heat-sink

FET mounted on aluminium block via insulating spacer for heat-sinking - bad for EMC given
capacitive coupling of switching node with enclosure!

FRONT VIEW / PCB \ SIDE VIEW

Source lead-
frame and
leg

3D VIEW (enclosure not shown)

Drain tab and

/ leg

Insulating
spacer

Region of heatsink in
contact with
enclosure floor

FET on
heatsink

| Heatsink
¥ (aluminium
block)

Enclosure

floor
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Circuit model

All lumped component and finite element analysis derived models incorporated into a circuit

simulator.

N-port model block derived from Q3D simulation of
physical hardware. Circuit fits a state-space model to the
S-parameter file exported from Q3D.

Filtering, input
capacitance and
design properties
(reverse polarity

_________

- —— = ——

protection diode
and pre-charge
MOSFET shorted
out). TVS not
modelled.

Switching MOSET, s

transformer primary and
primary snubber
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Transformer LV secondary, rectifier, filter
and output capacitance
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Transformer HV secondary,
rectifier and output capacitance.

Other EMC
components
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Capacitor models

Y-capacitor impedance

Component parasitic effects

included | 1

All capacitors were modelled using a series R-L-C
model to include parasitic inductance and ESR.

Impedance [Q]

Model fitting

The model parameters were adjusted to match
manufacturer data.

1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Frequency [Hz]

[ 1 £ ] ]

TA ‘
® Turntide Technologies. All rights reserved. @F TURNTIDE



Inductor models

00

Component parasitic effects
included B

All filter inductors were modelled using a series R-
L parallel C model to include parasitic capacitance o
and series resistance.

Model fitting C

The model parameters were adjusted to match
manufacturer data on DC resistance and self
resonant frequency (SRF). No attempt was made R
to model the increase in resistance with frequency
resulting from skin effect.
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Common-mode choke models

Frequency dependent impedance
The frequency dependent common mode and differential

mode impedance of the common mode chokes used in

the design was modelled using simple equivalent circuits,

based on the manufacturer model, fitted to manufacturer

data and/or measured data.
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Transformer model Shield

e T T T T RS c
| . 1 “par
O_I Prlmary L|k | h ??ar s -0 === - N
- : R SR | \
Magnetising and leakage inductance : L |
Magnetising and leakage inductances were | Primary | | |
extracted using Ansys PEmag and Maxwell. | Lmag i . |
O—‘ I I I
- . “ B / I
Parasitic capacitance A el ke l Secondary 2 ILO
Inter-winding and winding to shield capacitance it C I L mag I
1 ar
was extracted using Ansys PEMag and Maxwell. 1= T1T-=~ P : :
\
' ! ! o
Model complexity trade-off O—: Secondary 1 |1 | |
A coupling factor of 1was used between windings, I Lmag o ; I
with inductance and capamtance splltto obtaina I |-t - : Secondary 2 | |
trade-off between lumping everything together l P I L I
and its real-life distributed nature. O—1| Secondary 1 | Cpar \ - /
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\
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Test set-up

CISPR 25 conducted emissions set up.

Supply wiring PCB in enclosure

Acrtificial networks

(ANs)
: Grounding
S{:(a):ndmg strap

Load resistors on
heat spreader plate

Load wiring Ground plane

Insulating spacer
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Test versus simulation - EM|

Test / simulation comparison

Peak and trough
- /~5MH2 lower -
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— Simulation | 7 i — Simulation | 7
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Much higher ‘noise floor’ Frequency [Hz] Frequency [Hz]
res“'t'”‘? from post- Peaks are spaced at the switching frequency, which was set in simulation to
processing parameters.

match test, given known potential for inaccuracy in control IC timing.
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Test versus measurement - switch node voltage

Overshoot and ringing at the switch node captured - some mismatch but in the right

‘ball-park’

End of
demagnetisation

Turn-on

8i.43 48293 48343 48393 48443 4849 48543 48593 48643 48693 487
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Over-shoot
followed by
ringing, both
caused by
A A/ transformer
B leakage
Start-of f inductance
/
J

turn-off
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Layout change
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Original versus re-layout - simulation

Simulated conducted emissions for original and improved layout.

POSITIVE LISN NEGATIVE LISN
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—— Qriginal
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— Improved —— Improved
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Magnitude [dBuV]

Original versus re-layout - test

Tested conducted emissions for original and improved layout
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Conclusions

Filter simulation and optimisation
An outline of a method used to simulate conducted emissions from a switch-mode power supply inside an enclosure given.
The model gives a method of like-for-like comparison of designs through simulation, before going to prototype test.

Match between simulation and measurement
The match between simulation and measurement requires further investigation, however the presence of emissionsiis
represented and the reduction in emissions offered by an alternative layout is indicated.

Further work
Work in progressto better understand the discrepancies between experiment and test and to extend the methodology to

other aspects of EMC such as conducted immunity.
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Q& A

Contact Me:

Graham Roberts

Senior Simulation Engineer
graham.roberts@turntide.com



