1 Description VEH CLE AND TRAVEL DEVI CE FOR SAME [ Techni cal Fi el d]

[ 0001] The present inventionrelates to travel devices disposed
at a front side and a rear side of a |lower portion of a vehicle body,
and a vehicle including the travel devices. Priority is clained

on Japanese Patent Application NDes2ption281732 fil ed on Decenber 17,
2010, the contents of which is incorporated herein by reference.

[ Background Art] [0002] In recent times, new transportation
systens have been receiving attention as new transportati on neans ot her
than buses and rail Kgag fRﬁ 5P ﬁ%ﬁélon system (an

aut onat ed peopl e m)ver or an au \r(yzla%]élt s?}

transportation systemin which a vehlcle havi ng mheels formed of rubber
tires runs on a track is well known. [0003] A travel device of a
vehi cl e having wheels formed of rubber tires is disclosed in, for

exanpl [dechmeal Biibmnng Patent Document 1. The travel device of the

vehi cl e disclosed in Patent Docunent 1 includes a pair of running
tires,[080l]ax]l e configured to connect the pair of running tires, an axle
support configured to support the axle, a suspension franme disposed at
a front sideftempréch€iareiiofgcliafes tdeadx devissspigobedad Ra kidg aAd augpor t

section extendi ng downward, upper and | ower links configured to connect
the  gide ofalower portion of a vehicle body, and a vehicle including the travel devices.

Priority is claimed on Japanese Patent Application No. 2010-281732 filed on

December 17, 2010, the contents of which is incorporated herein by reference.

[Background Art]
[0002]

In recent times, new transportation systems have been receiving attention as new
transportation means other than buses and railroads. As one such new transportation
system (an automated people mover or an automated transit system), a transportation
system in which a vehicle having wheels formed of rubber tires runs on a track is well
known.

[0003]

A travel device of a vehicle having wheels formed of rubber tires is disclosed in,
for example, the following Patent Document 1. The travel device of the vehicle
disclosed in Patent Document 1 includes a pair of running tires, an axle configured to
connect the pair of running tires, an axle support configured to support the axle, a
suspension frame disposed at a front side or a rear side of the axle support and having a

support section extending downward, upper and lower links configured to connect the



2 support section of the suspension franme and the axle support, and an
ai r suspension di sposed between the wehicle body and the axle support.
The upper link and the lower link extend in parallel to each other in a
hori zontal direction, one ends of the Iinks are connected to the
supporsupp@t téotibn of tHelasprusipe figinerant tianaxldyupport, @il dingispanint he ot her
ends of the links are connected to the axle support by pin coupling.

[ 0004]disposed betiBert the veRi@NSodd @Ml AR axde u%kiért' ink parallel nmechanismis
constltuted by the support section of the suspension franme, the axle

support, efh%&@@@r 1 ﬂ datﬂglo%glhllfe\éﬁren& ir{%&éalm cﬁeach%?ne@ﬂ? 1{1‘%%?3{1 I's

relat|vely an rtically novably suppor respec

suspe frame he vehi cl e bo to which spension frane is
ot © hc Bt PREndTh by Fof BaramelRd (ot SHH e HORaGHE RORET ( he
travel device, vertical novenent of the axle support according to

verti cEMeBY Bresoupkie. end theiarisgds ofrthe Haks armsonpiected do therayle sygport by
irregularity of a running road surface R are absorbed by the air
suspensin oouplin@005] I n addition, both of the upper link and the

|l ower link extend in the horizontal direction when a vehicle is stopped
in a 804 i n which no passenger is present. Meanwhile, during running,
when the vehicle enters the irregularity of the running road surface R,

the axle SUFIH@Hettrz{%l’&é‘vl?’e’?ﬁtféﬁalglkypa%fé?frfébﬁkgustn?1ch%hf;titﬁ§h bggN@ﬂ%BBrtOf the

running tire and the ax result, the upper [ ower

link are. sI| iLneli ect ..tQ or i irec n.
oveva il A R %8s e e SREER ot eI BB o kT HSRT ks
substa t extqu i.n_the hori ontal rectlgﬁwH$C)tatlon Li st]

[ Pat ert eaﬁ@m is rgaiyghog)d vertica fiy MPROBHUPPYE FOSPerA frathe

Unexam ned Pat ent Application, First Publication No. 2010- 188958

[ Summetiugpappiopdiaars andrihe vehicle body, to which the suspension frame is attached, by the

four-link parallel mechanism. In addition, in the travel device, vertical movement of the
axle support according to vertical movement of the running tire and the axle due to the
irregularity of a running road surface R are absorbed by the air suspension.

[0005]

In addition, both of the upper link and the lower link extend in the horizontal
direction when a vehicle is stopped in a state in which no passenger is present.
Meanwhile, during running, when the vehicle enters the irregularity of the running road
surface R, the axle support moves vertically according to vertical movement of the
running tire and the axle. As a result, the upper link and the lower link are slightly
inclined with respect to the horizontal direction. However, the inclination angle is about

0.5°, which means that the links substantially extend in the horizontal direction.

[Citation List]

[Patent Document]



[ Problens to be Sol ved by Invention] [0007] In general, when the
vehi cl e accel erates or decelerates, san inertial force in a direction
opposite to a direction of acceleration and deceleration is applied to
the vehicle body, and a nonent is generated to rotate the vehicle body
wi th r[@beslence to a shaft extending in a vehicle width direction due to
the inertial force. For this reason, the vehicle body is inclined in a
forward and [P@t@ﬁﬁ/@éé_ﬂ]nwnﬂg%]bz@l@sdmﬂékaﬁﬁﬂe%' 1efiéH: APpligbndeieg IPabRstiOR- For
exanple, in the vehicle disclosed in Patent Docunent 1, upon

accel gaty 9h.18894g ont portion of the vehicle body is raised upward and
the air 'suspension of the front side travel device is expanded in a
vertical direction, and a rear portion of the vehicle body is |owered
and the air suspension of the rear side travel device is contracted in
the vertical direction. Conversely, upon deceleration, the front

port i ditusymaryel pypptéand body is | owered, and the rear portion of the
vehi cl e body is raised. [0008] As descri bed above, when the

vehi cl[@rdhdetys fosbe Sdvddtedinupaondccel erati on and decel eration, a
conponent of the force of gravity in addition to the acceleration is

al so gppd7jed to a passenger. For this reason, the passenger feels
acceleration larger than the actual acceleration, and thus the
passenger (i1 opairhil (bR ihe BnRIARALIBAARE SEONGHLs [ BShS iRl fORIIFar | de
gquality than ghe actual acceleration during acceleration and

decel er.atj.on. [ 000 4 . That.is, .in the.travel,device di.scl osed
- Par e b auiRHY tha dfsetop ahpestBPigaymd e iU PG FEaiOE
rearward direction during accel eration and decel erati on, and the ride
qual ?“ﬁgpdwsaw& mgpiseL 1s EB'E?%{‘?F& to rotate thqaﬁazcleabpdwl@c@?%?n%% aﬁh@& ent
invention is to provide a vehicle capable of suppressing inclination of
a vehiatendgdy adghickgwiltlc direntign idue taathd inpsida|feicat | bor thisdeasaprtbei ng a
ride quality during acceleration and decel eration, and a travel device
for theh&dneody iVaahacd ora Bowardrgd réeewBrdoditeetisg upon acceleration and

deceleration. For example, in the vehicle disclosed in Patent Document 1, upon
acceleration, a front portion of the vehicle body is raised upward and the air suspension of
the front side travel device is expanded in a vertical direction, and a rear portion of the
vehicle body is lowered and the air suspension of the rear side travel device is contracted
in the vertical direction. Conversely, upon deceleration, the front portion of the vehicle
body is lowered, and the rear portion of the vehicle body is raised.

[0008]

As described above, when the vehicle body is inclined upon acceleration and
deceleration, a component of the force of gravity in addition to the acceleration is also
applied to a passenger.  For this reason, the passenger feels acceleration larger than the
actual acceleration, and thus the passenger (in particular, a standing passenger) feels a
worse ride quality than the actual acceleration during acceleration and deceleration.

