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2. Introduction

First of all we want to give you a global viewschedule of our final ye project :

Octobre Novembre Décembre Janvier Février Mars
40|41 42]|43]44]4a5] 46| 47| 48]49]50[51] 1 [2[3[4]|5[6[7[8]9[10]11]12
1 1 I I 1 1 I I 1

Réunion PFE avec M Lacombe et mise en marche
des PFE

Titre 1 : Transformateur d'isolement

Réunion sur le site de MSR a Sablé sur

Etape 1 : Essais électrique du prototype N5 == Sarthe

Etape 2 : Tolerance entrefer et collage Essa|_s diélectriques et
— Jeudi 10 Novembre

Etape 3 : Bilan des performances

Etape 4 : Process industriel | | [ |

Etape 5 : Dossier de fabrication (co(ts, usage)

Etape 6 : Applications aux alims multi sorties

Titre 2 : Outil de dimensionnement

iRédaction du rapport
Etape 6 : Prise en main | Stisoutenanceifinale
Etape 7 : Rédaction d'un cahier des charges

Etape 8 : Réalisation de l'outil sous excel
Etape 9: Rédaction du rapport er poster |

Table 1 : final year project planning

Our work is generally coposed by two parts: One is experiment and indliging a high voltage
insulation planar transformer the other is desigririlyback database tot

The products rangdlors Smit contains several embedded senséws,exampli the MSAVDC.
The MSAVDC (MS standsfor Mors Smitt, current A, V voltageprovides a mearement
representation of the D@urrent consumed by the railway rolling stock equiéint on the catena
lines of supply (750VDC, 1500VDC and 3000VLC

Catenary -

Measurement devi

. Measurement
High Voltage device

[ 1

* | Power supply bu

N .

motor

[Traction ’ { Energy
Low voltage«i|_controler

Power supply bt

: Traction i . i
: | motor : Figure 1 : global view of MSAVDC

Figure 2 train control synoptit with MSAVDC
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Placed on the roof of the train, this system cannbdirect contact with high voltage and ground.
Therefore, it must be able to protect the extebadlery packs in order to ensure the safety of good
and persons on board. Moreover, it must meet thetaints of temperature and humidity which have

a direct impact on the behavior of electronicsdaghe device.

According to the principle of shunt measurementoliage measurement of the current crossing a
portion located in the power bus bar of the trairiaking by two resistors. The connections for the
measurement are also used to measure the tempeddttive copper bus bar in order to correct the
temperature drift. The system also includes an aalibration system. Then, it is possible to calibr
the measurements by integrating the dimensionti@nsof the section of the bus bar.

This analog information is converted in digital @l&érm, and then transmitted thanks to an insulated
bus between HVand L\ printed circuits boards. It is an asynchronousaseommunication type,
ensuring a transfer of data bits one at a timeuidin a single transmission line (TX). The baud iste
set at 500kbits/s (cf. Appendix N°1).

3. Resume of previous work

During my last internship, | carried out a feadipistudy of a high voltage insulation planar
transformer for serial communication of MSAVDC imder to replace the existing solution. The
internship result was the design of five prototypeéthin the constraints of operation and electrical
insulation (cf. Appendix N°1).

The opto-isolator used for the high voltage insatatsn’t able to ensure the high voltage requiogd
the railway standards. That's why we studied abmagnetic solution and more precisely planar
transformer.

Compared with traditional transformer the planansformer has absolutely many advantages:

e It decreases the volume of transformer and in gbisse it is more promising to be used in
integrates device electronics.

* We can fully control its electronic performancehe period of designing

« We have a better reproductibility because the dbariatics of turns are strictly the same in a

printed circuit board.

