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Abstract—Cost, volume and weight are three major driving interconnected bidirectionally via a dc-dc converter, athi
forces in the automotive area. This is also true for hybrid electric needs to be galvanically isolated for safety reasons.
vehicles, which attract more and more attention due to increasing s in conventional cars industry considered the intro-

fuel costs and pollution. . o
Since the energy distribution system causes a significantdUCtlon of an additional 42V dc bus powered by a 36V

share of the volume/costs, a new concept for integrating dc- Pattery due to the growing number of electrical loads. There
dc converters, which transfer the power between the low- and the 200V to 600V high-voltage level could be omitted and
high-voltage buses, in the inverter/drive system is presented in the propulsion system could be supplied with 42V. In [1]
this paper. There, the basic operation principle, analytical design g system is compared to the conventional one. Basically,
equations and control strategies for improving the efficiency are | th binati ible. but the advant f
explained. These considerations are validated by simulations and also 9 er combina ans are pQSSI €, but the advantages o
measurements. the high-voltage solution outweigh those of the 42V system.
Therefore, it is assumed in the following that the propuisio
I. INTRODUCTION system is fed via a 200V to 600V high-voltage bus.

. . . ) ) To increase the power density and reduce the costs of the
Hybrid electric vehicles are attracting more and more inter : . .
electric system, the dc-dc converter, interconnectingldiae

est. Growing fuel costs and environmental concerns are jlésntd high-voltage buses, could be functionally integrated i

two factors that push the research activities in this ared, 3he inverter/machine. For example, in [2] a possible iratign
there are many car manufacturers that develop hybrid \e=hicl ) . ! .
of the dc-dc converter in the inverter system is presented,

There exist various possibilities for the set up of the elect o . .
i ) ! but it is applicable only for two split-phase motors. Anathe
power system of a hybrid vehicle, but the basic structureroft. . A . ) S
integration possibility is described in [3], which is, hovee,

has voltage levels and interconnections as shown in Figure 1

c ionally. hvbrid electri hicles h diffet not galvanically isolated.
onventionally, hybrid electric vehicles have two diffete ;s o ncent however, does not provide galvanic isolation

voltage levels. A 1_2\/ battery _supplle_s. a 14V dc bus OV&dnich is required for safety reasons as already mentioned
a battery charge/discharge unit. Traditional loads sucta aSove. In addition. the output voltage,,, of the dec-dc
. y out -

helater, ?)udm and lighting systems are supplied by this Io‘é’c’mverter cannot be controlled in every operation regiothef
voltage bus. ) ] ] drive system. If the inverter operates for example in the six
Due to the high power levels the propulsion system is Cogfep mode, the switching states of the inverter are comniplete

nected.u.) a high-voltage 200\600V dc bus for increasing determined. Consequently, there is no degree of freedom for
the efficiency, whereas the supply voltages of the elec”&%ntrolling the output voltage of the dc-dc converter.

mf'achi_ne are generated by a dc-ac conyerter connected 1§, go|ve these problems, an integrated high-voltage to low-
this high-voltage bus. The low- and the high-voltage bus a\rl%ltage dc-dc converter with galvanic isolation is progbse

this paper. Depending on the actual distribution systeis, th
200 V ... 600 V Dc Bus converter can be used to convert 200...600V to 14V or 42V
The starting point for the following considerations is a
conventional full-bridge converter feeding a high-freqoe
12 V Batteries 14 V Dc Bus
Figure 1: A typical possibility of a conventional electligeower distribution output is rectified to the output voltadé,,;. The secondary-
system architecture for hybrid electric vehicles. side rectifier could be a conventional full-bridge configima,

bidirectionally.
Converter Electric
Converter Machine
transformer (see Figure 2(a) - DAB), whose high-frequency
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(a) Separated dc-dc converter and inverter

