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A Bidirectional Wireless Power Transfer System
for Roadway Powered Electric Vehicles

Johannes A. RussgrMarco Dionig?, Mauro Mongiardd, and Peter Russer

Abstract—A wireless power transfer system for roadway pow-  In 1978, Bolgar et al. already have suggested inductive
ered electric vehicles (EVs) is presented. The system concept issoadway powering of electric vehicles using a power-capli
using inductive coupling of primary coils arranged in a linear arrangement which is essentially a wide-airgap transfofie

array in the roadway to secondary coils in each EV. The system 71 Th ) f coil isti f
is geared to minimize loss of the stored energy in the primary [7]- € power source IS a sequence of colls consisling o

coils and compensation capacitors by passing the energy onlaminated transformer iron surrounded with suitable wigdi
to the subsequent coil and capacitor of the linear array. The The pickup mounted in the electric vehicle is of similar
inductive power transfer (IPT) system is operated as a switched construction as the source.

resonant inverter controlled by the primary and secondary coil Using directly resonant magnetic Wireless Power Transfer

currents. By this way power transfer in both directions can S . .
be accomplished. We describe an extension of the moving field (WPT) significantly extends the range of applicability of

inductive power transfer (MFIPT) system by introducing a |PT [10]-{13]. We already have described in [14] a moving
synchronous switched DC-DC converter. A rectangular AC power
supply voltage is provided by a switched inverter from the under-
road DC power supply. An automatic switching adapts to load
changes and switches in optimum phase. Also the analysis of a
basic IPT cell is discussed and efficiency considerations are given.

Index Terms—wireless power transfer, inductive power trans-
fer, efficiency, electric vehicles, switched DC-DC converter.

I. INTRODUCTION

Since a few years electric powered vehicles are availabl
on the market, developed with the goal to supersede S
with combustion engines. If powered by electrical energyrir &
renewable sources, EVs may be a solution to the problems
which we are facing due to limited resources of fossil fuel
and environmental concerns. At the present time, most EVs Fig. 1: Schematic of the MFIPT system
are battery powered and the cars suffer from short cruising
range, long charging times or the need to exchange the @epléi€ld inductive power transfer (MFIPT) system based on sta-
battery for a charged one, high cost and the heavy weigdifhary primary coils linearly arranged along one or selvera
of the battery. Wireless inductive power transfer offers dfcks on a roadway and a secondary coil in every vehicle
interesting option for powering EVs. Inductive power triams Moving along the track. Fig. 1 shows the schematic of the
(IPT) systems have already been suggested for contact-IM§s/PT system. The vehicle is equipped with a secondary coil
battery charging of cars, usually as stationary systems fgpunted at the bottom of the car chassis. The primary coils
parked cars, e.g. in [1]-[3]. These works give an account 8f€ installed below the road surface.
the problem of compensation of the stray inductances of aFig- 2 shows the schematic arrangement of the primary coils
loosely coupled IPT system. In [4], [5], design methododsgi forming the sources and secondary coil forming the pickup.
for loosely coupled IPT systems are discussed. The cross-section of sources and pickup follows the design o

High efficiency can be achieved in power transfer und&olgar etal [6], [7]. The secondary coil has a length extensi
loose coupling conditions by an appropriate tuning of thle > 2{1 +a wherel, is the lengths of the primary coils and
resonant circuits. The capacitive compensation of theadgak
inductance yields a high quality factor and considerabtrgn Ls Secondary Coil
storage in the resonant circuits formed by the coils and t /> (Moving Pickup)

compensation capacitors. /
Roadway powering, as proposed in [6]-[9], may overcome \ Core 2