[0009]



[ 0011] According to a travel device of a vehicle according to a
first aspect of the present invention, the travel device of the vehicle
di sposed at a front side and a rear side of a |lower portion of a
vehi cl e body i ncl udes: an axl e support configured to support an
axl e to whi chanise@l thearavehddvachdisklosedsnPant Deeanemn , dicpadsed bolipse to
a center of the vehicle body with reference to the axle support and

ext endhfehed AMAVIBFhrll WA dabRardedticelith aniyg a@@féra@qohlaﬁh deQIMrh@oH, @dd i
connect the support section and the axle support and in which the axle

suppor V- th respect to the support section in a vertical
d|recté%ﬁghdﬂ%lgghggﬁ@“link has a | ower |ink configured to be connected
to thﬁpﬁﬁﬁport section and the axle support by pin coupling, and an
upper di sposed over the lower |ink and configured to be connected
to the support section and the axle support by pin coupling.

addi tion, i tlarpenabigiet of thapresantinyendign i oo yies ¢ v eliplesarakient t he | ower
link and the axle support is disposed |ower than a pin coupling

posi t i smpplestimgmalindimnlodwerchicierodanidring ecelgp@ont andeletélemtio andhe
suspension franme in the vertical direction. Further, when a 5 distance
i n t hempesting akiddiqufay defng acelctdiRnRing decuidhiifig ap@8 il @RlchiRL e t he

| ower Iink and the support section to the pin coupling position between
the laugl 1ink and the axle support is a vertical reference distance,

in the upper link, a pin coupling position between the upper |ink and
the axl e support is disposed | ower than a pin coupling position between
t he upper Iink and the support section in the vertical direction within
a ran of ertlc%) reference distance. [0012] As descri bed
above, n ‘WF&Q§ aPRleakt al | ed, a conponent of force in a vertica
direction is generated to the force applied to the links by a reactive
force [8Ppllied to the ground section of the wheel during accel eration
and decel eration. The conponent of force is applied to the vehicle body
as a nonment Adrotdieg toratv@rcs devdid @i vabiclenadcbrdies pecfirst aspact afmier present
nmonment for inclining the vehicle body in the forward and rearward

di r ectihpshtidHr the &a@&f&b@é at tRehRe &lgﬁﬁé@w & skRrantl RirdarsRRSIIM,
according to the travel device, inclination of the vehicle body in the

forwarg,, gp@nggﬁFQ%&%¥gk%gg§hﬁﬂggyr|ng accel eration and decel eration can

be suppr , in the travel device of the vehicle
according to the firs ect, of the pre nvention, the pin

oupt | ng_podniagiupbdibedTiig § sprh B RIS R bk et S e s BEndt

di sposed | ower than the pin coupling position between the u Fper i nk
and t HEPBHERstON isppscd Flase tq peceistidhsydicle padewith refaeneesiothe axle

direction at the vertical reference distance. In addition, in the
t r avelsugpori aed eftendieg dehiwdrd fronhthepichictedpllyi argl plosk ¢candigutedttoeemeche

the support section and the axle support and in which the axle support is movable with
respect to the support section in a vertical direction.

The link has a lower link configured to be connected to the support section and
the axle support by pin coupling, and an upper link disposed over the lower link and
configured to be connected to the support section and the axle support by pin coupling.
In addition, in the lower link, a pin coupling position between the lower link and the axle
support is disposed lower than a pin coupling position between the lower link and the

support section of the suspension frame in the vertical direction. Further, when a



6 of the pin coupling position between the upper Iink and the support
section of the suspension frane in the vertical direction.. [0014]

A vehicle according to a second aspect of the present invention

i ncl udes the vehicle body, the travel device disposed at a front side
| ower distatidedn tlaf veirtieal debdtohdrdno the, pi@ocuiling posidve betthewn de 1dwsplaskeshdat a
rear side |ower portion of the vehicle body. [Effects of Invention]

[ 0015]the support sb&tidn® R §ifRBLplidRRItHoA Dt dRA thORRPRAL akf thb ke in the
vertical direction is generated to the force applied to the respective

| i nks s%ég{i:lj?f‘s 4 G Y&e%ﬁ%eg@%tﬁg%ﬁ%netﬂe h&ﬁ{gﬁlggéngfﬁ%u?ﬁgg% I-Bcgﬂio(?lfbe&\p@envmea

during el'eration an I on. onen orce 1s applied

to the, vehicle bo as.the ment in the reverse direction wth respect
Lot ha"F HERGH B RGHSIS PR Ere RS cE NGy o WG dorHER OFYeFhe
forward and rearward direction during accel eration and decel eration.

[ 0016]the upper linfigad dregupporgscctprimigie tverticaldifesHpie héthr a fapgee pldsent
invention, the inclination of the vehicle body in the forward and

r ear wavedtichl refeen@rdistamdeng accel erati on and decel erati on can be
suppressed, and the ride quality can be inproved. [Brief Description of
the Drjgeings] [0017] FIG 1 is a side view of a travel device according
to a first enbodi nent of the

As described above, when the links are installed, a component of force in a
vertical direction is generated to the force applied to the links by a reactive force applied
to the ground section of the wheel during acceleration and deceleration. The component
of force 1s applied to the vehicle body as a moment in the traverse direction with respect to
an inertial moment for inclining the vehicle body in the forward and rearward direction
during acceleration and deceleration.  For this reason, according to the travel device,
inclination of the vehicle body in the forward and rearward direction during acceleration
and deceleration can be suppressed.

[0013]

Here, in the travel device of the vehicle according to the first aspect of the present
invention, the pin coupling position between the upper link and the axle support is
disposed lower than the pin coupling position between the upper link and the support

section of the suspension frame in the vertical direction at the vertical reference distance.

In addition, in the travel device of the vehicle, the pin coupling position between the

upper link and the axle support are connected by pin coupling is disposed at the same level



7 FIG 2 is a plan view of the travel device according to the
first enbodi mnent of the present invention. FIG 3Ais a viewfor
describing a force and a nonent applied to the respective parts of a
vehicl e during accel eration of the vehicle according to the first
enbodiafehd piafcotiplingppeentbetwineanhd opper link and thelsGpasBsdctomotthew f or
describing a force and a nonent applied to the respective parts of the

vehi C|5%s§gﬁl’sioﬁg‘ragﬁcﬁ|t§é’@érh@cﬂ datctidye vehicle according to the first
enbodi msnt of the present invention. FIG 4A is a view for

descri % a force and a nonent applied to the respective parts of a
vehi cl'e "duri ng accel eration of the vehicle of the reI ated art.

FI G 4B|saV|e for ri bin force, and a applied to the
fespective ghtich @C%Pf@aﬁ?%ﬁée@ o il nf Bkt SR Bhon ARRGS el © o1t he
related art 5A is a view for describing a force and a

rmrrentveap“éﬁ bedy. the tmél ciﬂé&ﬁé&&now P arfrant gide Jowes wogtian ofubs vide 8adwer at i on
of the vehicle according to a second enbodi nent of the present

i nventandrihe travel deviéd @GspBBd asa mavsidevdvaer pdemardfithenghecld bodye and a nonent
applied to the respective parts of the vehicle during decel eration of
the vehicle according to the second enbodi nent of the present
invention. [Mddes for Carrying out Invention] [0018]

Her ei : enbodi ments of a travel device of a vehicle

accor g[@fffgea{sc())f‘tﬂﬁ;ghg&gsent invention will be described with reference to

t he ac[68{r§:]any| ng draw ngs. [0019]

In the present invention, the component of force in the vertical direction is
generated to the force applied to the respective links by the reactive force applied to the
ground section of the wheel during acceleration and deceleration. The component of
force is applied to the vehicle body as the moment in the reverse direction with respect to
the inertial moment in which the vehicle body is inclined in the forward and rearward
direction during acceleration and deceleration.

[0016]

Therefore, according to the vehicle of the present invention, the inclination of the

vehicle body in the forward and rearward direction during acceleration and deceleration

can be suppressed, and the ride quality can be improved.

[Brief Description of the Drawings]
[0017]
FIG. 1 is a side view of a travel device according to a first embodiment of the

present invention.



