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Abstract

In this paper, a new design configuration has been proposed in which a prototype of resonant
inductive power transfer-based contactless power transfer to wound rotor has been developed
which provides field power to brushless alternating current (BLAC) or brushless direct current
(BLDC) motors without the use of permanent magnets in the rotor. Further, wound field in
the rotor of DC motor can be powered without carbon brushes. The proposed design facili-
tates motor performance improvement by adding an extra dimension of field flux control,
while the armature circuit is conventionally fed from position detection and commutation
schemes. It contains a primary multilayer concentrated coil fed with high-frequency resonat-
ing AC supply or switched mode supply. A single layer helical secondary coil coaxially fixed
on the shaft receives high frequency wireless AC power transmitted from primary coil. Fast
rectifier inside the hollow shaft and DC filter provides the transferred DC power to field term-
inals in the rotor. It has been verified that rotor power can be varied linearly with linear
variation in input DC power with the highest efficiency at the resonant frequency.
Available power to the rotor remains invariable with rotational speed and angle, which is a
necessary requirement for rotor field. DC voltage on the rotor terminals can be effectively
controlled during standstill as well as during rotation at any speed.

Introduction

Slip rings and carbon brushes are the conventional solutions to transfer electrical power to the
rotor circuit of electrical machines [1]. However, accumulation of conductive metallic dust
between the slip-rings may introduce the arc due to the short circuit during operation [2]
which is hazardous to the environment [3, 4]. Speed sensitivity and mechanical wear and
tear affect the reliability of the brush/slip ring system. Later on, permanent magnets were pre-
ferred as rotor field to avoid these problems. Brushless AC (BLAC) and brushless DC (BLDC)
with permanent magnet field have been used in large scale in industries, electric vehicles, med-
ical implants and domestic purposes. Permanent magnets use rare earth material and now its
demand is exceeding the supply [5]. They have limited mechanical strength and limited flux
capacity. Brushless and permanent magnet-free wound rotor field controlled motors may
prove potentially beneficial over interior permanent magnet synchronous motors and perman-
ent magnet brushless DC (PMBLDC) motors as they can provide efficient and loss minimized
field control [6]. Moreover, they impart identical performance characteristics with their PM
counterparts. Controllable rotor field intensity can provide flux weakening control to attain
the speed above the base speed. A design with two independent machines [7] connected
through common shaft generates very low-frequency AC power which is later fed to DC
field in the rotor through rotating rectifier in the shaft. However, DC field power depends
on the shaft speed and it is zero at standstill. The strategy which can provide the contactless
rotor power at standstill is essential. Rotating transformer was proposed as an alternative to
non-contact replacement to transfer power from rotating photovoltaic panels to a satellite
[8]. Well-established traditional rotary transformers were operated at the line frequency and
demonstrated the efficiency of more than 90% with reduced cost [9-18]. However, extra sys-
tem dynamics (L/R time constant) are involved in rotating transformers and brushless exciters.
Different approaches were proposed to improve the factors such as core geometry, magnetic
coupling structure, windings layout, amount of leakage inductance, inductors’ misalignment,
and thermal resistances [10, 19-23]. U-shaped core with a single part of primary winding was
proposed [24]. An improved U-shaped and toroid-shaped geometry for a rotating transformer
core was implemented in [25]. Power transfer to the rotor using coaxial solenoidal coils with
axial separation, radial separation and flat face-to-face constructions were discussed in [26, 27].

In the proposed design, the permanent magnet field of BLAC and BLDC motor has been
assumed to be replaced with that of wound field poles in the rotor fed from contactless power.
With this construction, field flux control for high power and load applications can be facili-
tated. Out of two helical windings, one is in rotor shaft free to rotate and other is fixed con-
centrically and is stationary. Both coaxial windings are radically separated with a radial gap.
The complete system has voltage source inverter (VSI)/current source inverter (CSI) which
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Fig. 1. (a) Shunt (or separately excited) construction of DC motor with the field in the rotor, (b) series configuration of DC motor with the field in the rotor, (c) BLAC

(or PMSM), and (d) BLDC motor.

are commutated through the hall sensor, encoder or sensorless
methods. The stator winding of the motor has the same configur-
ation as in the previous designs of permanent magnet BLAC/
BLDC motors. The proposed scheme is simple and works at
standstill also unlike other schemes. Additionally, the resonant
converters can be designed to operate at high efficiency. The
step-by-step development of the proposed system has been dis-
cussed in the next sections.