1 HV : High Voltage
2LV : Low Voltage
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Prototype N°1 Prototype N°3 Prototype N°4 Prototype N°5
Figures
TTL compatibility No No No No
Maximum high  18,5kVAC during 5s 28,5kVAC RMS during 50s 28kVAC RMS during 60s  To be define

voltage insulation

Maximum speed 2MHz 1MHz 1MHz To be define
transfer

Delay time 42ns 50ns 50ns 52ns
Consumed power 0,15mwW 0,2mwW 0,2mwW 0,25mW
Operating -50°C ; 200°C -50°C ; 200°C -50°C ; 200°C To be define
temperature

Table 2 : resume of prototypes previously designed

Although the prototype N°4 had the highest hightagé insulation, we decided to design an other
prototype.

Teddy Bonnin’s internship in last summer permittedave us a lot of time for the preparation about
the railway standards. So, we started from the rixats about prototype N°5 in the goal of
precisely characterize and establish an indugir@dessing.
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4. Study of the prototype N°5

4.1 Description of the prototype

Secondary

Figure 3 : C core and E core

Figure 4 : global view of prototype N°5

As Figure 3 shows, the central leg of ferrite u$ off and we translate E type ferrite to the C
type. Therefore, we can increase the distance leetywemary and second windings and in this way
we can get the insulation length longer to protaat model. Furthemore, the narrow tracks in line
with the insulation channels which we have openeg@ermitted to enhance the length of leakage line
in the surface of epoxy (cf. Appendix N°2 : projmtyN°5).

A complete characterization of this transformen Wwé described in the next part of this reporthia t

goal of estimate the magnetic coupling and theadignality.

4.2 Transformer model

This chapter discusses the modeling of high veltaggulation transformers. Section 4.2.1
introduces the ideal transformer circuit. In Setth2.2 we speak about detailed modeling issues of
non-ideal transformers, such as capacitive coupliegkage inductance etc. Then, a transformer
circuit model is also presented. Finally, the mimiminsertion loss is introduced in section 4.2.30as

characterize the performance of transformers.
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4.2.1 ldeal model

The ideal transformer model is based on two assang:

+ All the flux is confined to the core.

* There is no power loss in the ideal transformer.

kL1L21
L1 andL2 are the self inductance of
primary and secondary. L1 is more
Vin L1 L2 Vout precisely the magnetizing
. - inductance

k is magnetic coupling between

primary and secondary
vin T o—A Cre TVout A transformer can be modeled by

o—i B D o the matrix below
Figure 5 : ideal transformer model ue to

the leakage of magnetic flux. Furthermore, a higitage insulation planar transformer includes

parasitic capacitance, resistances (ohmic lossykinceffect (high frequency operating).

4.2.2 Real model

According to the thesis Schellmanns [3], we cae tlee model with three capacities for
operating frequencies not exceeding 2MHz (Figufid)en, two basic studies are distinguished to
determine all elements of the model:

* Magnetic study

» Electrostatic study
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Figure 6 : chosen mathematics model

C1,C2,C3 Windings capacities
R, Resistor from open circuit primary
I Serial resistor reduced to the primary

Leakage self inductance reduced to the primary

L1 Magnetizing self inductance from open circuit setzoy
L2 Magnetizing self inductance from open circuit prigna
k Magnetic coupling

Table 3 : parameters listing and determining

4.2.2.1 Magnetic study

Primary open circuit -
Secondary open circuit -

Primary short circuit

Secondary short circuit

Table 4: measure process for inductances

Thanks to the impedance analyzer AGILENT 4294A 4QH@MHz, we have identified all these

parameters following test conditions (cf. Table)
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Secondary open circuit, measurement from primary

Self-inductance (uH)

START 9.9%85 kHz STOP 11@ MHz

Frequency (kHz-MHz)

Figure 7 : Lp-Rp representation

Lp-Rp representation permits to extract exactly gbk inductance L1 value. Loss is representated by

resistor Rp in parallel. For a frequency of 500 kiWe have:
L1 =109.6uH and Rp = 9.92k

Primary short circuit, measurement from secondary

A

568 kHz

~

I .............