by a more detailed analysis iBubsection 1I-B, where also

leg; leg, leg; leg, leg leg,,
S SaL 33 5 Sil So different control and switching strategies are proposdee T
J JK% Jg}m J(g JE@ . simulation results presented Bubsection II-C validates the
v | P2 Z N J. - Ly analytical model. The theoretical results are verified expe
" £l ! mentally by means of a 10 kW prototype Subsection II-D.
Jl{} Jl(l} J Machine Jﬂ? el JE& J% In Section I, the MFCS-II is compared to the first variant,
Sl Saf” 55 ik Sul_Sz the multi functional converter system | (MFCS-I).
(b) Proposed integrated dc-dc converter: MFCS-I
Il. MFCS-II
i_e[g’ é_igz é_jg3 iﬁ;& ;g”slgg’z - In the MFCS-II, the galvanic isolation df,,, is integrated
J JQ} J[:I} : JC? R into the motor (see Figure 2c) in order to reduce the costs
1;; ;= I . and the weight compared to the conventional system and the
Vin Pl z d! = |V« MFCS-I. To do so, a small number of additional windings
| Jﬁ} Jﬁ} = ﬁ} Ly with relatively small cross section must be placed in thésslo
SiT Sof 83 Machine 54 Sut__Sef |} together with the conventional motor windings.
(c) Proposed integrated dc-dc converter: MFCS-II This section starts with an explanation of the basic opera-

tion principle of the MFCS-II by studying the zero-sequence
voltage and introducing an equivalent circuit for the dc-dc
converter. After discussing the control in subsection I
or a diode rectifier, in case only unipolar power transfer isresenting simulation results in subsection 1I-C, meanerg
required. results are provided in subsection II-D.

Ina f!rst step, the flfth leg (i.degs in Figure 2(a)) of the A Basic Operation Principle — MFCS-I
conventional system is replaced by the zero-sequencegeolta
of the inverter. There, the transformer is connected betwlee ~ Both concepts MFCS-I and MFCS-Il are based on the
star point and the midpoint of the primary-side leg four (ségilization of the zero-sequence voltage, whose definitiod
Figure 2(b)). This concept is referred to as Multi Function&alculation are well known. The zero-sequence voltageaela
Converter System | (MFCS-I) [4] in the following. to the negative bus bar can be calculated as

In a second step, the iron core of the motor could be v, — Vi
used for integrating the transformer as shown in Figure. 2(c) =3
Compared to the conventional machine, there is an additiomeheres,, = 1 if switch 5, is closed and switck, open and
secondary winding for each phase. As these secondary wisg—= 0 if 5, is open and, closed (see Figure 2). Furthermore,
ings are connected in series, the total voltage appearirigeon V;,, denotes the input voltage.
secondary side is proportional to the zero-sequence wltag In Figure 3 a simplified sketch of the transformer winding
of the machine in the no-load case. Section Il gives a moirgegration used in the MFCS-II is shown. The conventional
detailed report of this concept, referred to as Multi Fumtal motor windings act as the primary windings of the three
Converter System Il (MFCS-II) [5]. Other possibilities tgeu transformers. The additional windings are the secondaeg.on
the iron core of the motor or the input inverter for integngti The machine stator iron is also used as transformer core.
the transformer are presented in [6] and [7]. However, theFigure 4 shows the general equivalent circuit of the motor
concept presented in this paper offers a higher power gensitith integrated transformer, which will be explained in the
because it does not need a three-phase rectifier. following. First, it is assumed for simplicity that the méoh

In this paper, the basic function of the second variaig not rotating. If a voltage is applied to phaBé, a flux ¥ p
(MFCS-1) is explained and simulation as well as experiraéntbegins to build up, inducing a voltage-,, in the secondary
results are presented. Furthermore, the basic operatioci{pr winding P1,, which is proportional tap;, (ignoring losses).
ple of the MFCS-II is explained iBubsection II-A, followed If the machine is rotating, the rotor additionally inducés t

Figure 2: Multi Functional Converter Systems (MFCS).

(51 + 52 + 33),



L: -------- P3, S1 zero-sequence current. Furthermore, the winding resistan
[ D= of the integrated transformer are denoted By and R;, the
°_|i|_—_)® leakage inductances hy, and L-, the iron resistance bi g,
’ |_-' _______ 72, - and the main inductance of the transformerlhy. Voltagev;
--------- represents the rectifier voltage (see Figure 2(c)).
It is important to note that the real and the imaginary part

~
EN
oON

Ry, Ly, ep of the equivalent circuit’s impedance measured between the

LP L |52 points A and Z with no load on the secondary side correspond

PI Iil — & to the phase resistance and the stray inductance found in the
R, 7, o conventional motor’s equivalent circuit [8].