Dependency of torque and speed in field flux

The typical circuit diagram of DC shunt (or separately excited)
and series motor has been illustrated in Figs 1(a) and 1(b).
Circuit diagram of BLAC and BLDC motor has been shown in
Figs 1(c) and 1(d). In the shunt and separately excited DC
motor, the developed electromagnetic torque is proportional to
the field flux which depends on the current driven by the field cir-
cuit. The field current varies linearly with the field voltage for
fixed DC resistance of field winding.

The electromagnetic torque developed in separately excited (or
shunt) DC motor depends on the field resistance, field voltage,
and armature current, while the speed of motor depends on arma-
ture resistance, field resistance, field voltage, armature voltage, and
armature current. These relationships can be defined by equations
(1) and (2) as given below,

V
T, = Krdyia = KeKyigia = Kp. - ia, 1)
Ry
Va - .aRa Va - .aRa Va - .aRa
N = ! = ! " = ! . (2)
Kr KrKyif KKy Vy/Ry

Similarly, the torque and speed of series DC motor can be
given by,

. : A%
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Here, K;= Kr. Ky is a constant.
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where ¢y is useful field flux per pole in DC machine; Kr is torque
constant and is equal to Kr=Z.P/2nA for P number of poles, Z
number of conductors, and A number of parallel paths; K is a
constant; R, is armature resistance; Ry is field resistance.

The electromagnetic torque of trapezoidal back EMF BLDC
motor is given by,

p
T, = % |:Tmpez(9,)ia(t) + Tmpez(@, — ?) ip(f)
, (5)
n Tmpez<9, + ;) ic(t)].

Here, yyis the total flux linkage of field. The quantities, i,(t), i,(t),
and i.(t) are the phase currents in the stator winding of the BLDC
motor. Trapez(0,) is a unity peak Trapezoidal function with 120°
flat top.

Permanent magnet synchronous motor (PMSM) is BLAC
motor with sinusoidal back EMF waveform and the torque equa-
tion for this motor can be given by,

3P . ;
T, = EE [Adlq - )\qld]' (6)

Here, 4, is direct axis flux linkage due to phase energization and
rotor field. A, is quadrature flux linkage. i, is quadrature compo-
nent of three-phase armature currents and i, is the direct compo-
nent of three-phase armature current.

Ag = Ay + Lyig, ™)

Ay = Lyiy. ®)

Here, 4,, is magnetic flux linkage due to the permanent magnet
field. L, is the equivalent inductance of armature winding in dir-
ect axis and L, is the equivalent inductance of armature winding
in quadrature axis. After replacing the values of 4; and 4, from
equations (7) and (8) into (6) and simplifying, the resulting equa-
tion for electromagnetic torque of PMSM can be given as,

3P
T, = 55 [Amlq + (Ld - Lq)idiq]~ )

Here, P is the number of poles. If field flux linkage 4,, is con-
trolled by field current (4,,=Mgif) unlike constant flux linkage
in permanent magnets, the electromagnetic torque developed in
the motor can be given by equation (10).

P . ..
Te = Ez [Mdlflq + (Ld - Lq)ldlq]' (10)
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Here, M, is direct axis mutual inductance between field and
armature.

Total field flux linkage wy is the sum of flux linkages due to
field current ir and flux linkage due to direct axis current compo-
nent iy of armature currents and it is given by,

l[lf = Lyiy + Myig. (11)
Here, Lyis self-inductance of field winding. The field flux weaken-
ing is required for high-speed applications. However, in the
PMBLDC motor and permanent magnet synchronous with the
field in the rotor, the control of the flux linkage of the magnet
is not possible. It is conventionally done by demagnetization; in
which, flux opposite to field flux is generated by controlling the
magnitude of direct axis component i, of three-phase stator cur-
rents. Motor torque is reduced in this process.

