Description Title of Invention VEHICLE STRUCTURE FOR ELECTRIC AUTOMOBILE Technical Field
[0001] The present invention relates to a vehicle structure for an electric automobile, and more
particularly, to a vehicle structure for an electric automobile 10that is driven by four wheels.
Background Art [0002] In contrast with conventional automobiles that are driven by an internal- 15
combustion engine in which fossil fuel is burned, electric automobiles, which travel with the aid of
electric motors driven by electric energy supplied from a mounted battery, are in the process of
commercialization. Since the electric automobil@isehipernby the electric motors, it emits no carbon
dioxide during traveling, and has drawn attention as an environmentally friendly automobile. Further,
the electric 20automobiles have excellent characteristics, one of which is a low noise level, compared
to conventional automobiles or hybrid vehiclegitj@008jventioGurrent electric automobiles have a vehicle

ith 5 25 whects aach SUAEER B Rent ke tanr e e A GG UBtes are ganeraly

constructed so that motors installed on respective front wheels disposed on the left and right are
independently driven, and thereby a steering a{n%%is %%erl] to the front wheels corresponding to the
steering of a steering wheel (e.g. Patent Litera fi ? g glllows the electric automobiles to turn their
vehicle bodies| kg the

The present invention relates to a vehicle structure for an electric
automobile, and more particularly, to a vehicle structure for an electric automobile

10 that is driven by four wheels.

Background Art
[0002]

In contrast with conventional automobiles that are driven by an internal-

—
i

combustion engine in which fossil fuel is burned, electric automobiles, which travel
with the aid of electric motors driven by electric energy supplied from a mounted
battery, are in the process of commercialization. Since the electric automobile is
driven by the electric motors, it emits no carbon dioxide during traveiing, and has
drawn attention as an environmentally friendly automobile. Further, the electric
20  automobiles have excellent characteristics, one of which is a low noise level,
compared to conventional automobiles or hybrid vehicles.
[0003]

Current electric automobiles have a vehicle structure similar to construction

of conventional automobiles, and are usually four-wheel automobiles with two

[l
LN

wheels each provided in the front and rear. These electric automobiles are generally
constructed so that motors installed on respective front wheeis disposed on the left
and right are independently driven, and thereby a steering angle is given to the front
wheels corresponding to the steering of a steering wheel (e.g. Patent Literature 1).
This allows the electric automobiles to turn their vehicle bodies, like the

30 conventional automobiles.



30conventional automobiles. Citation List Patent Literature [0004] Patent Literature 1:JP
1997-117016A Summary of Invention Technical Problem [0005] However, the vehicle structures for
the conventional electric automobiles 10 have probléms in that the rotation radius when the vehicle
body is turned is large, and that the turnability showing easy variation in the direction of the vehicle
body is low. For this reason, a wide space is required to turn the vehicle body. For example, when
one's own automobile is parked between two automobiles that have been parked, a space for quickly
turning the vehicle body is required, and a highGkdtidhleisl is required from a driver. [0006] The
present inventﬁprt]eis{ ﬂagg{ineview of the above-mentioned issue, and aims to provide a novel and
improved vehicl & d¥Sr an electric automobile capable of enhancing turnabilitv. 20

[0004]
Patent Literature 1: JP 1997-117016A
5
Summary of Invention
Technical Problem
[0005]

However, the vehicle structures for the conventional electric automobiles
10 have problems in that the rotation radius when the vehicle body is turned is large,
and that the turnability showing easy variation in the direction of the vehicle body is
low. For this reason, a wide space is required to turn the vehicle body. For
example, when one’s own automobile 1s parked between two automobiles that have
been parked, a space for quickly tuming the vehicle body is required, and a high skill
15 level is required from a driver.
[0006]

The present invention is made in view of the above-mentioned issue, and
aims to provide a novel and improved vehicle structure for an electric automobile
capabie of enhancing turnabiiity.

20
Solution to Probiem
[0007]
According to the first aspect of the present invention in order to achieve the
above-mentioned object, there is provided a vehicle structure for an electric
25  automobile that is driven by traveling wheels, in each of which a drive device driven
by receiving supply of electric energy is mounted. The vehicle structure for the
electric automobile of the present invention includes: a first traveling wheel unit and
a second traveling wheel unit which are provided in the front and rear of a vehicle
body and which each include an arrangement of two traveling wheels; and a drive
30 control unit that individually drives the four traveling wheels depending on an

amount of operation input by a driver. The first traveling wheel unit is constructed



Solution to Problem [0007] According to the first aspect of the present invention in order to
achieve the above-mentioned object, there is provided a vehicle structure for an electric 25 automobile
that is driven by traveling wheels, in each of which a3rive device driven by receiving supply of electric
energy is mounted. The vehicle structure for the electric automobile of the present invention includes:
a first traveling wheel unit and a second traveling wheel unit which are provided in the front and rear of
a vehicle body and which each include an arrangement of two traveling wheels: and a drive 30control
unit that indivicduaity thivaaliheréoatabiavaiing whists aependingamian asouhé ohipeiatiaT input by a

driver. The first traveling.wheel unit is constructed 3 to be integrally rotatable about a first center of
rotation near tﬁ‘épﬁﬂ&pﬂgrﬁ’ owglg%ﬁﬁwca%it?w&%‘ﬁsr&ﬁt%@ &%B%?% Wiée%\?o?ﬂﬁ’{}{i‘rﬁ]é&\f/ 8ls forming

the first travelingvatieelwinit Rappasiigpesis ehdbefirgtraralingvaneehinitl inaipiang supstantially
perpendicular to a direction of a height of the vehicle body. The drive 5 control unit differentially drives

the traveling wibERYd iy PRIt ralteidd srten Ardiragu s o pla brsting JFgdeig among

the operation amauntuandd@taiasiip fllskkavglingwhies) upiiahows thefirsheotationsentat: [0008]
According to the present invention, the first traveling wheel unit integrally 10 rotates depending on the

operation amoURETh P o PROEIPTHAB BB EHaMg e TE AVaRE dRfi BREBH YT ANERRIE hus, it is
possible to easiyehange e draaionRidnaueise feduandprayidadigh turnability. [0009] Here,

an interval between the traveling wheels forming the first traveling

08]
According to the present invention, the first traveling wheel unit integrally-
10 rotates depending on the operation amount input by the driver, thereby changing the
advance direction of a vehicle. Thus, it is possible to easily change the direction of
the vehicle body, and provide high turnability.
[0009)
Here, an interval between the traveling wheels forming the first traveling
15 wheel unit may be smaller than that between the traveling wheels forming the second
traveling wheel unit. Thus, it is possible to reduce the rotation radius of the first
traveling wheel unit and to enhance the turnability of the entire vehicle.
{0010]
Further, the drive control unit may differentially drive the four traveling
20 wheels depending on the operation amount input by the driver, and cause the vehicle
body to be turned about a predetermined position within an area where the second
traveling wheel unit of the vehicle body is provided. For example, when the first
traveling wheel unit rotates about the first rotation center at an angle of 90° with
respect 10 a direction of the first traveling wheel unit when the automobile travels to
25  the front of the vehicle body, the drive control unit may differentially drive the four
traveling wheels depending on the operation amount input by the driver, and cause
the vehicle body to be turned about a middle position between the two traveling
wheels forming the second traveling wheel unit.
[0011]
30 Moreover, a radius of rotation required to turn the vehicle body may be

smaller than an overall length of the vehicle body. Accordingly, the electric



15 wheel unit may be smaller than that between the traveling wheels forming the second traveling
wheel unit. Thus, it is possible to reduce the rotation radius of the first traveling wheel unit and to
enhance the turnability of the entire vehicle. [0010] Rurther, the drive control unit may differentially
drive the four traveling 20 wheels depending on the operation amount input by the driver, and cause
the vehicle body to be turned about a predetermined position within an area where the second
traveling wheel unit of the vehicle body is provided. For example, when the first traveling wheel unit
rotates about thedinsbiktatioingenterchlidnangitai@Dofitierpapest iovamicectiaRefithdiisidraveling
wheel unit when the guto ogi?[ travels to 25 the front of the vehicle body, the drive control unit may
differentially dFR/B’fHﬁ‘\%Hr?H giﬁ%\%%g?gragp%&ﬁwg on the operation amount input by the driver, and
cause the vehicigibpdy to be turned about a middle position between the two traveling wheels forming
the second traveling wheel ungé)%001l] 30Moreqver, a radius of rotation required to turn the vehicle

body may be smaller thaf%H SetEitiERYHIS: TS YeHtaBsRe ABCHIASH, 1Al SHberkes Dautomobile
having the vehigle:onsivugHeneidhe nieseayinentipnmakrsiitprssibledonitethe #ehigle body in a
narrow space. [0012] Further, the first traveling wheel unit may be a front wheel unit, whereas the
second traveliFgXFHBG RFE B Rsaf FHiEeY st Uaite RGURAY, hScshrepe 4TBIREYNESELINit may
be a rear wheghtinlawhetegsiheresend traveling wheel unit may be a front wheel unit.
Advantageous Effects of Invention 10[0013]

Advantageous Effects of Invention
10 {0013]
According to the present invention as described above. it is possible to
provide a vehicle structure for an electric automobile capable of enhancing

turnability.

13 Brief Description of Drawings
[0014]
[Fig. 1] Fig. 1 is an explanatory view showing a vehicle structure for an electric
autorobile according to a first embodiment of the present invention.
fFig. 2] Fig. 2 is functional block diagram explaining processing based on an
20  electronic control device,
fFig. 3] Fig. 3 1s an explanatory view showing turnability of the electric automobile
according to the same embodiment.
{Fig. 4} Fig. 4 is an explanatory view showing turnability of a conventional electric

automobile.
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[Fig. 5] Fig. 5 is an explanatory view showing turnability of the electric automobile
according to the same embodiment.

[Fig. 6] Fig. 6 is an explanatory view showing vehicle movement when the electric
automobile according to the same embodiment is parked.

fFig. 7] Fig. 7 is an explanatory view showing a vehicle structure for an electric
30  automobile according to a second embodiment of the present invention.

[Fig. 8} Fig. 8 is an explanatory view showing turnability of the electric automobile



According to the present invention as described above, it is possible to provide a vehicle structure for
an electric automobile capable of enhancing tumability. 15Brief Description of Drawings [0014] [Fig. 1]
Fig. 1 is an explanatory view showing a vehicle structure for an electric automobile according to a first
embodiment of the present invention.  [Fig. 2] Fig. 2 is functional block diagram explaining
processing based on an 20electronic control device. [Fig. 3] Fig. 3 is an explanatory view showing
tumability of the electric automobile according to the same embodiment. [Fig. 4] Fig. 4 is an

explanatory vim&amgiagtﬂémhﬂimgaimy_entional electric automobile. [Fig. 5] Fig. 5 is an
explanatory view showing turnability of the electric automobile according to the same embodiment.

[Fig. 6] Fig. 6 i %n kplEnabryvisti SReiiN g RshIe HiRe Stk tsvRer tRent IBbaTc e IRTdhie

according to tha:saimsiiemnResdiment isPakedembdfigied] Kigarkitian explanatory view showing a
vehicle structure for an electric 30automobile according to a second embodiment of the present

invention. [Fig. 8] Fig. 8 is an explanatory view showing turnability of the electric automobile 5
accordingsto the same embodiment. [Figh QLFi9i 3 israthiyRianaiary view showing vehicle movement

when the electggiaSlftomobile according to the'same embodiment is parked.