By integrating the dc-dc converter the flux in the machine
is increased due to magnetizing current of the integrated
transformer. Since the power level of the dc-dc converter is
intended to be much smaller than the machine power, this
additional flux is small compared to the conventional flux
lvf without integrated transformer and does not impair the @brm

e, motor operation. Nevertheless, to keep this additional flux
small and prevent the iron from saturating also for the six-
step mode proper pulsing 6f, ands; is required.

The presented system is similar to a Dual Active Bridge
Figure 5: Equivalent circuit of one phase, whesg, is the output voltage of converter (DAB) [9]. There, the inductance between the two
the inverterep; the back EMF of the motor, which induces a voltage in the4-pridges could either be built as a discrete inductaige(z
motor/p_ri_mary winding as well as in the secondary winding apdienotes in Figure 2(a)) or it could be implemented as the transfolsner
the rectifier voltage. . . ..

stray inductance provided that it is large enough. In the BFC
I, the stray inductance of the integrated transformer asts
the DAB inductance, but as the voltage at the input of
the system is neither average free (related to the switching
frequency) nor free from even harmonics, conventional mod-
~ ulation schemes used for DABs cannot be applied.
Figure 6: Zero-sequence equivalent circuit of the dc-dovedar based on 1N the MFCS-II, the secondary H-bridge is used as active
simplifying the equivalent circuit shown in Figure 5. rectifier in order to guarantee that the voltage time product
across the integrated transformer remains below a predeter
mined level. An unidirectional implementation with a diode
voltageep; in phaseP1. The same applies to phasE2 and rectifier would be also possible, but in order to limit the
P3. Each phase of the motor with the additional transform@gditional flux in the motor, a special control must be uditiz
winding can therefore be represented by the transformer
equivalent circuit presented in Figure 5. B. Control Schemes for MFCS-II

If the secondary windings are connected in series, theFor obtaining a stable output voltage a new control scheme
voltages induced by the rotor add up zero since they &g the fourth leg and the active rectifier is required. This
zero-sequence free. Moreover, also the induced phaseegsltamodulation scheme has to be guaranteed that

are connected in series on the secondary side, so that only the transformer does not saturate (Condition 1) and
the zero-sequence voltage remains there. Consequergly, th, the desired power is transferred (Condition I1).
equivalent circuit of the integrated dc-dc converter could 1) Condition | - Flux Balance The first condition is

be simplified to Figure 6. At the input side ihe VOItag%quivalent to applying a local average free voltage to the

Uin = Uz — Us4, CONSISting of the zero sequence voltageof -, crormer windings. Therefore, the relative off tifig of
th.e converter as defined in (1) and the voIt'agg generated ss4 IS determined by the relative off times of the three inverter
with the fouth conve'rter.le.g, must be considered. o switches as
In the equivalent circuit in Flgure 6 the three main induc- S = }(551 4 Ger + bs3)
tances of the motor (cfL,, in Figure 12) are not included 3
since the flux in these inductances cancels out due to #® the switching period average of the zero-sequence woltag

spatial arrangement in case the windings are excited withisanot always% related to the negative bus bar but may

Figure 4: Equivalent circuit of the motor with integratedriséormer. Details
of each phase are shown in Figure 5.




depend on the motor’s electrical angle. Consequently, the Vi k
only degree of freedom on the primary side is the relative (;/t O |
time offset between the zero phase voltage and the fourth leg IY [ H >
. out
voltage, represented by the angle, (see Figure 7). 0 2n wt
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Figure 7: Converter waveforms: zero sequence voltageoltagevs4 across k=1
volt , volt d transf It
S4 ,VOltagevy; acrosssti, voltagevi2 acrosss:2 ana transiormer voltage: Vo = (154(0) + Z a54(k) COS(k‘wswt . ktps4)
k=1
V,
2 = Z ay(ky[cos(kwswt — kpi1) — cos(kwswt — k)]
To guarantee a local average free voltage on the seconda?y =1
sidg, the svyitching .stat:eﬂ = 1., st2 = 0 must have the samewherew,,, = 27 f,,, and
pn time du.rmg.a switching period as the state= 0, s;2 = 1, ~Vin [gin(krd) + sin(kndy) + sin(knse)] i k odd
i.e. the switching stateg;; = 0,s,0c =0 ands;; =1,s.0 =1  a,) = o, _
do not influence the average voltage. Assuming just one s [sUkm0a) + sin(kmdy) + sin(kmdc)] if k even

switching schemes for a given transformer voltage, whicha)
differ only in the free-wheeling period;; = 0, s, = 0 and

s;1 = 1,840 = 1 (cf. Figure 8). Evidently, the conduction —2n¥out if [ odd
losses are the same. As the same is true for the switchir?g”“) - {

losses, the four schemes are equivalent.

