; e3eytnyq$6TnMQ 1 5 APR 2004 WHEEL BACKGROUND OF THE INVENTICN Thi s
|hven&hon relates to a wheel. Mre speb cifically, this i nvent i dr ABR all@hs
to a wheel which can easily go up and down stairs. The Japanese Unexani ned
Pat ent publ i cmmmm 1459/ H1 (1989) discloses a wheel which is capable
of going up a m, s (hereinafterlreferred to as 10 "prior art 1).
Fig. 10 is schemaf yie of a wheel 100 of the prior art 1. The reference

nuneral 110 is a cart An axle 111 is red horizont
) ally to a | ower
of the cart 110. A wheel 100 is journaﬁggggh each end port¥on of 15 thepart

axle 111 so as to be freely rotatable. The wheel 100 h

as a Ccross-
rotator 104, which is journaled fr% I e axle 111. S?ﬁEEd
rotator 104 has four roller SLLB8K : 5 each roller j

ournal ed on one of thepfpyr ﬂdﬁéhﬂﬁodﬁhgeﬂatae Uaioa kﬂﬂe@b ad!

Are ber
rotatable. Accordingly, as the rotator Réi f the wheel bS ggeng
axl e 111,5t heifbtabig, 1084 o1 RHBDF+ 8V 0l E%Fﬁhng °t fe 4 ax% 1f§{q%gferrlng
50 Fig. 10, gQnggvggEﬁ% ghdt hewwheehi25.100 going up stairs will be

escri bed next er "A" indicates the rlipr of, th flégﬁb§ﬁe& of a

stai rway; "B the trea@he"@aﬁﬂﬂ?%%mp%%¥ﬁ%?ne%s ShEWT iR

the cart 110

188YHAg Onhddie gustaseeal & whadlt henidi | AAsFo
108B rol |l on ?%e rZag s@?f&?e and theerollers 108 and 1gsg:aé§ hﬂ?:?gned
above the robbeng 108A atl TO8B, PE3PESt| VRPYSIARTE ﬁBmmF?ﬁ H%% mhen

ghipgaggéilo“rggggegrq ﬁtalrmay, the front |lower roller 108B cones |n

Fig. 10 is schematic views of a wheel 100 of
the prior art 1. The reference numeral 110 is a cart. An
axle 111 is secured horizontally to a lower part of the
cart 110. A wheel 100 is journaled on each end portion of

15 the axle 111 so as to be freely rotatable.

The wheel 100 has a cross-shaped rotator 104,
which is journaled freely rotatably on the axle 111. The
rotator 104 has four rollers 108A, 1088, 108C, and 108D,
each roller journaled on one of the four tips of the ro-

20 tator 104 so as to be freely rotatable.

Accordingly, as the rotator 104 of the wheel
100 rotates on the axle 111, the rollers 108A to 108D re-
volve around the axle 111. |

Referring to Fig. 10, the movement of the wheel

25 100 going up stairs will be described next.

The letter “A” indicates the riser of the first
step of a stairway; “B” the tread; “C” the top corner.

As shown in Fig. 10(I), while the cart 110 is
moving on the surface of a road, . the rollers 108A and

30 108B roll on the road surface and the rollers 108D and
108C are positioned above the rollers 108A and 108B, re-
spectively.

As shown in Fig. 10(I), when the cart 110

reaches a stairway, the front lower roller 108B comes in

IR
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2 contact with the riser "A" of the first step. As shown in Fig, 18&%%@[
when the cart 110 is pulled up forward, the wheel 100 turns for\l/ér

the rolll er 108B, which renains pressed against the riser "A" 5 of the first
step, for the rotator 104 is rotatable on the axle 111. Accordingly, the
front upper roller 108C noves onto the tfead "B" of the first step beyond
its top corner "C'. As shown in Fig. 10(Ill), when the cart 1:10 is 10

further pulled up forward, the rollegr, 10 rolls r on the tread "B"
and the rol IS YTHEB ot stioh THEETi ger Qi"cdﬁ%v\glrrdg’glﬁus,'the rotator 104
can be turned on the axdesHddn and pid] et UPI f prwaed, tlamdchencel® heswheel
100 and 15 the cart 110 can be pulled u rd. I L0y d0(TV),
when t he car&uliﬁ%ﬂi%Psf?’F‘t’a]F%rtﬁ%‘? ‘ﬁ%ﬁgd{ﬁ%%%ﬂ}vsafg?‘é‘?%\é@r% ?EJ? 08B goes
beyond the top £oF et C wianeh geéma Ong OpthestdeadalBst Thasrishe WRGI e

wheel 100 and hence the cart 110 get. onto, 20 th read_ "B he_first
g| agﬂg gp% @itgglg En