If the field flux linkage could be directly controlled by varying
the field current is then it is not required to control the d-axis
current component i, for field weakening control. After the elim-
ination of the direct axis component of flux linkage from equation
(11), the field flux linkage can be given by,

Wy = Lyiy. (12)

The voltage equation for the field circuit can be given by,

L
VF = ryif —I-W.

13)

In case of steady-state condition of field circuit, the second
term in equation (13) can be ignored and field current if only
depends on field voltage and field resistance. Further, in case of
cylindrical (non-salient) rotor, direct axis inductance L, is equal
to quadrature axis inductance L,. The resulting equation for vari-
able electromagnetic torque can be given as,

(14)

It can be understood from equation (14) that the electromag-
netic torque developed by the synchronous motor can be changed
by variation in the field voltage V; applied to the field winding.
Similarly, the torque equation of BLDC motor can be derived
by substituting the values of field flux linkage from equation
(12) and steady-state field current from equation (13) into (5).

P.L;V 2
T, = — 2L | Trapez(,)ia(t) + Trapez( 6, — = )iy (t)
ZRf 3

(15)
+ Trapez(ﬂr + 2?77) ic(t)].

In case of constant power application, speed of the motor can
be increased with a corresponding reduction in electromagnetic
torque by field flux weakening which is achieved by reduced
field voltage as observed from equations (14) and (15).
However, the rotor voltage variation needs the carbon brushes
involving brush drop. To solve this issue, wound rotor brushed
construction (Fig. 1(a)) or the permanent magnet rotor construc-
tion (Fig. 1(b)) is replaced by contactless power fed wound rotor
field as shown in Fig. 2. The wireless power available in the rotor
terminals can be used for field flux control.
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Fig. 2. Contactless power fed wound rotor field using the IPT.

Principle of contactless power transfer

Contactless power transfer (CPT), also called WPT, has been
mostly used for delivery of power without conventional wires to
avoid inconvenience and hazards [28, 29]. There are a number
of well-established CPT technologies such as inductive power
transfer (IPT), magnetic resonance power transfer, capacitive
power transfer (CPT), microwave power transfer, acoustic power
transfer and laser power transfer [30-33]. Among these, IPT,
i.e. magnetic coupling-based wireless power transfer, has been
the well-known technology for CPT in which the primary and
the secondary windings of a conventional transformer are
wound on isolated magnetic cores [34]. Recently, number of
ways have been introduced to enhance the efficiency of contactless
power transfer [35-40]. Different types of topologies were studied
and compared [37]. Using the compensation capacitors in the cir-
cuits, is most common way to improve the efficiency. Based on
the location of the inductors relative to capacitors in the circuits,
four topologies exist such as parallel-parallel (pp), parallel-series
(ps), series-series (ss), series-parallel (sp) topologies [38, 40].
The selection of the topologies depends on the field of application
[41].

Resonant IPT-based basic series-series (SS) system for the pro-
posed scheme of CPT facility to rotor field has been shown in
Fig. 3(a). The equivalent circuit of the system has been given in
Fig. 3(b). The high-frequency rectangular wave AC source is
generated by a class-D full-bridge inverter whose dc input voltage
is V. V, is the amplitude of the output voltage of the inverter; C,,
L, and R, are the capacitance, inductance and ESR of the primary
resonant circuit respectively. The ESR of the capacitor is com-
monly small in comparison with that of the coil and may be
ignored. V is output AC voltage of receiver coil. C;, L, and R;
are the capacitance, inductance and ESR of the secondary reson-
ant circuit respectively. The field winding load resistance at the
receiving loop is Rr and the mutual inductance is M, coupling
coefficient between two coils is k. Primary and secondary para-
meters are assumed equal. The Fourier series expressions of the
primary instantaneous voltage V,,(t) (inverter output) and current
I,(t) are given in equations (16) and (17) respectively [42],

)

4V,
vp(t) = Z —dsinmut, (16)
n=135 "
. - 4Vdc .
ip(t) = Z p—r sin (nwt — ¢,). (17)

n=1,3,5

Here, ¢, is the phase angle of the load having total impedance Zr
seen from the output of H-bridge inverter and o is operating
frequency in rad/sec.
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Fig. 3. (a) Basic series-series resonant IPT system. (b) Equivalent circuit referred to
the transmitter side.