2V;

switching cycle per period, there are (at most) four possibl — 2Vin gin(kroy,) if k odd
T;"sin(km%;;) if k& even

0 if k even
As the system in Figure 6 is an LTI system, the steady-
For simplicity, only last two schemes are discussed in tféate current can be splittend into the past., generated by

following, which are comparable to a phase shift modulatiod: —Vs4 and the part,,, generated by;, i.€.i; = itvzsa+itur.
i.e. the relative on time of;; and s;» is 50 percent. Then These currents can be calculated by

the only degree of freedom for each leg is the relative t|mle . = Ve — Vs
offset between the zero phase voltage and the active rectifie A
leg voltage, represented by the angle and respectivel = . .
(c(;‘J Figu?e 7) P ’ - P TSP Y = Z |G (jhwsw)[{az ) cos(kwswt + ZG(jhwsy))
' ’ k=1
2) Condition Il - Transferred Power: To calculate the —Qs4(k) COS(kwswt — ks + LG (jhwsw))
transferred power, the Fourier series of the three voltages —ay() cos(kwswt — ki + LG (jhwsw))

Vg4 and ¥ with the switching frequency,, can be described Fay ) cos(kwswt — ko + LG (jhkwew))},



A
I8 R
ovs ' o ot
Y4
50W V,
Vs ' 2n ot
oW y o
t
n Vout A ;_>I
—TC 'nKul 0 ' o

Figure 10: Converter waveforms: zero sequence volageoltagevsy across
s4 and rectifier voltagey; for phase-shift modulation.

T T 60Wﬁ
Figure 9: Transferable power in dependance of the phasts ghif and p:2 ]
for the test system. The phase shifls has been set to, the input voltage to 7 0
Vin =150V, the output voltage tb,,:=14 V and the motor speed to 150 rpmh. -3 1 3\
where G(jkws,) is the transfer function fronv, — v,y to -60WA

i , i.e. the impedance, at the fre uen@y&". Current;
fvzsd P q ™ ' Figure 11: Transferable power with phase-shift in depecdaf  for the

is calculated in analogue manner. test system. The input voltage has been sdtjip=150V, the output voltage
As the current, also the transferred steady-state power ¢amo.:=14V and the motor speed to 150 rpmh

be splittend SiNC® = 3% iy = Vyisyzoa +Veitor = Prozsa +Prot

with . . .
Since the MFCS-II is closely related to the Dual Active

Bridge, the well known phase-shift modulation has also been

— |G kW .k —k
Ptvzsd = 3nV0utZ{| (J]m )|231n( Pi1 Sﬁtz)

Pt 2 implemented for this system. In phase-shift operation {3,
ko + k low voltage rectifier is controlled so that half the time the
. t1 P2 JG(ik ) e )
[a: (k) Sm(ig + LG (jkwsw)) switchess,; ands;; are closed and the other half switches
. (k<pt1 + ko i - LG hw)) Sy and s;o. Furthermore, the voltage across the lower switch
— m(———— — . o .
@sa(k) 5 2 ¥as JiWsw)) o of the fourth legleg, is controlled so that it is symmetrical

(’Wﬂ + kpz kg + £G(jkwsw)) with respect tor as depicted in Figure 10. There, the zero-
2 sequence voltage, is used for the time and angle reference.
(w — koo + ZG(jkwsy))]}. The time/angle shift of the rectifier voltage relating to the
reference is refereed to as phase-shift
The same applies oy, As depicted in Figure 11, the transferred power can be
3) Degrees of Freedom: As one of the three degrees ofinfluenced by the phase shift. Figure 11 can in fact be
freedomeysy, ¢r1 @and pyo is needed to guarantee the desirecktrieved from Figure 9 by taking the,s = 41 + 7 cross
power transfer, there remain two degrees of freedom feection(s).
optimization of the switching scheme. It is obvious thatsthe If the converter has to transfer the maximum power, there
two phase shifts may not be chosen entirely free, as thee practically no degrees of freedom, and the efficiency of
maximal transferrable power is influenced by all the phasiee phase-shift modulation can hardly ever be increased (cf
shifts. Figure 9 clarifies this. The phase shif; has been set Figure 9). However, when the power demand is decreased,
to 7, because this choice leads to the maximal transferraltkee relative reactive power increases, thus decreasing the
power. It is obvious thap;; and ;s are entirely determined efficiency. There, an optimized switching scheme can improv
in the maximum point. But if the power demand decreasdbge efficiency. For the simulated system with parameters as
there are several combinations @f; and ¢,», allowing for described in subsection II-C, the efficiency for transferre
efficiency optimization. power of 500 W at 200V input voltage can be increased from