step. As Hesefibeel HbbFE, SERR. wheEl T1B0TBF of“art "1 ¢an go up a

stai rway by {yEnipg.therrohaterdaifgion the axbetlippandrodlerngOthe front

| ower roller and the front upper roller og tge r'tseg,1 "A%]eagddt he tl{:ggd
"B", 25 respeeepvenyo bheehehadtep. FhetiSpanEst BhERaRTR&d“uUtiTi ty: Model
publication Ng,,191668/S57 (1982) discloses another wheel which is capable
of going up and down stairs (hereinafter referred to %ﬁ " ri%r fa%rot i%")' 30
Fig. 11 i s schematic vREwsheFnalph&el 128 (&£ 1) ne"BFPofPEr £23° e Wheel 120

conpri sesya Eﬁg&ﬁ@gu an 16at ﬁbeBE@E%dlz‘&hénQoleérr noBkter®1128Ao0rkad8, 128C,
and 128D whi ch are supported by brackets at the four corner%gof the rotary

plate 124. Eachtbk theatlolB”sidds thgsrefler; LHSRPROIGHA O thE M35y pl ate
124 is conca\(gd 'hgwg@dar c-li ke shape. In the sane way as the wheel 100 of
the prior art 1, the wieel 120 gets on a step by putting the front upper
roller 128C on the tredtus" the wiedadoap 184d Geal IPS itHFIeE GF (e "B"

forward and, t i e, 4.0l Rg the Herte kaweknelll arool28f upwar d
on the xiser ﬁi\ alé% ?Dﬂlg%éetdegl% &Iot hgtfga% the rotary plate 124 is different
from t he 150t aher daG4 dfL0t kenwiveelPU3Gd MEsHaFe@4he principl e of the wheel

120 is the sane as that, of ,the 1 | 100y 'I:hgmlg)\eetlh% 0-and gL2( of the
prior arts 1 and 2 hav@st hsehofwg1 I]lgjvv}l]&:{rﬁi'L shor@co)m' ngs (1) to (4

still further pulled up forward, the roller 108g'goes be-
?ond the top corner “C” and gets onto the tread “B”.
Thus, the whole wheel 100 and hence the cart 110 get onto

20 the tread “B” of the first step.

As described above, the wheel 100 of the prior
art 1 can go up a stairway by turning the rotator 104 on
the axle 111 and rolling the front lower roller and the
front upper roller on the riser “A” and the tread “B”,

25 respectively, of each step.

The Japanese Unexamined Utility Model publica—
tion No. 191669/557 (1982) discloses another wheel which
is capable of going up and down stalirs (hereinafter re-
ferred to as “prior art 2”).

30 Fig. 11 is schematic views of a wheel 120 of
the prior art 2. The wheel 120 comprises a rectangular
rotary plate 124 and four rollers 128A, 128B, 128C, and
128D which are supported by brackets at the four corners

of the rotary plate 124. Each of the four sides 125 of



(1) In case of the wheel 100 of the prior art 1, when the rotator 104 turns
about the roller 108B, the 15 roller 108C comes in contact witH X ABRt30ad
"B" at 'a relatively high speed, as shown in Figs. 10(1) and 10(I1).

Accordi ngly, when the roller 108C bunps against the tread "B", it gives
rise to a large shock. Thus, the cart 118 is exposed to | arge shocks and
vibration while 20 it is pulled up the stairway. The goods in the cart 110
may be damaged. In addition, t hands_pul | iing t 144 xposed
directly to e IRRBasRAR Y| %?‘gt}%nc%?g?%eedcg?tgﬁl%gé(]Q%Q('%)'hgﬁ\%ﬁgel 100 of
the prior art 1 cannotihe:R5 pahéedaypaa shai vhaglwi@hoof EheepsloR”

because it cannot be turned about the roller 108Bt L Lheyroller+108C on
the tread "Birt Evebhefvbpelr bff e?eiD8e can°beP plY glﬁg?ftﬁ%&t ?Ie%dk" B", the
roller 108B ot - 9PES UP2 BOVBh drhbet beead BB obethaseteheredi $oAdt a

riser "A" for e roller 30 108B to roll on. ) | se t eel 120
of the prborimgtip, opethaséreaeh’ Bf Fﬁéwf‘Bar aégdeggo% 't ggingt g?f/n\ggl ate 124

i's concaved [pg,@ap grEhlei keoshapswetheon oklken 2828Bpeandbenr ahsed iper eani ng
the side 125 on th top corner "C' of

a 1 APR_2004 t ni ng
the rotary prateof2aheoriard abshevuehe ThGp LOGPHET Pﬁégeeééﬁ ﬁ% t celr](ftsetq{ai rway

has no riser% A%roﬁstﬁgowgtakBthg4 1% hk) wnbBeweu@n, inn stvager, ttdigoul | up
the roller 1 §E onto t

e tread "B", the,vvhe%I 120 has tg1 e % rgg]\;eed by
sliding the prdacipbeontt haet gpeedr pel i€ thepsagFs& s 83 §& 125 has no
gui di ng ﬁ%gc&'h%g,l tlg%re occurs |l arge resistance between the wheel 120 and
t he stai y ccordingly, although the wheel |20 can b%fpul l.ed .up a