=3

N—r

]

.. 12.5438 ub

[ : T

=

o

>

©

c

T

=

]

(j) ------------ H H H

L 7.32957 a
. : - : T [
»
START 43 Hz STOP 110 MHz

Frequency (kHz-MHz)

Figure 8 : Ls-Rs representation

The leakage self inductance measurement must bevadhin high frequency in order to avoid

magnetizing self inductance effect.
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In our case, frequency is up to 500 kHz so we cdraet rigorosly the leakage self inductance and
parasite serial resistor values:
I, = 12.54 pH ands= 7.332.

Primary open circuit, measurement from secondary

This measurement permits to identify strictly timagnetic coupling k. It is obtained by following

L1-Ifp
k= ’—
L2

Following to the previously results, the magneticing k can be defined. Then, for a frequencyaup

formula:

500kHz, we note k = 0,94. This value comes up efdistance between the two windings. Although
magnetic core (cf. Appendix Prototype N°5) has adgability to concentrate the flux in high frequgnc

operating, the leakage inductance is sufficiergttgé to reduce the magnetic coupling.

4.2.2.2 Electrostatic study

For the identification of electrostatic parameteithe external terminals of the component
must be carefully identified. The Cp-Rp parallginesentation is used for extract directly the capesc
values.All notations of measurement configuratiarepresented in Figure 7.

3 Ly = £y + Ly 4 Ly = Ly + L3

Figure 9 : mathematics modeling to measure parastmapacitances
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Measurement 1 permits to notice the insulation ciagavalue taken between the two windings in short
circuit. The others are necessary to deduct thaireng capacitors. Thus:

C,=74pF, G=13pF, G=-27pF
Following the previous characterizations, we laathe diagram below:

kL1L20.94
i
in rs If '2|'}P out
14 25p
c1| L1 % Rp ng _|©?
74p | 110p 2k 112y 13p

Figure 10 : mathematics model following characteriim

4.3 Characterization conclusion

Thanks to LTspice simulator and excel, we compdhedresults of simulation and experiment by

applying an AC voltage (amplitude 5V and frequeB6@kHz) in input. So, we mesured the open circuit
voltage in output :

——|nput voltage -2,5V/+2,5V

Voltage V

—Simulation output voltage

- Electrical testing output
voltage

Time ps

Figure 11 : comparison between simulation and electi testing
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The comparison between simulation results and tyedlas proven that our magnetic modeling is
relatively close to gain and overshoot voltage. Eeev, the pseudo period curves is noticeably differ

the capacitance modeling is then not sufficientveMiheless, the capacitance analysis has shown the
importance of printed circuit board design. Althbuge high proximity between windings added to the
high frequency operating increases the parasiipadtances values, it is essential to reduce thding

size in order to have the best insulation (cf. Apje prototype n°5).

4 4 Electrical test

Following the characterization of the prototypel @he previous work during Teddy’s internship, we
decide to apply a TTL input voltage of 500kHz wiitie circuit below:

KLO01L020.94

PF1 PF2

Il
1| 1
Cfilter Rs Lfp -27p Crect

B s c2
c1 u Rp L2 1= Drect Delip
7ap T 10p 2k 112p 13p 75 i
14148 1N750 Load

1k

PF3

Rinsulation

100Meg

Figure 12 : electrical testing circuit

Figure 13 : electronic circuit for testing

Principal Function 1: pass high filter to elimina@ntinuous signals
Principal Function 2: prototype N°5 model

Principal Function 3: rectifier and clipper circuit

Principal Function: offset voltage

The load in ouput corresponds approximately wiffutimpedance of RS232 receiver

Jiang YU & Teddy BONNIN Graduation project Page 13
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The results of the experiment can be opposite sutiulation for the goal of check out transformerdeio

in real conditions.