—Qt(k) sin

+ag ) sin



61 percents for phase shift to 82 percents with an optimal |_S°1§. ......... SB S
switching strategy. There, the three degrees are optinfaed :
minimal losses and the transferable power (1) is the canstra
To improve the efficiency in low power operating points
even more, it is possible to switch the switches of the fourth
leg and/or the secondary side legs more often than the ewvert
switches. As the optimal switched currents are smallerHisr t
modulation, the switching losses do not increase strongly o 2
might even decrease. The improvement of the rms-currents °—.-_®_°‘
decreases the conduction losses, thus decreasing the total
losses for certain operat.mg pOII’ItS.' That is e;pemallg for Figure 12: Model of the MFCS-II used for the simulations shawRigure 13.
low power transfers. This modulation type will be presented
in a future paper.

Table | summarizes the degrees of freedom to improve the 107 Tr—
efficiency. It has to be noted that one of the phase-shiftengl| 0— - _ . .
is determined by the power demand, and the other controller - is 4] . ir [4] |
degrees of freedom are not entirely free as explained hefore Oms 5ms 10ms

(a) Phase currents and output voltage
Table I: Degrees of freedom.

100V——- 5 5 B - - 5 s
Controller degrees of freedom: ov 0 1 \ ] ] \ ] 1 \ [l 1 \
@s4: phase-shift angle o4 14V
1 phase-shift angle of; ov I } I } I ]I I I Vi
2 phase-shift angle of;» -14V ' ' ' '
Multiple switchin 100A— .
P ’ 0A \//\\\//\‘\//-\‘\//\‘ b
-100A ' ' ' '
Ous 100us 200us

. . . (b) Zoom: converter voltages (as introduced in Figure 6)
Additionally, an appropriate design of the converter's pa-

, .. . Figure 13: Simulation results for MFCS-II with parametersegivn Table II.
rameter, for example of the turn’s ratiq is very important ' ° P S
for a good efficiency.

Table II: Parameters of the MFCS.
C. Simulation of MFCS-II

Based on the control scheme that was presented in the Parameter Value
preceding section simulations of the model in Figure 2(aewe nominal motor speed 1200 rpm
carried out. There, a Pl-controller for controlling the pea switching frequencyf 20kHz
shift, a resistive load, and the machine model from Figure 12 input voltageVin 200V
have been assumed. In this figure the block ES represents output voltageVou: 14V
the zero-sequence equivalent circuit shown in Figure 6. The maximum motor power 64 kW
inductor L,,, represents the main inductance of the machine, simulated motor power 10 kW
ep, the back EMF. As the components of the transformer’s nominal converter output power 1kw
equivalent circuit are frequency dependent, the serieaammn turns ration per phase 10

tion of R, and L,, Re and L, and the parallel connection of
Rp. and L, are modelled as ladder circuit’s [8].
As the prototype machine described in section II-D has
smaller power ratings than the target system, the zero sequePOWer are constant over the period of the motor frequency.
impedance of a machine designed for hybrid cars was mdalrthermore, the voltage time product of the integratedstra
sured. Based on this measurement the simulation paramet@fger is below the desired level, so that saturation isdeabi
for the equivalent circuit in Figure 6 have been scaled basedBased on measurements on the machine designed for hybrid
on the prototype’s parameters. cars an efficiency of the dc-to-dc conversion is predictebeto
With these assumptions and the parameters given in Tablalblove 80 percent. Further improvement of the efficiencycoul
the simulation results shown in Figure 13 have been obtainé@ achieved by applying a new control scheme, which is part
There, it can be seen that the output voltage and thus thetoutpf the ongoing research.