[ First Enbodinent] 8 First, a first enbodi nent of the travel
devi ce of the vehicle according to the present invention wll be
described with reference to FIG 1 to FIG 4B. [0020] The
vehicle of the enbodinment is a vehicle of a side guide track-type new

t ransport at iRiG. 3ys4 plan vikeofttbitralt e devict tctesdiag wethe dire chddyinienaofitha
travel device. As shown in FIG 1 and FIG 2, the travel device

i ncl udgsseat p@bdticaf | eft and right running tires 3, an axle 5 configured
to connect the pair of running tires (wheels) 3, a suspension device 10

configured tQ-S - : ' alpl] ' .3, and a
steering guiFgg' %‘gggégleyaﬁégﬁﬁjf“ﬁ'g’ﬁ“ﬁgagﬂ {ég@@fiiﬁgféém%gb El lﬁ]ér?ntpg%é{elgrr?%ngei n a
direction alo i de. guide trac Ginstalled a oth sides. of 'the
Veht eI e o rind deislerad B Tac ik freotiod o Biue it Fr ane
(an axle support) 11 configured to support the axle 5, a pair of left
and rit§ppressit iRNg8Hehsi ons 19 di sposed between the bogie frame 11 and
the vehicle body 1, and a plurality of |links 14a and 14b and a pair of

| eft and ri gh€. 3Bspemendor flesanmbsg bSowemhi gum@vert appardi taltherespeppoe t  t he
bogie frame 11 in a vertical direction. [0022] The bogie frane

11 haspaats BEH RBRYe dtinioQicotiB@tian bf hdapkicWiRBord& o fticofisBerb@imehtes.
Support sections hangi ng downward from both arm sections of the nain

body %ﬁe?fé@éﬁiiﬁ\"%?oﬁn axl e bearing 13. The axle 5 is attached to the
axl e bearing 13 orf the bogie frane 11. Each of the pair of left and

O e A AR AR RS RSB LA R LS or™
sect! on LT extend g Lrom an, upher, o900 1SRy L section 16 tovard
FIG. 4B is a view for describing a force and a moment applied to the respective
parts of a vehicle during deceleration of the vehicle of the related art.
FIG. 5A is a view for describing a force and a moment applied to the respective
parts of a vehicle during acceleration of the vehicle according to a second embodiment of
the present invention.
FIG. 5B is a view for describing a force and a moment applied to the respective
parts of the vehicle during deceleration of the vehicle according to the second embodiment

of the present invention.

[Modes for Carrying out Invention]
[0018]
Hereinafter, various embodiments of a travel device of a vehicle according to the
present invention will be described with reference to the accompanying drawings.
[0019]

[First Embodiment]



9 The support section 16 of the suspension franme 15, the
carriage frane main body 12 and the gaxl e bearing 13 are connected by an
upper link 14a and a lower |ink 14b, which are vertically disposed and
parallel to each other. One ends of the |links 14a and 14b are connected
to the suppdiiist, acatti ambotiomedt of e tedvepdovsdeart thi¢ woticld dedoydipg o thoupl i ng,
and the other ends of the |links 14a and 14b are connected to the

car ri aggsehf MWBn oA WillaRbesdrbe@NetH Reeréick o PRAM R 1&34BY pin coupl i ng.

[ 0024] A position 11 b where the lower link 14b and the axle
bearigg %g are connected by pin coupling is disposed |ower in the

verti P irection than a position 15b where the lower link 14b and the

support section 16 of.the suspension fr 15 are connected by pin
ol ng. - bRl b SubpRBRET A E VbR ar i B ERE S HE et 11 nk
14b and the axle bearing 13 are connected by pin coupling to the
posi t iWSH@EﬁtWﬁéY%emheTﬁ%M@?wlF iifppkudes | Vémletbvéyéméértfa@le&vmn 16 are
connected by pin coupling in the vertical direction is referred to as a
vert i chbwnef El@nicanddilsi anthe tahvell devichinsclodes @, paa qf bt andomghtirannaheties t he
upper link 14a and the bogie frame main body 12 are connected by pin
coupl iN@niasled cmdigeRdad canreostht bR o ARGRTE tirbe(WRek) 8.2l suspRfoankeice
di stance d downward froma position 15a where the upper |ink 14a and
the s i : 1 |~ j i cal
Uﬂp&fntﬁﬁg%g%? SUbpoht (RS %ﬂg t@ ARG Gl hi o g?hrtﬂﬂ%m%@ 3 ?&? 4 Belritfy MREL

di rection. I's, bot uppe I nk 14a  and the

| ower |ink,k4b are installed such t.hai.th sition 11 a.wher he
uppor d g VARGl REOESLE i RSt i TR0k bloRR ol UdVEERLY 51 o
coupling js, disposed | ower than the position 15a where the upper |ink
14a arfag‘?]:lfél %@Bgﬁ‘&sﬁgﬁ‘éﬁh@% of the suspension frame 15 are connected
by pin coupling, and the position 1l b where the lower link 14b and the
axl e H€82ilng 13 are connected by pin coupling is disposed |ower than
the position 15b where the I ower link 14b and the support 10 section
16 of the sudesosicasiof kaviee 16 ireirles abogie teehelyin pklo sappopt) ilngonfigired
inclined and parallel to each other in the forward and rearward

di r ectihQappdrOPetkic 5, a fair of ettt 1R rEHP 8l sipRhsionsh® GHRREd betheét ih@%o%% of

t he suspension frame 15, the bogie frame main body 12 and the ax

beari -&w% L4, Rk 4 ' = b
paralﬂgr$%%£ anﬁéﬁgn orka?ééﬁé%ggﬁﬂg#%éﬁ%§392%?ég%§aﬁ%%ﬁatgf&ﬁ%gdand
the axl e bearin 3 can_nmove the vertical directian.wthqut varying a
i r oot Shareh o e 1 St elp ER0IE SearbriRE boSF nine 13h puRkeal
frame 15. In addition, the two links 14a and 14b function as a traction
rod colfecgited to transnit a driving force or a decelerating force of
the running tire 3 to the vehicle body 1. [0027] The air
suspern®¥DBH 19 is installed between the bogie frane main body 12 and the

vehicle body 1. As the air suspension 19 is installed relative
upwar d/ downweethogictffanhd DNBasaf mbhiebodyinDifekgnihy 6@ shapehhth Sconxtdin @ ptnt h

respect to the vehicle body | are decreased. [0028]
view. Support sections hanging downward from both arm sections of the main body 12
constitute an axle bearing 13. The axle 5 is attached to the axle bearing 13 of the bogie
frame 11. Each of the pair of left and right suspension frames 15 has a support section
16 installed at a rear side of the axle bearing 13 and extending downward, and an
attachment section 17 extending from an upper end of the support section 16 toward the

front of the vehicle.

[0023]



The steering guide device 20 includes a king pin (not shown)
constituting a steering shaft of therunning tire 3, a steering arm 28
configured to integrally swing with the running tire 3 with reference
to the king pin, a guide transverse beam 21 extending in a width

di recti on ofThHehappehscctien bodytht saspdnsios fased Sathc@arrage fiamdenah bbie
suspensi on system 10, the guide wheels 22 installed at both ends of the

gui de X AISHELAE bBARD Blare BofREWA LY ahe@p¥aifk MaEIRNswSACIbNGhieni t 23
and a turning arm 24 configured to connect the guide transverse beam 21

tot hear@%}?ﬁgﬁgqig@%e(?gn& ?}ﬁ?lze(?% gahl (rﬂ% 1 )1/113 %n&eoﬁﬁé)ﬂlm&lﬁfangilﬁpé cing

inthe w ron o e ve e bo a connecting rod

configured tp connect one.e the steerin 28 of one of the pair
of "1 et togt Mg G o 106 U REPSHEIOT e D s Pty a8 sy errent
switching unit 23, and a tie rod 26 confi%gred_to connect the other end
of t heotBgreads pigthg digko Bragmdtlde asmeonngeipd Hythe cpraiage framg madhBodbf 13 #d
steering arm 28 of the other running tire 3. [0029] One end of

t he cdaheexitibagringolB Bbpinsogpmeect ed to the forward/ rearward novenent
switching unit 23 by pin coupling, and the other end of the connecting
rod 250p34|connected to one end of the steering arm 28 of one of the
pair of left and right running tires 3 by pin coupling. In addition,
both ends ofs bigidi #1Y Qe AL LAROEH &l O 1R SRarhfe LNfe ShAREIAG,AT TS
28 of the pair of running tires 3 by pin coupling. ﬁbOSO] en

t he gui.de eel. 22 of the steer.i i de. device 20Q.c S . n gantact

't i SoER o o R ARG PRBHE e I SR PRl R0
direction fromthe side guide tracks G  the gujde rod 22 is displaced
'n a Vil Hbangitee Winapr setiogd Ogf ﬂ%%@éw%ﬁw&f@r%ob‘sa@ conesiediyfBcenent in
the vehicle width direction of the guide transverse beam 21 is

t r ansrdoupkeg. t darben disteres fngm dhapagionf 1 lbheheondiedemier I kbraad 3he/axde t he
forward/ rearward novenent switching unit 23 and the connecting rod 25.
Then, Hcagngh# arcwonhdiged by ginZoaplthg thehsp@@ionnidbariar thedmverdinki k4 and
reference to the king pin In addition, swing of the steering arm 28 of

t he onfe EypotNGctidn’ B ate kSnifctRADFpin Eshipliag iheSeRRAl MeecAbMZB@iedtibe
other running tire 3 via the tié rod 26. Then, the other running tire 3

and t [ | it ' N, sane
ot hebgnet M BhE Aalef FiiSce; dpidH SR ukifpd Ik Rty
and FI G how.t he traye vice of the front side of the vehicle, and
as shdi tﬁ?ﬁ‘ﬁ%ﬁa@ﬁ r%lag@#y Pze%fé,COP‘FFé?tetdr Nl CRlingds dispeshd af 2BSIUGTe of
the vehicle is reversed with respect to the travel device of the front
si de isma¢adehe veriadlactarraice distanag d davrward fsem a ppsition 15a whexgthe WPRSTr eason,
in the travel device of the front side of the vehicle, for exanple,

whi | e littkel 4suapg dinet suppert sentioi 8 6afe ¢dnaested e psi cuplinginghe serticdplosedorat t he
rear side of the axle bearing 13 of the bogie frame 11, in the travel
devi cg0025]t he rear side, the support section 16 of the suspension frame
15 is disposed at the front side of the axle bearing 13 of the bogie