The total impedance is the sum of primary impedance and
secondary referred impedance given by,
Zr =Zy + Z-. (18)

The expression for total #™ harmonic impedance from the
equivalent circuit of Fig. 3(b),

. 1
ZT = RP +]<1’lep — anP)
n (nwM)?
R; + j(nwL; — 1/nwC;) + Ri’

19)

where mutual inductance M is given by M = k,/L,L;. When the
mutual inductance of the coils is low, a lower voltage is induced in
the receiver coil and the efficiency is low. However, for the low
value of M, the output voltage at the receiver end can be increased
by increasing the transmitter current I, which is maximum at res-
onating frequency of the transmitter circuit. I, may decrease due
to a detuned transmitter. R, is the effective load resistance, seen
from the input side of the rectifier and the optimum value of R,
in terms of Ry is given by,

R —TrzR
ac—8 \f -

(20)
The inductance of multilayer helical winding of the secondary
is calculated [43] from,

_ [.L’]TDZNSZ

Li=——7—,
s 4h

@1
where y is the relative permeability of vacuum, D is the diameter
of the coil, N; is the number of turns in the secondary coil and A is
the length of the coil. The induced voltage in the secondary coil is
given as [43],

n(t) = % _ Mdigit)

= Molp cos(wt). (22)
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The relation between the currents i, i, and V, can be
rgiven by,

(23)

Vo

P N— 24
"= 7, + oM Z, 24

The efficiency of IPT using SS compensation network at pri-
mary resonance frequency is given by [44],
_ Pload _ Re[Vaw IZC]
P, Re[V), I}]

Rac
* ((Rac + RY) + Rp((wLs — 1/wCy)* + (Rs + Ryo)?)/w?M?)
(25)

Efficiency reaches high when the resonant circuit operates at
the resonant frequency of input LC circuit. Reactive terms do
not appear in equation (25) [43]

o Ruc
B (Rac + Rs)(l + RP(RS + Rac)/szz) ’

n (26)

In terms of factor y derived from quality factors, the efficiency
can be given by,

2
Y
=——]), 27

where y = k,/Q,.Q; comprises of the coupling coefficient with
the quality factors Q, and Q, of the primary and secondary coil
[45]. It can be concluded from equation (27) that maximum effi-
ciency can be increased by increasing the quality factors. This
can be achieved through the adjustment of load resistance, i.e.
field winding resistance. The circuit arrangement for the proposed
scheme of controlling the rotor circuit voltage has been shown in
Fig. 4(a). In this scheme, the high-frequency resonant inverter is
used to transmit the power over the wireless channel. Close-loop
controlled DC-DC converter provides variable DC supply to the
resonant inverter operating at optimized resonance frequency as
shown in Fig. 4(b). V’4 is the input to DC-DC converter. V,, is
the actual voltage at the input terminals of the resonant converter.
Vet is the reference voltage required for developing the certain
rotor field flux.

In the hardware-implemented scheme, the receiver circuit is
non-resonant one and simple half-wave rectification has been
used as shown in Fig. 4(a). The efficiency for this system can be
calculated by eliminating the reactive term involving C, in equation
(25), due to the absence of C; in the secondary resonance circuit,

R
B ((Rae + Ry) + RP((st)2 + (Rs + Ruc)z)/szz) .

U] (28)

Proposed contactless field power fed BLAC and BLDC
system

The complete structure of CPT to the rotor of BLAC and BLDC
motors has been shown in Fig. 5. Fig. 6 shows the construction of
the CPT scheme with winding design. It provides the facility for
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Fig. 4. (a) Resonant inverter supply to series LC resonating branch in primary winding
(Cp, Lp, Rp) with a fixed DC source. (b) Scheme of using close-loop controlled DC-DC
converters to achieve variable DC supply at the input side of the resonant inverter.

the field power control and DC energy transfer capability to rotor
field without any brushed arrangement through wireless electri-
city transfer principle which works on inductively generated
EMF at high frequency.