Table 1ll: Parameters of the prototype.

Parameter Value
number of poles 8
nominal speed 1500 rpm
input voltageV;,, 250V...400V
motor power 3kw
back EMFser,es ander 67.8Vrms at 1000 rpm

synchronous load machine

machine \

secondary

windings
4 /\
(. 2

/?{lu}“?\

T" Figure 15: Converter with the inverter, the fourth leg and é&ctive rectifier.
{I\ .
*f \ o ) Phase -shift:
measurement primary windings with L0A

windings accessible star point

0A |

A,
14V M Iy .
oV [ | | |
D. Design and Experimental Results of MFCSHI "‘J r L""J

To verify the concept of the proposed MFCS-II, a syn 4y
chronous motor with accessible star point and integrat 0%
secondary windings with the parameters given in Table | 1
has been designed. Figure 14 shows the motor with the ex °
windings as described in subsection II-A.

The motor is driven by a 10kW inverter, fed from ar Measurement Simulation
external dc-link voltage. Figure 15 shows the convertercthi Figure 16: Measurement results obtained with the test sytaere, the input
includes the inverter, a fourth leg and a rectifier as shown Yaltage Vi» =150V, output voltage/,:=14V, transferred powepg.—d. =

0.33pdc—de,nominal, fotational speec=150 rpm.
Figure 2(c).

The target system is assumed to include a 50 kW machine,
the ‘_jC'dC converter having a nominal power of 1.5kW andigjs possible to transfer power. Furthermore, the measentsn
maximum power of SkW. This Igads for our 10kW prototypggree very well with the simulations shown on the right hand
machine to a dc-dc converter with a nominal power of 188 \{de of Figure 16, which where performed with the model

Figure 14: 3kW permanent magnet synchronous motor with addesstar
point (and secondary windings for MFCS-II).

AIIIIIIIIIIIIIA
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—

and a maximum power of 1kW. presented in section II-C.
Finally, the measurements in Figure 16 show the results for
the operation of the MFCS-II. As the zero-sequence registan !!l- COMPARISON OF THEMFCS-I AND THE MFCS-II

of the investigated test machine is quite large only an efficy The measurements and simulations in the previous chapters
of approximately 30 percent could be achieved. The larghowed that the MFCS-II works. In order to have an overview
resistance value is caused by the fact that the machineofsthe advantages and disadvantages of the proposed system,
not intended for the use in automotive applications. Usirtge MFCS-Il is compared to the MFCS-I and the conventional
an asynchronous motor, which is designed for parallel kybrbual Active Bridge in this section.

cars, a significantly lower resistance and efficiencies drigh As described in subsection II-A, the machine’'s zero-
than 80% result (see section 1I-C). The machine rotates sstquence inductance in the MFCS-I corresponds to the sum of
150 rpm with an input voltage of 150V, transferring one thirthe transformer stray and magnetizing inductance. Thexefo

of the nominal power via the dc-dc converter. It is obviows thboth the stray and the magnetizing inductance typically wil



Table 1V: Comparison of the conventional Dual Active Bridgliee MFCS-I
and the MFCS-II.

DAB MFCS-I MFCS-II
4 legs 3 legs 3 legs
external external no external
transformer transformer transformer
external inductance no external no external
inductance inductance
conventional machine with machine with
machine accessible star accessible star
point point and
additional
windings

no additional flux

additional flux
from zero-phase
current

additional flux
from magnetizing
current

more components,
but conventional
machine

be smaller for the MFCS-II as for the MFCS-I, where th%

less components,
but accessible
star point needed

the least
components, but
accessible star

point and

additional
windings needed

Table IV summarizes the comparison, where the number of
legs is only applying to the DC/DC converter.

IV. CONCLUSION

By integrating the dc-dc converter, which connects the low
and high-voltage buses of a hybrid vehicle, costs and weight
of the hybrid propulsion system can be reduced. In this paper
a new concept for integrating the converter is presentedtwhi
allows to replace one leg of the dc-dc converter by the ievert
stage and to fully integrate the transformer in the machine.

Besides basic control structures and design equations new
control schemes are be presented, which enable a significant
improvement of the efficiency. For validating these consid-
erations simulation and measurements results are presente
which show a good correspondence.

Based on the presented calculations an integrated drive
system for a hybrid car with an efficiency of 80% is designed.
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