
METHOD AND DEVICE FOR DESIGNING A CURRENT SUPPLY AND COLLECTION
DEVICE FOR A TRANSPORTATION SYSTEM USING AN ELECTRIC VEHICLE
5Technical Field          The present invention relates to a method
and device for designing a current supply and collection device for a
transportation system using an electric vehicle, and more
particularly, to a method and device for designing a current
collection device to be installed in a vehicle and a current supply
device for a transportation system using an  10 electric vehicle
capable of charging a battery and moving using power supplied from an
external source simultaneously while moving. Background Art         A
conventional internal combustion engine vehicle is driven using
fossil fuels. hi this instance, exhaust gas emitted to an outside of
the vehicle after the fossil fuels are  15 combusted in an engine may
cause environmental issues, for example, air pollution, global
warming, and the like. In order to resolve such issues, research on
vehicles using alternative energies has been conducted. Vehicles
using the alternative energies may include a vehicle using
electricity stored in a battery, a vehicle using a fuel cell
consisting of hydrogen and oxygen, a vehicle using solar energy, and
the like. Among  20 the vehicles mentioned above, the vehicle using
electricity stored in the battery is partially being utilized.
The vehicle using the power of the battery may be unsuitable for a
long journey since a capacity of the battery currently being utilized
lacks sufficient volume. For example, in order to utilize the vehicle
using the electricity of the battery in a domestic environment, the
vehicle may need to travel from Seoul to Busan, for example, about
400 kilometers (km), on a single charge. However, in order to
implement such a vehicle using a conventional technology, an increase
in a weight of a battery may be inevitable, and correspondingly
decrease an efficiency of the electric vehicle. In addition, although
the internal combustion engine vehicle may make a relatively short
30 stop at a gas station to refuel, the electric vehicle using the
power of the battery may require a relatively long time to re-charge
the battery. Accordingly, refueling of the electric vehicle in a
short time may be difficult, when compared to the internal
combustion engine vehicle.       In this regard, Korean Patent No.
0940240, registered in the name of the present applicant, discloses a
transportation system using an automobile receiving electricity from
an electricity supply device installed below a surface of a road. An
online  5 electric vehicle (OLEV) described in the disclosure may
receive electricity supplied from an electricity supply device
installed underground; and operate a motor for driving wheels using
the supplied electricity. When the OLEV travels on a road where a
current supply device is installed; the OLEV may be driven using the
electricity supplied from the electricity supply device. When the
OLEV travels on a road where  10 the current supply device is not
installed, the OLEV may be driven using electricity stored in the
battery. In addition, the supplied electricity may be used for
charging the battery of the OLEV. Accordingly, mounting a heavy
battery of a large capacity for a long distance trip may be
unnecessary and thus, an efficiency of the OLEV may increase. In
addition, the OLEV may not need to stop for a long time to charge the
15 battery since the battery may be charged while the OLEV is driven
along the road where the current supply device is installed.       A
current supply device for supplying power to the OLEV may include a



20 disclosed in Korean Patent Application No. 10-2009-0091802, filed
in the name of the present applicant. Korean Patent Application No.
10-2009-0067715 discloses a type current current supply device or a
dual rail-type current supply device in which electrodes may be
arranged in a moving direction of an automobile, in particular, in a
direction orthogonal to a direction in which a road extends, and
current supply cables may extend  75 along the moving direction of
the automobile. In contrast, Korean Patent Application No.
10-2009-0091802 discloses the 1-type current supply device in which
electrodes may be arranged along a moving direction of an automobile.
In addition to the two types of the current supply device described
above, a U-type or a mono rail-type current supply device may be
implemented. In the W-type current supply device, electrodes  30 may
be disposed on both sides and in a center. In the U-type current
supply device, electrodes may be disposed on both sides. Disclosure
of Invention  3 Technical Goals  An aspect of the present invention
provides a method and device for designing various types of a current
supply and collection device readily and systematically. Technical
solutions  5According to an aspect of the present invention, there is
provided a method of designing a current supply device for supplying
power wirelessly to a vehicle including a current collection device,
the method including operations of (a) receiving an input of a gap
between the current supply device and the current collection device,
(b) determining either a width of a current supply and collection
core or a gap between two  10 adjacent magnetic poles of the current
supply device, based on the gap between the current supply device and
the current collection device, (c) receiving an input of a value
required for a magnitude of a magnetic field occurring in the current
supply device, and (d) determining an amount of power to be supplied
to the current supply device, based on either of the width of the
current supply and collection core or the gap between the 15two
adjacent magnetic poles of the current supply device determined in
the operation (b), and the value required for the magnitude of the
magnetic field.        The operations may further include (dl)
determining a method of disposing an electric cable to be used for
supplying the power to the current supply device after the operation
(d) is performed. 20The operations may further include receiving an
input of an arrangement direction of magnetic poles of the current
supply device before the operation (a) is performed.          The
arrangement direction of the magnetic poles of the current supply
device may indicate that at least two magnetic poles may extend in a
direction parallel to a 25moving direction of the vehicle and may be
aligned with each other. 