Input voltage

Voltage W

Qutput voltage

Figure 14 : experiment results

From oscilloscope and LTspice, data are importesbitware Excel and in this way, we can see the
results much clearer. Because of standard analysesex N°1) the high level and low level are
already well defined. From the Figure 8 we can ples¢hat the delay time between high level and
low level is very short, so it has a very high dyalequire to the planar transformer. The zenmitli

the maximum voltage due to leakage inductance. Wihatre, the role of components is to increase
the drop of voltage but fortunally it is always héy than the high level. For the low level, near th
time to exchange to high level, there are pertishatand perhaps they are caused by LC resonance.

Furthermore these perturbations can disturb thdagic state and cause a lost of information.

Jiang YU & Teddy BONNIN Graduation project Page 14
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fmput voltage
Output voltage

Voltage

Time ps

Figure 15 : simulation results
The output has a voltage drop about 1.2V and ghiery closely to the experiment results. However,
for the low level it is smoothly and increases glyido the high level. We think the reason is timat

our mathematics model we have chosen the simphieiponent like zener or diode, and in this way
avoiding the perturbations in reality.
In order to prepare the industrial process, tolegatesting must be achieved. Compared the output

voltage without air gap or shift, the curve shohet if the existence of shift doesn’t affect muchhe
output result. It just drop

Output voltage without air
gap or shift

Output valtage with shift

Yoltage v

—— Qutput voltage with air gap

Time ps

Figure 16 : effect of shift and air gap on output itage

Jiang YU & Teddy BONNIN Graduation project Page 15
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Compared the output voltage without air gap oftskiie curve shows that the

=

existence of shift doesn’t affect much of the otitpasults. It just has a little ¢
voltage drop. Because of this, in the industriabcpss we suppose that the

tolerance of shift can reach to 50%.

D

After adding a gap of just 2 paper with the thiegs of 0.8m the output voltagg
has an obvious drop. So through this experimentcare clearly see that planar

[

transformer is sensitive to gap. In the part obdlgk we will carefully studied thi

guestion.

Table 5 : effect of paper gap and a shift

4. 5Dielectric test

The dielectric tests are used to verify electritadulation in printed circuit boards and
transformers. This experimental method can tellethgineers in which situation the product will wankt.
We have carried out two kinds of dielectric tegisnar transformer in the air and in the resin (dita).
For the second situation we have tested Prototyizeviindings on two faces and on the same face. The
two faces windings seem the best solution becdugsdistance between primary and secondary intoyepox

substrate become longer.

Figure 17 : windings on two faces Figure 18 : windings on the same face
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Through thee photos (screenshot from video) we can seehbes fare two weakest poinThe channels
force the current pass thugh the magnetic core because the high voltagehe creepage distance
relatively gigantic. We can see that there is no@int in the angle of magnetic core because its s

conductivityrepulses the electrol

Figure 19 : clearance effect in planar core

This video we have taken lasts for 14 seconds. Dypeagnetic core is E32 and test voltage eque
10kV. From it we can clearly see that there arentsoarethe most weakesThe raison can be

explained as below:

Secondary

Primary

High voltage

»
»

A

Figure 20:equivalent graph for air gap

In the situation of ultrahigh voltage the air betwethe primary and secondary are turned

resistance, because air at@mbt longer a neutral molecule but decomposedeatrie hydroniums
The magnetic field energy is not exchanged in dsmal way because magnetic core can't w
correctly. The ultrahigh voltage goes through fremmary to secondary. Because dimen:of the air
resistance is much smaller compared with the grelihge, the great current will ruin the pla

transformer in a very short time (just several selsdn our experimen

Jiang YU & Teddy BONNIN Graduation project Page 17
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As we know already in the real working environmdntmidity and dusty are very dangerous to the
planar transformer. Not only will they reduce trsng life of our product but also will they cause
some dangerous situation for the people and gamimd. So we choose the dry-type transformer: put
the planar completely in the resin and using thethod to against the adverse ambient conditions.
Moreover, the resin can insulate more than 80 kVafaistance of 1mm. Finally, the resin must be
characterized with depresure and temperature p#esneecause the dielectric strength changes
directly with them.