Hereinafter, preferred embodiments of the present invention will be
described in detail with reference to the appended drawings. Note that, in this
specification and the drawings, elements that have substantially the same function

10 and structure are denoted with the same reference signs, and repeated explanation is
omitted.
[0016]
<Summary of Vehicle Structure>
First, the summary of a vehicle structure for an electric automobile
15 according to an embodiment of the present invention will be described. The electric
automobile according the present embodiment drives a vehicle body with four
traveling wheels. When the vehicle body is divided into three areas m a lengthwise
direction, i.e. a front area, a middle area, and a rear area, two of the traveling wheels
are installed in the front area, and the other two in the rear area.
20 [00173

A first traveling wheel unit is installed in one of the front area and the rear
area, and is made up of the two traveling wheels and a support unit that supports the
two traveling wheels at opposite ends thereof. The first traveling wheel unit 1s

constructed as a swivel type of unit (swivel unit), which is rotatable about

[
0

substantially the center of the support unit in a plane substantially perpendicular to a
direction of the height of the vehicle body with the whole of the first traveling wheel
unit formed in one body. The first traveling wheel unit rotates in proportion to an
amount of steering of a steering wheel by a driver. That is, the rotation of the first
traveling wheel unit is able to change an advance direction of the vehicle. Further,
30  the traveling wheels constructing the first traveling wheel unit are driven by the

electric motors that are individually provided thereto.



Description of Embodiments [0015] Hereinafter, preferred embodiments of the present invention
will be described in detail with reference to the appended drawings. Note that, in this specification and
the drawings, elements that have substantially the sgme function 10and structure are denoted with the
same reference signs, and repeated explanation is omitted. [0016] <Summary of Vehicle Structure>
First, the summary of a vehicle structure for an electric automobile 15 according to an embodiment of
the present invention will be described. The electric automobile according the present embodiment
drives a vehicl@®ialy with four traveling wheels. When the vehicle body is divided into three areas in a
lengthwise direction, i.e, a fr n[ area, a mjddle area. and_a rear area, two of the traveling wheels are

installed in the front arss A FreoIREP AR sHoghegleunsdpois@lied i B fERIIRg Wheel unit is

installed in ongref theWreer aiediandiheraaraies, @nf is nordestinied thedvodiarelipbvies!s and a
support unit that supports the two traveling wheels at Sc;igosite ends thereof The first traveling wheel

unit is construtg eV dERlel tpeHEAMUSRVERURTRIFHI T o EseReRI kb S slins cinsslly the
center of the supRAURE inAsRtBAE sbsiantialyPerRerdicHianinasiectianaldbaieightef the

vehicle body with the whole of the first traveling wheel unit formed in one body. The first traveling

wheel unit rotatle¥ R Brofsriidertiattpmebitorstesding 3P atBteBIRgIWITEBPelimaiVBRYThat is, the
rotation of the firHRv&ling wheel ynibisARG Qehanes 3t agharce sl Qhibie wRlugle; Further.

30the traveling wheels constructing the first traveling wheel unit are driven by the electric motors that
are individuall?lm@@i@%d’ﬁ%@rét@ the area where the second traveling wheel unit is installed.

Thus, since the rotation center is present within the vehicle body, and because it is
10 possible to turn the vehicle body so as to rotate on its axis, it is possible to reduce the
radius of rotation of the vehicle body.
[0019]
This electric automobile has the first traveling wheel unit of the swivel type
in which the two traveling wheels operate in one body, and the two traveling wheels
15 constructing the second traveling wheel unit, that is to say, a vehicle construction
similar to a three-wheel vehicle. Such an electric automobile has high turnability
and allows the vehicle body to be turned even in a narrow space, compared to
conventional four-wheel vehicles constructed by installing two wheels in the front
and two wheels in the rear. Further, even in comparison with conventional three-
20 wheel vehicles, the electric automobile according to the present embodiment is
excellent in linear travelability, traveling stability, and driving force, because it has
high turnability and is actually driven with four traveling wheels. Hereinafter, two
embodiments of the electric automobile having this vehicle construction will be

shown and described in detail.

(First Embodiment)
<Vehicle Structure for Electric Automobile>
First, a vehicle structure for an electric automobile according to a first
embodiment of the present invention will be described with reference to Fig. 1. Fig.
30 1 is an explanatory view showing a vehicle structure for an electric automobile

according to the present embodiment. In Fig. 1, only functional units relevant to



[0018] Meanwhile, a second traveling wheel unit is installed in the rear or front area in which the
first traveling wheel unit is not installed, and is made up of two traveling wheels. Electric motors are
installed on the respective traveling wheels 5 constrygcting the second traveling wheel unit, and are
able to be independently driven. However, the electric automobile according to the present
embodiment may be constructed in such a manner that the center of rotation when the vehicle body is
turned is present in the area where the second traveling wheel unit is installed. Thus, since the rotation

center is presentanghirtbeveelechodydand basause -disd OpReribledoturain Whisle hredy so as to
rotate on its axis, it is possible to reduce the radius of rotation of the vehicle body. [0019] This

electric automdHii€*has the first traveling wheel unit of the swivel type in which the two traveling wheels
operate in one ¢y, and the two traveling wheels 15 constructing the second traveling wheel unit, that
is to say, a vehicle construction similar to a three-wheel vehicle. Such an electric automobile has high

turnability and allows thé ¥afietebddy td-0@dslssHisvRamabils i gsseriivsitpiie Piesednventional
four-whee} vehigisarpestrucirady dnstallingniwo wheel inihe frankand tyenvheels inthgdear.

Further, even in comparison with conventional three- 20 wheel vehicles, the electric automobile

according to t@praeRAf arpalmeedis! 8Qcand st ernindwet uoE| ABfigisnesedling wapmity! #1%d driving
force, because has.highetspabilty seddragiually driven wibfounuavaling sheels Hgreipafter, wo

embodiments of the electric automobile having this vehicle construction will be shown and described in

detail. 25 (FirstEnitsgeimenthealepidaigiuchesd 18R R ardie alitoedile2L. Thirsight weniele structure
for an electric aypMARIRARGEIING e ATstembelmerta e EsaalYRNIRRI| Be described
g. I. Fig. 301 is an explanatory view showing a vehicle structure tor an electric
automobile acedretingab tiecpreJantiem douimetisdn Highd righlyWwhnckibPZR unidshe liantte]
1221 are provided so as to be substantially perpendicular to a straight line connecting
the right wheel 122R and the left wheel 1221
(00217
The traveling wheels are provided with drive units 124R and 124L rotating
15 the travelling wheels, respectively. As the drive units 124R and 124L, in-wheel
motors may be used by way of example. The in-wheel motor is a drive device in
which a motor serving as a power source is mounted, and thus four-wheel
independent control having high power-transmission efficiency and a good response
characteristic is made possible. Further, since a drive shaft, a differential. etc. are
20 not required, a degree of freedom for vehicle body design can be improved.
[0022]

The right wheel 122R and the left wheel 1221 are rotatably supported by a
support unit 126. The straight line connecting the right wheel 122R and the left
wheel 122L is adapted to pass through the center of the support unit 126. The front

25 wheel unit 120 is rotatable about the center 126c¢ of the support unit 126 at an angle
of 360° in a plane substantially perpendicular to a direction of the height of the
vehicle body 110.  The rotation angle of the front wheel unit 120 is determined by
steering a steering wheel 140 (referred to as “steering angle input unit™). That is,
the front wheel unit 120 is constructed as the swivel unit, functions as the steering

30  wheel, and rotates about the center 126c¢, so that it can change the advance direction

of the electric automobile 100. However, a relationship between movements of the



7 arrangement of a vehicle body 110 and traveling wheels, and a steering system are shown. [0020]
As shown in Fig. 1, the electric automobile 100 according to the present 5 embodiment includes a
front wheel unit 120 disposed in the front of an advagce direction of a vehicle body 100, and a rear
wheel unit 130 disposed in the rear of the advance direction of the vehicle body 110. The front wheel
unit 120 is made up of two traveling wheels of a right wheel 122R and a left wheel 122L. The right
wheel 122R and the left wheel 122L are installed so as to be substantially parallel to each 10 other at

all times. Furthfemdigeesuitacesoofibendghhwhest d22R and thedeftyvwiealclerlipdermrovided so as to
be substantiall&gs)er endicular to a straight line connecting the right wheel 122R and the left wheel

[22L. [0021] T eling wheels are provided with drive units 124R and 124L rotating 15 the
travelling wheels. respegtively. Ardhe.ive it AR ansl 42Akidp-whsskmatersRpay henised by

way of example. The in-wheel motor is a drive device in which a motor servin%ga‘s a power source is

mounted, and Y5§lféarRvARERiikiEpaKEE e EbntrdbB dighY Witas hbiwdr apdndiniesionhetiididAey and a
good resppnse clracteysiicismacs Ressilis, 4 Ehek iﬁwamgyﬁa%wﬂ;smqﬁgem@%ﬁ . are

20not required, a degree of freedom for vehicle body design can be improved. [0022] ~  The right
wheel 122R affPgie Refrayielarieo2idive thotatably \stgiborte @ byidtupisofitasii arpda Thesetrtight line

connecting the,fightubas} 28R and the Jelwhseliakisadaried o pass frpygh thegenter of the

support unit 126."The front 25 wheel unit 120 is rotatable about the center 126c¢ of the support unit
126 at an angle of 380vahiclsidnd sUbStantiiijederpendhsitarila virdditopositibie dloigiitatiihe vehicle

body 110. Thesoratignangle.pl }%%Iraﬂw He‘%ﬁ’&%ﬁcﬁ? Sl iﬂ?ﬂr'?y Fieeing f3ieerng wheel
140 (referred to as -steering angl€ input unlt“?). hat is, tll1e front wheel unit 120 is constructed as the
swivel uni¢, funetiog Gsthiaetstedingg Bhwheete amd vokatesiab cliith ercentéd 4R 6oydsd Mt focan change
the advance dﬁ% eynocré in-wheel motors, which rotate the traveling wheels. In the present
embodiment, the rear wheel unit 130 functions as a driving wheel that drives the
vehicle body 110,
(00241
i3 As shown in Fig. 1, the electric automobile 100 according to the present
embodiment is constructed so that an interval between the right wheel and the left
wheel at the front wheel unit 120 is different from an interval between the right
wheel and the iefi wheel at the rear wheel umt 130. As mentioned above, the rear
wheel unit 130 is constructed so that the right wheel 134R and the left wheel 134L
20  thereof are disposed so as to have the interval of substantially the same length W, as
the vehicle width. Meanwhile, the interval W between the right wheel 124R and
the left wheel 1241 of the front wheel unit 120 is smaller than the interval W,

between the left and right wheels of the rear wheel unit 130. This is because, since

the front wheel unit 120 rotates about the center 126c, the rotation radius of the front

3
n

wheel unit 120 is increased when the interval W ; between the left and right wheels of
the front wheel unit 120 increases. The interval W between the left and right
wheels of the front wheel unit 120 may be determined by considering a magnitude of
the rotation radius of the front wheel unit 120 and the stable support of the vehicle
body 110.