aforementioned problems of limited cruising range, long ba \LL

tery charging times, high cost and heavy weight of batteries a~d

Primary Coils i W "
(Sources) Tt

Primary Coils
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a is the spacing between the primary coils. So at any time thiee compensation capacitofé; or with Cp;,1. The MFIPT
secondary coil covers at least one primary coil. Cores 1 andystem is DC-powered by the two power lines at potentials
of the coils 1 and 2 form together the core of a transformehn wit-1;, and —V}, respectively. The pump switche&s; can be
wide air gaps. A large widthw is chosen in order to achievetoggled with a frequencyr = 1/T between+1; and -V,

a low magnetic reluctance of the magnetic circuit formed gnd apply a rectangular voltage pulse, shown in Fig. 4, to
the two cores 1 and 2 and the two air gaps. For sufficientlige primary loopSy,;. For the non-activated primary loops the
large air gap width and sufficiently high permeability of theespective switche§; are remaining in a rest position.

cores the magnetic reluctance depends only on the gap width

d and the cross sectional arBav. The magnetic fluxp in the LOAD
transformer is given by Cs
e —H
b = /L()Tl(n”l + 7?,222) R (1) y
wherei; andis are the primary and secondary loop currents { —
and n; and n, are the primary and secondary numbers 1\ ~
of windings. Under neglection of the stray inductances, the
rimary and secondary coil voltages and v, are given b N ‘ N ‘
p y y ges 2 g y L. L, L, G
d® dd @
v =Nn1—— U = Nog——.
! Va0t ? 2t = = =

So far we have neglected the stray inductance of the transs,, Spi S Spr i3 Sks Su Sra
former. I 1

: t i i I(jm =Cp, Cps Cpy ‘ICI’S

At any time for every moving EV only one primary coil is T T

active. The primary coil is fully covered by the secondari co +Vo
and excites an alternating magnetic field which inducesagelt Spy K Sy 1 Sps ! Sps
in the secondary coil. For a short time interval the secondar r l _ I ol —Vo
coil of the moving car covers two primary coils. Within this DC Power Line

time interval the activation is passed over to the next pryma
coil unit in such a way that the energies stored in the primary

coil and its compensation capacitor are transferred to theAt any instant, only one single primary coil is active per EV.

subsequent coil and the respective compensation CapaCIItt%ralternating magnetic field induces a voltage in the séapn

This transfer is performed in a short time and without energy The primary coil is active while there is a full overlagth

loss. ; : .
. _ the secondary coil located in the EV. At the instant when the
In [15] we have described a MFIPT with a synchronou econdary coil of the EV has overlap with two primary coils in

Zvé'mhsvd rSW'tChledV rlttasona}nt tlnver;e;,r vrg]h;:e t:‘; rrerctaggg e roadway, the activation is handed over to the subsequent
pOWEr Supply voltage IS tapped 1ro € under-roa fimary coil. This is done such that energies stored in the

powert shupdply V|aha swﬂcihed.tlr?\;ﬁrter .[16]_[20].'| The m}[/e_?ﬁprimary coil and its compensation capacitor are transfierre
IS SWItChed Synchronously wi € primary cotl CUrrentetfy, e eyt primary coil and its compensation capacitor. No
advantage of this solution is that the switched oscillatdpa

) ) ) . . . energy is lost when it is transferred from one primary coil to
matically is adapting to load changes and switches in opnmL{he subsequent primary coil

Fig. 3: Schematic of the MFIPT system

phase.
In [21] we presented a further extension of the MFIPT Vurt)
system by introducing a switched inverter also in the seagnd %ﬁ
circuit. By this way power transfer in both directions can be BERERERERER

accomplished. Under forward operation, when the DC line is . f |_|T I_l I_l |_| |_| |_| t

delivering power to the electric vehicle the switched ibgem
the secondary circuit is operated as a synchronously sedtch

" Fig. 4: Pump pulse wavefom
rectifier.