The arrangement direction of the magnetic poles of the current supply
device may indicate that a plurality of magnetic poles may be
arranged in series along a moving direction of the vehicle. The
operations may further include (d2) deten-nining an active or passive
30 shielding scheme with respect to an electromagnetic field (EMF)
occurring in the current supply device and the current collection
device after the operation (d) is performed.  4        The operations
may further include (d3) determining an ON and OFF state of a switch
of the current supply device after the operation (d) is performed.
The operations may further include (d4) determining to resonate the
current collection device attached to the vehicle at a frequency of
an alternating current  5 magnetic field occurring in the current
supply device after the operation (d) is performed.        According
to another aspect of the present invention, there is provided a
method of designing a current collection device and a current supply
device for supplying power wirelessly to a vehicle including a
current collection device by generating a magnetic field, the method
including operations of (a) setting a design parameter to an initial
value, the design parameter including a resonant frequency, a feed
current value, a width of a current supply and collection core, and a
winding number of a current collection coil, (b) receiving an input
of a minimum current collecting capacity value required by the curent
collection device, hereinafter referred  15 to as "the current
collecting capacity reference value," and a maximum EMF value allowed
to occur in the current supply device and the current collection
device, hereinafter referred to as "the EMF reference value," (c)
calculating a current collecting capacity and a level of an occurring
EMF from a design parameter currently being set, (d) repeating the
calculating of the current collecting capacity and the level of the
20 occurring EMF while adjusting the feed current value of the set
design parameter when the calculated curent collecting capacity is
less than the current collecting capacity reference value or when the
calculated level of the occurring EMF is greater than the EMF
reference value, hereinafter referred to as "fails to satisfy a
design condition," and (e) determining a feed current value and
another design parameter currently being set, to  25 be a final
design parameter when the feed current value enabling the calculated
current collecting capacity to be greater than or equal to the
current collecting capacity reference value and the level of the
occurring EMF to be less than or equal to the EMF reference value,
hereinafter referred to as "to satisfy the design condition," is
present. When the feed current value satisfying the design condition
is present in the  30 operation (e), the operations may further
include, before a design parameter currently being set is determined
to be the final design parameter, (ell) obtaining a maximum resonant
frequency, hereinafter referred to as "the upper limit resonant
frequency,"  5 satisfying the design condition by repeating the
calculating of the current collecting capacity and the level of the
occurring EMF while increasing the resonant frequency of the design
parameter within a range lower than the upper limit resonant
frequency, when a resonant frequency value currently being set is
less than the upper limit resonant 



5 frequency within an allowable range, and (el 2) determining the
maximum resonant frequency determined in the operation (ell), the
feed current value of the operation (e), and the other design
parameter currently being set, to be the final design parameter.
When the feed current value satisfying the design condition is absent
in the operation (e), the operations may further include, before a
design parameter currently  0 being set is determined to be the final
design parameter, (e21) repeating the calculating of the current
collecting capacity and the level of the occurring EMF while
increasing the width of the current supply and collection core or a
gap between magnetic poles, hereinafter commonly referred to as "the
width of the current supply and collection core," within an allowable
range and adjusting a feed current value, (e22) terminating a  15
process of designing the current supply device and the current
collection device when a width of the current supply and collection
core and a feed current value satisfying the design condition are
absent, or proceeding with operation (e23) when the width of the
current supply and collection core and the feed current value
satisfying the design condition are present, (e23) obtaining an upper
limit resonant frequency satisfying the  20 design condition by
repeating the calculating of the current collecting capacity and the
level of the occurring EMF while increasing the resonant frequency of
the design parameter within a range lower than the upper limit
resonant frequency, when a resonant frequency value currently being
set is less than the upper limit resonant frequency within an
allowable range, and (e24) determining the upper limit resonant
frequency  25 determined in the operation (e23), the feed current
value of the operation (e22), and the other design parameter
currently being set, to be the final design parameter.         The
design parameter adjusted in the operation (d) may include a winding
number of the current collection coil, and the design parameter
determined to be the final design parameter in the operation (e) may
include a winding number of the current 30collection coil.
The resonant Frequency value may be determined to be a value greater
than a maximum audible frequency value.  6        A determination as
to whether the design condition is satisfied may include determining
whether a distance between the current supply device and the current
collection device is greater than or equal to a predetermined minimum
distance. According to still another aspect of the present invention,
there is provided a  5 method of designing a cun-ent supply device
for supplying power wirelessly to a vehicle including a current
collection device by generating a magnetic field, the method
including operations of (a) receiving an input of a core structure
type of the current supply device and the current collection device
to determine a design parameter including a resonant frequency, a
feed current value, a width of a current supply and  to collection
core, and a winding number of a current collection coil, (b) setting
the design parameter to an initial value, (c) receiving an input of a
minimum current collecting capacity value required by the current
collection device, hereinafter referred to as the current collecting
capacity reference value," and a maximum EMF value allowed to occur
in the current supply device and the current collection device,
hereinafter referred  15 to as "the EMF reference value," (d)
calculating a current collecting capacity value and a level of an
occurring EMF from a design parameter currently being set, (e)



When the feed current value satisfying the design condition is
present in the operation (f), the operations may further include,
before a design parameter cun-ently  7 being set is determined to be
the final design parameter, (111) obtaining a maximum resonant
frequency, hereinafter referred to as "the upper limit resonant
frequency," satisfying the design condition by repeating the
calculating of the current collecting capacity and the level of the
occurring EMF while increasing the resonant frequency of  5 the
design parameter within a range lower than the upper limit resonant
frequency, when a resonant frequency value currently being set is
less than the upper limit resonant frequency within an allowable
range, and (f12) determining the maximum resonant frequency
determined in the operation (f11), the feed current value of the
operation (0, and the other design parameter currently being set, to
be the final design parameter.  to When the feed current value
satisfying the design condition is absent in the operation (0, the
operations may further include, before a design parameter currently
being set is determined to be the final design parameter, (121)
repeating the calculating of the current collecting capacity and the
level of the occurring EMF while increasing the width of the current
supply and collection core or a gap between magnetic poles,  15
hereinafter commonly referred to as "the width of the current supply
and collection core," within an allowable range and adjusting a feed
cuuent value, (122) terminating a process of designing the current
supply device when a width of the current supply and collection core
and a feed current value satisfying the design condition are absent,
or proceeding with operation (123) when the width of the current
supply and collection  20 core and the feed current value satisfying
the design condition are present, (123) obtaining an upper limit
resonant frequency satisfying the design condition by repeating the
calculating of the current collecting capacity and the level of the
occurring EMF while increasing the resonant frequency of the design
parameter within a range lower than the upper limit resonant
frequency, when a resonant frequency value currently being set is
less than the upper limit resonant frequency within an allowable
range, and (124) determining the upper limit resonant frequency
determined in the operation (123), the feed current value of the
operation (122), and the other design parameter currently being set,
to be the final design parameter. The design parameter adjusted in
the operation (e) may include a winding  30 number of the current
collection coil, and the design parameter determined to be the final
design parameter in the operation (0 may include a winding number of
the current collection coil.  8        The resonant frequency value
may be determined to be a value greater than a maximum audible
frequency value.        A determination as to whether the design
condition is satisfied may include determining whether a distance
between the current supply device and the current 5collection device
is greater than or equal to a predetermined minimum distance.
According to yet another aspect of the present invention, there is
provided a device for designing a cun-ent collection device and a
current supply device for supplying power wirelessly to a vehicle
including a current collection device by generating a magnetic field,
the device including a current collecting capacity  10 calculating
unit to calculate a current collecting capacity from a design
parameter including a resonant frequency, a feed current value, a