30 [0025]

The electric automobile 100 having this vehicle construction is provided



of the electric automobile 100. However, a relationship between movements of the 8 front wheel unit
120 and the vehicle body 110 will be described below in detail. [0023] The rear wheel unit 130
includes two traveling wheels including a right wheeb132R and a left wheel 132L. The right wheel
132R and the left wheel 132L 5 of the rear wheel unit 130 are disposed at an interval that has
substantially the same length as a vehicle width that is a length in a widthwise direction (a direction
perpendicular to the advance direction) of the vehicle body 110. The rotation center C of the vehicle
body 110 is lovated atesubsiaritabysoidiie pesildercat astaighhling enanagtingtihkestighinyheel 132R
and the left wheel 13%#2) Like the fro t_WheerI#BO unit 120, the traveling wheels are provided with drive
units 134R an??'l‘?? L Ho st l&‘é?ngﬁﬁ%rel Fo?g‘fe\ﬂﬂﬁ:ﬁl}%ejt%t?’fﬁ%rt AR W USIGIFEHRE present

embodiment, Hesrear smhael upikd 3iurelioBsacna dvtegleheelthatderesitheovwehict:-begdy 110.
[0024] 15As shown in Fhlq% I. the electric automobile 100 according to the present embodiment is

constructed sd BlatAFHAERA BRElfedn ttERgWhe delitdarRomst Whedtatre 1obt Wseed-unit 120 is

different feom gintaryalibaineambiefighiwheshand thedefhwhaelattheseaswheshynit@s0. As
mentioned above, the rear wheel unit 130 is constructed so that the right wheel 134R and the left

wheel 134L 2G\grrer s arsbeics d0%salsHalrs wenesmbebidyposrg il saive welgth W2 as
the vehicle wiqtmaqqnn{hﬂmh@nmm@lw&m\e%mﬁ%igmamﬁ@%%% A G efyheel 124L of

i
the front wheel unit 120 is smaller than the interval W) between the left and right wheels of the rear

wheel unit 130-aimkaiedpeaige aagecantt droms\wadepinhel S0 vo rnis hbbkt tHdeehidR128t, the
rotation radiUSl@ﬁﬁ‘&c@'&‘&h@téﬂ&%@a@{a}&pdﬁ@Q%‘ﬁ@ﬁﬁg when the interval Wi between the left and

right wheels of the front wheel unit 120 increases. The interval WI between the left and right wheels of
the front Wheell¥3#® 1120 may be determined by considering a magnitude of the rotation radius of the

front wheel unit 120 ang, the.gfahle SHRRRK &l the t‘ﬁghéﬁi@tplg%%QOQQAO%kc%ording to the

present embodiment has been described above. In this way, the vehicle
construction of the electric automobile 100 according to the present embodiment has
the two traveling wheels 132R and 132L of the rear wheel unit 130 and the front
15 wheel unit 120, and is near that of a three-wheel vehicle. However, since the
electric automobile 100 according to the present embodiment is actually driven by
the four wheels including the two wheels of the front wheel unit 120 and the two
wheels of the rear wheel unit 130, the linear travelability and traveling stability
thereof are high, compared to conventional three-wheel vehicles. That is, the
20 conventional three-wheel vehicles are driven by two rear wheels without a drive
mechanism installed on one front wheel. For this reason, a vehicle body is
advanced as if it is pressed down from the rear toward the front, so that the front
wheel 15 apt to shake from side to side, and the linear travelability is easily lowered.

In contrast, the electric automobile 100 according to the present embodiment is

t2
Lh

driven by the four wheels, so that a driving force is high, and stable traveling is
possible,
[0027]

Further, the conventional three-wheel vehicles have low turnability and
cannot pull the vehicle body using the front wheel, and thus it is difficult to stably
30  turn the vehicle body, and a wide turning space is required to stably turn the vehicle

body. In the conventional three-wheel vehicles, a minimum rotation radius should



with a steering angle sensor 150 that detects an amount of steering of the steering wheel 140 caused
by a driver. The steering angle sensor 150 outputs the detected steering amount to an electronic
control device 160. The electronic control device 16@(calculates an angle of rotation of the vehicle
body 110, which is to be turned. 5 from the steering amount input from the steering angle sensor 150.
Thus, the electronic control device 160 calculates an amount of drive of each of the drive units 124R.
124L, 134R and 134L which is required to rotate the vehicle body 110 by the calculated rotation angle,
and drives eagiz:@irilg didve ubis: 124t b24 viBRR andraddiagehrdingiatnelcaltulateddsive
amount. 10[0026] .The vehicle construction of the electric automobile 100 cco\r,g{n to the present
embodiment M GReR HeLARETAHR #Ftﬂ@%ﬁ%%ﬂ?&%‘%ﬁ%ﬁ%ﬁd%%%ﬁe getic%utomobile

100 accordingtaitheipresemiemhedmenthms thaiwe taveling. wheglek32R andh3gLofthe rear

wheel unit 130 and the front 15 wheel unit 120, and is near that of a three-wheel vehicle. However,
since the elecRfCUHB DI BISsSELAERPRITNEHE PréJBRTemBGHFABATRAREIRAIERAERD P the four

wheels in¢ludipgthg hwgyheslspfdhafertwheel unit 120 and the two wheels of the rear wheel unit
130, the linear travelability and traveling stability thereof are high, compared to conventional
three-wheel véRff8$. That is, the 20 conventional three-wheel vehicles are driven by two rear wheels

without a drive mechanisip insiallee-90-088; frentwhesk farthis reason, a vehicle body is advanced as

if it is pressed down from the rear toward the front, so that the front wheel is apt to shake from side to
side, and the linear tratAsrsbilipascaasiy esvelesgrom contizst, dheiedettflcaadtametiient 00 decording to

the present ef%?é%‘é{{@%%i]laﬁﬂgfi%“aéé’o%f«g% Weslss S hakaAHung.ice s Ngyang,stable

traveling is possible. [0027 Further, the conventional three-wheel vehicles have low turnability

and canniét puflahd vellictefersdgeusingahe frork wireel 2aisditmgsanid difidulticgsabtyBetene the

Qg ?on,ventional
arc

veficle body, and.a Wit (LI0ing,shace i equleg g atapl i dhe velicle Rogy. o

three-wheel vehicles, aminimum rotation radius shou generally 'have about twice 0 avehicle
overall length. Wisarsivwe g hembdstiy atttmabileirdOGaocontify i6thspredept ®ntbodimsmt is driven

by the four wheele 25 1t 5 passile 0 SEbly e Yelicle bodw 40, The cleging ayggmobie
100 accordlngeto ﬁhe présént embodifient has more exce\g‘ént {u‘gnélﬁﬁ/?ty, C mparean {0 Beohventional
four-wheel vehidesic automobile.
15 [0029]
The electric automobile 100 is driven according to instructions of a driver.
The driver inputs a turning direction and a turning amount for turning the electric
automobile using the steering angle input unit 140,  As the steering angle input unit
140, the aforementioned steering wheel or a joystick may be used. The turning
20 direction and the turming amount input from the steering angle input unit 140 are
output to the electronic control device 160. Iurther, a vehicle speed is output from
a speed sensor 170 to the electronic control device 160,

[0030]

The electronic control device 160 calculates a safe and optimal differential

o]
th

amount in order to drive each traveling wheel of the front wheel unit 120 and the rear
wheel unit 130 on the basis of the turning direction, the turning amount, and the
vehicle speed that are input.  The electronic control device 160 controls each of the
traveling wheels 122R, 1221, 132R and 132L so as to reduce the steering angle at the
beginning of steering and increase the steering angle by a steering increment using a
30  principle equivalent to a variable steering gear ratio, etc.. which is used in power

steering of a steering system. At this time, the electronic control device 160



[0028] <Functions of Electronic Control Device> Here, functions of the electronic control device
160 and movement of the electric automobile 100 according to the present embodiment will be
described in 10 detail with reference to Figs. 2 to 4. Rig. 2 is functional block diagram explaining
processing based on the electronic control device 160. Fig. 3 is an explanatory view showing
turnability of the electric automobile 100 according to the present embodiment. Fig. 4 is an explanatory
view showing tumability of a conventional electric automobile. 15[0029] The electric automobile

100 is driven asrondisg te iggtetinnsaaiousrivesadihefdiverdngiig avhsennpdiRecton, arpdR turning
amount for turnigi the electric autcim bile using the steering angle input unit 140. As the _steering

angle input urif'4 46 h &5 ehihlfafda STEehY WHEISIST BeoYsHRRTS L BRa Auie e ihing 20

direction and {he daningaanmaunt iRpLirAofFEifRSREHNGRNAIR IRHIHNILEA0 areneUiRidinibe
electronic control device 160. Further, a vehicle speed is output from a speed sensor 170 to the

electronic contrOIERVkY1E80 GO@stuts therkalenkated milesrmiil qaurum b ok PAES £84fe and
optimal differeqiial amaguniigrorgesiodave each waveling wheelatihe frant wheekwrit 1gQand the

rear wheel unit 130 on the basis of the turning direction, the turning amount, and the vehicle speed

that are input. [PAE eletfonic tBnfed de\ibe B0 Whitholbe AHHBF tihvetisg imBelsiTo2Re 1221 .
132R and 132},3014% I fediicete steeringanglggt fheibeginaing Aisigernd Apdlingiaase the

steering angle by a s"feermg increment using a 30principle equivalent to a variable steefing gear ratio,
etc., which is i&#§IH$&Wer steering of a steering system. At this time, the electronic control device
160 11 calculﬁ}§§1tf1e differential amount of each of the traveling wheels 122R, 122L, 132R and 132L
SO as not to lead to’excessive oversteering or understeering during turning, i.e. so as to lead to neutral
steering Il a safe and bhaimal ssasboPire wldogohicvwartriiceléctit 60roupbik the cateulatslt differential

smou 0 SR BRGNS e st o,
wheels 122R. 4B, w2 B andvidzt tmttiebasisashitie digitdisigwats)ydSp8ctnvel}221 of the
front wheel unit 120, the traveling wheels 122R and 122L are differentially
controlled by the drive units 124R and 124L of the front wheel unit 120 that is the
15 swivel unit without conventional types of steering mechanisms. Thus, it is possible
to turn the vehicle body. At this time, the traveling wheels 132R and 1321 of the
rear wheel unit 130 are optimized by adjusting the turning direction of the vehicie
body turned by the front wheel unit 120 depending on a speed under the differential
control of the drive unit 134R and 1321,
20 [0032]

The electric automobile 100 constructed in this way turns the vehicle body
by differentially driving the traveling wheels 122R, 1221, 132R and 132L on the
basis of the inputs from the steering angle input unit capable of turning the vehicle
body using the steering wheel or the joystick without a conventional type of steering

25  system that gives a steering angle to wheels via, for instance, a steering wheel, a
steering shaft, a rack and pinion gear, a rod. a suspension link, and so on. Thus, in
comparison with the conventional type of steering system, it is possible to obtain
vehicle turnability about twice or more, and a space required to turn the vehicle body
is reduced, so that the vehicle body has high turning efficiency.