To explain the operation of the MFIPT system we start
Il. OPERATION OF THEMFIPT SySTEM with an initial state of the system where only the primary
Fig. 3 shows the schematic of the MFIPT systentoil Lp, is activated. The primary coil p5 is connected via
The MFIPT system exhibits the stationary primary loopthe closed switchS . with the compensation capacitorfps,
Lpy,Lps, Lps, Lpy,... and the moving secondary lodps. so thatLps and Cps are forming a series resonant circuit.
Cp1,Cps2,Cp3,Cps,Cps, ... are compensation capacitorsThis series resonant circuit is AC powered via the rectaargul
for compensation of the stray inductance of the primary $popvoltage pulse train generated by the pump switgk. The
and Cs the compensation capacitor for the compensation déscribed circuit forms an IPT basic cell as depicted in.Fgs
the secondary loop. The switchég,; and Sg;, respectively, and 11. The dynamics of the basic cell will be investigated in
with i = 1,2,3,... connect the primary loopkp; either with Section VI. Arrangements similar to this basic cells alsead
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have been discussed in literature for stationary IPT system
with a single localized primary cell [3], [22]-[24].

In the state depicted in Fig. 3 the secondary coil already
covers not only the primary coil po but also the subsequent
primary coil Lps. ThereforeLps can now be activated and 10 C
Lps can be turned off. To accomplish this change, the ca-
pacitor Cpo will be replaced by the capacitaf'ps in the
primary resonant circuiL poCps in a first step. This is done
at the moment when all energy of the resonant circuit is dtore
in Lpo, i.e. whe'n the magnitude of the current throughg where s is the complex frequencylp, Ls, and M are the
assumes a maximum value and the voltage agfssis zero. oy ,ctances andip and Ry are the series loss resistors of

At this moment the Switcl$'z, will be closed and immediately y,o rimary and secondary coils and their mutual inductance
after this the. swncrﬁm will be opened such th_at tr_]e Currenﬁ'espectively,cp and Cs are the capacitances of the primary
through Lp is not interrupted. The resonant circlib2Cpz - a4 secondary compensation capacitors, and G is the load
now is replaced by the resonant circdip,Cp3 and in the conductance. Zero voltages and currents are assumed for the

following the energy is converted between magnetic energyt-| state. Vio(s) is the driving voltage. We assume that

st(:red 'nIBPQ and teletctrlctﬁnelrgy stpred ﬂljpf"d by the | primary and secondary resonant circuits are tuned to the sam
n a subsequent step, the lodp is replaced by the loop angular resonant frequency

Lps. This is done at the moment when all energy of the

resonant circuitL poCps is stored in the capacitof'ps. In 1 1

this mqment the magnitude of the voltage acrds@ exhibits Wr = JLoCp = VLsCs 4
a maximum value and the current throudh, is zero. So,

at this moment the switcliz,» will be opened and the switch and we introduce the coupling factor

Fig. 5: The harmonically driven IPT basic cell

Sr3 will be closed. At this time also the pump swit$p, M
goes into its rest position and the pump switg€hs now will k= ﬁ , (5)
be activated and toggled with the frequengy. p&s

The two-step procedure described above moves the enetigy damping coefficients
to the subsequent IPT cell irrespective of the long transien

times of the IPT cells due to the quality factors of the resbna ap = @7 ag = M’ ay = &’ (6)
circuits. In the next section we analyze the basic cell of the Lp Ls Ls
inductive power transfer (IPT) system. For this analysis Wghd the turns ratio
only consider a single primary loop. The analysis, howeser i Ls
representative for the operation of the whole MFIPT system, n= Lp- ()
since the replacement of the capacitors by the subsequent
ones in their zero voltage state and the replacement of fh@m (3a) and (3b), we obtain
primary loops by the subsequent ones in their zero currate st w2
does not influence the dynamics. We only have to replace the ﬁVlo = - (s + L+ ap) I + sk, (8a)
voltages and currents, respectively, by the voltages amérts VISP 5 5
of the subsequent elements. 0=skl, +n (8 + w?v + as) I. (8b)
I11. ANALYSIS OF THEIPT BAsic CELL _ _
The analysis of a basic IPT cell, as presented in this secti(;rnhe currently(s) through the primary loop is
allows in a straightforward manner for the description & th s 4 w? +ag
whole MFIPT system. Since dynamics are not influenced whef (s) = -~ - Vio(s).
we substitue one of the capacitors by the subsequent ones [(s + % + ap)(s + % + as) - stQ} Lp
while in their zero voltage state and, accordingly, when we 9)

replace one of the primary loops by the subsequent oneThe voltageVp(s) across the primary compensation capaci-
their zero current state, we only have to replace the vadtager Cp is
and currents, respectively, by the voltages and currenteeof