I Lgmjp ; é'r : I“Fr%f%g@' bR tHeuphBelidk A4S 6 @R Rk | NS areriRRhiI Rl sdén tlapt h Of

the position 11a where the upper link 14a and the bogie frame main body 12 are connected
by pin coupling is disposed lower than the position 15a where the upper link 14a and the
support section 16 of the suspension frame 15 are connected by pin coupling, and the
position 11b where the lower link 14b and the axle bearing 13 are connected by pin

coupling is disposed lower than the position 15b where the lower link 14b and the support



14a and the lower |link 14b have the pin coupling positions Ila and IIb
of the front side disposed |ower tham the pin coupling positions 15a
and 15b of the rear side, and in the travel device of the rear side,

t he upper link and the Iower |ink have the pin coupling positions Ila
and 1ldactidn téef theauispsnsien fiamp oS act doanested bapintdoapliig) beiag ndlingd podi t i ons
15a and 15b of the front side. [0032] Accordingly, in the

embodi y@ilfel td shcR @t e Y6l alPéhSRr@tiirtdRnf ront side and the travel
device of the rear side, the upper link 14a is inclined at an
|nclln@b%ﬁn angle O such that the position |Ila at which the upper |ink
l4a a e bogie frane main body 12 are connected by pin coupling is

| ower than ositjon 15a at i C | i nk d.the .
sospensi on 1 D e B stonefpebfor hob BB Shansion HRadp: o hoeiene
lower link 14b is also inclined at the inclination angle O such that
t he po&ines sain hadydi apditkhaipbearipgds. adke M‘bllalﬁ?(jl‘tar?éldg&béo%%lélﬂtt? Ag 13
are connected by pin coupling is |lower than the position 15b at which
t he | daer-lihk pkralldlmahenisine Soasthensason, the dopiec IHnarwaiododed? @dd e pi n
coupling. Further, both of the inclination angles 0 of the upper |ink

1l4a angld hearingws foah ifoke It caticl iRbdtios Wittt Vdrgingehliebor with Respeqtt®p
state with no passenger. [0033] Next, an inertial nonent applied

to the ?&Bp%h%e&ﬁgyléjé{fth@%sﬁ&fs%rﬁﬁﬁhé P51 afi‘ldadﬁﬁﬁ)ﬁ' k@b @i‘ﬂké"'lzld aﬂaeMb

descrlbed [003 | First, as a reference exanp e, In
travel vi ce e k 14 and the

ooy afignCE sHackibf il B gé%snﬁ’t" havind SoRtBBER geafartitroRitor

horizontal direction, an.inertial nonment applied to the vehicle body
will dée Hg’éle}gtﬂéétﬁnlﬁ%vqhé‘fl%‘?%ckc]e to FIG 4A and FIG 4B. In addition,
FIG 4A shows a state upon acceleration, and FIG 4B shows a state upon
decel dP827lon. [ 0035] An inertial force | applied to the vehicle
body 1 when the vehicle accelerates forward at an acceleration a is
repr esent ed Ty ditsaspankioaviOnginstliad bemeer tire bogieame main body 12 and the

vehicle body 1. As the air suspension 19 is installed, relative upward/downward
vibrations of the running tire 3 and the axle 5 with respect to the vehicle body 1 are
decreased.

[0028]

The steering guide device 20 includes a king pin (not shown) constituting a
steering shaft of the running tire 3, a steering arm 28 configured to integrally swing with
the running tire 3 with reference to the king pin, a guide transverse beam 21 extending in a
width direction of the vehicle body 1 and disposed at a rear side of the suspension system
10, the guide wheels 22 installed at both ends of the guide transverse beam 21, a
forward/rearward movement switching unit 23 and a turning arm 24 configured to connect
the guide transverse beam 21 to the main body 12 of the bogie frame 11 to be capable of
displacing in the width direction of the vehicle body 1, a connecting rod 25 configured to

connect one end of the steering arm 28 of one of the pair of left and right running tires 3 to



Ws: vehicle body weight (not including the travel device) [0036] In
addition, a reactive force P appliedito the ground section of the
running tire 3 at this tine is represented by the foll owi ng equations.
P =aw (in the case of one-axis drive) P = aw/ 2 (in the case of

t wo- axthes faandeatvi2dd rlovement switctiinighaiit, 23whieha tib eod Baainifigarcilao cenrféct S
applied to the ground section of the running tire 3, a force F2 applied

to thenhBief edd thd derir: arrﬁpzse@ﬁﬁ& 61% ﬁn%ninfg 1188 16 ah bRYbNEe @@e&%% & from

a bal ance of the reactive force he 'monent with respect to the
posi ti r I|nk 14b and the axle bearing 13 are
connec ecft go%@ﬁ‘%ggﬁ ltflr%é"e F2 = -Pc/b (1 cP = -F2.1)) b:

dlstagﬁﬁggetmeen position at which upper link and bogie frane main body
are ¢ ted by pin coupling and position at which Iower link and axle
bearing are connected by pin couglln c: distance between
posi tion at QW afdhgesonne@iogdnd 2ak ‘@%@@?4 toghe fawarhisaptasd mey eime
coupling and ground pl ane

switching unit 23 by pin coupling, and the other end of the connecting rod 25 is connected

to one end of the steering arm 28 of one of the pair of left and right running tires 3 by pin
coupling. In addition, both ends of the tie rod 26 are connected to ends of the steering
arms 28 of the pair of running tires 3 by pin coupling.

[0030]

When the guide wheel 22 of the steering guide device 20 comes in contact with
the side guide tracks G to receive a load in a transverse direction from the side guide
tracks G, the guide rod 22 is displaced in a vehicle width direction of the vehicle body 1.
The displacement in the vehicle width direction of the guide transverse beam 21 is
transmitted to the steering arm 28 of the one running tire 3 via the forward/rearward
movement switching unit 23 and the connecting rod 25. Then, the one running tire 3 and
the steering arm 28 swing with reference to the king pin.  In addition, swing of the
steering arm 28 of the one running tire 3 is transmitted to the steering arm 28 of the other
running tire 3 via the tie rod 26.  Then, the other running tire 3 and the steering arm 28
also swing with reference to the king pin, same as the one running tire 3.

[0031]

In addition, both of FIG. 1 and FIG. 2 show the travel device of the front side of
the vehicle, and as shown in FIG. 3A and FIG. 3B, the travel device of the rear side of the
vehicle is reversed with respect to the travel device of the front side in the forward and

rearward direction.