30 [0033]

Further, the electric automobile 100 according to the present embodiment



[0031] 10That is, as shown in Fig. 1, when the electric automobile is a rear wide vehicle in which the
interval between the traveling wheels 132R and 132L of the rear wheel unit 130 is wider than that
between the traveling wheels 122R and 122L of thejfsont wheel unit 120, the traveling wheels 122R
and 1221 , are differentially controlled by the drive units 124R and 124L of the front wheel unit 120
that is the 15 swivel unit without conventional types of steering mechanisms. Thus, it is possible to turn
the vehicle body. At this time, the traveling wheels 132R and 132L of the rear wheel unit 130 are

optimized by agiustingsie] turimenditestionotibawehiglevwedyitiuneskpn the kont whesalumnit 120
depending on a speed under the differential control of the drive unit I34R and 132L, 20[0032] The

electric autombtiite 10 EbHsifcRIaHithrREY Rikhdstsaarapieebdy BiaHimdiendhnyvehidlg the
traveling wheejsgl22krhéd Link38Bnaad 32k andhs fasisnidhednpus fremdbeaisiegrng:angle input

unit capable of turning the vehicle body using the steering wheel or the joystick without a conventional

type of steering35-syS@n¢¥RBMvdEea Wldisingoshigrean i demsedidnfer Tistadiectostdurithy wheel, a
steering shaftgIark A PIIRR GRRED O AARDARRININK. ROLE AT DUS D FmRASon wih

the conventional type of steering system, it is possible to obtain vehicle tum about twice or more,

and a space réfirde ereiiorinewmeikenisayl () didiseedialy ey théheahizrdibpdyibels hIGR turning
efficiency. 309933 1]3;%}*3%%@?3§‘ﬂlvek‘ﬂ'1ﬁi£u{i‘ﬁté9%9ef’e%m8 Qﬁ‘?&%ﬁﬁ’é’% %%@ﬁ?%qgﬂ? front

wheel unit 120. Thereby, the electric automobile is characterized in that, when the vehi ody is
turned, the fropesénhenvbhiciechbdyissiveated intile turning:direstibnat aill tipes. #Fol estsasple, the

vehicle body MaY. R L N a.ri (%I ectio %}( he 5.stegring angle input unit 140, When the driver
operates the stee‘r)fgng1 g%w%%eg %lr?gii%é&f%n ﬁdﬁ t%hrte}ge e‘(gﬁlt%cnllgl%:on ?c% e%%éaf%eo&éﬁ?%}%rﬁt(igé ﬁrg}%/es the
traveling Wheels<t22R) B2 2l I32R arnd 182 kteAtitiysiiphe jtpetelattii¢tautSmobhited@Riactarding to the
present embodiment moves. so as to.rotate qn its axis as.shown.in Fig, 3, and causes the vehicle body
to be turned ingger%lﬁfl dlllré%?:‘llc%}l }%%F?sh gﬁ}etg \8/ ﬁ%glrlFé%aifésn §?e%}}?ﬁl§%0 direction) by the inputs from
the steering af@é4ihput unit 140. Simultaneously, the direction in which the vehicle body is directed is

also changed. [0034] Meanwhile, in conventional vehicles, whep.a vehicle body is turned in a
right direction by a ste¥Hig elfnacr:‘i’é’i‘feﬁlf‘?B?x Mﬁ[ﬁéﬁl@a?g ettd ff?lﬁ %X/éﬁ&é ed in a

right direction by a steering wheel, a pair of front wheels are directed in an advance

15 direction in a state in which they maintain a substantially paralle! relationship, and a
direction in which the vehicle body is directed is different from the advance direction.

For this reason, a driver has no alternative but to empirically determine an amount of
operation of the steering wheel corresponding to the advance direction of the vehicle
body, and to drive the vehicle. In the electric automobile 100 according to the

20  present embodiment, since the direction in which the front of the vehicle body is
directed is matched with the turning direction, the driver can accurately recognize the

advance direction of the electric automobile 100, so that the operability can be

improved, and wrong operation can be also reduced.

[0035]

o]
W

Here, the electric antomobile 100 according to the present embodiment is
constructed so that each traveling wheel 1s driven according to instructions from the
electronic control device 160. However, at that time, among the driven traveling
wheels, one or more traveling wheels may lose friction against a road surface
according to conditions of the road surface, and thus run idle (i.e. slip). In this case,
30 a slip sensor 180 is operated, and the generation of the slip is fed back to the

electronic control device 160. The electronic control device 160 that is informed of



15 direction in a state in which they maintain a substantially parallel relationship, and a direction in
which the vehicle body is directed is different from the advance direction. For this reason, a driver has
no alternative but to empirically determine an amoug of operation of the steering wheel corresponding
to the advance direction of the vehicle body, and to drive the vehicle. In the electric automobile 100
according to the 20 present embodiment, since the direction in which the front of the vehicle body is
directed is matched with the turning direction, the driver can accurately recognize the advance

direction of thenelesise@ei@Noilgip QT 5o taatling ahesbblibubass beniwiavesh andpuranghoperation
can be also reduced. 5]%)35] Here, the electric automobile 100 according to the present

embodiment iScEHEt TARI88 WAEHaLh Hhe ORst Whed SRR aRTEND iASRGIdRS from the

electronic congigkfAriries A6Qvdiowexeinphihaktime.amend 4he drivandsayrlipgowheelspeae or more
traveling wheels may lose friction against a road surface according to conditions of the road surface,

and thus run iBf@TENEIR). AseaTscabB =B shplseiBy 186 ralspiaiatbtesalit g &rstioR of the slip

is fed back to fhgelegironie mntiolideviea 164, he glectrapic caniphdevisakfOdhatis irjormed of
13 the generation of the slip of the traveling wheel calculates a new fraction of operation of each

traveling wheéPBAute fakisonirlindtarbieygERepdisel anig Terseodidtametion sdlewdaiess an input
turning amouq{,rgﬁ% %?HEHH}Q, M%omtsgﬁe%g@ge ipg on a degree of the slip, and outputs the

calculated results to the respective 5 drive units 124R, 1241 134R and 134L. The electronic control
device 160 cotttitiéts drive control of each traveling wheel on the basis of the newly calculated turning

direction, trning amoyg anekyehicle sREA. 103CLTAmE RS Briomebinahaccarding Lo the
present embodiment employs 10 the in-wheel motor as the drive unit of the traveling wheél. Since the
in-wheel ifhotothhaswityked ivirig-fesctheedove rabilityl ithis pessible telreglid\palimideatheisiip state
even when the 3Up- Rkesi plags AR ravelina wher): I3 EhSTHARINR! GiSGlig/HiomgLile>
state even when the slip takes place at the traveling wheel.
[0037]
<Turnability of Electric Automobile>
15 Hereinafter, turnability of the eleciric automobile 100 according to the
present embodiment will be described with reference to Figs. 5 and 6, taking an
operation of the electric automobile 100 by way of example. Fig. 5 is an
explanatory view showing turnability of the electric automobile according to the
present embodiment. Fig. 6 is an explanatory view showing vehicle movement
2¢  when the electric automobile according to the present embodiment is parked.
[0038]
As shown in Fig. 5, the electric automobile 100 according to the present
embodiment can rotate about the rotation center C at an angle of 360°. At this time,
the rotation radius r is smaller than the vehicle overall length L of the electric
25 automobile 100. That is, the electric automobile 100 according to the present
embodiment can change the advance direction in a narrow turning space, because it
can be turned so as to rotate itself on its axis.
[0039)
For example, the electric automobile 100 in which the front wheel unit 120
3¢ 1s in the state shown in Fig. 1 is located at position A of Fig. 5. When the vehicle

body of the electric automobile 100 is turned from this state in a right direction, a



15Hereinafter, turnability of the electric automobile 100 according to the present embodiment will be
described with reference to Figs. 5 and 6 taking an operation of the electric automobile 100 by way of
example. Fig. 5 is an explanatory view showing turnghility of the electric automobile according to the
present embodiment. Fig. 6 is an explanatory view showing vehicle movement 20when the electric
automobile according to the present embodiment is parked. [0038] As shown in Fig. 5, the electric
automobile 100 according to the present embodiment can rotate about the rotation center C at an
angle of 360. Atithis dives; dhestedationviadius0ismsmaientarinevehigle aueral ianathsbnghthe electric

automobile 100. That is, the electric automobile 100 according to the present embodiment can change

the advance dirCSteRSAnrsns ARG P clendesing Whesl H9uRRE PUBHS thedlateeiedelf on its
axis. [0039]  steerfr@r SYSMAPR the Slcttfiadamebieto isavhiamine droniuhesl i3 30is in

the state shown in Fig. 1 is located at position _A of Fig. 5. When the vehicle body of the electric

automobile 108¢8¢arhed fidterentiatisadrives Hynhtaveamivhceds HRBr andeldheobtteifigWheel 140
in the right direggion. Theisieeing a9lRse R0 a0 JRLESE.A SISRTIRIRMOURt AEdhe.sieerng wheel

140 and outputs the detected steering amount to the electronic control device 160. Then, the
electronic congagldeviebou8Wiffe Fentraiynativdbetight avdielgl dA b etsl1pe Rfamdad A2t theyfront wheel
unit 120 so asyp fofale thefrant whsekinitdatin hadight dirgetion at o9, For
example, the right wheel I212R and the Ileft V\%heel 1221 may td))e g&%%gaﬁggﬁgﬁfﬁgig%@%eeds,
thereby allowingtaieifront udidalitasiid20 tbhenatecitraneinghwbedstiGaRTimd | §74. wavidifipwheels
122R and 122|,. ' tantiallyparallel to.each other in a widthwise
ditecton of 100 YTl Bk LTS e PE A R € B MBSt T
the front Wheetheniteh2: isoidyditHteas bydpositioy positieiy. A ofVRan fhe traveling wheels 122R and
1221 , of the f@pﬁ{d@/heel unit 120 are driven by the drive units 124R and 124L, the vehicle body 110 is
turned around‘the rotation 15 center C in a right direction, and moves to a position of position_B.
When the traveling wheelsti2aR ahidH 22l fefthetseintnih 2l imihdi2etede{usthaidriveoftiighe drive
units 124R and 124L, the vehicle bo 10.s.turn round the rotation genter.C in the right direction,
and moves to & %l%?é o%rgeoFﬁg 18, n‘f _eils ?2.’?}{ ang q 23219 o} the front w eeci unit 190 are driven

by the drive units 124R and 124L, the vehicle body 110 is turned around the rotation

15 center C in a right direction, and moves to a position of position B. When the
traveling wheels 122R and 1221 of the front wheel unit 120 are further driven by the
drive units 124R and 124L., the vehicle body 110 is turned around the rotation center
C in the right direction, and moves to a position of position_C.