We carried out our work in Mors Smitt RelaisCompahlge conditions are written in the table below

Deal with resin Clean out the surface of planar and then puttiién

environment of 0.1 bar for an hour

Breakdown voltage after dispose 25kVAC 50Hz 50kVAC 50Hz
in 25kVAC 50Hz for 60s

Figure 21 : resume of dielectric test for differemtindings configurations

As we have mentioned, theoretically the prototy3é With windings on two faces should have better
performance in the support high voltage abilitynthpmototype N°5 with windings on the same face.
But the result is inverse and it just has a halifitglof the other. To get rid of the error whichew

maybe commit, we would like to make five others exipents. An order has been sent about one

month (email was sent in 25 January) and thisquarte to be finished completely as soon as possible.
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4.6 Industrial processing

Next we are interested in the industrial procesbwae use the method of value engineering. It
IS a systematic method to improve the “value” obd® or products and services by using an
examination of function.

This method follows a structured thought processvaduate options as follows:

4.6.1 Gather information

The choice of planar transformer is due two maasons. First is that this is a good choice for
in the area of technology to replace the widelyafsgpto-insulation. The other is its great advgets

for example the longer using life, its possibilitymass production, reducing the price and so on.

4.6.2 Analyse

The materials we need are the magnetizing materiasdake the core and in our situation it is

3F3, printed circuit board and dielectric resin.

4.6.3 Generate

First of all we need to command the proper typmafnetizing core 3F3 and then have its
central leg cut off. If it is necessary we will aglghrocess to make it sure because this stepys ver
important for the next. Next, for the printed citdaoard without been put the core we need to
examine very carefully to make sure the size ikiwierror tolerance. To check up also if there are
two solenoids are connected together becauseyifateewrongly printed together it will cause the
problem of short circuit. To set these two partgetber we need to pay attention because the
magnetizing core is very fragile. Because we use@wype cores face to face the percentage of
dislocation should be controlled within 50%. Fae fixation objective a collage is necessary and it
should stand high temperature about 70°C and hrnvahout 50°C. And material of this collage
shouldn’t be very rigid because it has the riskrefak the board.

To realizing the resin planar transformer we neecarefully clean the surface of board with fluk of
and core because it is necessary to lengthen ihg life. Then we put totally in the resin and appl
the environment of 0.1 bar in about one hour artd tinere is no more bubbles overflow the liquid

surface.
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4.6.4 Price estimate

Before we carry out the mass production in mankgti is necessary to value the prix of each

planar transformer. And it is mainly consisted hret parts:

» The fabrication of ferrite core.
» The perforation in the high voltage board of MSAVDC
» The add of dielectric resin (Araldite).

ltems Estimate price
Ferrite core E32/6/20 5€
Fabrication of ferrite 8€

Perforation in high voltage board of =

MSAVDC
Add of dielectric resin 2€
Sum of Prototype N°5 15€

Table 6 : estimating price

5. Flyback design tool

In order to design easily, we have built a toolnirflyback application note [dondon] with
database software access and excel software. dWwechiart shows the process we designed our tool
(Annex 3).

All the MS Relais measurement systems requiresggdeof switch mode power supply. The
railway standards compel a galvanic insulation keetwthe high voltage catenary and the low voltage
battery. Thus, some flyback power supply is usedde power and high voltage insulation (FPGA
analog input/output...).

® FPGA: Field ProgrammableGate Array

Jiang YU & Teddy BONNIN Graduation project Page 20
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Input voltage [50-90] VDC

Output voltage [12-24] VDC
Voltage undulation 1%
Maximum current 0.5A

Insulation between primary and seconda 1500VAC 50Hz during 60s

Insulation between two secondaries ~ 750VAC 50Hz during 60s

Figure 22 : resume of flyback design parameters

The results of this design tools are:
» Shape core definition
» Ferrite choice
» Self inductance calculation
» Conductor size

* Winding organization

Jiang YU & Teddy BONNIN Graduation project
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6. Conclusion

The work about characterization and industrialcpss of high voltage insulation planar

transformer has last for about 5 months duringschiedule of graduation project.