[ 0038] I n addi tion, when the reactive force Pis applied to the
ground section of the running tire 32 a force FI applied to the | ower
link 14b is represented by the followi ng equation froma bal ance
between the force FI, the force F2 applied to the upper link 14a, and
the reacti veok diisceeabon, I the tRvel/devict oPtie fidnt bRle ofthevehkclet PorexRaplet Pb/ b

=13. (c+b)/b) a: distance between position at which upper |ink
and boghig the §ﬁﬁ)0ﬁ%‘65‘tl(§9%’oﬁh@ sE&PERNeST B8MPYs dl!;ﬂbs@d)btﬁhé Rar %06 0P URE
pl ane [0039] dition, an inertial noment Ma generated by the

i nert 't?elarlIl 5% he%Q)Naf?aﬁi.ié Q]Itu?ﬂq(e\{%l)cde é%%q)fhelre sidéE mees%lﬁﬁ&jggec? Yt he

fol |l ow ng qua I Stance

bet wee ernedi at e air,s nsi o er . of cl e body
PN LI L o ls[%%%id at%ﬁg RO\ TR g LAThEr ot os
forward, the inertial nonmen % represented as in the above
equat i koygic framae 11+ i addiion; ay th%méf‘rhdeme phthg fonb o both ¢f the 8pReE ANk hown
in FIG 4Ais applled to the vehicle body 1. As a result, the front

por t i oitagid thelowehlick &4tbldy the pis coaplserhosavds i heardehb @dh¢ fromt sade t he
vehicle body 1 is |owered. [0041]
disposed lower than the pin coupling positions 15a and 15b of the rear side, and in the
travel device of the rear side, the upper link and the lower link have the pin coupling
positions 11a and 11b of the rear side disposed lower than the pin coupling positions 15a
and 15b of the front side.
[0032]
Accordingly, in the embodiment, in both the travel device of the front side and
the travel device of the rear side, the upper link 14a is inclined at an inclination angle 0
such that the position 11a at which the upper link 14a and the bogie frame main body 12
are connected by pin coupling is lower than the position 15a at which the upper link 14a
and the suspension frame 15 are connected by pin coupling. In addition, the lower link
14b is also inclined at the inclination angle 6 such that the position 11b at which the lower
link 14b and the axle bearing 13 are connected by pin coupling is lower than the position
15b at which the lower link 14b and the suspension frame 15 are connected by pin
coupling. Further, both of the inclination angles 0 of the upper link 14a and the lower
link 14b are values when the vehicle is in a stop state with no passenger.
[0033]
Next, an inertial moment applied to the vehicle body during acceleration and

deceleration will be described.

[0034]



15 In addition, the inertial force | applied to the vehicle body

1 when the vehicle decelerates forwagsd at the acceleration a, i.e
accelerates forward at the acceleration (-a), is represented by the
foll owi ng equation. | = aW [0042] Further, the reactive force P
applied to tHist asaueidreaecttaniplQfin thearavanduving dfithicereBit@t art i vshith de i S
represented by the follow ng equations. P =-a.W (in the case of

one- ampi)efinma/ £a AAdThe AWt Aink i18b hﬂaq)aeﬁﬁzﬁtooa‘acﬁ wre%csbcsiﬁ e¥@hd [0943]
Furthernore, when the reactive force Pis applied to the ground section

o OB i R 958 FRAPRLLE Sy WORRT oLkt
O o ISR L0 LSRG, WS s gL Loy LI keund, et on o
"EPT ESRAHTG. B shiws a State upon deceleration.

[0035]

An inertial force I applied to the vehicle body 1 when the vehicle accelerates
forward at an acceleration a is represented by the following equation.

[=—-0Ws

Ws: vehicle body weight (not including the travel device)

[0036]

In addition, a reactive force P applied to the ground section of the running tire 3
at this time is represented by the following equations.

P = a*Wo (in the case of one-axis drive)

P = a*Wo/2 (in the case of two-axis drive)

[0037]

Further, when the reactive force P is applied to the ground section of the running
tire 3, a force F2 applied to the upper link 14a is represented as in the following equation
from a balance of the reactive force P and the moment with respect to the position 11b
when the lower link 14b and the axle bearing 13 are connected by pin coupling.

F2 =—Pec/b ("." ¢*P =—F2¢b)

b: distance between position at which upper link and bogie frame main body are

connected by pin coupling and position at which lower link and axle bearing are

connected by pin coupling



FI = -Pa/b [0045] Further, the inertial nonent Ma generated by
the inertial force | applied to theiyehicle body 1 is represented by
the followi ng equation. Ma = I h= (aWs). 11 = ahWw 16 When t he
vehi cl e decel erates forward, the inertial nonent Ma (= ahW)

repr esent ed cadistancé bawabopssittauatvioch lokealink and Hiebéarmptaratonimooedt Ma
in the countercl ockwi se direction of FIG 4B, is applied to the vehicle
body Ipy fd cBuplBSUntl gréufp@ plaent portion of the vehicle body 1 is
Iomeredz and the rear portion of the vehicle body 1 is raised. [0047]
hbxt,é@g%%he travel device of the enbodinent, the inertial nonent

appl i the vehicle body will be described using FIG 3A and FI G
3B. In addition,..Fl G, 3A shows state of..acce)leration, .and.FIG 3B
Shove a st atlb 0fitigaue g ROES gz R abblidF O GREE e e or e

accelerates forward at the acceleration a, since the conponent of force
in t hURBIN #is.a Torertdcanphiad ¥ the fasver dinkd 4h porepesgented by thedpbevingi nk 14a
inclined with respect to the horizontal direction at the inclination
angl e @uasort fiemsidrabanas betheer drederce 2 1athel fored F2 apphed topheuprer hkk 14a i n
the travel device of the related art, a conponent of force F2t in the
verti Gald thé reactiveadrefp.t he force applied to the upper link 14a is

represented by the follow ng equation. F2t = F2.tan0 = (-13.c/b).tan0

F1 =Pea/b

(*." P=FI1+F2, F1 = —F2+P = Pec/b+P+b/b = P+(c+b)/b)

a: distance between position at which upper link and bogie frame main body are
connected by pin coupling and ground plane
[0039]

In addition, an inertial moment Ma generated by the inertial force I applied to the
vehicle body 1 is represented by the following equation.

Ma =1I*h = (—a*Ws)*h

=—0o*h*Ws

h: distance between intermediate point of air suspension and center of vehicle
body in the vertical directions
[0040]

When the vehicle accelerates forward, the inertial moment Ma (= —ach*Ws)
represented as in the above equation, i.¢., the inertial moment Ma in a clockwise direction
shown in FIG. 4A is applied to the vehicle body 1.  As a result, the front portion of the

vehicle body 1 is raised, and the rear portion of the vehicle body 1 is lowered.

[0041]



[ 0049] In addition, here, since the conponent of force in the
hori zontal direction of the force applied to the lower |ink 14b
inclined with respect to the horizontal direction at the inclination
angle O is the same as the force FIl applied to the lower link 14b in
the travel dewddieonfthé hertiatf@tetaglicd té the vebitfrogntl wherf the @chillet i n the
vertical direction applied to the lower link 14b is represented by the

fol I ovicR@lcReidabiveid afiht acceﬁcrzi-tl(;na&‘(?e abdeforaePorivaniat tﬂe7accelerat10n Bagh of
the conponents of forces FIt and F2t in the vertical direction applied

to thes'réﬁé%%néeé%y?ﬁedi;o%&nr%re%c R ied to the vehicle body 1 as a nonent.

ve force nmonent M, is represented bythe
foIIovmngeuat (FI't-(F2013 = [(13.a/h). tan0 +
(-13.c/b).t ﬁD?Rﬁ% [(a c)/b].P.Btan0 =13Bt an0Ob=a- c) B:
di stance between support section of suspension franme of front side
travel [08&i ce and support section of suspension frame of rear side
travel device [0051] Accordingly, in the enbodi ment, when the
vehi cl e accdlugthat, €, resditivedorch @ apphed toghe gioned fartioe ofrtheanonihg tife=3 Bt an0)
acts in the countercl ockw se direction and negates the inertial nonent

Ma (=-BR\¥e ishefrbRneddaskné sglodiifieediadons. i N Whi ch the vehicle body 1 is
inclined in the forward and rearward direction, inclination of the

vehicle body 1 &W@gﬁqﬁ@#agé gf(l)&na,g@gh‘gﬁ suppr essed Accor di ngly, in the
e

enbodi nent , the ride quality upon acceleration can be inproved.

P =—-a*Wo/2 (in the case of two-axis drive)
[0043]

Furthermore, when the reactive force P is applied to the ground section of the
running tire 3, the force F2 applied to the upper link 14a is represented by the following
equation.

F2 = Pec/b
[0044]

In addition, when the reactive force P is applied to the ground section of the
running tire 3, the force F1 applied to the lower link 14b is represented by the following
equation.

F1 =—P-a/b
[0045]

Further, the inertial moment Ma generated by the inertial force I applied to the
vehicle body 1 is represented by the following equation.