[0041]
20 On the other hand, when the electric autornobite 160 in which the front

wheel unit 120 located at position_A of Fig. 5 is in a state shown in Fig. 1 is turned
in a left direction, a driver steers the steering wheel 140 in the left direction. The
sieering angle sensor 150 detects a steering amount of the steering wheel 140 and
outputs the detected steering amount to the electronic control device 160. Then, the
25 electronic control device 160 controls driving forces of the four traveling wheels
122R, 1221, 132R and 1321, each of which is independently driven. The electronic
control device 160 differentially drives the traveling wheels 122R and 122L of the
front wheel unit 120 so as to rotate the front wheel unit 120 at an angle of about 90°
in the left direction. For example, the right wheel 122R and the left wheel 1221
30 may be driven at different rotation speeds, thereby allowing the front wheel unit 120

to rotate in the left direction.  Thus, the traveling wheels 122R and 122L of the front



[0041] 200n the other hand, when the electric automobile 100 in which the front wheel unit 120

located at position _A of Fig. 5 is in a state shown in Fig. 1 is turned in a left direction, a driver steers
the steering wheel 140 in the left direction. The steering angle sensor 150 detects a steering amount of
the steering wheel 140 and outputs the detected steering amount to the electronic control device 160.
Then, the 25 electronic control device 160 controls driving forces of the four traveling wheels 122R,
122L. I32R and 132L, each of which is independently driven. The electronic control device 160

differentially drixesithsitraetagwbeeatsthadRiandraR2liobthe Hopt wheelanikk2secasierotate the
front wheel unii%lzzo at a g{g of about 90 in the left direction, For example, the right wheel 122R and
the left wheel e%}ﬁgﬁ?a‘g/e fivBh AL GArEr Rt PORAtioh-SpBERYE: thereby allowing the front wheel unit
120 to rotate ingie2 left direction. Thus, the traveling wheels 122R and 122L of the front 15 wheel unit
120 become substantially parallel to each other in a widthwise direction of the vehicle body 110, as

indicated by position TAGTERISWIOR Shedraateer) wicdhthis fRdheataely BRritoD i Aiditated by

position_A of RigwiR® dwhen dhe drayeling whrels 422 andid gha ohiba tantwhest it d20 are
driven by the drive units 124R and 124L, the vehicle bOdé 110 is turned around the rotation center C in

a left directionPaRF Ve S8 o snbn Wipdanivehige liHbitr svakdproHee da 2PRigAd 122L of
the front wheeldiit 1@Qpee Btagedivenshy e WU UAiS,Led AR Jodtio e veRigle pady 110 is

turned around the rotation center 10C in the left direction, and moves to the position of position_C.

[0043]  Th&sgkacduwimbbikR ablcapapidhsticoninghms toindianee lairdetign itz way has high
tumability withgic e advanae (actian oL EiFIeRP LA AR RN GIBRYEH & narrow

space, compared to tumability of conventiona
10 Cinthe left direction. and moves to the position of position_C.

[0043]

The electric automobile 100 capable of changing the advance direction in
this way has high turnability with which the advance direction of the vehicle body
110 can be easily changed in a narrow space, compared to turnability of conventional

15 vehicles such as three-wheel vehicles or four-wheel vehicles. According to this
electric automobile 100, it is possible to move the vehicle 110, which cannot be
realized with vehicles having a conventional vehicle construction, and for a driver to
facilitate the vehicle control.

[0044)

20 As an example, when the electric automobile 100A according to the present
embodiment gets out of a parallel parking state, vehicle movement of the electric
automnobile 100A is described. As shown in Fig. 6, the electric automobile 100A
according to the present embodiment 1s parked between two automobiles 100B and
100C. In the case of conventional automobiles, when spaces between your own

25 automobile and two automobiles 100B and 100C in front of and behind vour own
automobile are narrow as in Fig. 6, a steering wheel is greatly turned to the right,
thereby moving a vehicle body. Nevertheless, there is a high possibility of coming
into contact with the front automobile 100B, so that your own automobile cannot
easily get out.

30 [0045]

In contrast, the electric automobile 100A according to the present



15 vehicles such as three-wheel vehicles or four-wheel vehicles. According to this electric automobile
100, it is possible to move the vehicle 110, which cannot be realized with vehicles having a
conventional vehicle construction, and for a driver td facilitate the vehicle control. [0044] 20As an
example, when the electric automobile 100A according to the present embodiment gets out of a
parallel parking state, vehicle movement of the electric automobile 100A is described. As shown in Fig.
6, the electric automobile 100A according to the present embodiment is parked between two
automobiles 1&8BodidehO Mo trs thiescaskiclt chovrentidnad atdameobiles: wHee fospaeshatveen your
own 75 automqbile and two a obiles 100B and 10QC in front of and behind your own automobile
are narrow as%%?ﬁ%‘?té?é&‘&tgaﬁﬁ%n&ﬁ%&%%Fe%R/tf&P’ﬁga%o“iIﬁ%&%gH?%ﬁdy SARTEIE icle body.
Nevertheless,itiereais\ehbighipessibility akeaibip dbiecontaahwits trethieriiahtamnbile:lARB, so that
your own automobile c%rimo easily get out. 30[0045] 16 embodiment allows the vehicle body 110 to

rotate about tT8YBTARb A Eefitdr € 4T ST BRI BRalvEEh RIS BaviiRgiMERE132R and
132L constructir@ithe fed: whealditnk3thasHiasaiibat abeuscdMithsasnaitiaie hahdurpamlity, as

shown in Fig. 6, a driver steers the steering wheel 140 to rotate the front wheel unit 5 120 in a right

direction, theréﬂ)g)/'chg%i%qﬁéaﬁm%d@]&ﬁ]écﬂi%%f tRélvehidB-bRfy 139 Pre fBUPSFaddlfy wheels
122R, 1221, 132Rr and dsdkotrsr fiihaedrivgr upgiesithe.sentighokibreleqiirmic erptehfgvice 160,

thereby moving the vehicle body 110 so as to rotate about the rotation center C."As a result, the front

of the vehicle Body EHh etbift 6710 2hritehrnBERTHERFS SutofhbBikesulboBeatient G8che0[0046]
Thereafter, the driverigeradhrsiaeinmuhest 1o jo-rofieIRe.romtyshesh uois 139 ing left direction,

thereby making the traveling wheels 122R and 122L of the front wheel unit 120 substantially parallel to
each oth¥t in %84dvance direction. The four traveling wheels 122R, 122L. 132R, and 132L are driven

under the contol 15 of e elbghaniopar g deyiee LAGi e 9y EhiRBROR A8, Thereby. e

electric automobile 100A can be positioned on the r t siffie of the automobile 100B. In this way, with
the electric autowhdBilein @deieciiretifignothsecpresahingribo dimetinghatadisahtgRdmettidilobthe vehicle

body 110 can iy eh iR a.narrow.space. uch, it is possible to facilitate parking and
omving of the e S e o e S A Sl e W B
Further, the elébtribautomdbike ¥B&bf 1B2Rré32ht éMBodimdeltHasra doivenoiseldevid dosttal

charecif 0% e SBAble o 10 S 5 ALY, S

electric automobile 100A can be positioned on the right side of the automobile 100B.
In this way, with the electric automobile 100 according to the present embodiment,
the advance direction of the vehicle body 110 can be easily changed in a narrow
space. As such, it is possible to facilitate parking and leaving of the electric

20 automobile 100 and the parking space efficiency can also be improved. Further, the
electric automobile 100 of the present embodiment has a low noise level due to
characteristics of the electric automobile, and does not emit heat, gas, etc. when
driven, so that it is suitable to turn the vehicle body 110 inside a building.

[0047]

The wvehicle construction and movemeni of the electric auvtomobile 100

3
h

according to the present embodiment have been described above. With the eiectric
automobile 100 according to the present embodiment, the advance direction of the
vehicle is changed by integrally rotating the front wheel unit 120 according to the
steering amount of the steering wheel 140. When the front wheel unit 120 is
30 directed perpendicular to the front-rear direction of the vehicle body, the four

traveling wheels are differentially driven by the electronic control device 160, so that



The vehicle construction and movement of the electric automobile 100 according to the present
embodiment have been described above. With the electric automobile 100 according to the present
embodiment, the advance direction of the vehicle isi¢hanged by integrally rotating the front wheel unit
120 according to the steering amount of the steering wheel 140. When the front wheel unit 120 is
30directed perpendicular to the front-rear direction of the vehicle body, the four traveling wheels are
differentially driven by the electronic control device 160, so that 17 the vehicle body 110 can be turned
about the rotatienehinter tolhcdidd cxpabthexmeddibedtthizereatatibe elonnit 13Qodattlisieayth@ccording to

the present embg&lf'mer%t,%isdpossi le tlo realiz&rﬂwe ectric automobile 100 havirig high tumability.
ehiclebo ff% t‘ﬁrﬁgd,'fﬁlé front of the ﬁiC"Vea%Ogc):/Cgli el rﬁﬁ?ﬁfng

Further, whenTheVenidle
direction at alldinbesimenait itis pasiieto aiayvahiehicleroperabiitytird redusewwonggbperation as

well. Moreover, the rotating direction and torque.of. all the four wheels are individually controlled so as
Figheantes ol

to match the aHVAHEE HireEHEAENY GBLRNHY ‘%ﬂ%l&i}b‘?fi?ﬂfl?h STPRERERSNERS Aot is

possible to readizerbighi taraability andddriving: fanceniecoverakilittivhnsiasiip iakesvtOpiaes [0048]
(Second Embodiment) <Vehicle Structure for Electric Automobile> Next, a vehicle structure for an

electric automORT@UEEOAAJ IS SEEERE PBEBB ST of tMPFresInths e BBRaIreRtiARscribed

with reference,iQi Rigkqtie Rig.-afl ighaneuPlRRBEAT Yaie W S DRIMING, 2c¥aiHgiR Sttb Cldrefon ARrelgstric
automobile according to the present embodiment. In Fig. 7, only functional units relevant to

arrangement GUXANSHidiEeBHEY arh SefdHadMIRTGWheb e arhislst@drhere) sethrrare Svinisas in Fig.
1.20[0049]  posEyBienewEkinEigel (iR BIREIM@UIPMQRIEROPA66OHHNG QNS Rress Mignbodiment

includes a front wheel unit 220 disposed in the front of an advance direction of a vehicle body 200, and
a rear wHBel UMRE30 disposed in the rear of the advance direction of the vehicle body 210. The front
wheel unit 22G daghides two traveling wheels including a right wheel 222R and a left wheel 222L. The
front wheel unit 220 according to the present embodiment has a construction similar to that of the rear
wheel unit 130 of the filstcentbbaihedhimenble right wheel 222R and the left wheel 2221 are disposed at

an interval that has su hally. th n igle_.width of the vehicle body 210. The
Q@‘éﬁ&‘ﬁ_ thétu&ﬁ@%% laneth s AovsNse

center C of rotation of the vehic
Next, a vehicle structure for an electric automobile according to a second

15 embodiment of the present invention will be described with reference to Fig. 7. Fig.
7 18 an explanatory view showing a vehicle structure for an electric automobile
according to the present embodiment. In Fig. 7, only functional units relevant to
arrangement of a vehicle body 110 and traveling wheels, and a steering system are
shown, as in Fig. 1.