25satisfying a current collecting capacity and a level of an EMF
within a predetermined range.        The design parameter may include
a core structure type of the current supply device and the cun-ent
collection device.             The design condition reference value
may include a minimum distance value 30between the current supply
device and the current collection device.        The device may
further include a distance calculating unit to calculate a distance
between the current supply device and a current collection device
from the  9 design parameter Advantageous effects           According
to embodiments of the present invention, functional requirements may
be decoupled in a method of designing an online electric vehicle and
thus, a current 5supply device may be designed readily.        In
addition, in the designing method, various types of a current supply
and collection device may be designed using an optimal method. Brief
Description of Drawings              FIG. 1 is a diagram illustrating
a length direction and a width direction of an 10online electric
vehicle. FIG. 2 is a diagram illustrating a U-type current supply
device. FIG. 3 is a diagram illustrating an I-type current supply
device.         FIG 4 is a flowchart illustrating a method of
designing a cun-ent supply device based on an axiomatic design theory



15FIG. 5 is a flowchart illustrating a method for an optimal design
of a current supply and collection device.     FIG. 6 is a diagram
illustrating a device for designing a current supply and collection
device for supplying and collecting power using a magnetic induction
scheme. <Description on reference numerals > 100: Online electric
vehicle 10, 20: Current supply device 200: U-type current supply
device 211: Core (magnetic pole) of U-type current supply device 212:
Current supply cable of U-type current supply device 25213: Cross
section of U-type current supply device 300: I-type current supply
device 311: Core (magnetic pole) of I-type current supply device 312,
313: Current supply cable of 1-type current supply device 250, 350:
Magnetic field formed by current supply device 30600: Device for
designing current supply device 610: Design process controlling unit
620: Current collecting capacity calculating unit  10 630: EMF level
calculating unit 



640: Distance calculating unit 650: Design parameter database 660:
Input unit 5670: Design page providing unit Best Mode for Carrying
Out the Invention        Reference will now be made in detail to
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like reference
numerals refer to the like elements throughout. The embodiments are
described below  10 in order to explain the present invention by
referring to the figures. The terms or words used in the description
and claims should not be interpreted on a conventional or dictionary
basis, but should be interpreted on a meaning and concept basis well
matching with the technical concepts of the present invention with
the principle that the inventor(s) can properly define the concepts
of the terms to explain his or her own  15 invention in the best
manner. The embodiments disclosed herein and the configurations shown
in the drawings arc only the preferred embodiments of the present
invention, not expressing the technical concepts of the present
invention, so it should be interpreted that there are various
alternative equivalents and modifications at the time the application
is made. 20With respect to a design method according to embodiments
of the present invention, design parameters of a transportation
system using an online electric vehicle (OLEV) may be determined as
follows based on an axiomatic design theory. Functional requirements
(FRs) of the transportation system are as follows: FR1 = Propel the
vehicle with electric power 25FR2 = Transfer electricity from
underground electric cable to the vehicle FR3 = Steer the vehicle FR4
= Brake the vehicle FR5 = Reverse the direction of motion FR6 =
Change the vehicle speed 30FR7 = Provide the electric power when
there is no external electric power supply 



FRS = Supply electric power to the underground cable  11 Constraints
(Cs) of the transportation system are as follows: CI = Safety
regulations governing electric systems C2 = Price of OLEV (should be
competitive with cars with IC engines) C3 = No emission of greenhouse
gases 5C4 = Long-tenn durability and reliability of the system
C5 = Vehicle regulation for space clearance between the road and the
bottom of the vehicle        Design parameters (DPs) of the
transportation system satisfying the aforementioned ERs and Cs are as
follows: DPI = Electric motor DP2 = Underground coil DP3 =
Conventional steering system DP4 r- Conventional braking system DP5 =
Electric polarity 15DP6 = Motor drive DP7 = Re-chargeable battery DP8
= Electric power supply system        Eight FRs and eight DPs of the
transportation system are provided above. In addition, a design
matrix may be uncoupled. However, the FRs and the DPs of the 



20transportation system may be decomposed until a detailed design is
completed.        Herein, a method of designing a current supply
device to be used in the transportation system may be provided by
decomposing the second FR, hereinafter referred to as "FR2," and the
second DP, hereinafter referred to as "DP2," of the transportation
system. FR2 and DP2 may be rewritten as follows: 25FR2 = Transfer
electricity from underground electric cable to the vehicle DP2 =
Underground coil        Since a detailed design concept is absent,
FR2 and DP2 may not be implemented intactly. Accordingly, an intact
concept on the OLEV may be defined by considering FRs and DPs of a
lower level. Hereinafter, by decomposing the FRs and  30 DPs to a
lower level, 1) a method of transferring power above a ground, and a
method of adjusting a maximum height of a current collection device,
in particular, a method of adjusting a gap between the ground and the
current collection device installed in a  17 vehicle, may be
described. FR2 may be decomposed as follows: FR21 = Generate an
alternating magnetic field FR22 = Control the power level of the
magnetic field 5FR23 = Shape the magnetic field to control the height
of the field, H FR24 = Control the radiation (EMF) FR25 = On/Off the
magnetic field        FR26 = Maximize the pick-up of the power in the
alternating magnetic field created under the ground for use in the
vehicle 10Various other methods may satisfy the aforementioned FRs.
Herein, in order to implement an uncoupled design, DPs may be
selected as follows: DP21 = Underground power lines with AC field
surrounding the magnetic core 