2
element of the subsequent cell. The circuit schematic of the w? (s + % + as)
basic IPT cell is given in Fig. 5. Ver(s) = = 3 Vio(s).
A description for the voltages and currents is given in the § Ks T aP)(s T O‘S) - ssz}
Laplace domain by (10)
1 The current—1I,(s) flowing from the secondary loop is
Vip = (SLP+,SQ1:>+RP> I +sMI,, (33) —snk

I(s) = Vio(s).

0=sMI + (sLs-s—SéS-s-RS_FRL) I, (3b) [(s—k%g‘—i—ap)(s—i—%%—i—as) —32]@2} Lg an
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The voltageV7, (s) provided across the loaB, is given by At the resonant frequency, the coupling-twoport is de-
sarnk scribed by the admittance matrix
Ln
VL(S) = 2 2 Vlo(s) . R o M
(S“rf“rap)(s-‘rf-i-as) — k2 Z, = P JWr . (14)
Jwr M Rs
(12)
We obtain
IV. EFFICIENCY CONSIDERATIONS Vi = Rply + jw, My | (15a)
For an inductive power transfer system the efficiengy
, . . 0= gw.MI Rs+ Rp)I. 15b
defined as the ratio of the powd?; delivered to the load o 1+ (Bs + Ru)ly (15b)
to the powerP;, flowing from the source into the wirelessThis yields
power transfer two-port has to be optimized: Rs + Ry 6
L = Vi 1
- Py, (13) ! RP(Rs-‘rRL)-i-w%MQ L (16)
P —gwr M
I S Vi (17)

We keep in mind that for a high power transmission system
the source impedance should be small in comparison with t{u
input impedance of the primary loop circuit. Otherwise th
load would reduce the source voltage and moreover Woﬁ
give rise to power loss in the source. Complex conjugate powe P, = 19:3 (I} = Rs + Rr 4
matching is not an issue for power transmission systems. 2 Rp(Rs + Rp) + w?M?
The active powerP;, flowing into the load resistanc&;, is

- Rp(Rs + Rr) + w2M?
fie active powerP;, flowing into the primary coil is given

2. (18)

Cp . Cs given by
° m ° 1 9 wrM 2 9
P = §RL|12| = ol i 302 R4
Lp Ls p(Rs+Bu)+wr (29)
Inserting (18) and (19) into (13) yields
Fig. 6: Coupled inductances and resonant capacitancesaéenti network waQRL 1 20)
n= .
RpR? R R w2M2R
() [( ) -]
Lp M -M Ls The efficiency would go ta; — 1 for |[M| — oo, however,

this also would yield a quality factor going to infinity. Theer
fore high efficiency would yield narrow bandwidth and high

M sensitivity with respect to parameter variations.
o o With the the quality factor); given by
Fig. 7: Coupled inductances equivalent network: Tee remtasion. The wyL; .
central part, with the series inductorsM and the parallel inductoi/, Qi = o fori=PS , (21)
realizes an immittance inverter v
and the coupling coefficierit defined in (5) we introduce the
normalized parameters
Rp -M -M Rs W2 M2
X =57 =kQrQs, (222)
L I RpRs
R
- o Ri —— (22b)
Rs
° and write equation (20) in the normalized form
Fig. 8: Network used for computing the efficiency of coupleduatances. T X
The inductances have been removed (absorbed into the matosivwgrk) n= P (23)
and Ry, Ry are source and load impedances 1+z 14+