Ma = I*h = (a*Ws)*h

= ach*Ws

[0046]



[ 0052] In addition, when the vehicle decelerates forward at the
acceleration a, since the conponent 1¢f force in the horizontal
direction of the force applied to the upper link 14a inclined with
respect to the horizontal direction at the inclination angle 0 is the
sane as the Whercthe F2hialeplecedrates fotverdipheinettiahknobdbat da (FhehiWevel devi ce
of the related art, the conponent of force F2t in the verti cal

dir ectﬂe@@s@ﬁe&qunftw%v@@@ldﬁ@ﬂ, th&x it NBe HRARN nldnttat Mdanitse r epr esent ed by
the follow ng equation (3). F2t = F2.tan0 = (13.c/b).tan0 18

Furt heJopni%FJl&kmﬁ%e”&F c@igﬁ gﬁ@@%@ﬁ%z}pﬁ}ﬁﬁé e .vlelﬂflte %%89\?\; i As ’&tr@s'ultdp{ee‘:t on

of the force applie ower incline th respett to the

horizontal direction a he jnclinatio ngle 0.is e s as, t.he

for co A apHIanas heovide bofiel MipwREtaBshe RaEroiad of TiaohEE BRI
related art, the conponent of force FIt in the vertical direction
appl i €815t the lower link 14b is represented by the fol |l owi ng equati on.
FIit = FI "tan@= (-13.a/b).tan0 [0054] Bot h of the conponents of
forceqdOB4t] and F2t in the vertical direction of the force applied to
the links 14a and 14b are applied to the vehicle body 1 as a nonent,

l'i ke that upxtdse @il d@nce ditRe BABBIMent, tiR. inertiBlembine dppREd lovthe f or ce
nonent M, is represented by the follow ng equation. M = (F1 t-FF20.13

[(- %hﬁﬁ@ﬂo&y@m*tfep&/smbeh%@%-%ﬁB‘aﬁd &) PIE Bt RN dion 1BRE BANG oGS a

b=a-c)
state of acceleration, and FIG. 3B shows a state of deceleration.

[0048]

When the vehicle accelerates forward at the acceleration a, since the component
of force in the horizontal direction of the force applied to the upper link 14a inclined with
respect to the horizontal direction at the inclination angle 8 is the same as the force F2
applied to the upper link 14a in the travel device of the related art, a component of force
F2t in the vertical direction of the force applied to the upper link 14a is represented by the
following equation.

F2t = F2+tan6 = (—P+c/b)+tand
[0049]

In addition, here, since the component of force in the horizontal direction of the
force applied to the lower link 14b inclined with respect to the horizontal direction at the
inclination angle 0 is the same as the force F1 applied to the lower link 14b in the travel
device of the related art, the component of force F1t in the vertical direction applied to the
lower link 14b is represented by the following equation.

F1t=FI1+tan0 = (P+a/b)*tan0

[0050]



[ 0055] Accordingly, in the enbodi nent, when the vehicle

decel erates, the tire reactive forcernonent M (= -13Betan0) acts in
the cl ockwi se direction and negates the inertial nmonment Ma (= hW) in

t he countercl ockwi se direction, in which the vehicle body 1 is inclined
in the forwddahahthercompoaends ol foaet FonandA®t it thes/ertzabdirsctionapplivdttoon of
the vehicle body 1 upon decel eration can be suppressed. [0056]

Her ei rtﬁ@ﬁmes 14ahnkiheb %@wla@mthe waﬂele%% IS @tm&ﬁerﬁndm@ﬁﬁhfehaq kop of
the vehicle, since not only the inertial nonent Ma for inclining’'the

hi cl but al the t

eacti'06 Por e R RRRen I SR e PP RN Y Trertial
t Ma th hicle body 1, I t f th hi cl

monmen ar@a?@f@rﬁf@ﬁ e vehicle body inclination o e vehicle

body 1 upon and decel eration of the vehicle can be
suppressed. [0057] Speci fically, upon acceleration at the
accel er ati o @Pa/thtapfet (vR¢&) tg¥ 1B e in which the inclination angle 0
of the link is O, i.e., in the travel device of the related art, a

raising annunﬁamﬁb}ﬁé%ﬁmﬁnt portion of the vehicle body 1 is 10 nm in
the travel device of the enbodinent in which the inclination angle O of
the link is=spip.ia01Q0p=g%gn in the one-axis drive, the raising amount
of the front portion of the vehicle body 1 is reduced by half to 5 nm

| f t t. of th
Front - por 1 o BAtRECORRN hepioR o iSupiiFbiob Tt riqif’&w%ﬁ"?ég?l o e

suppressing inclination of the vehicle body 1. [0058]

addi t i dsicetand suRport ssekiqroef saprgnsion dragic afjearspisdravel ¢viceaa and the | ower
link 14b with respect to the horizontal direction may be basically, as
wi |l | He0fHscri bed below, 5 or nore and 15 or less. 5 < < 15 [0059]
When the inclination angle O is less than 5, the tire reactive force
moment M i sA&6HRl dgly,aﬁ(ﬂhe'ﬂéinl@cf(ﬁﬁeﬁt, ahemg@akchittt dcoeeiars! dih@ thewrent M

cannot be expecte For this reason, the inclination angle 0 may be 50
or morgycive f&LE hidnRine ML BASNd) BEs iR Ble! Blnterclockwise direction and negates
the inertial moment Ma (=—ach*Ws) in the clockwise direction, in which the vehicle body
1 is inclined in the forward and rearward direction, inclination of the vehicle body 1 upon
acceleration can be suppressed. Accordingly, in the embodiment, the ride quality upon
acceleration can be improved.
[0052]

In addition, when the vehicle decelerates forward at the acceleration o, since the
component of force in the horizontal direction of the force applied to the upper link 14a
inclined with respect to the horizontal direction at the inclination angle 0 is the same as the
force F2 applied to the upper link 14a of the travel device of the related art, the component
of force F2t in the vertical direction of the force applied to the upper link 14a is
represented by the following equation (3).

F2t = F2+tan0 = (P+c/b)tan0

[0053]



angle 0 exceeds 15, a novenent anount in the forward and rearward
direction and rel ative novenent in tRe vertical direction of the
running tire 3, the axle and the bogie frane with respect to the
suspension frane 15 are increased, and thus an unnecessary |oad applied
to the posi tHusthe@hemhsinte thbeompokat dAtrand tedoraoatat dinaeioh ed thayfoien
coupling is increased. For this reason, the inclination angle 0 nay be

15 or Jypsed to 0 RRer 18R 1h§‘i’1ﬁ§1’1'ﬂ€|d Ef‘iﬁiqgﬂp@@t% lthe horizontalNg¥dctioR ab@eond
enbodi ment of the travel device of the vehicle according to the present

i nventii, ﬂlawohl %@ Oggﬁl%rshﬂgqs Wetd cg%g]f‘aﬁogﬂgda e rol\’\%r hﬁ@lggﬂf@ (&é‘é shows a

I n addll ion, hows a sta cce era 1 on

state of.de ion 0061 Vi ce

e od RIFE <F SECHAE e anainouens offorent Tt g Gerertiy KsgSM ammbe o e
enbodi nent, except that a position_at which the upper link 14a is
connedPwer gk ptnis senrpientsd bydheifollowiingnequatien or di ngly, hereinafter,
differences fromthe first enbodinment will be mainly described. [0062]
Simlar to tHe=fHlrwho enbBdineat the | ower |ink 14b of the enbodi nent
isinstalled to be inclined wth respect to the horizontal direction at
the inobs4iati on angle 0 such that the position 1lb at which the |ower
link 14b and the bogie frame 11 are connected by pin coupling is

di sposed | ovgiip Bf‘gﬁe Q%m‘ﬁ%ﬁéﬂt&@i* foftle§ F¢F A F Xt f}?&etv'éﬂlogpéﬁéch% of R f@itceWh' ch

the lower |ink 14 he support section suspenS|on rame
15 are_con e plin nwhi he a4 n 4a of
the. erBBUrErS ik I%Oagtd RO Hefelﬁfs b&@esér R
bogi e frane are nnected b cou ng and the osltlon 15
whi ch 4798 aﬁjb% ALien. nil hegnomeny. 't%etﬁgﬂ §1V§égtcﬁ SHPMET telscrswrﬁeet@éﬁv
pin coupling are the same position in the vertical direction. That | S,
t he uppefollowikg aqutient ends in the horizontal direction, and the
inclination angle is set to 00. In addition, both of the inclination
angl es (her evit 8)FlafF2tp8 upper |ink 14a and the inclination angle 0 of
the lower link 14b are values when the vehicle is in a state in which
there is no-pRspaYehno-(PRAB tanAB
= [(-a+c)/b]P+Betan6
= —PeBetan6 (*.© b=a-c)
[0055]
Accordingly, in the embodiment, when the vehicle decelerates, the tire reactive
force moment Mt (= —P+Betan0) acts in the clockwise direction and negates the inertial
moment Ma (= ash*Ws) in the counterclockwise direction, in which the vehicle body 1 is
inclined in the forward and rearward direction. For this reason, inclination of the vehicle
body 1 upon deceleration can be suppressed.
[0056]
Hereinabove, in the embodiment, upon acceleration and deceleration of the

vehicle, since not only the inertial moment Ma for inclining the vehicle body 1 in the

forward and rearward direction but also the tire reactive force moment Mt in a direction