This work based on the summer internship of Teddyich is about the feasibility of high voltage
insulation planar transformer, is an advantageu®to comprehend fully the planar technology and
insulation standards. Among the types of prototyld&k, N°3, N°4 et N°5 we chose the last design
because it is promising for its well performanceirtdulation and easiness fabrication process.We
focus on the tests of prototype N°5 and we haveessful carried out the electric tests and diatectr
tests about it. This is the first courageous steu$. However, because of delay of deliver goods:

» 5 planar transformers for insulation testing toénhawconclusion of its general character.

» 1 planar transformer to has accelerating testrop&ature.
We don't finish the dielectric test of it but as \Wwave done it one time in Mors Smitt Relais we

already know the methodology.

In conclusion, the planar transformer has a gréeamrtage in the competition of classic transformer:
» Integration of product in the measurement systengget the high voltage insulation.
» Respect to the restricts of railway standards.
» small volume and stable performance.

» Long service life.

Prototype N°5

TTL compatibility No
Maximum high voltage 50kVAC 50Hz
insulation Must be confirm
Maximum speed transfer 800kHz
Delay time 52ns
Consumed power 0,25mwW
Operating temperature To be define after

temperature test

Table 7 : resume of prototype N°5 characteristics
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Annex 1: requirements and standards analysis

Values
Operation frequency (kbits/s) 500
Signal de transmission TTL (OV-5V)
High logic level 2.4V
Low logic level 0.8v
Insulation technology Inductive
High voltage insulation 25kV RMS during 60s
Température de fonctionnement (°C) [-50 ; 80]

Table 8 : requirements of MSAVDC serial communications

Over thirty standards (railway and others) comstthe design of MSAVDC. The table
opposite shows the standards for high voltage atisul of the serial communication.

Document Document designation Origin
reference

NFC 93703 Electronics components- PCB requirements
Octobre 1989 User guide for design UTE
NFC 93713 Electronics components- PCB requirements UTE

Janvier 1989

NF EN 50124-1 | Railway applications - Insulation
September 2005 | coordination — Part 1 :Basic requirements -
Clearance and creepage distances for all yTg
electrical and electronic equipment

NF EN 50124-2 | Railway applications - Insulation UTE
Septembre 2005 | coordination - Part 2: Overvoltages and
related protection

NF EN 60077-1 | Railway applications — Electric equipment UTE

Novembre 2002 | for rolling stock. —
General service conditions and general
rules

Table 9 : reference standards applied of the ingida transformer

NEC 93703et NEC 93713

These standards lays down class for PCB in thd gbaestimate insulation, parasitic

capacitances, the peaking effect.
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1% class | 2 class | 3 class | 4" class | 5" class
Minimal conductor width (mm) 0.8 0.5 0.3 0.25 0.15
Minimal distance between conductors 0.7 0.5 0.25 0.23 0.2
and pad$(mm)

NF EN 50124-1-2

It involves electrical insulation for rolling stocThen, a detailed procedure permit to calculate
the clearance and creepage distances.

Table 10 : design rules for PCB

X>1.5mm for material and equipment located inside device
where the cavity is not filled by a conductive pollution.

X>2.5mm for the others materials and equipments
inside or outside device.

<X

Y

<X

NE EN60077-1

insulation voltage of 25kVAC RMS during 1s in orderovercome of overshoot voltage generated by

It is a standard for determine the insulationitgstvoltage. It depens also on associated
equipment (rolling stock or fixed facilities). Tiesing voltage must be applied in 10s then maiathin
during 60s. In this case, nhominal voltage of the i@ is 3kV RMS and the insulation testing voltage

is fixed around 20kVDC RMS for rolling stock. Netlegless, customers requirements compels an

Clearance distance
——— Creepage distance

Figure 23 : creepage and clearance distances for BC

Creepage distance including two parts ne glued
with channel width > or equal at Xmm.