At any speed of rotation, the DC output voltage at the rotor
remains constant. The cylindrical-shaped primary winding
made of litz wire in series with a tuning capacitor is fed with
the switched DC supply or a high-frequency resonant alternating
supply through H-Bridge inverter comprised of high-frequency
power electronic switches (RF Power MOSFETs). The secondary
helical solenoid winding is mounted on the rotating shaft.
Conductors may be stranded or non-stranded. Litz wire is suit-
able, in a proper frequency range between 50 kHz and 3 MHz
[43] for achieving reduced inductance. Litz wire exhibits a lower

Umesh Kumar Soni and Ramesh Kumar Tripathi

value of frequency-dependent winding resistance as compared
to solid wires. However, for very high frequency (above 1 MHz),
the non-stranded single conductor provides better results and is
used in this experimentation for both primary and secondary
coils. The voltage at high frequency is induced in the secondary
winding due to the transformer action with air core as
the medium. High-frequency-induced voltage sets up oscillations
in the secondary circuit and the voltage gain to the load is
increased at tuning frequency. Following are the main compo-
nents of the proposed design.

1)
2

Primary resonant/switch mode winding.

Secondary winding in the rotor with the axis of winding in
shaft axis. Winding is situated on a hard hollow cylindrical
base.

Capacitor Cy inside the hollow shaft.

Fast diode for high-frequency resonant/switch mode
application.

Wound field in the rotor.

Three-phase stator winding.

Stator yoke.

Shaft.

Mechanical load

Bearing

Bearing mounting

High-frequency supply system for primary winding “1”
using switch mode or resonant inverter circuit.

Position detection scheme or commutation point detection
scheme, e.g. Hall sensors or sensorless.

Commutation logic and PWM generation for current-
controlled switching of power electronic switches in VSI/CSI.
VSI or CSIL

DC-DC converter for variable voltage input to the inverter.
Tuning capacitor C, in the transmitter.

3)
4

)
(6)
)
(®)
©)
(10)
(11)
(12)

(13)
(14)
(15)

(16)
17)

As shown in Fig. 6, the items with serial no. 1-5 together are
the new modification to the PMBLDC motor with the necessary
implementation of item no. 12. Fig. 6(a) shows the construction of

—
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Fig. 5. Complete brushless DC/AC motor drive system with IPT-based contactless wound rotor field.
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Fig. 6. Design of (a) primary stationary winding, (b) secondary or rotating winding, and (c) complete system with primary winding, secondary winding, and field

winding.

the transmitter, Fig. 6(b) shows the construction of the receiver
circuit, and Fig. 6(c) shows the complete arrangement with con-
nected field winding.

The motional EMF is zero due to fixed axis of windings and
only inductively generated voltage (due to transformer action) is
present in the secondary winding. In other words, no effect of
rotation is imposed on the inductively generated voltage in the
secondary, as the secondary winding remains at the same relative
position with respect to the stationary winding “1” for any direc-
tion and speed of the rotor. Only the conductors virtually move in
the longitudinal direction of the shaft relative to the stationary
winding and axial flux lines are not cut. The voltage gain depends
on input DC voltage given to the resonant inverter “1” and
inverter switching frequency, assuming that the equivalent load
of the field winding “5” is constant. The air gap between “1”
and “2” should be kept minimum, so as to achieve the maximum
flux linkage from primary to secondary and maximum efficiency.
There is no saturation effect due to the air gap. Flux varies linearly
with primary flux.

DC-DC converter “16” facilitates the variation of DC supply
voltage feeding the resonant inverter “12” and provides induct-
ively transferred variable DC voltage across the field winding
terminals of the rotor. The field flux can be controlled using
this variable rotor voltage. The input DC supply to DC-DC con-
verter at source terminals of resonant inverter may be fed from
the same or separate DC source as to main VSI. Feeding from
the same source gives the shunt field DC motor-type configur-
ation and feeding from a separate source gives the separately
excited type of configuration.