(ferrite) DP22 = Electric power level, i.e., current (I) times
voltage (V) 15DP23 = Width of the magnetic poles established by the
magnetic core in the ground DP24 = Active or passive shield for EMF
DP25 = Switch that turn on/off the underground power             DP26
= Pick-up unit mounted on the car that resonates the frequency of the
20alternating magnetic field When the FRs and D.Ps are set as
described above, a design matrix may be provided as expressed in
Equation 1. [Equation 1]      1FR20  (All Al2 



A13 0 0 0 (DP21  FR22  0 A22 A23 0 0 0 DP22  FR23  0 



0 A33 0 0 0 DP23  FR24  0 0 0 A44 0 0 DP24  FR25  



0 0 0 0 A55 0 DP25  FR261  0 0 0 0 0 A662 \DP26,  13 



case of a linear system) or a DP function (a case of a non-linear
system), and denote a relationship between FRs and DPs. As understood
from Equation 1, FR21 may be related to DP21, DP22, and DP23, FR22
may be related to DP22 and DP23, and FR23 may be related to DP23.
5From Equation 1, it may be understood that the design according to
embodiments of the present invention corresponds to a decoupled
design. In addition, it may also be understood that a relationship
between FRs {FR24, FR25, FR26} and DPs {DP24, DP25, DP26} is
uncoupled. A relationship between FRs {FR21, FR22, FR 23} and DPs
{DP21, DP22, to  DP23} may correspond to a triangular matrix which
indicates a decoupled design. In such types of decoupled designs,
DP23 may be determined first. By determining DP22 and DP21
sequentially, values of respective FRs (FR21, FR22, FR23) may be set.
In particular, each FR may be determined sequentially as expressed in
Equation 2. [Equation 2] FR23 = A33 DP23 FR22 = A22 DP22 + A23. DP23
15 FR21= All. DP21 + Al2 -DP22+ Al3 DP23        When the sequence
shown in Equation 2 is not followed, independent determination of FRs
may not be possible. Since FR24 and FR25 are uncoupled, FR24 and FR25
may be determined independently, as expressed in Equation 3.
[Equation 3] FR24 = A44 -DP24 FR25 = A55. DP25 20 FR26 = A66 . DP26
Hereinafter, the design method described above will be described in
detail with reference to FIGS. 1 through 3 in relation to embodiments
applied to a method of designing a U-type current supply device, and
a method of designing an I-type current supply device, respectively.
In FIG 1, a denotes a length of a vehicle, and b denotes a 95 width
of the vehicle. FIGS. 2 and 3, W denotes a width of a core, for
example, a magnetic pole, in a case of the U-type current supply
device, and L denotes a gap between cores in a case of the I-type
current supply device.  



14        In a case of the U-type current supply device, a gap H
between the ground and the current collection device may be adjusted
by setting a core width W. This may be expressed by: FR23 = H =
(Constant) x f(W). Here, f(W) denotes a function of the core width W.
In order to satisfy FR22, in particular, in order to adjust a level
of a  5 magnetic force of a magnetic field, a level of power, in
particular, current and voltage may be determined. For example, when
the voltage is determined, the current may be set. FR21 may be
affected by DP22 and DP23, and may be adjusted by DP21. For example,
a number of electric cables to be installed underground along a
moving direction of a vehicle may correspond to DP21.        When the
description provided above is applied to Equation 1, a relationship
as expressed in Equation 4 may be obtained. [Equation 4] FR23 = A33.
DP23 = A33 x f(W) FR22 = A22 . DP22 + A23. DP23 = A22 I . + A23 x
f(W) FR21- Al 1. DP21+ Al2 -DP22 + Al3 DP23 = All . electromagnet
design + Al2 . I . V + Al3x f(W) In a case of the I-type current
supply device, a relationship identical to the  15 relationship for
the U-type current supply device may be applied. However, in the case
of the I-type current supply device, FR23 may be expressed using a
function of a core gap L with respect to a moving direction of a
vehicle.          Since cores, for example, magnetic poles, may be
arranged along a moving direction of the vehicle, the I-type current
supply device may have advantages as  20 follows:         1) Since a
length a of the vehicle is greater than a width b of the vehicle,
when the 1-type current supply device is used, the gap between the
magnetic poles may be set to be greater along a length direction of
the vehicle, for example, the moving direction of the vehicle. In
addition, as the gap between the magnetic poles increases, the gap H
95between the ground and the current supply device of the vehicle may
increase.         2) By disposing magnetic poles in a direction
identical to the moving direction of the vehicle, a magnetic field
may be formed to be narrow with respect to a width direction of the
vehicle. Accordingly, shielding of the magnetic field in the width
15 direction of the vehicle may be favorable.         3) By providing
a plurality of magnetic fields simultaneously occurring along a width
direction of the vehicle by additionally disposing at least one
I-type current supply device in the width direction of the vehicle,
an amount of power to be 5transmitted may be increased. 