20 [0049]

As shown in Fig. 7, the electric automobile 200 according to the present
embodiment includes a front wheel unit 220 disposed in the front of an advance

direction of a vehicle body 200, and a rear wheel unit 230 disposed in the rear of the

advance direction of the vehicle body 210. The front wheel unit 220 includes two

b2
L

traveling wheels including a right wheel 222R and a left wheel 2221.. The front
wheel unit 220 according to the present embodiment has a construction similar to
that of the rear wheel unit 130 of the first embodiment. The right wheel 222R and
the left wheel 2221 are disposed at an interval that has substantially the same length
as a vehicle width of the vehicle body 210. The center C of rotation of the vehicle
30 body 210 is located at a substantially middle position of a straight line connecting the

right wheel 222R and the left wheel 2221.. The traveling wheels are provided with



30body 210 is located at a substantially middle position of a straight line connecting the right wheel
222R and the left wheel 222L. The traveling wheels are provided with 18 drive units 224R and 224L,
such as in-wheel motors, which rotate the traveling igheels respectively. [0050] The rear wheel
unit 230 includes two traveling wheels including a right wheel 232R and a left wheel 232L. The rear
wheel unit 230 is formed as a swivel unit, similar to the front wheel unit 120 of the first embodiment.
The right wheel 232R and the left wheel 232L are installed so as to be substantially parallel to each
other at all timb$vd-urther] HBc sudfaces. ofuble Aghibwieel 232fdrand/tiieh |eftavhabt 232lclme provided
So as to be subﬁta tially perpendicular to a straight line connecting 10 the right wheel 232R and the
left wheel 232Y" %rﬁ%}éﬁﬁhﬁ?ﬁlheels are provided with drive units 234R and 234L, such as in-wheel
motors, which{ooie the traveling wheels respectively. [0051] The right wheel 232R and the left wheel

232L are rotatably supported by a 15 suppart unit 236. The straight line connecting the right wheel
232R and the left whe&935¢ i Beflotd t%%ﬁagéci‘t’ﬁ%ﬂéw %g%ﬁe&g &ﬁﬁgss Wi 338 The rear

wheel unit 23QyisceptziaRleabeut theieanter 2 36c ofthens wpRQIt whitt 236 atamangle 06R6RY in a plane
substantially perpendicular to a direction of the hpeﬂic?ht of the vehicle body 210. An an%Ie of rotation of

the rear wheel0it 328045 etBeriiravBlrorsibdilg s e dHngSHINeErTan- THa S $hE YE5F wheel unit
230 rotates abopithe £RUEER 33O that i CEIRANR 3R aflvansesirIRNMREdhs eleeliis

automobile 200. [0052 As shown in Fig. 7, the electric automobile 200 according to the present

embodiment i§E6hatHb B (NNt SHPeaRe eh e TRINtWIsebEAAR o0e fof litwihsel at the
front wheel unit220,is (5'}8‘%@211 JBOJE‘t@%ﬂ%¥%‘ﬁ%¥¥%ﬁ?g&%ﬂgﬂéﬁ%‘%%kﬁfglﬁ%é%%%%ﬁh t the rear

wheel unit 230. The interval W3 between the left and right wheels of the front wheel unit 220 is

substantidlly tHee Sighe whegle?eRicdvihstheds weeteRidle- 21 Ghovirrvalisgercls tie ipteridadva
between the leff angitight,wheelRaf e fear Xéﬂ@ﬁ%'sLiﬁikv%%%ﬂ%a%@a%!%ﬂwrﬂ?ﬁéf{;mﬁi\}é\{ﬁl@etwee“

30the left and right wheels of the front wheel unit 220. This is because a radius o
wheels respectively.

[0051]
The right wheel 232R and the left wheel 2321 are rotatably supported by a
15 support unit 236. The straight line connecting the right wheel 232R and the left
wheel 2320 is adapted to pass through the center of the support unit 236.  The rear
wheel unit 230 is rotatable about the center 236¢ of the support unit 236 at an angle
of 360° in a plane substantiallv perpendicular to a direction of the height of the
vehicle body 210.  An angle of rotation of the rear wheel unit 230 is determined by
20 steering a steering wheel 140. That is, the rear wheel unit 230 rotates about the
center 236¢, so that it can change an advance direction of the electric automobile 200.
[0052]
As shown in Fig. 7, the electric automobile 200 according to the present
embodiment is constructed so that an interval between the right wheel and the left
25  wheel at the front wheel unit 220 is different from an interval between the right
wheel and the left wheel at the rear wheel unit 230. The interval W; between the
left and right wheels of the front wheel unit 220 is substantially the same as the
vehicle width of the vehicle 210.  With this regard, the interval W4 between the left
and right wheels of the rear wheel unit 230 1s smaller than the interval W3 between
30 the left and right wheels of the front wheel unit 220. This is because a radius of

rotation of the rear wheel unit 230 is reduced, like the front wheel unit 120 of the



rotation of the rear wheel unit 230 is reduced, like the front wheel unit 120 of the 19 first embodiment.
The interval W4 between the left and right wheels of the rear wheel unit 230 can be determined by
considering a magnitude of the rotation radius of thé%ear wheel unit 230 and the stable support of the
vehicle body 210. Further, the electric automobile 200 according to the present embodiment is mainly
5 constructed so that the front wheel unit 220 functions as a driving wheel, and the rear wheel unit 230
functions as a steering wheel. Note that the front wheel unit 220 also contributes to steering by means
of its differenti@tsmemdmintemnd The riessrvah gl ratv2ao finclicitaad thighdrmiiag winfedldoyeaeans of the

in each. traveling wheel. 10&0 53 The. electric automabile 200 having this
TLRThG L

in-wheel motor mo nted,)l
vehicle constrﬁlgés Urglf) 6’.0?88 Qﬁt e yaﬁ%ﬁ” PV o\ 13 ARTARRER BFsteering of

the steering whege240roahisechhit adrivel (Hdhersiesigpangle tensdi 2bdalitius. thedetected

steering amount to an electronic contrql device 260. The electronic control device 15 260 calculates
the rotation arigfe slﬁﬁﬁewe%ﬂa@ﬁ%&@ §?§ f%ﬁ?fﬁ@%tégri%eam&a?ﬂtinm% e gﬁemﬁé}angm

sensor 250 whehstheciehislenhody Bdstragde AfdhisAinten the elastieniciagriteldamaasRperforms
differential control on the travelin%Wheels 222R and 222L and the drive unit 224R and 224L of the
front wheel unitiesb aHRHISTRAMS I BERE1 BPfREaniie Tk havEny Whtebimas® and 2321

20 and the driyRyIBHa30R-a16 A3dnObing Eea8 wWheeknit23Q1Ganstueird.a8 the suivghsmnit are

differentially controlled by the electronic control device 260 so that a turning direction of the turning
vehicle is optitiFedPddsBrdipstasdhs daning wheshay masans sétfamiacorebrpiropowEribtes an
amount of driving,qf Ragh olhg drive units 224R, 224L. 234R and 234L which is required to rotate the
vehicle body 210 by the calculated rotation angle, and drives each of the drive units 224R, 224L. 234R
and 234 Gccdliny to the calculated driving amount. [0054] The vehicle construction of the

electric automobile 209 acesycig 1A EESA0s AMBANMALt AR Reendearined appxadaghis way.

the vehicle 30construction of the electric automobile 200 according to the present embodiment is
made up of thevithoatrisasiing) awige ks seiudfifghhe detaetvive @eginD 20 steetithe ¢ dne 20eering

wheel 240 caused by a driver.  The steering angle sensor 250 outputs the detected
steering amount to an electronic control device 260. The electronic control device
15 260 calculates the rotation angle of the vehicle body 210 from the steering amount
input from the steering angie sensor 250 when the vehicie body 1s turned. At this
time, the electronic control device 260 performs differential control on the traveling
wheels 222R and 2221 and the drive unit 224R and 224L of the front wheel unit 220,
and tums the vehicle body 210. Meanwhile, the traveling wheels 232R and 2321
20  and the drive unit 234R and 234L of the rear wheel unit 230 constructed as the
swivel unit are differentially controlled by the electronic control device 260 so that a
turning direction of the turning vehicle is optimized according to a speed. In this
way, the electronic control unit 260 calculates an amount of driving of each of the

drive units 224R, 2241, 234R and 234L which 1s required to rotate the vehicle body

2
h

210 by the calculated rotation angle, and drives each of the drive units 224R, 224L,
234R and 234L. according to the calculated driving amount,
f0054]

The vehicle construction of the electric automobile 200 according to the
present embodiment has been described above. In this way, the wvehicle
36 construction of the electric automobile 200 according to the present embodiment is

made up of the two traveling wheels including the front wheel unit 220 and the rear



wheel unit 230, and is constructed similar to a three-wheel vehicle. However, since the electric
automobile 200 according to the present embodiment is actually driven by the four wheels including
the two wheels of the front wheel unit 220 and the t@®@ wheels of the rear wheel unit 230, it is
characterized in that, similar to the electric automobile 100 according to the first embodiment, the
linear travelability and traveling stability thereof are high, and the tumability is high, compared to
conventional three-wheel vehicles. [0055] <Tumability of Electric Automobile> 10Here, tumability of the
electric automahiel 200 as0osdh G ikepiessihimbod mess-willbedasasbediwitbvigfetpace to Figs.
8 and 9, taking an pperation of t{;é (Iaé@ tric autpomobile 200 by way of example. Fig. 8 is an explanatory
view showing WimaBTHHF GHRDE %t gﬁﬁgﬁ{ H}%tgc‘g@rﬁfﬁée@ﬁ%%mé%%mﬁﬁﬁﬁ. 9is an

explanatory viewtsbawingNedliclaomauementuh andbr eleatsicrdht aviierohileragcaiding tethe present
embodiment is Earked. As shown in Fig. 8, the electric automobhile 200 according to the present

embodiment cARSEtats DSHSEINEIRRLHBH 2abtdt & ShURCAHIFE DI B AY MRt e F6tEson radius r
is smaller ghantishyahisle oyessdolengthid eftheglectisRitrmeobig-20R. and-sanehanagdhe advance

direction in a narrow turning space similar to the electric automobile 100 20according to the first
embodiment. [(056Pe stapditex sl e ibeiricaittchfortenzbdity vinidhahe $ERPARIEERUNIt 220 is
in the state shgwdRfoighl {Hslesaed atipasition _A of Fig. 8. When the vehicle body of the electric
automobile 200 is turned from this state in a right direction, a driver steers the steering wheel 240 in
the right directié®®Tihe steering angle sensor 250 detects a steering amount of the steering wheel 240
and outputs the detectef ste6ing SMmunttoathe slagtranic control device 260. Then, the electronic
control device 260 differentially drives the traveling wheels 232R and 232L of the rear wheel unit 230
so as to #étate the reaFgisedhnaipiBg0 of the dlgktrtirestionehitn Ay keoi80abouttdo fFereexample.
the right whee left riven.at differegt rotation speeds. thereby
allowing the reéé?rl%v%ﬁierg un%%%%%%@c%egdgﬁw ?%%%?llé%tltair?e} g|c()j§1 l?é,{%?enﬁgeeﬁ) eéav% eels 232R
and 232L of thbgeaecanheehtmitdde Fddome sapsibratyparallsktofe achothar inaonidthevise

direction of th%k}/o%&rf]fgtlgetgr%%%iﬁ%‘y b? ﬁ'xlengfg(%:tr?cd aQXo%?oSDIE %nac%ocl%fnlg 'tg 1}[1gc)0p5r<7alent embodiment.

Fig. 9 is an explanatory view showing vehicle movement when the electric

15 automobile according to the present embodiment is parked. As shown in Fig. 8, the
electric automobile 200 according to the present embodiment can rotate about the
rotation center C at an angle of 360°. At this time, the rotation radius r is smaller
than the vehicle overall length L of the electric automobile 200, and can change the
advance direction i a narrow turning space, similar to the electric automobile 100

20 according to the first embodiment.