Clearance distance measured in straight line
and creepage distance along insulated material

Creepage distance including two parts no glued
with channel width <Xmm.

disjunction of power supply station at the tim&26Kvac RMS catenary falls.

* Taking leading between layers tracks

Creepage and clearance distances measured in straight line.
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Annex 2: design of prototype N°5

Datasheets extracted from Ferroxcube ferritessandssories

Soft Ferrites

Applications

SELECTING THE CORRECT CORE TYPE

The choice of a core type for a specific design depends on
the design considerations and also on the personal
preference of the designer. Table 1 gives an overview of
core types as a function of power throughput and this may
be useful to the designer for an initial selection.

Each of the core types has been developed for a specific
application, therefore they all have advantages and
drawbacks depending on, for example, converter type and
winding technique.

Table 1 Power throughput for different core types
at 100 kHz switching frequency

POWER RANGE CORE TYPE
(W)
<5 RM4. P11/7. T14. EF13. U10
5to 10 RMS; P14/8
RM6: E20; P1811: T23; U15.
101020 EFD15
RM8: P22/13. U20; RM10-
2010 50 ETD29: E25: T26/10: EFD20
ETD29; ETD34; EC35: ECA1:
S010100 | oMo P30MY: T26/20, EFD25
ETD34: ETD39; ETD44; ECA41:
10010200  |EC52: RM14: P36/22; E30: T58:
U25: U30; E42; EFD30
ETDA44: ETDA9; E55; EC52. E42:
20000500 | g9 U7
00 E65. EC70. U93; U100; PE6/56.
PMST: PM114; T140

Chaoice of ferrite for power fransformers and inductors

A complefe range of power fermrites is available for any

3Co0

Low frequency (= 200 kHz) material for industrial use.

3Ccad

Medium frequency (< 200 kHz) matenal with loss minimum
around 60 *C.

3002

Low frequency (= 200 kHz) material with a very high
saturation level. Specially recommended for inductors and
output chokes.

3Co3

Medium frequency (= 300 kHz) material with loss minimum
around 140 °C.

3004

Medium frequency material (= 300 kHz).

Low losses, especially at high flux densities.

3C06

Medium frequency (= 400 kHz) matenal. Yery low losses,
especially at high flux densities.

3F3

High frequency material (up to 700 kHz).

3F35

High frequency material (up to 1 MHz).
Very low losses, around 500 kHz.

3F4

High frequency material (up to 2 MHz).
Specially recommended for resonant supplies.

application.
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Prototype N°5

Planar transformer insulation for RS232 communicain at 500kHz

- Nomenclature

Désignation

Quantity

Manufactuer

Reference Farcell

Material 3F3 AL5000 nH/tr2

8

Ferroxcube

E32/6/2B3F

- Sizing

The magnetic material 3F3 is widely used by suppiarnell and is compatible with the planar core.
His performance in high frequencies which can reads high as 700kHz is also very important. The

previous results lead us to sizing the inductandbe primary transformer and they are:

Lp= 120uH.

Calculating the number of solenoid: N= 8 spires

Because the desired transformer coefficient iselpeed 8 solenoids in the primary and secondary.

- Manufacturing specification

There is a two-layer design for the prototype Nfis glass epoxy: 50EPGC2CU, classe 2, thickness

1,6mm. It will include:
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PRIMARY

e 4 primary circuit boards positioned on the top fand summarized by the following table:

o Printed
o Winding | Number of| Number of| Track Track
Situation o ) circuit _ _ Self
Principe | layers solenoids width thickness
class
Primary PCB 1 5 0.1mm 35um 120pH
SECONDARY

e 4 secondary printed circuits positioned on thedrotface with the following characters :

o Printed
o Winding | Number of| Number off = Track Track
Situation o _ circuit _ _ Self
Priciple | layers solenoids width thickness
class
Secondary PCB 1 5 0.1mm 35um 120pH

We have four prototypes N°5.