4) By flattening a profile of a magnetic field by introducing a phase
delay between electric cables disposed along the moving direction of
the vehicle, an efficiency of power transmission may be increased.
Hereinafter, based on the descriptions provided above, a method of
designing a tocurrent supply device for supplying power wirelessly to
a vehicle including a current collection device according to
embodiments of the present invention will be described.        FIG. 4
is a flowchart illustrating a method of designing a current supply
device based on an axiomatic design theory. First, a type of the
current supply device may be input. In particular, a  15 selection
regarding whether the type of the current supply device corresponds
to a U-type, a W-type, an I-type, or an improved type of each of the
U-type, the W-type, and the I-type may be input in operation S401.
The U-type current supply device may have a core structure as shown
in FIG. 2, in which at least two magnetic poles 211 extend in a
direction parallel to a moving  20 direction of a vehicle and are
aligned with each other. Since a cross section 213 of a core, the
cross section 213 (of a left and right direction) vertical to the
moving direction of the vehicle, is provided in a "U"-shaped form,
the current supply device may be called the U-type current supply
device. The 1-type current supply device may have a core structure as
shown in FIG 3,  25 in which a plurality of magnetic poles 311 is
arranged in series along the moving direction of the vehicle such
that a single column or a plurality of columns is formed in series
along the moving direction of the vehicle. Since a cross section of
magnetic poles, the cross section vertical to the moving direction of
the vehicle, is provided in an "I"-shaped form, the current supply
device may be called the I-type current supply 30device.        The
V/-type current supply device may have a structure similar to a
structure of the U-type current supply device in which current supply
cores are disposed to be  16 parallel and adjacent to the moving
direction of the vehicle. Accordingly, since a cross section of
magnetic poles, the cross section (of a left and right direction)
vertical to the moving direction of the vehicle, is provided in a
"W"-shaped form, the current supply device may be called the W-type
current supply device.        Furthermore, there may be various types
of the core structure partially modified and improved from the
I-type, U-type, and W-type current supply device.        When the
type of the current supply device is determined, a gap H between a
current supply device and a current collection device (see FIGS. 2
and 3) may be input. The current supply device may be installed
underground, and an upper portion of the 10 core may be almost
identical to the ground. Accordingly, a gap between the ground and
the current collection device may be input. In operation S411 or
5421, a gap between two adjacent magnetic poles of the current supply
device may be determined based on the gap between the current supply
device and the current collection device. In particular, in a case of
the U-type current supply device, the W-type current supply 



15 device, or the improved type current supply device of each of the
U-type current supply device and the W-type current supply device, a
width W (see FIG. 2) of a core, for example, a magnetic pole vertical
to the moving direction of the vehicle, in particular, with respect
to a left and right direction while viewing the road ahead may be
determined in operation S411. In a case of the I-type current supply
device or the 20 improved type current supply device of the I-type
cun-ent supply device, a gap L (See FIG. 3) between I-type cores, for
example, magnetic poles, arranged in series along the moving
direction of the vehicle may be determined in operation 5421.
When the gap between the current supply device and the current
collection device is determined, a value required with respect to a
magnitude of a magnetic field 75 occurring in the current supply
device may be input. The magnitude of the magnetic field may be
determined based on an amount of power to be used for driving the
vehicle, an efficiency of power transmission between the current
supply device and the current collection device, and the like. In
operation 5412 or 5422, an amount of power to he supplied to the
current supply device may be determined based on the determined gap
30 between the current supply device and the current collection
device, and the value required with respect to the magnitude of the
magnetic field. For example, when a voltage level is determined, a
level of current to be supplied may be determined.  17        In
operation S413 or S423, a method of disposing electric cables for
supplying power to the current supply device may be determined. For
example, a diameter of the electric cables, a number of the electric
cables, and the like may be determined In the design method according
to the axiomatic design theory described above, 5 a relationship
between FRs and DPs may be decoupled or uncoupled and thus, a current
supply device for an OLEV may be designed readily.
Hereinafter, an optimal method of designing an OLEV derived from the
design method according to the axiomatic design theory will be
described.             FIG 5 is a flowchart illustrating a method for
an optimal design of a current msupply and collection device.
An object of the optimal design may correspond to maximizing a
current collecting capacity When P, denotes a current collecting
capacity, and V, denotes a current collecting voltage, P, may be
proportional to the square of V,. That is, P, cc V,2 may be
completed. 15The current collecting voltage may be expressed using a
function of parameters related to the current collecting voltage, as
V, = F(f" , NI, N2, gat, ,K7,,S"C,) Here, the parameters include/
denoting a resonant frequency, h denoting a feed current, N1 denoting
a winding number of a coil of a primary side (the current supply
device), Ar) denoting a winding number of a coil of a secondary side
(the current collection device), 90 gab denoting a distance between
the current supply device and the current collection device, W0
denoting a width of a current supply and collection core, for
example, a gap between magnetic poles in a case of the I-type, Se
denoting a current supply and collection core structure, for example,
the U-type, the W-type, the I-type, and the improved type, and Ce
denoting a material characteristic of a current supply and
95collection core, for example, a permeability and a frequency
characteristic. 1/0 may be proportional to the following equation. v
oc frt, N2 We 



cN1 gair        Another object of the optimal design may correspond
to maximizing a current collecting efficiency The efficiency E may
satisfy the following equation  18 vs2 E =RegulatorOutputPower=
Cun-entCollectingCapacity = P. = CurrentSupplyInverterInputPower
CurrentSupplyLineCapacity PsR, RI R,         Here, Re denotes a cumin
collecting resistance, R, denotes a current supply line resistance (a
current supply line valid cross-sectional area, a resonant frequency
5function, a line length, and a conductivity).       In designing of
the current supply device, the distance ga1 may be proportional to
the following Equation. =F(fr,I"ll,W"S"Coc Ifs             For
example, maintaining gafr to be greater than or equal to 12
centimeters (cm) 10may be necessary for a ease of a sedan, and 20 cm
for a case of a large-sized vehicle such as, a bus and the like.
A level of an occurring EMF may need to be less than a predetermined
value. In particular, when the level of the occurring EMF corresponds
to Leinfl Lemf = F(f,,I N2 S, ,,gair) oc w,  bair N1NImaybe
15completed. In this instance, maximum Les- < 62.5 milligauss (inG)
(passive, LC resonant coil type, active shielding) may need to be
satisfied at a predetermined point. 