[0056]

For example, the electric automobile 200 in which the front wheel unit 220
is in the state shown in Fig. 7 is located at position A of Fig. 8. When the vehicle
body of the electric automobile 200 is turned from this state in a right direction, a

25 dmiver steers the steering wheel 240 in the right direction. The steering angle sensor
250 detects a steering amount of the steering wheel 240 and outputs the detected
steering amount to the electronic control device 260. Then, the electronic control
device 260 differentially drives the traveling wheels 232R and 232L of the rear wheel
unit 230 so as to rotate the rear wheel unit 230 in the right direction at an angle of

30 about 90°. For example, the right wheel 232R and the left wheel 2321 may be

driven at different rotation speeds, thereby allowing the rear wheel unit 230 to rotate



In a state in which the rear wheel unit 230 is indicated by position_A of Fig. 8, when the traveling
wheels 232R and 232L of the rear wheel unit 230 are driven by the drive units 234R and 234L, the
vehicle body 210 is turned around the rotation cent2it C in a right direction, and moves to a position of
position_D. When the traveling wheels 232R and 232L of the rear wheel unit 230 are further driven by
the 10drive units 234R and 234L, the vehicle body 210 is turned around the rotation center C in the
right direction, and moves to a position of position_C. [0058] On the other hand. when the electric
automobile 200 fhewhibhdhrectear. wAdekutiit 230dbogtet st pasitiRrand 85 HigoBthe i@ sthtelshown in

Fig. 7 is turned in t 15 directio iver steers the steering wheel.240 in the left direction. The
steering anglélrélér%ct)?r B%Etsé%‘?gp%hg (eHeyri %%fﬁ%@n%ﬁﬁeﬁl S eqel}i%g“G/v%e‘ngﬂ r§ﬁ%°8u‘%§u S the
detected steerigigdentadytIotthe adatannibegiokmidevied PoE.8Then, the electronic control device 260
controls drivi es of the four traveling wheels 222R, 2221, 232R and 232L, each of which is

independently ariven. The electronic control 20 device 260 differentially drives the traveling wheels

232R and; 232L of thejreasmbeshiiti? 3R samashedioiatelBe reaidndaesl bnitedadtbat anaRgie of about
90 in the left direction. For example, the right wheel 232R and the left wheel 232L may be driven at

different rotation"Sl58eHS HRLTERS WG e te Fehr intett it s¥oBSDHEIE mrtha et 378 Mon. Thus,

the traveling wheels.e32fR ansi232hdof the reqr wihegt Zonit A30ibecame sdbstpniialyiparallel to each
other in a widthwise direction of the vehicle body 210, as indicated by position_A of Fig. 8. [0059]

In a state in wiiKTHe fFoAtittdlitrnieposdiarsse oy position K Fraigos Ivhel isd #f/eling
wheels 232R gngkRa2kvatdhereat wheebnib 23Q asg-diivar) hyi30te dtivewaita2adRang.234L, the

vehicle body 210 is turned around the rotation center C in a left direction, and moves to the position of
position_!B. Weéyethaitp234R and 234L, the vehicle body 210 is turned around the rotation center

C in the right direction, and moves to a position of position_C.
10058}
On the other hand, when the electric automobile 200 in which the rear wheel

unit 230 located at position A of Fig. 8 is in a state shown in Fig. 7 1s turned in a left
15  direction, a driver steers the steering wheel 240 in the left direction. The steering

angle sensor 250 detects a steering amount of the steering wheel 240 and outputs the

detected steering amount to the electronic control device 260. Then, the electronic

control device 260 controls driving forces of the four traveling wheels 222R, 2221,

232R and 232L, each of which is independently driven. The electronic control
20 device 260 differentially drives the traveling wheels 232R and 232L of the rear wheel

unit 230 so as to rotate the rear wheel unit 230 at an angle of about 90° in the left

direction. For example, the right wheel 232R and the left wheel 2321 may be

driven at different rotation speeds, thereby aliowing the rear wheel unit 230 to rotate

in the left direction. Thus, the traveling wheels 232R and 2321 of the rear wheel
25  unit 230 become substantially parallel to each other in a widthwise direction of the

vehicle body 210, as indicated by position_A of Fig. 8.

[0059]

In a state in which the front wheel unit 120 is indicated by position_A of Fig.

8, when the traveling wheels 232R and 2321 of the rear wheel unit 230 are driven by

30 the drive units 234R and 234L, the vehicle body 210 is turned around the rotation

center C in a left direction, and moves to the position of position B. When the



traveling wheels 232R and 232L of the rear wheel unit 230 are further driven by the drive units 234R
and 234L, the vehicle body 210 is turned around the rotation center C in the left direction, and moves
to the position of position_C. [0060] The electrigzautomobile 200 capable of changing the advance
direction in this way has high tumability with which the advance direction of the vehicle bock) 210 can
be easily changed in a narrow space, compared to tumability of conventional vehicles such as
three-wheel vehicles or four-wheel vehicles. According to this electric automobile 200, it is possible to
move the vehigle ik}, wiiels QaaRoarbieZBQEeaﬁzbﬂ redthwiekdCledtiEingaioahyedtoaabyehicle

construction, and for a tof te the 0061] n example, vehicle
movement of a{é"%llé[&tﬁéglﬁ[{o?ﬁga’? %\(&(ﬂ #1%3?09'({1% ?ﬁ gﬂ%%%?e?ﬁ@ﬂ‘%ncﬁ%%lectnc
automobile 200AnishpagtllEtdbiparked msocs}e§cdslb@bo§ﬁlshqw@¢@1ﬁ¢@._ g..the electric automobile 200A

according to the present embodiment is parked between two automobiles 200B and 200C, both of
which have beggﬂgﬂ rallel parked. In the case of conventional automobiles, when a space between the

two autorobiles 200Braad:R084e isuiciomIsuan thalblis stiaiMingirRatre thandbe ypbicisnoyerall

length, another automobile cannot be parallel parked 20 between the two automobiles 200B and

200C. [0062] this WiacatBighifmabiise witthwhirdcthe adiantsuieston alisairiy s dbresent
embodiment, tm%ﬁhIséeegﬁﬁyc%agf%@nﬁ%@@a@ﬂa&ea&%ﬁem%ﬁﬁ%?e&ﬁ%@@oﬂaﬂdle

between the two travellng wheels 222R and 222L constructing the front wheel unit 220, as described

above. With u¥ehislesiswibatu FEssiiesl ¥etoRlasiPEUD- whes! tNehides. of evdinedbdrly is put
between the twaitomebilesir09Rand 1%%5191@{8%8(?@&%&“%1% ferringWhggli?40d0rokate the rear

wheel unit 230 in a right direction, thereby changing the advance direction of the vehicle 210. The four
trave|.ngl\ﬁ/hee’mmmzeh@kmaam 2320 wretifiehse ROHcersunelerthenddntraldieiet@lectronic

control deV|cefg{g%t&Qet§%deH}8\élggn@aveh|cIe body 210 between the two automobiles 200B and 200C
SO as to rotate about 2
[0061]

As an example, vehicle movement of the electric automobile 200A
according to the present embodiment when the eleciric automobile 200A is parallel
15 parked is described. As shown in Fig. 9, the electric automobile 200A according to
the present embodiment is parked between two automobiles 200B and 200C, both of
which have been parallel parked. In the case of conventional automobiles, when a
space between the two automobiles 200B and 200C is narrow such that it is slightly
greater than the vehicle overall length, another automobile cannot be parallel parked
20 between the two automobiles 200B and 200C.
[0062]
In contrast, in the case of the electric automobile 200A according to the
present embodiment, the vehicle body 210 can rotate about the rotation center C
adjacent to the middie between the two traveling wheels 222R and 2221 constructing
25 the front wheel unit 220, as described above. With use of this high turnability, as
shown in Fig. 9, after the front of the vehicle body is put between the two
automobiles 200B and 200C, a driver steers the steering wheel 240 to rotate the rear
wheel unit 230 in a right direction, thereby changing the advance direction of the
vehicle 210. The four traveling wheels 222R, 2221, 232R, and 2321 are further
30 driven under the control of the electronic control device 260, thereby moving the

vehicle body 210 between the two automobiles 200B and 200C so as to rotate about



the rotation center C. As a result, the front of the vehicle body can be parallel parked between the two
automobiles 200B and 200C. [0063] In this way, with the electric automobile 200 according to the
present 5 embodiment, the advance direction of the2§ehicle body 210 can be easily changed in a
narrow space. As such, it is possible to facilitate parking and leaving of the electric automobile 200 and
the parking space efficiency can also be improved. Further, the electric automobile 200 of the present
embodiment has a low noise level due to characteristics of the electric automobile, and does not emit
heat, gas, etctliOwitgivdroearsrs@.that it isrswutiabtbet ditonn dietive hiehdcho typdd1 Oan did eparbliglding.
[0064] FurthEer:,d%imilar toﬁth? first %Ombc%ffr%%;aé he g%&H{Q automobile 200 according to the

second embo8ithent r%téwf%\ 38 éNBr widsa |pa§ensor Shown in Fig. 2. Thus, even when one or

more traveling®gels slip, a degree of the slip is 15 fed back to the electronic control device 260, and
the driving force and directjon of each of the drive units ZZAEJ_ : 2(3§4L, 234R.and 234L (i.e. the turning
direction and the turni ol o HB BRI SIS N3G, PILTI QR Al 468 %18k BHEEbtrol

device 269, sedhidirieRogsibietmsanidhederlwith genriativiohthe slipbavskplininateaislip state of
the traveling wheels. 20[0065] Mareover, the electric automobile 200 of the present embodiment is

characterized infHARSifk& the Avvivettunit i iRstsiRie &h hehialr WABENE Mg 3621HEHAIN ST the
vehicle body igjgifeietegisha biningodigstion shalitimaswhenthenshigle hodyis turnesgimilar to the

electric automobile 100 according to the first 25 embodiment. A direction in which the front of the

vehicle body i§ Wiesidbeig aricratamabise it shipinessah caedHarebya arlowr it deteately

_recognize the gevan %ﬁe@&&f%&ﬂ@ﬁ'c@f&h%h%'%@é@ﬁié%&i&%ﬂﬁ@,%ﬁq%@Cﬁbﬂ*&%ﬁ&%@z’?iQE)é,C&@. be
improved, and wrong operation can be reduced. [0066] 30The vehicle construction and movement of

the electht autditoBiiveDGEkEbiHiRGuBAbe bragathe xboeiedasdhalipedn HBstaled above. With
the electric [0064]

Further, similar to the first embodiment, the electric automobile 200
according to the second embodiment may also be provided with a slip sensor shown
inFig. 2. Thus, even when one or more traveling wheels slip, a degree of the slip is

15 fed back to the electronic control device 260, and the driving force and direction of
each of the drive units 224R, 2241, 234R and 234L (i.e. the turning direction and the
turning amount of the vehicle body 210) are calcuiated by the electronic control
device 260, so that it 1s possible to rapidly deal with generation of the slip, and
eltminate a slip state of the traveling wheels.

20 [0065]

Moreover, the electric automobile 200 of the present embodiment is
characterized in that, since the swivel unit i1s installed on the rear wheel unit 230, the
front of the vehicle body is directed in a turning direction at all times when the
vehicle body is turned, similar to the electric automobile 100 according to the first

25  embodiment. A direction in which the front of the vehicle body is directed is
matched with the turning direction, and thereby a driver can accurately recognize the
advance direction of the electric automobile 200. As such, the operability can be
improved. and wrong operation can be reduced.