We would like to find out for what value of the variahle
The power transfer two-port consists of primary and seghe efficiency is maximized. To this end we consider (23) and
ondary coils with primary and secondary inductandes we take its derivative with respect ta The positive solution
and Lg, respectively, and the mutual inductandé. The s
series resistances atBp and Rg, respectively. Assuming r=+/x+1, (24)

that primary and secondary inductances are compensated by

capacitors’p andC, respectively, the coupling two-port is anVNich, once back substituted into (23), provides the foiigy
expression for the maximum efficieney,, .

immittance inverter with additional series resistancebgath

ports. We assume that primary and secondary circuit satisfy n= X ] (25)
the resonance condition (4). (Vx+1+ 1)2
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This equation defines the termination impedatitg,, . for VL

maximum efficiency as

Rimaz = RsVKk2QpQs + 1. (26)

It is also noted that the termination impedance for maximumQ 2|
efficiency Rpmnq: determines the input impedandg;,. B
straightforward substitutions we obtain:

R, = Rpy/Xx+1. (27)

In other words, the lossy coupled inductors network has ag, 5
reference impedance at port ®y; = R;, and as reference
impedance at port Zo2 = Rrmaz-

0.4t

~0.4

V. THE UNIDIRECTIONAL SWITCHED POWER INVERTER

Switched inverter circuits based on a load-adaptive mod- Fig. 10: Voltagev (t) across the load
ulated phase already have been described in literature-[16]

[19]. Fig. 9 shows the basic cell of a switched inverter IPT e, o

system. The sinusoidal waveform generator in Fig. 5 has been L%—| < & |—|R:S 2

replaced by the toggled switc$i>. Compared to a sinusoidals,t y & ISH M SelWIlc G ELSH
AC power source, the switched inverter has the advantage of | ___ T

a high conversion efficiency. Furthermore, the inverter lsan O Vio [k Chs Yo Yo,
switched synchronously with the primary coil current, satth g x ¥ 15 S iiTCL !'! Se
the frequency of the switched oscillator automaticallymeddo W i L

the resonant frequency changes of the IPT system due to load
changes and switches in optimum phase. Switching between
side. It is operated such that either the switchgsare closed

°—\S’i’_1|| .:,P
and the switchesSg are open or vice versa. The switched

Fig. 9: The switched inverter IPT basic cell inverter is controlled by the primary loop current(t). The
MFIPT system is DC-powered by the two power conductors
+V, and -V}, a pulsed waveform with a time dependence asgith the potential differencé/.
depicted in Fig. 4 is generated. The action of the switches is described by
For the representation of the pulsed waveform with a fre-

Fig. 11: The bidirectional inverter basic cell

switched inverter circuit the rectifier on the secondarye &l
replaced by controlled switches [26]—[28].

The full-bridge switched inverters on the primary and sec-
ondary sides consist of the four switchés, Sp on the
primary side and the four switche%-, Sp on the secondary

quencyfr = 1/T in the Laplace domain we find [25, p. 246] v10(t) = ¢Vosignii(t), (29a)
1| o—sT/2 v20(t) = —Cua(t) signia(t) (29b)
Vio(s) = —— (28) icL(t) = —Gug(t) — Cia(t) signiz(t), (29¢)

s(1+eT/2)"
Fig. 10 shows the transient time dependence of the Iogﬂh

voltagewp, (t). _'|[he primary inverter switche§ 4 and.Sp and the secondary

Ftor thet:nelx_lytlf trestment of thle SW:}Chfd 1|2verther lPt inverter switchesS- and Sp are controlled by the primary
system in the Laplace domain we also refer to [14] where h(?op current/; and the secondary loop currefat respectively.
case of a parallel resonant circuit incorporating the séapn