Referring to FIG 5, in operation 5501, a type of a core structure of
the current supply and collection device to determine a design
parameter including a resonant frequency, a feed current value, a
width of a current supply and collection core, and a 20 winding
number of a current collection coil may be input. The type of the
current supply core structure may include an I-type, a U-type, a
W-type, and a type improved by a partial modification of each of the
I-type, the U-type, and the W-type. The type of the current supply
core structure is described above with reference to FIGS. 2 through
4. In operation 5502, the design parameter may be set to an initial
value. The 25 design parameter may include various parameters in
addition to the aforementioned parameters. In operation S503, a
minimum current collecting capacity value required by the current
collection device, hereinafter referred to as "the current collecting
capacity reference value," and a maximum EMF value allowed to occur
in the current  19 supply and collection device, hereinafter referred
to as "the EMF reference value" may be input. The input value may
further include a minimum distance value between the current supply
device and the current collection device. In operation S504, a
current collecting capacity and a level of an occurring  5 EMF may be
calculated from a design parameter currently being set, and the
calculating of the current collecting capacity and the level of the
occurring EMF may be repeated while adjusting the feed current value
of the set design parameter when the calculated current collecting
capacity is less than the current collecting capacity reference value
or when the calculated level of the occurring EMF is greater than the
EMF reference value, hereinafter referred to as "fails to satisfy a
design condition." The adjusted design parameter may further include
a winding number of the current collection coil.       In operation
S505, whether a feed current value enabling the calculated current
collecting capacity to be greater than or equal to the current
collecting capacity reference value and the level of the occurring
EMF to be less than or equal to the EMF  15 reference value,
hereinafter referred to as "to satisfy the design condition," is
present may be determined. In this instance, whether a winding number
of the cun-ent collection coil satisfying the design condition is
present may also be determined, in operation S505. In addition,
although not shown in the flowchart of FIG. 5, the determination as
to whether the design condition is satisfied may further include a
20 determination as to whether a distance between the current supply
device and the current collection device is greater than or equal to
a predetermined minimum distance. The further determination may be
applied identically for determining whether all of the following
design conditions are satisfied. The minimum distance may be set to
12 cm for a case of a sedan, and set to 20 cm for a case of a
large-sized vehicle such as a bus, 25and the like.       In operation
570, when such values are present, the feed current value, the
winding number of the current collection coil, and another design
parameter currently being set may be determined to be a final design
parameter with respect to the core structure type. In addition,
before the determining is performed, when the resonant  30 frequency
value currently being set, among the design parameters, is less than
a maximum resonant frequency, hereinafter referred to as "the upper
limit resonant frequency" within an allowable range in operation
S506, the upper limit resonant  20 frequency satisfying the design



When the feed current value and the winding number of the current
collection coil satisfying the design condition area absent in
operation S505, the width of the 10cun-ent supply and collection core
may be increased within an allowable range.        The term "width of
the current supply and collection core" is used throughout the
drawings. However, hereinafter, the width of the current supply and
collection core may refer to a width W (see FIG. 2) of a core, for
example, a magnetic pole vertical to a moving direction of a vehicle,
in particular, with respect to a left and right direction  15 while
viewing the road ahead, in the case of the U-type current supply
device, the W-type current supply device, or the improved type
current supply device of each of the U-type current supply device and
the V/-type cun-ent supply device. The width of the current supply
and collection core may refer to a gap L (See FIG 3) between I-type
cores, for example, magnetic poles, arranged in series along the
moving direction of the 20vehicle in the case of the 1-type current
supply device or the improved type current supply device of the
1-type current supply device.        In particular, in operation
S508, the calculating of the current collecting capacity and the
level of the occurring EMF may be repeated while increasing the width
of the cun-ent supply and collection core, and adjusting the feed
current value, the  95 winding number of current collection coil, and
the like. When a width of the current supply and collection core, a
feed current value, and a winding number of the current collection
coil, and the like satisfying the design condition are present in
operation S509, operation S506 may be performed. However, when the
width of the current supply and collection core, the feed current
value, the winding number of the cun-ent collection 30coil, and the
like satisfying the design condition are absent in operation S509,
the process of designing the current supply and collection device may
be terminated. When the width of the current supply and collection
core, the feed current value,  21 the winding number of the current
collection coil, and the like satisfying the design condition are
present in operation S509, an upper limit resonant frequency
satisfying the design condition may be obtained by repeating the
calculating of the current collecting capacity and the level of the
occurring EMF while increasing the resonant frequency of 5  the
design parameter within a range lower than the upper limit resonant
frequency in operation S510, when a resonant frequency value
currently being set is less than the upper limit resonant frequency
within an allowable range in operation S506, and the upper limit
resonant frequency, the feed current value determined in the
foregoing operations, the winding number of the current collection
coil, the width of the current 10supply and collection core, and the
other design parameter currently being set may be determined to be
the final design parameter in operation S507.         The design
process may be configured to be performed automatically and
sequentially with respect to each core structure type when at least
two core structure types are input at first. 15The resonant frequency
value may need to be determined to be a value greater 



than a maximum audible frequency value, for example, 20 kilohertz
(kHz).         FIG. 6 is a diagram illustrating a device 600 for
designing a current supply and collection device for supplying and
collecting power using a magnetic induction scheme.         Referring
to FIG. 6, a design process controlling unit 610 may control
calculating of a current collecting capacity and a level of an EMF
according to a change in each design parameter, and a process of
determining a design parameter based on a result of the calculating
by controlling the following elements, in order to design the current
supply and collection device satisfying a current collecting capacity
and a level of an EMF within a predetermined range. 25A current
collecting capacity calculating unit 620 may calculate a current
collecting capacity from a design parameter including a resonant
frequency, a feed current value, a width of a current supply and
collection core, and a winding number of a current collection coil.
An EMF level calculating unit 630 may calculate a level of an
occurring EMF 30from the design parameter.         A distance
calculating unit 640 may calculate a distance between the current
supply device and the current collection device from the design
parameter.  77       A design parameter database 650 my store the
design parameter and a variable range value of the design parameter.
An input unit 660 may receive, from a user, an input of the design
parameter, the variable range value of the design parameter, and a
design condition reference value 5 including a requested current
collecting capacity, a requested level of the EMF, and a requested
minimum distance value between the current supply device and the
current collection device.       A design page providing unit 670 may
display a variety of data of a design process, the data including
data calculated during the design process, the design 10 condition
reference value, and a design parameter value to be determined. As
described above, the data calculated during the design process may
include a current collecting capacity calculated by a current design
parameter, a level of an occurring EMF calculated by the current
design parameter, a distance between the current supply device and
the current collection device calculated by the current design
parameter, and 15the like.  73 CLAIMS  1.A method of designing a
current supply device for supplying power wirelessly 