The proposed rotor flux control scheme in connection with
conventional position detection scheme “13” and rectangular (or
quasi-rectangular) current fed phase commutation scheme “14”
of stator windings “6” results in contactless wound field BLDC
motor configuration. On the other hand, feeding the three-phase
stator winding “6” with PWM controlled sinusoidal current wave
and using the proposed field flux control scheme provides contact-
less wound field (permanent magnetless) BLAC configuration.

Proposed hardware setup

A low-power prototype of the proposed system has been initially
developed in the Virtual Instrumentation Laboratory of MNNIT
Allahabad using a previously developed multiconfiguration stator
[46] as shown in Fig. 7. The experiment was carried out connecting

Fig. 7. Test was carried out in the previously developed multiconfiguration stator
machine [46]. Concentrated winding of 25uH inductance in primary and helical
solenoid coil of 38.5uH in the rotor are used. A green LED is connected to indicate
rotor power transfer.

the components L,=25uH, R,=0.084Q, and C,=6.8 uF as per
the circuit shown in Fig. 3(a). Secondary winding parameters are
Ly=38.6uH, R;=0.258Q and C;=6.8 uF. The inductance of the
winding was tested using the LCR meter at the setting of 1000 Hz.

In both the windings, a single conductor of size 15 SWG is
used in the initial setup. The diameter of the inner hollow rotor
coil is 2.75 cm. The diameter of the outer coil is 5.5 cm. The radial
separation between the conductors of both windings is 1.375 cm
approximately.

The proposed system has been studied with low-voltage low-
power input and output. Variable DC output at rotor terminals
can be achieved by varying the DC supply to resonant inverter
and it is observed that efficiency is maximum when the tuning
for maximum voltage has been done. This variable DC output
can later be used to vary the field flux in the rotor.

At the first stage of investigation, the no-load output DC volt-
age developed in the rotor was measured for the circuit configur-
ation shown in Fig. 4(a). The output AC voltage, output DC
voltage and input inductor current have been shown for the
prototype system in Fig. 8(a). The output AC voltage, input AC
voltage and input inductor current have been shown for the
prototype system in Fig. 8(b).

The rectangular alternating input voltage applied to LC series
resonant primary circuit gives sinusoidal AC voltage. The peak
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Fig. 8. Output AC voltage in the rotor (red) 50 V/div, probe 10X, output DC voltage in
DC terminals of the rotor (blue) 50V/div, probe 10X, and input resonant current
(pink) with 500 mA/div and 1A/V current probe. Time scale 100 ns/div. (b) Output
AC voltage in the rotor (red) 50V/div, probe 10X, input AC voltage (blue) to RLC
branch, 5V/div, probe 1X, and input resonant current (pink) with 500 mA/div and
1A/V current probe. Time scale 100 ns/div.

magnitude of AC input voltage is kept 9.950 V. Current measure-
ment circuit has the probe ratio of 1 V/A and probe has been set
at current. Then, various input frequencies were applied. With the
output capacitor of 6.8 uF, the maximum voltage available at rotor
terminals is 95 V at 4.25 MHz. Maximum DC output occurs at the
open circuit with probe resistance of 10 MQ. At no load
(open circuit), the highest output occurs at 4.25 MHz. Though
the probe resistance also affects the highest value attained as the
initially designed system is low powered. For 10X setting, probe
resistance is 10 MQ, and at this resistance, the maximum DC volt-
age is 100 V which occurs at 4.25 MHz.

It is to be noted that, ultra-fast diode SF12 of Multicomp make
has been used in real-time for the purpose of rectification and
secondary freewheeling. Secondary resonance frequency for the
circuit containing C; and L can be given by [47],

(29)

Considering the junction capacitance of 30.0 pF of the ultra-
fast freewheeling diode SF12 of Multicomp make used in the sec-
ondary resonating circuit, the calculated resonance frequency is
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Fig. 9. Output AC voltage (red) in the rotor at 20 V/div, probe 10X, output DC voltage
in the DC terminals of the rotor (blue) at 20 V/div, probe 10X, and input resonant cur-
rent (pink) with 500 mA/div and 1A/V current probe. Time scale 100 ns/div. Maximum
DC output at the open circuit was 49.8V (only 10 MQ probe resistance).