loop was treated. In our further considerations, however We use small I_etters to denote Fime dgpendent variables guch
will treat the switéhed inverter problem in time c]omain @’in\'&si(t), and capital letters for variables in the Laplace domain.
a state equation approach The control parametet = +1 has to be set tor1 Wh_en
' the power flow shall be directed from the DC supply line on
the primary side to the electric vehicle on the secondarg.sid
VI. THE BIDIRECTIONAL SWITCHED POWERINVERTER  getiing¢ = —1 enforces the power flow direction from the
Fig. 11 shows the basic cell of the IPT system. The IPT basecondary side to the primary side. Changing the phase of the
cell consists of a full-bridge switched inverter and a resudn switched inverters byi80° reverses the power flow direction
transformer. Bidirectional switched inverter circuitdoal to and the EV battery/capacitor is transferring power back to
enforce power transfer in both directions. In the bidirecél the primary DC feed line. This is an interesting option when

ere the sign function exhibits the valuesl depending
whether the sign of the argument is positive or negative.
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breaking the EV and no further battery charging is requiredwith
Naturally, when the coils are coupled, the operating fre-

quency changes. In order to cope with this behavior we have

the following possibilities:

1) to use a source which adaptively move in frequency
(the Royer oscillator is a good candidate and has been
investigated in [29]);

2) to employ a control system that sets the oscillating
frequency to the new appropriate value;

3) to introduce appropriate matching networks that, by
selecting proper element values, keep the resonant fre-
quency fixed.

The last approach has the advantage that, if we have a system
using a resonant switched inverter, we can keep the resonant
inverter switching frequency fixed while we can adjust the
resonant frequency in order to maximize power exchange.

As the state variables of the circuit we choose the inductor

currentsi; (t) andis(¢t) and the capacitor voltages: p(¢) and
vo(t). For these variables we obtain the state equations

0 0 -1 0 0
0 0 0 —n? 0
—k -7
A=| ©&m T ool 0 01,
=k L 0 = 0
(1—-k2)n  (1—k2?)n2 (1—k2)n
0 0 0 0 -
0
0
B = @ , (34)
(1—k2)n
0
00 0 O 0
00 0 O 0
k
c=/02020 O @
00 0 ~°! 0

We consider as an example example of the transient and

dvcp _ iil (30a) steady state behavior of the MFIPT system for the parameters
dt Cp "’ k=07 8=10"3 ~ =100, r; = r, = 0.1. For forward
dvcs 1 . power transfer we sef = 1. Fig. 12 shows the transients
= —io, (30b) . . ;
dt Cs of the normalized primary and secondary compensation ca-
dvg 1 . (300) pacitor voltagesz;(r) and z»(7), the normalized primary
a0, LCL » and secondary loop currenig(7) and z4(7), and the load
diy  vig— Rpi1 —vep  k(veg — vos) voltagezs (7). At the onset of the oscillations the primary and
ar (1—k)Lp  (1—kK)nLp’ (30d) secondary switches controlled by the primary and secondary
dis k(vio — vep) | vao — Rgis — ves (308) currents are nearly in phase.
2 e
dt (1-k%)nLp (1-k%)n2Lp %
We assume primary and secondary resonant circuits to bd tungg
to the same angular resonant frequency, given by (4).
We introduce the damping factor 5 ‘X\Z 4 .
1
G L /
=1/Q = 3la o, i
B=1/Q oL’ (31a) 7N /
the normalized load capacitor ‘ ‘
C -5 X1 X3
y==, (31b)
Cp .
. . -10 signxs]
and the normalized time : R T b4 | - 1=_1 _____
sign-xl 1
T=wrt. (31c) i ! bt e L hd qhl

The coupling factork and the turns ratiov are given in (5)
and (7).
We use the normalized variables . .. z5 given by

po o _Vop . vcs
1=~ T2 = ——
Vo ' Vo
w»,-Lpil OJTLpiz
T3 = Ty = 32a
T = (322)
VG iG
Ty = — = ——
Vo GV’

the normalized resistors, = Rp/w,.Lp, 72 = Rs/w.Lp,
and obtain the normalized state equations

d
T _ Aw + Esignzg B + EsignxyCx

dr (33)

Fig. 12: Transients of the normalized voltages and curren{s’), z2(7),
x3(7) , z4(7) and x5 (1)

Fig. 12 shows the system approaching the steady state.
There is a considerable phase delay between the primary and
secondary switches, limiting the power flow.