to a vehicle including a current collection device, the method
comprising operations of:             (a) receiving an input of a gap
between the current supply device and the 5current collection device;
(b) determining either a width of a current supply and collection
core or a gap between two adjacent magnetic poles of the current
supply device, based on the gap between the current supply device and
the current collection device;              (c) receiving an input of
a value required for a magnitude of a magnetic field 10occurring in
the current supply device; and         (d) determining an amount of
power to be supplied to the current supply device, based on either of
the width of the current supply and collection core or the gap
between the two adjacent magnetic poles of the current supply device
determined in the operation (b), and the value required for the
magnitude of the magnetic field. 15 2.The method of claim 1, wherein
the operations further comprise:        (dl) determining a method of
disposing an electric cable to be used for supplying the power to the
current supply device after the operation (d) is performed. 203.The
method of claim I, wherein the operations further comprise:
receiving an input of an arrangement direction of magnetic poles of
the current supply device before the operation (a) is performed.
4. The method of claim 3, wherein the arrangement direction of the
magnetic 95poles of the cuirent supply device indicates that at least
two magnetic poles extend in a direction parallel to a moving
direction of the vehicle and are aligned with each other.    5. The
method of claim 3, wherein the arrangement direction of the magnetic
poles of the current supply device indicates that a plurality of
magnetic poles is arranged 30in series along a moving direction of
the vehicle.    6. The method of claim 1, wherein the operations
further comprise:,  



94         (d2) determining an active or passive shielding scheme
with respect to an electromagnetic field (EMF) occurring in the
current supply device and the current collection device after the
operation (d) is performed. 57.The method of claim 1, wherein the
operations further comprise:         (d3) determining an ON and OFF
state of a switch of the current supply device after the operation
(d) is performed. 8. The method of claim 1, wherein the operations
further comprise: to(d4) determining to resonate the cun-ent
collection device attached to the vehicle at a frequency of an
alternating current magnetic field occurring in the current supply
device after the operation (d) is performed. 9. A method of designing
a current collection device and a current supply device 15for
supplying power wirelessly to a vehicle including a current
collection device by generating a magnetic field, the method
comprising operations of:         (a) setting a design parameter to
an initial value, the design parameter comprising a resonant
frequency, a feed current value, a width of a current supply and
collection core, and a winding number of a current collection coil;
90(b) receiving an input of a minimum current collecting capacity
value required by the current collection device, hereinafter referred
to as "the current collecting capacity reference value," and a
maximum electromagnetic field (EMF) value allowed to occut in the
current supply device and the current collection device, hereinafter
referred to as "the EMF reference value"; 25(c) calculating a current
collecting capacity and a level of an occurring EMF from a design
parameter currently being set;         (d) repeating the calculating
of the current collecting capacity and the level of the occurring EMF
while adjusting the feed current value of the set design parameter
when the calculated current collecting capacity is less than the
current collecting  30 capacity reference value or when the
calculated level of the occurring EMF is greater than the EMF
reference value, hereinafter referred to as "fails to satisfy a
design condition"; and  75 



(e) detennining a feed current value and another design parameter
currently being set, to be a final design parameter when the feed
current value enabling the calculated current collecting capacity to
be greater than or equal to the current collecting capacity reference
value and the level of the occurring EMF to be less than or equal to
5the EMF reference value, hereinafter referred to as "to satisfy the
design condition," is present.  10. The method of claim 9, wherein,
when the feed current value satisfying the design condition is
present in the operation (e), the operations further comprise; before
a 10design parameter currently being set is determined to be the
final design parameter:        (el I) obtaining a maximum resonant
frequency, hereinafter referred to as "the upper limit resonant
frequency," satisfying the design condition by repeating the
calculating of the current collecting capacity and the level of the
occurring EMF while increasing the resonant frequency of the design
parameter within a range lower than the 15upper limit resonant
frequency, when a resonant frequency value currently being set is
less than the upper limit resonant frequency within an allowable
range; and        (c12) determining the maximum resonant frequency
determined in the operation (el I), the feed current value of the
operation (e), and the other design parameter currently being set, to
be the final design parameter. 70  11. The method of claim 9,
wherein, when the feed current value satisfying the design condition
is absent in the operation (e), the operations further comprise,
before a design parameter currently being set is determined to be the
final design parameter: (e21) repeating the calculating of the
current collecting capacity and the level of  75 the occurring EMF
while increasing the width of the current supply and collection core
or a gap between magnetic poles, hereinafter commonly referred to as
"the width of the current supply and collection core," within an
allowable range and adjusting a feed current value; (e22) terminating
a process of designing the current supply device and the  30 current
collection device when a width of the current supply and collection
core and a feed current value satisfying the design condition are
absent, or proceeding with operation (e23) when the width of the
current supply and collection core and the feed  26 current value
satisfying the design condition are present;         (e23) obtaining
an upper limit resonant frequency satisfying the design condition by
repeating the calculating of the current collecting capacity and the
level of the occurring EMF while increasing the resonant frequency of
the design parameter 