- Insulation
Windings Insulation
Primary - Secondary |25000VAC

- Additionnel Information

« Vacuum impregnation and pressure by a minimum atigui class E.

e Set the input and output circuits 2.54 mm in thekets and in this way it can solder resistors
and other passive components.

» Varnishing the tropicalization on both sides.

* There is no limit of prototype height.
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Nomenclature

Track 1

Width : Zmm

Depth : 0.4mm

Bottom side

Track 2 42mm
Width : 2mm

Depth: 0.4mm

Top side

Channels

Width : 2mm

Depth : through

Ferrite

Depth : through

Milling cutter diameter : 1lmm

Prototype N°5 E32/6/20

Size 60mm*60mm

Track 2

24mm

h Channel
Track 1
'y -
20mm Ferrite Ly | < e Ferrite |1
rgm 3mm 5mm 2rm Amm  Pmmf2mm
Imm
Y. w®
\ @ Imm
. o N
Channel @ 2mm
2mm
O S

36mm

3,2mm 5,1mm 7.2mm
P »

A
A
A
A 4
A
Y

¥
A
X

33.5mm

A

46,5mm

Y

Figure 24 : size of prototype N°5

Page 28

Graduation project

Jiang YU & Teddy BONNIN

H




MORS
SMITT

Annex 3: flow chart of flyback design tool

Mmdimom enengy calculation
Lenung = Hirex®

Incraase the
size of core l
By the formula Lmag » Imox® = | [Air gap jto choose pat
’[ Wit use the pot which had the minimum air gap

l

By the formula to chogse the material
Fregquence By .. = f{Frequence)
‘Wi will take the matenial that provides a good compromise between high magnetic
saturation character and high working frequency
- I
Find out the inductance coafficent of this material 1
A, without air gap

'

Caloulation of number of winding

—
In primary Np = ‘|Lm“‘Iu

Ar,

o

[ Calculation of B, by formuls B, = m:::.".m J

.ﬁ—,’/l\ Extremely high
B = Bour mutar
<\ ‘:1/_/> ]

[ And an air gap to make ]
oK

Brngs = Baan smutirtan
Respecting the relation of
58/ mm ¥ and calculati n the
value of conductor and thickness

Spatal
< DO% Winding ared

[ o ]

Figure 25: flow chart of flyback design tool
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L'industrie ferroviaire est sans cesse sensibléinaovation technologique. Réduire et
maitriser la consommation énergétique des traihsues des priorités pour les entreprises de ce
secteur. MS Relais participe activement a ces évolsl en développant, entre autres, plusieurs
dispositifs de mesure de la consommation énergétidess trains. Ces produits nécessitent un
isolement galvanique haute tension fiable et dergtmur garantir la sécurité des biens et des
personnes a bord.

Dans l'optique de valider notre projet de fin d@ts, nous devions caractériser le
transformateur planar d’isolement haute tensiorr feommunication série du MSAVDC ainsi que
concevoir un outil de dimensionnement pour desealtations de type flyback suivant les contraintes
ferroviaires. Le résultat est une étude préciselauwronception, I'analyse et l'industrialisation du
prototype sélectionné suite a I'étude de faisabitibalisée précédemment. Enfin, un fichier excel
regroupant une base de données compléte sur les tg noyaux magnétigues employés pour les

alimentations flyback, a permis de réaliser unlaimple et efficace pour les initi€és ou les naoitiés.

Mots clés : ferroviaire, transformateur d’'isolemearthnologie planar, haute tension, communication

série asynchrone, alimentation flyback, outil daelsionnement.

Keywords: railway, insulation transformer, plana&chnology, high voltage, asynchronous serial

communication, flyback power supply, design tool.