VIl. THE POWER TRANSFER TO THEELECTRICAL
VEHICLE

As an example let us consider the case of two coils, that
may be suitable for EV applications, with diameter 1500 mm
and height of 50 mm composed of 6 wire turns; such coils
present an inductance of 11(H. The coupling coefficient
changes with their distance; for a center distance (in mm) of
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o . - In Fig. 16 the time dependence of the currents through the
FAN primary and secondary loops are displayed. It is noted that
4 xs /A i "-‘ - a switching frequency for the square wave generator of 20.1
2 “\\ ,,'" \\ “\ '\‘ kHz has been selected. Fig. 17 shows the voltages generated
A Y el ' 4 AR by the square wave source and the voltage amplitude at the
‘\‘ 2#5 I \ 25c ," | 255 ; \‘\,‘gécT load.
R T L SR
-2 \ q \ i '~--*‘T--" ',' aonomn.
-4 / \\ /," § = —AR // / / / / / / /
X1 X3 -~ o
B b T sl [T oty =L L CL LT
- ey {rrmmemrmmmey prmsmsmsmsmsmsmim 1 e
i ! i AC UL L S— -1 Fig. 16: Currents behavior at primary and secondary loops

Fig. 13: Approaching the steady state of the normalized gekaand
currentsz(7), z2(7), z3(7) , za(7) andzs(7)

R, C L1 Lo La Rs C, )
10 570nF 110uH -38uH -38uH 40mQ270NF ¢

LA AAANAAAN

Yog, %0, %W, Yoy, Uy Oty Ve, "og %oy g, g "oy Y %ag Y0, Yoy Yy Yoy %oy Yo, oy My Yoo u, %oy Y, oo Y, %o, g
“ay, "0y, Vg, "t Py, Voy, Vg, Py, ", Yoy, g, Yoy, Mg, Py, Pag, “g, %g, Wg, oy, Vg, g, W05, g, g, Vg, "0q, “0q, g, Mg, g, “og,
Time

Vi
20.1kHz 38uH 50 Fig. 17: Voltage across the load

iH

VIII. CONCLUSION

The presented EV roadway powering system can be es-
Fig. 14: Schematic of the equivalent network used for simupWPT in tablished by equipping a few highways with primary loop
the elementary cell tracks. This allows unlimited roadway powering of EVs for
long distance travels on the WLPT system equipped highways.
Guidance of the vehicle along the primary coil track can be
200, 330 and 400 theé is respectively 0.4955, 0.3581 andperformed automatically. WLPT equipped EVs can coexist on
0.2672. A viable frequency for this type of application is 2Ghe highways with conventional cars.
kHz and the resulting capacitance for obtaining this resbna On minor roads, where vehicles usually are covering lower
frequency is 575 nF. distances, they can drive battery powered. In regions where
We consider the complete MFIPT system in its stationaFIPT tracks are not installed the vehicle batteries can be
state and refer to the description in Section Il. Fig. 14 shovoaded via the IPT power stations on parking lots.
the network implementing two mutually couple coils. We have An electric vehicle embedded in a MFIPT system will
assumed a Q=100 in order to maintain efficiency greater thaxhibit an advanced cruise control system exchangingrimdier
90% at resonance. In Fig. 15 we have plotted the efficiency tidn also with other vehicles on the road and optimizing by th
the two port network between the two 1 Ohm resistances. way energy consumption and traveling time. The equipment of
highways with two or more primary coil tracks in one direatio

o 1 allowing to change the tracks and to pass other vehicles.
J |
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