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SYSTENMOPOLOGIES BLOCK IS

Classical system:
One big 16 2/3Hz transformer supplies all systems.
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A Big and bulky.
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REQUIEREMENHGRMFTRANSFORMERRAILWAY

SYSTENMOPOLOGIES
More electric train:
low frequency transformer is replaced by Ntansformers
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sy Fover A Much lower weight and size
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ADVANCED MF-TRANSFORMER

D. KAMPEN



REQUIEREMENTGRVIFTRANSFORMERRAILWAY
AGCOPPERDSSES BLOCK =

High permeable core

()

: : Vi 3o 3 : .
v Fig. 1 Effectof interleaving [1]

(b)

A Designing MFransformers is much more challenging then designing low frequency
transformers. Especially copper AgSses due to proximityand skineffects have high
impact.

A Interleaving is one of the key measures in the development.
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Choosing core material is not distinct.
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ENVIRONMENT BLOCK IS

A mounting in IP20 area (ice, sand, dust, dirt, hard
temperature cycles)

A strong mechanical vibrations within usage

A voltages up to 3kV. Power 10k¥8A0KVA.
Switching frequencies 4kk24kHz (and higher are
coming up)

A main and stray inductances have to be meet
according to the resonant inverter design

A lifetime 30 years. Aging considerations due to

R environment, vibration and partial discharge have

http:/bahnbasher.blogspot.de ] to be done.
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STATOFTHEARTDESIGN

CLASSICAIRY TYPE MIRANSFORMERS BLOCK! =
MFTRANSFORMER
CONVENTIONARY TYPE

up to 200 kVA
@7,2kHz ~2,4kVA/kg

A Dry typetransfomer

A Highisolationefforts to encapsulateransformer
from ice, sand dustetc.

A Directcooling

Alow weight
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STATOFTHEARTDESIGN

CLASSICRESINOTTEMF~TRANSFORMERS BLOCK <=
MFTRANSFOMER
fully potted design
Upto 200kVA

@7,2kHz 2,0kVA/kg
@18kHz2,8kVA/kg

ﬂ ' A Fullypotted desing
<

A Standardwvindingtechniqueis possible

A Simpleand easyisolationof transformerbecause
of the resin

A Getrid of the heatisthe challange

A Veryheavysolution
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NEXT GENERATIONMRANSFORMER
CASCADEETRUCTURE BLOCK IS

A transformer power rises with%
A transformer losses rise witlk
A transformer volume rises with?k
A transformer surface rises with? k

Therefore a cascaded structure is used here. Several smaller
transformers can be combined for the desired power.

This design gives the following advantages:

A Smaller currents in each transformar small HRitz

wires bifilar winded can be usellless copper Adbsses
A Much better ratio between volume and surfage

better cooling
‘ ‘ ‘ ‘ ‘ A Modular desigmy bigger production lot sizé, lower
costdy scalability
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NEXT GENERATIONNMRANSFORMER
PLANARESIGN BLOCK IS

Each single transformer is built as a planar ferrite

transformer with special pot core shape optimized

for mechanical arrangement in a stack.

Advantages of this core type are:

A Easy potting with resin is possile water
resistant design

A High outer core surface arefy the heat can be
transferred to air cooled or water cooled heat
sinksA core will stay cool, even if winding is

class F or class H.

N\

Heatsink
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NEXT GENERATION NFANSFORMER

OPTIMISEDOOLINGONCEPT BLOCK <=

Surface: Temperature (degC) Surface: Temperature (degC)

Thermal FEM
simulations

several single transformers

air cooled heat sinks

(could also be water cooled)

Wind channel
tests
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NEXT GENERATION NFANSFORMER
COMPARISON

stateof the art medium frequency transformer.
Example: 110kVA, 8kHz, 44kg

Power density

BLOCK =

several single transformers

air cooled heat sinks

(could also be water cooled)

newgeneration medium frequency transformer.
Cascaded structure. Example: 250kVA, 24kHz, 50kg
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conventionel dry type
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CONCLUSION
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A The restrictions of state of the art sifansformer design considering
copper Adosses, thermal core saturation, cooling possibility and
scalability where overcome with the new cascaded pot core
structure.

A Thepower density of the next generation transformer has increased
from 2,5kVA/kg (110kVA/8kHz/45kq) to 5kVA/Kkg
(250kVA/24kHz/50kg) for forced air cooling.

A With water cooling, the power density could have even been
increased to 67/kVA/kg.
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