Next, in the travel device of the enbodi nent, an inertial nonent
applied to the vehicle body will beigescribed. [0064] When t he
vehi cl e accelerates forward at the acceleration a, a conponent of force
F2t in a vertical direction of the force applied to the upper link 14a
ext endicagtingntht iveertigimandert Ma ahic rappliddan thsvdhicl 6665], inclination bfithaddi t i on,
here, the conponent of force FIt in the vertical direction of the force
appl i aghice bR 1 ORI ackélBlatidd Bnd &kicR@BnWrlRe VASIEEIn BeosuPEl%ssQ_@.r i zont al
direction at the inclination angle O is the sane as in e first

enbodi gﬂ and represented by the followi ng equation. FIt = F 1 '"tan@=
(13.aﬂg§.tan0 [ 0066] The conponent of force FIt in the vertica

direction of the force appljed.to the Ilqwer. link 14b is applied .to the
Cen o1 & boayrrofigh. GagRRelefdiodn intcacedléflion b ¢ Batel 2B8S oo o
M, is represented by the follow ng equation. M = FIt.13 = o

[ ( 13a/thy itcHpgjomangle 6{ ol thy link is1®¥, {.anm thotygvgl device of thagelatedafgd (aisipg t he
enmbodi nent, when the vehicle accelerates, since the tire reactive force
nonrentanhun of (ha/flont A@1i1d8 of theGchmbt todiyrl s A8 noouinttke Thwet Kewiseoitthe ect i on
and negates the inertial nonent Ma (= -ahWs) in the cl ockw se

di r ectdngibdihéntWh wdichtthe inctihatidneangRAdyoflthé Sink ket REIM°] & eh e tHe@nvaikié and
rearward direction, inclination of the vehicle

drive, the raising amount of the front portion of the vehicle body 1 is reduced by half to 5

mm or less, and in the case of two-axis drive, the raising amount of the front portion of the
vehicle body 1 is further reduced, largely suppressing inclination of the vehicle body 1.
[0058]

In addition, the inclination angles 0 of the upper link 14a and the lower link 14b
with respect to the horizontal direction may be basically, as will be described below, 5° or
more and 15° or less.

5°<0<15°
[0059]

When the inclination angle 0 is less than 5°, the tire reactive force moment Mt is
small, and an effect of negating the inertial moment Ma cannot be expected. For this
reason, the inclination angle 6 may be 5° or more. In addition, when the inclination
angle 0 exceeds 15°, a movement amount in the forward and rearward direction and
relative movement in the vertical direction of the running tire 3, the axle and the bogie
frame with respect to the suspension frame 15 are increased, and thus an unnecessary load
applied to the position at which the links 14a and 14b are connected by pin coupling is
increased. For this reason, the inclination angle 6 may be 15° or less.

[0060]



22 body 1 during acceleration can be suppressed. Accordingly,
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The travel device of the embodiment is basically the same as the travel device of

the first embodiment, except that a position at which the upper link 14a is connecte
pin coupling is different. Accordingly, hereinafter, differences from the first
embodiment will be mainly described.

[0062]

d by

Similar to the first embodiment, the lower link 14b of the embodiment is installed

to be inclined with respect to the horizontal direction at the inclination angle 6 such that

the position 11b at which the lower link 14b and the bogie frame 11 are connected by pin

coupling is disposed lower in the vertical direction than the position 15b at which the

lower link 14b and the support section 16 of the suspension frame 15 are connected by pin

coupling. Meanwhile, in the upper link 14a of the embodiment, the position 11a at

which the upper link 14a and the bogie frame 11 are connected by pin coupling and the

position 15a at which the upper link 14a and the support section 16 are connected by pin

coupling are the same position in the vertical direction. That is, the upper link 14a

extends in the horizontal direction, and the inclination angle is set to 0°.  In addition, both

of the inclination angles (here, 0°) of the upper link 14a and the inclination angle 6

of the

lower link 14b are values when the vehicle is in a state in which there is no passenger.

[0063]



[ 0071] Accordingly, in the enbodi nent, when the vehicle

decel erates, the tire reactive forceinonent M (= -(a/b).1).13.tan0)
acts in the clockw se direction and negates the inertial nonment Ma (=
ahWs) in the countercl ockw se direction, in which the vehicle 23 body
1 is inclinedkxirintierdver daret @b cabodiment, din ireetidl ammandppilivdo the
inclination of the vehicle body 1 during deceleration can be

suppr agheds bddOW#ll be describedHer ei nabove, even in the enbodi ment, during
accel eration and deceleration of the vehicle, not only the inertial
nonenty, ]for inclining the vehicle body 1 in the forward and rearward
direct[i onbut also the tire reactive force noment M in a direction

negating the jnertial. ppnent are ied to the vehicle ho 1. For
Thie’  eason WhiiEihe nEbicBRestinis frEREhs Syl AGoH0REMEPRIIGh and
decel eration of the vehicle can be suppressed. [0073 o I n

addi t ek in pmertigdl diresbben eethe forgmanplicd do Exwpperahnl@waﬁgqném inghet he sane
as in the first enbodinment, since the tire reactive force noment M (=
(a/ b) .Horizo®at din@®tipmidd>1)) is larger than the tire reactive force nonent
M (=1).113.tan0) of the first enbodinent, inclination of the vehicle

body %())d@g]i ng accel eration can be suppressed. [0074] However, in
t he enbodi nent, as will be described below, the inclination angle 0 of

the lower |ipkqdifiBn MRYe, % &%Meﬁ%ﬁoﬁ@@ltlig)}thﬁeer{iFQ%ire[:@&?@f]the force

When the inclination angle O 'is less than 3, Ire reactive force
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or m)rirelc':lir{artllor{i1 gllcliélg i@?? fhe\ggr%g ag Pnethia 1?s|tierr}1 toidi?rrl]ent and represented by the following
equation.

F1t=Fl+tan6 = (P+a/b)*tand
[0066]

The component of force F1t in the vertical direction of the force applied to the
lower link 14b is applied to the vehicle body 1 as a moment. The moment, i.e., a tire
reactive force moment Mt, is represented by the following equation.

Mt =F1t-B

= [(P+a/b)-tanf]-B

= (a/b)*P+Bstan6
[0067]

Accordingly, in the embodiment, when the vehicle accelerates, since the tire
reactive force moment Mt (= (a/b)*P+Betan6) acts in the counterclockwise direction and

negates the inertial moment Ma (= —ach*Ws) in the clockwise direction, in which the

vehicle body 1 is inclined in the forward and rearward direction, inclination of the vehicle



angle 0 exceeds 100, the bogie franme 11 is inclined. For this reason,
the inclination angle O may be 100 @2 |less. This is because, when the
running tire 3, the axle 5 and the bogie frame 11 relatively nove with
respect to the suspension frane 15 in the the vertical direction, a

r el at i welyriodieimgriccadratinnt canfbetdnpplesssetr  pocdrdimglygtvdnhia thoghbodimanteall
connected to the inclined lower |link 14b by pin coupling in the forward
and r eadN@laflty dfindidc€aéhas tm beanfesvelihan a rel ative novenment anount in
the forward and rearward direction of the upper portion of the bogie
franme - ﬁonnected to the upper link 14a extending in the horizonta
dlrectL n by p|n coupllng [0076] In addition, in the

enbodi nment , t p i 14a is, not inclined, the u

Ty e’ 1B feaeRiel R gl ot e Sorla ot girolmgnatBr Bres ne

| ower link 14b. In other words, the upper | ink 14a may be_ inclined such
that tIFRé iptsivertisal dirgeonepplinddn theaeprapipel 144 entdng laﬁ%e hojizopdi e frane
11 are connected by pin coupling is disposed |ower than the position
15a atdiwietichistthesanppasruponnkceletatiandet e support section 16 of the
suspension franme 15 are connected by pin coupling in the vertical

di rectlipogoby a range of the vertical reference distance d. [0077]

In addition, while both of the above-nentioned enbodi nents are exanpl es

i whi ch the, raaaﬁeﬂthewyﬁag] oot ABICE P90 hiGné DEYARAELRPlr hERraew

transportatlon systemo e Slde gul e track-type, the present

i nventio m For e t he t| oned
enboai TS S i B a4 SnPioe B Frighe ErQYUS B on syt em
of a center. gu e t.rack-type to anot h vehi cl e.
[ ndus‘fl?li“é‘itlog\ﬁ P 8dbiheispgpp ap ab%]ﬁrst Odm%@e&n %p{e@em@m@sem
i nvention, inclination of the vehicle body in the forward and rearward
di recthBﬂngrqqngtl(abcel eration and decel erati on can be suppressed, and
the ride quality can be inproved.