[0066]
30 The vehicle construction and movement of the electric automobile 200

according to the present embodiment have been described above. With the electric



24 automobile 200 according to the present embodiment, the advance direction of the vehicle is
changed by integrally rotating the front wheel unit 120 depending on the steering amount of the
steering wheel 240 and the differential movement of¢he front wheel unit 220. When the rear wheel unit
230 is directed in a direction perpendicular to the front-rear direction of the vehicle body 210, the four
traveling wheels are differentially driven by the electronic control device 260, so that the vehicle body
210 can be turned around the rotation center C located near the middle of the front wheel unit 220. In
this way, accardiogdbiibe fregentdngbadirepicitis passibientaedlizedhm alatitdciamiendhile 200

having high turnability. Further, 10 when the vehicle body is turned, the front of the vehicle body is
X ﬁ\% Frbiv g ERte idﬂt,e%am'af‘?ﬁ?%&? B Wﬁ?g@{}e[rﬁglél??ﬁé‘éﬁﬂiﬂpaﬁiﬁ reduce

always directed

wrong operatiereNQragnenttbethetatbasislirasien anciargve Offefethin favsvahralsamdirividually
controlled so as to match the vehicle advance direction and steering direction with each qther, so that

it is possible t8'RS&liZE Highflimalif§ atif dfitAhgY 18thrid e coVerabMBFHRpR A JipiEeoPlace.

[0067] s FuythemdheieleetiraptamahieidofRacordiroventbr prerent emhodimephyaasthe
in-wheel motor as the drive unit driving each of the traveling wheels 222R. 2221, 232R and 232L. and
performs vehié’YQ%"[‘ée‘%fﬁgdégﬁﬁﬁilﬁ]%}hg%@fé@ﬁn@?n%ﬁ%@ﬁ{? SR8E8 oAHE PP atfSN BRtHESN-wheel

motor. The elagliciaHamolite20@ aceRidingdenthe.presant cmbediment i sonat uetesspdhat the

front wheel unit 220 is a front wide vehicle having a large width, the traveling wheels 222R and 222L of

the front wheePLii Spotforiesbrmds Fivindnwhsersanectidinavehe Rrpwat esetodimamsuting to the
vehicle turning,dugi ‘Jaergéﬁﬁ%em@'ﬂgeﬂm&ﬁﬁ%S%%%ﬁﬁ%ﬂ@iﬂﬂ%iﬁ&ceﬁﬁﬁ'&%ﬂ? no need

to install a conventional type of steering system and machinery, the capacity of a'wheel house of the

front wheél or whearfisurrlotlproetlisio uotatiethmdcom efytamdheckidrifiz dntyreriudisestad dnavehicle
internal space | eqd.[ I tri ile;200 Ing to the present
embodiment, tthﬁg@e rdv%f%%e?%’n?? 2%%%?%%#8%%}? tﬁ% éﬁl Veﬁ%‘:}%ﬁ énlg t?%%%@%qﬂngi?sg éggﬁe%nd 234L
are 25 installegrorgthperespectiharevalinthotmain2darctiod 282 torglana\al, tvefpre sereinvention is

not limited to the relevant examples:. For example, no.drive units may be installed on the respective
raveling wheel SN L e e e RS S 5600 whee
that drives thediehitte, wittl @ thalEsteeting whealsibledoterahine itiiersteaging dindcfiovinghe rear
wheel unftS 230ffunct|ons asqah%g%tgr that, su ?%??rts the vehicle body 210 driven by the front wheel unit

220. and movegrg?orﬁéov‘O? Athe moverent o ég}gﬁ?éle body 210. In this way, it is possible to further

simplify the cojtgisdc¢tion of the electric automobile 200 and realize a vehicle having high turnability.
Further, the electric automobiie 200 according to the present embodiment
uses the in-wheel motor as the drive unit driving each of the traveling wheels 222R,
2221, 232R and 232L. and performs vehicle steering control using a steering method
20 based on the operation of the in-wheel motor. The electric automobile 200
according to the present embodiment is constructed so that the front wheel unit 220
1s a front wide vehicle having a large width, the traveling wheels 222R and 222L of
the front wheel unit 220 function as driving wheels, and the traveling wheel itself
contributing to the vehicle turning due to the differential movement is not steered.
25  Accordingly, since there 15 no need to install a conventional type of steering system
and machinery, the capacity of a wheel house of the front wheel or an amount of
protrusion of the machinery can be significantly reduced, and a vehicle internal space
can be increased.
[0068]
30 In the electric automobile 200 according to the present embodiment, the rear

wheel unit 230 is formed as the swivel unit, and the drive units 234R and 234L are



10[0069] The preferred embodiments of the present invention have been described above with
reference to the accompanying drawings, whilst the present invention is not limited to the above
examples, of course A person skilled in the art mayJd various alternations and modifications within
the scope of the appended claims and 15it should be understood that they will naturally come under
the technical scope of the present invention. [0070] For example, the construction of the vehicle
body of the electric automobile of the present invention may be applied to typical passenger cars, as
well as large- 2f3talielismnattesizepecars. ifhatlisg witledlze26amstmdioniof tHeéovahielethogygédhe electric

automobile of the present invention, any car, is interpreted as falling within the scope of the present
invention regawsggo&gg&tef %gﬁ% e&?%ﬁ‘@%ﬁ%@%%y. & SighSTIE P8{6d%4) 100, 200

Electric automigbiieskliR210 Vehicipdeody 120:020 wiealwbemt umg 1801 230Rads whrelwit 30140,
240 Steering v%[rho%(tal\azrl'h%gi 1%1?19 E%tg%grpc%gr?sgelg tSh%n r?\rzing wheel that drives the vehicle, and as the
5  steering wheel that determines the steering direction. The rear whee! unit 230
functions as a caster that supports the vehicle body 210 driven by the front wheel unit
220, and moves along with the movement of the vehicle body 210. In this way, it is
possible to further simplify the construction of the eleciric automobile 200 and
realize a vehicle having high turnability.
10 [0069]

The preferred embodiments of the present invention have been described
above with reference to the accompanying drawings, whilst the present invention is
not limited to the above examples, of course. A person skilled in the art may find
various alternations and modifications within the scope of the appended claims, and

15 it should be understood that they will naturally come under the technical scope of the
present invention.
[0670]

For example. the construction of the vehicle body of the electric automobile

of the present invention may be applied to typical passenger éars, as well as large-
20  and small-sized cars. That 1s, with the construction of the vehicle body of the
electric automobile of the present invention, any car is interpreted as falling within

the scope of the present invention regardless of a size or a shape of the vehicle body.

Reference Signs List
25 [0071]
100, 200 Electric automobile
110, 210 Vehicle body
120, 220 Front wheel unit
130, 230 Rear wheel unit
30 140, 240 Steering wheel

150, 250 Steering angle sensor



160, 260 Electronic control device 27 CLAIMS Claim 1 A vehicle structure for an electric
automobile that is driven by traveling wheels, in each of which a drive device driven by receiving
supply of electric energy 5is mounted, the vehicle strgcture comprising: a first traveling wheel unit
and a second traveling wheel unit which are provided in the front and rear of a vehicle body and which
each include an arrangement of two traveling wheels; and a drive control unit that individually
drives the four traveling wheels 10depending on an amount of operation input by a driver, wherein
the first travelirghyiwe Riaitisnio Bshtusitdehiode integrally rotatable about a first center of rotation near
the midpoint of a support unit, which rotatably supports the two traveling wheels forming the first
traveling wheel unit at opposite ends of the first traveling wheel unit, in a plane substantially
perpendicular to a 15 direction of a height of the vehicle body, while maintaining a state in which disc
surfaces of the two traveling wheels are perpendicular to a straight line that passes through rotation
centers of the corresponding traveling wheels and the midpoint of the support unit, and wherein the
drive control unit differentially drives the traveling wheels 20 forming the first traveling wheel unit
depending on an amount of steering among the operation amount, and rotates the first traveling wheel
unit about the first rotation center. Claim 2 25The vehicle structure according to claim 1, wherein an
interval between the



traveling wheels forming the first traveling wheel unit is smaller than that between the traveling wheels
forming the second traveling wheel unit. Claim 3 30The vehicle structure according to claim 1, wherein
the drive control unit differentially drives the four tra%éling wheels depending on the operation amount
28 input by the driver, and causes the vehicle body to be turned about a predetermined position within
an area where the second traveling wheel unit of the vehicle body is provided. 5 Claim 4 The
vehicle structure according to claim 3, wherein, when the first traveling wheel unit rotates about the
first rotation center at an angle of 90 with respectioAdMBection of the first traveling wheel unit when
traveling in froc;}:alof ?e vehicle body, the drive control unit differentially drives the four traveling wheels
depending on e operation amount input by the driver, and causes the vehicle body to be turned
about a middle positioA kehivg¢enrtettino fsa\wliriyealsttarnvsing thatsicariddave lmng alligel unit.

Claim 5 15The vehicle str Ctuf,l;e orc(i#'nﬁ t% claim 1, wherein a radius oflrot tion required to turn the
vehicle body i&3iEHdP R ShVOUShh FERGHASIh AVEHIRY BHfY BSHPRLY of elecifash8Ta¥le structure
accordingto claifivdntediereindhielfirghitavel ignafisel20unit is a front wheel unit, and the second

traveling wheel unit is a rear wheel unit, X _ ) .

a tirst traveling wheel unit and a second traveling wheel unit which are
provided in the front and rear of a vehicle body and which each include an
arrangement of two traveling wheels; and

a drive control unit that individually drives the four traveling wheels

10 depending on an amount of operation input by a driver,

wherein the first traveling wheel unit is constructed to be integrally rotatable
about a first center of rotation near the midpoint of a support unit, which rotatably
supports the two traveling wheels forming the first traveling wheel unit at opposite
ends of the first traveling wheel unit, in a plane substantially perpendicular to a

15 direction of a height of the vehicle body, while maintaining a state in which disc
surfaces of the two traveling wheels are perpendicular to a straight line that passes
through rotation centers of the corresponding traveling wheels and the midpoint of
the support unit, and

wherein the drive control unit differentially drives the traveling wheels

20  forming the first traveling wheel unit depending on an amount of steering among the
operation amount, and rotates the first traveling wheel unit about the first rotation

center.

Claim 2
25 The vehicle structure according to claim 1, wherein an interval between the
traveling wheels forming the first traveling wheel unit is smaller than that between

the traveling wheels forming the second traveling wheel unit.

Claim 3
30 The vehicle structure according to claim 1, wherein the drive control unit

differentially drives the four traveling wheels depending on the operation amount



Claim 7 The vehicle structure according to claim 1, wherein the first traveling wheel unit is a rear
wheel unit, and the second traveling wheel unit is a front wheel unit. 25
28

input by the driver, and causes the vehicle body to be turned about a predetermined
position within an area where the second traveling wheel unit of the vehicle body is

provided.

5 Claim4
The vehicle structure according to claim 3, wherein, when the first traveling
wheel unit rotates about the first rotation center at an angle of 90° with respect to a
direction of the first traveling wheel unit when traveling in front of the vehicle body,
the drive control unit differentially drives the four traveling wheels depending on the
10 operation amount input by the driver, and causes the vehicle body to be turned about

a middle position between the two traveling wheels forming the second traveling

wheel unit.

Claim 5
15 The vehicle structure according to claim 1, wherein a radius of rotation

required to turn the vehicle body is smaller than an overall length of the vehicle body.

Claim 6
The vehicle structure according to claim 1, wherein the first traveling wheel

20 unit is a front wheel unit. and the second traveling wheel unit is a rear wheel unit.

Claim 7
The vehicie structure according to claim 1, wherein the first traveling wheel

unit is a rear wheel unit, and the second traveling wheel unit is a front wheel unit.