4.676 MHz which is very close to the actual value of frequency
to achieve the maximum voltage in output terminals.

In the next case, an increased value of the output capacitor was
used at DC terminals. The maximum value of steady-state open
circuit DC output voltage was recorded as 49.8 V for the increased
value of the output capacitor (4006.8 uF). In this case, the wave-
forms of primary inductor voltage, output no-load dc voltage
and output ac voltage have been shown in Fig. 9, while switching
frequency is kept at 4.25 MHz.

In order to observe the capability of the proposed system for
CPT to the rotor at standstill as well as during the rotation at
any speed, a light-emitting diode (LED) of green color is connected
(Fig. 10) at the DC output terminal in the rotor. No wire to the
rotor DC terminals was connected to measure or feed the power.
Rectangular alternating square wave voltage 10 Volt was directly
fed to the primary coil through the function generator and the out-
put of 3V was obtained at the output DC terminals of the rotor
when LED with a current rating of 20 mA and voltage rating of
2.5-3.5V is connected. The rotor was rotated by external means
at a speed of 500 rpm approximately. Figs. 10(a) and 10(b) show
the results in the form of the constant light intensity of LED due
to constant power availability to the LED, irrespective of any
speed and rotor angle in the proposed prototype.

It is to be noted that the frequency of tuning was different for
the loaded condition. The frequency for maximum output at this
load was again tuned. The field resistance is practically assumed
fixed. The maximum value of LED light intensity occurs at
5.18 MHz as observed from experimentation. The power input,
as well as mutual coupling was low and the voltage was sufficient
only for LED.

The effect of the gradual variation of frequency on output DC
voltage and DC voltage gain has been studied in the proposed sys-
tem with input RMS voltage of 9.950 V and output capacitance
value of 4006.8 uF. It can be observed from Fig. 11 that the
switching frequency should be fixed at the point of maximum
voltage, i.e. 49.8V (maximum voltage gain of 5 approximately)
and fast boost. This happens at an optimal frequency of 4.25
MHz, which provides the highest efficiency considering the
inductor resistance, capacitive ESR and probe resistance as load.

The variation of the output voltage at DC terminals of the
receiver with respect to the input voltage to the resonant IPT cir-
cuit has been plotted in Fig. 12, while the switching frequency
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Fig. 11. Variation of rotor output dc voltage and voltage gain (V,/Vinms) With respect
to the variation in the input switching frequency at input rms voltage of 9.950 V,s.

fixed at 4.25 MHz. This shows that the output linearly varies with
respect to the input voltage.

Conclusion

Availability of constant field power independent of any rotor
angle and rotational speed is a necessary requirement of the
rotor field flux in the brushed DC motor, BLDC motor, and
BLAC motors. This paper presents an alternative approach for
designing the slip-rings that allow the contactless power transfer
(CPT) to the rotor of BLDCMs or PMSMs. The above experiment
verifies that the power transferred to the rotor with the proposed
technique is invariable with the change in the rotor angle and
speed. The DC power in the rotor is available at standstill also.
The rotor voltage varies proportionally to the DC voltage fed to
the resonant inverter. The efficiency and magnitude of power
transfer to the rotor can further be increased with various topolo-
gies of WPT as well as with the increased inverter frequency with
matching parameters. However, power electronics devices
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Fig. 10. (a) LED light intensity at a stationary rotor. (b)
LED light intensity when rotated at approximately 500

rpm.
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Fig. 12. Variation of no-load rotor output voltage with respect to input RMS voltage
at a fixed frequency of 4.25 MHz.

together with their drivers have set a limit on the efficiency and
magnitude due to limited frequency ranges operating capability.
Presently, LED has been used for the indication of the power
transfer to the rotor and it can later be substituted with a
wound field coil with increased input and output power levels
and improved efficiency.
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