F1t =Fl1etan6 = (—P<a/b)tand

[0070]

The component of force F1t in the vertical direction of the force applied to the
lower link 14b is the same as upon acceleration, and is applied to the vehicle body 1 as a
moment. The moment, i.¢., the tire reactive force moment Mt, is represented by the
following equation.

Mt = F1t-B

= [(—Pea/b)-tan6]*B

= — (a/b)*P*Betan6
[0071]

Accordingly, in the embodiment, when the vehicle decelerates, the tire reactive
force moment Mt (= —(a/b)*P+Betan0) acts in the clockwise direction and negates the

inertial moment Ma (= ach*W5s) in the counterclockwise direction, in which the vehicle



25 [0079] 1 vehicle body 3 running tire (wheel) 5 axle 10 suspension
system 11 bogie franme (axle supportp3l3 axle bearing (of axle support)
14a upper link 14b I ower link 15 suspension frame 16 support section
(of suspension frane) 17 attachnment (of suspension frane)

body 1 is inclined in the forward and rearward direction, and thus inclination of the

vehicle body 1 during deceleration can be suppressed.
[0072]

Hereinabove, even in the embodiment, during acceleration and deceleration of the
vehicle, not only the inertial moment Ma for inclining the vehicle body 1 in the forward
and rearward direction but also the tire reactive force moment Mt in a direction negating
the inertial moment Ma are applied to the vehicle body 1.  For this reason, inclination of
the vehicle body 1 during acceleration and deceleration of the vehicle can be suppressed.
[0073]

In addition, in the embodiment, when the inclination angle 6 is the same as in the
first embodiment, since the tire reactive force moment Mt (= (a/b)*P+Betan6 (a/b>1)) is
larger than the tire reactive force moment Mt (= PeBetan0) of the first embodiment,
inclination of the vehicle body 1 during acceleration can be suppressed.

[0074]

However, in the embodiment, as will be described below, the inclination angle 0
of the lower link 14b may be 3° or more and 10° or less.
[0075]

When the inclination angle 6 is less than 3°, the tire reactive force moment Mt is
small, and an effect of negating the inertial moment Ma cannot be expected. For this
reason, the inclination angle 6 may be 3° or more. In addition, when the inclination
angle 0 exceeds 10°, the bogie frame 11 is inclined. For this reason, the inclination angle
0 may be 10° or less. This is because, when the running tire 3, the axle 5 and the bogie
frame 11 relatively move with respect to the suspension frame 15 in the the vertical
direction, a relative movement amount of the lower portion of the bogie frame 11

connected to the inclined lower link 14b by pin coupling in the forward and rearward



19 air suspension Ila pin coupling position (between bogie frane and
upper link) 11b pin coupling positiam (between bogie frame and | ower

| ink) 15a pin coupling position (between support section of suspension
frame and upper link) 15b pin coupling position (between support
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26 CLAIMS 1. A travel device of a vehicle disposed at a front side and a

rear Ssifdge %peapb@mﬁ fof BRI Bde@Nfr&the 81 ¥6iHc6{e8 td B ippeMitKt f@‘é‘f&en@ﬁl\g'lﬁ ﬁle
conprising: an axle support configured to support an axle to which

Mheel%1ZQSF%ghggﬂ?@nggl%ﬂmhﬂ¥squort section disposed close to a

center h reference to the axle support and
extenctloe%]downward fromthe vehi cl e body; and

In addition, in the embodiment, while the upper link 14a is not inclined, the upper
link 14a may be inclined within a range of the inclination angle 6 of the lower link 14b.

In other words, the upper link 14a may be inclined such that the position 11a at which the
upper link 14a and the bogie frame 11 are connected by pin coupling is disposed lower
than the position 15a at which the upper link 14a and the support section 16 of the
suspension frame 15 are connected by pin coupling in the vertical direction by a range of
the vertical reference distance d.

[0077]

In addition, while both of the above-mentioned embodiments are examples in
which the present invention is applied to the vehicle of the new transportation system of
the side guide track-type, the present invention is not limited thereto. For example, the
above-mentioned embodiments may be applied to a vehicle of a new transportation system

of a center guide track-type, or may be applied to another vehicle.

[[ndustrial Applicability]
[0078]

According to the present invention, inclination of the vehicle body in the forward
and rearward direction during acceleration and deceleration can be suppressed, and the

ride quality can be improved.

[Description of Reference Numerals]



a link configured to connect the support section and the axle support
and in which the axle support is nogable with respect to the support
section in a vertical direction, wherein the Iink has a | ower
link configured to be connected to the support section and the axle
suppor[00®y] pi n coupling, and an upper |ink di sposed over the |ower |ink
and configured to be connected to the support section and the axle
support R¥hiBlemogpupl i ng, in the lower link, a pin coupling
position between the lower |ink and the axle support is disposed | ower
t han 1.0, ¢ [ sition between the |Iower |ink and the support
secti§%pggmﬁgéﬂéégggﬁgion frame in the vertical direction, andpp

when %;distance in the vertical direction fromthe pin coupling
positionaﬁﬁtmeen the lower link and the support section to the pin
coupling position between the lower link and the axle support is a
verticll PusSpPepsEHcesi§iMst ance, in the upper link, a pin coupling position
bet ween the upper link and the axle support is disposed |ower than a
pi n colipl bogie frasict(axda siggioveen t he upper link and the support section in
the vertical direction within a range of the vertical reference

di st anige. axibecdrimaMel adevipgertpf a vehicle according to claim1, wherein,
in the upper link, the 27 the pin coupling position between the upper
li nk apg/hgﬁe§gﬂport section of the suspension frane in the vertica
direction the vertical reference distance. 3. The travel device of a
vehiclﬁlacFo%dhq% to claiml1, wherein, in the upper link, the pin

coupl i p8¥i{ Oh between the upper link and the axle support are
connected by pin coupling is disposed at the sane | evel of the pin
coupl i g 859?@%3h§%€ ween the upper link and the support section of the
suspension frame in the vertical direction. A vehicle conprising: the
vehi cl & bapordsectiondot suapaisialeiane® according to any one of clains Ito
3.

17 attachment (of suspension frame)

19 air suspension

I1la pin coupling position (between bogie frame and upper link)

11b pin coupling position (between bogie frame and lower link)

15a pin coupling position (between support section of suspension frame and upper link)
I5b pin coupling position (between support section of suspension frame and lower link)

20 steering guide device
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CLAIMS

1. A travel device of a vehicle disposed at a front side and a rear side of a lower
portion of a vehicle body, the travel device comprising:

an axle support configured to support an axle to which wheels are attached;

a support section disposed close to a center of the vehicle body with reference to
the axle support and extending downward from the vehicle body; and

a link configured to connect the support section and the axle support and in which
the axle support is movable with respect to the support section in a vertical direction,
wherein

the link has a lower link configured to be connected to the support section and the
axle support by pin coupling, and an upper link disposed over the lower link and
configured to be connected to the support section and the axle support by pin coupling,

in the lower link, a pin coupling position between the lower link and the axle
support is disposed lower than a pin coupling position between the lower link and the
support section of the suspension frame in the vertical direction, and

when a distance in the vertical direction from the pin coupling position between
the lower link and the support section to the pin coupling position between the lower link
and the axle support is a vertical reference distance, in the upper link, a pin coupling
position between the upper link and the axle support is disposed lower than a pin coupling
position between the upper link and the support section in the vertical direction within a

range of the vertical reference distance.

2. The travel device of a vehicle according to claim 1, wherein, in the upper link, the

pin coupling position between the upper link and the axle support is disposed lower than
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the pin coupling position between the upper link and the support section of the suspension

frame in the vertical direction at the vertical reference distance.

3. The travel device of a vehicle according to claim 1, wherein, in the upper link, the
pin coupling position between the upper link and the axle support are connected by pin
coupling is disposed at the same level of the pin coupling position between the upper link

and the support section of the suspension frame in the vertical direction.

4. A vehicle comprising:
the vehicle body; and

the travel device according to any one of claims 1 to 3.