5 within a range lower than the upper limit resonant frequency, when
a resonant frequency value currently being set is less than the upper
limit resonant frequency within an allowable range; and
(e24) determining the upper limit resonant frequency determined in
the operation (e23), the feed current value of the operation (e22),
and the other design 10parameter currently being set, to be the final
design parameter.  12. The method of claim 9, wherein the design
parameter adjusted in the operation (d) comprises a winding number of
the current collection coil, and the design parameter determined to
be the final design parameter in the operation (e) comprises a
winding 15number of the current collection coil.  13. The method of
claim 9, wherein the resonant frequency value s detenn ned to be a
value greater than a maximum audible frequency value. 9014.The method
of one of claims 9 to 13, wherein a determination as to whether the
design condition is satisfied comprises determining whether a
distance between the current supply device and the current collection
device is greater than or equal to a predetermined minimum distance.
9515.A method of designing a current supply device for supplying
power wirelessly to a vehicle including a current collection device
by generating a magnetic field, the method comprising operations of:
(a) receiving an input of a core structure type of the current supply
device and the current collection device to determine a design
parameter including a resonant 30frequency, a feed current value, a
width of a current supply and collection core, and a winding number
of a cuiTent collection coil;         (b) setting the design
parameter to an initial value;  27         (c) receiving an input of
a minimum current collecting capacity value required by the current
collection device, hereinafter referred to as "the current collecting
capacity reference value," and a maximum electromagnetic field ([ME)
value allowed to occur in the current supply device and the current
collection device, hereinafter 5referred to as "the EMF reference
value";         (d) calculating a current collecting capacity value
and a level of an occurring [ME from a design parameter currently
being set;         (e) repeating the calculating of the current
collecting capacity and the level of the occurring EMF while
adjusting the feed current value of the set design parameter 



10 when the calculated current collecting capacity is less than the
current collecting capacity reference value or when the calculated
level of the occurring EMF is greater than the EMF reference value,
hereinafter referred to as "fails to satisfy a design condition"; and
(0 determining a feed current value and another design parameter
currently  15 being set, to be a final design parameter with respect
to the core structure type, when the feed current value enabling the
calculated current collecting capacity to be greater than or equal to
the current collecting capacity reference value and the level of the
occurring EMF to be less than or equal to the EMF reference value,
hereinafter referred to as "to satisfy the design condition," is
present. 70 16.The method of claim 15, wherein, when at least two
core structure types are input in the operation (a), the operations
(b) through (t) are performed sequentially with respect to each core
structure type. 2517.The method of claim 15, wherein, when the feed
current value satisfying the design condition is present in the
operation (0, the operations further comprise, before a design
parameter currently being set is determined to be the final design
parameter:        (01) obtaining a maximum resonant frequency,
hereinafter referred to as "the upper limit resonant frequency,"
satisfying the design condition by repeating the  30 calculating of
the current collecting capacity and the level of the occurring EMF
while increasing the resonant frequency of the design parameter
within a range lower than the upper limit resonant frequency, when a
resonant frequency value currently being set is  28 less than the
upper limit resonant frequency within an allowable range; and
(fl 2) determining the maximum resonant frequency determined in the
operation (f11), the feed current value of the operation (0, and the
other design parameter currently being set, to be the final design
parameter. 5 18.The method of claim 15, wherein, when the feed
current value satisfying the design condition is absent in the
operation (t), the operations further comprise, before a design
parameter currently being set is determined to be the final design
parameter: 



(121) repeating the calculating of the current collecting capacity
and the level of to  the occurring EMF while increasing the width of
the current supply and collection core or a gap between magnetic
poles, hereinafter commonly referred to as "the width of the current
supply and collection core," within an allowable range and adjusting
a feed current value; (122) terminating a process of designing the
current supply device when a width 15  of the current supply and
collection core and a feed current value satisfying the design
condition are absent, or proceeding with operation (f23) when the
width of the current supply and collection core and the feed current
value satisfying the design condition are present; (123) obtaining an
upper limit resonant frequency satisfying the design 20  condition by
repeating the calculating of the current collecting capacity and the
level of the occurring EMF while increasing the resonant frequency of
the design parameter within a range lower than the upper limit
resonant frequency, when a resonant frequency value currently being
set is less than the upper limit resonant frequency within an
allowable range; and 25(124) determining the upper limit resonant
frequency determined in the operation (123), the feed current value
of the operation (122), and the other design parameter currently
being set, to be the final design parameter. 19.The method of claim
15, wherein the design parameter adjusted in the operation 30  (e)
comprises a winding number of the current collection coil, and the
design parameter determined to be the final design parameter in the
operation (0 comprises a winding number of the current collection
coil.  29 20.The method of claim 15, wherein the resonant frequency
value is detennined to be a value greater than a maximum audible
frequency value. 521.The method of one of claims 15 to 20, wherein a
determination as to whether the design condition is satisfied
comprises determining whether a distance between the current supply
device and the current collection device is greater than or equal to
a predetermined minimum distance. 1099.A device for designing a
cunent collection device and a current supply device for supplying
power wirelessly to a vehicle including a current collection device
by generating a magnetic field, the device comprising:        a
current collecting capacity calculating unit to calculate a current
collecting capacity from a design parameter comprising a resonant
frequency, a feed cun-ent value, 



15a width of a current supply and collection core, and a winding
number of a current collection coil;        an electromagnetic field
(EMF) level calculating unit to calculate a level of an occurring EMF
from the design parameter;             a design parameter database to
store the design parameter and a variable range 20value of the design
parameter;        an input unit to receive, from a user, an input of
the design parameter, the variable range value of the design
parameter, and a design condition reference value comprising a
requested current collecting capacity and a requested level of the
EMF;        a design page providing unit to display a variety of data
of a design process, the data comprising data calculated during the
design process, the design condition reference value, and the design
parameter value; and        a design process controlling unit to
control the calculating of the current collecting capacity and the
level of the EMF according to a change in the design parameter, and a
process of determining a design parameter based on a result of the
30 calculating by controlling the aforementioned elements, in order
to design the current supply device and the current collection device
satisfying a current collecting capacity mid a level of an EMF within
a predetermined range.  30 23.The device of claim 22, wherein the
design parameter comprises a core structure type of the current
supply device and the current collection device. 524.The device of
claim 22, wherein the design condition reference value comprises a
minimum distance value between the current supply device and the
current collection device. 25.The device of claim 22, further
comprising: toa distance calculating unit to calculate a distance
between the cunent supply device and a current collection device from
the design parameter. 