0

stai rway without riser&heAwheedsrd§Qi pad Lalgett &hée PEd°fo 3gdid YREE &t up
t he stairwa 4 n t t : fy t ior art 2 is pulled
yg;asole% r1{11'1@ 334 o ?1,9 grﬁgfggz%%ggjg%g af) the @n pul I

: ).
up a stairwa ' Sers slid on the top corner_"

C' of
each step and the front(l)oder casll of tPEBY&fs 109 &nth& REIH tHe" top

corner 15 "C' of said step.. A i,S . b oRe egat es1afert heoBrontthower
roller 128B i"@elr’omg St hraoﬁaloatthoeIt t ?‘ggd 1$'%i'];‘?sof “sa 5

sai d steg, the front_ | ower
rol ler 128B ruwlsed noSBChorément alnl yepntact hetdiilsetheatpgadai P st\é\% ahd
its horizontal rgr)_l_\é.le nt gea es.spdécecoordia{gl Yandthen the front |oyer) 20anel | er
Tt ser A i

128B runs i nt'§ “of 'said step, i1t causes a_ large shock. . The
goods in the WartInAyAbeoddiaged, byhere sheckodd@tvi BY&E i SRSy 3FHEF bn,

the hands pulling the cars are ex ed tot i prationefct.herwwas | . tRS
Besi des, the Wt i ZoRt4l oﬁp&%eﬁtl%(%% ﬁ:nleé)epu?€ %{o?cg:ebi s Wasct ed, just used to
bunp the fromtstowexorald esxd@8R agai Nstrgeheshdocles apd FFLOTH St eph iRl y

the vertical upward cqnponent of th ul I for i eidsedf d£oFcransing
the cent 620 ofi% heSf POt Cot® Fof| ggagfgﬁyébg\%ge S%OCtgr%Dce]| tread "B" of said

step. Thus, idayegui i@mdgydie Toreddioipunl,| tire kandsupulAdnst sfrhafatin

accordance with the above, the object of the pr IsAKeNt} Oh-481 40 of
provi de a wheblOwhRiréh eé’f'%%?eei ﬂér%Sgggr i a&n%vggl?gregg%y equi ppedlwi th two

units of the tpd 8aAPRL2004
(2) The wheel 100 of the prior art 1 cannot be

25 pulled up a stairway without risers “A” because it cannot
pe turned about the roller 108B to put the roller 108C on
the tread “B”. Even if the roller 108C can be put on the
tread “B”, the roller 108B cannot goes up toward the
tread “B” because there is not a riser “A” for the roller

30 108B to roll on.

(3) In case of the wheel 120 of the prior art 2,
because each of the four sides of its rotary plate 124 is
concaved in an arc-like shape, the roller 128B can be

raised by leaning the side 125 on the top corner “C” of a



5 wheel easily up a stairway, even without risers, with small q%cl force,
causi ng smal | shocks and vibration. SUVMMARY OF THE | NVENTTON 5" CBR&UWQ to
the first aspect of the present invention, there is provided a wheel
conprising (i) an axle secured to a novable body, (ii) a rotator journaled
on the axle so as to be freely rotatabl e?and havi ng at | east three apexes
di sposed rotationally symretrically 10 around the axle, and (iii) rollers,
each rol l er being nmopunted.on ane of apexes of>4 hesrphaloremtasti® be
freely rot AR 2B C ST e v%eﬁo%%g oST5FR ne ot at or is provjded with
a gui di ng swd@ces whkeh basesanl i £f thet sopdlrvweysibdamnce RIS $idabPe. 15
According to the second aspect th nt .inveidong ot hene i pev¥i ded
t he wheel ofsﬁ%én'filflsthéﬂspg]gt Wﬁ]g)r ei ﬁo‘g%g%%guil&l ng surfa(():eI@i s concaved in
an arclike shape.yAscandiongd citdettbadd aspedtneofwherl piéfemaspg-o be
invention, there is provided the wheel t LLS I SEGN aspeche-
wherein (%) meecpobit Séfldilﬁltgertg)?cﬁlocge oﬁ%a%ﬁ éh:éd::tr? surface and the
periphery of .9ngeotntheitdad 124 leas fef ignildd ngaifthrgdiidimg e ¥aceCryrs
positioned outside of the straight |ine which extend hg.gept.ak .25 of
the roller tbabgetZegestanset qrbh@??/ Hﬁe?ﬁeagph}rg# gﬁléér Fi omtge
out si de of tﬂgcg@gghgﬁg}q diDhdig apgk e Whrtaleen2 @achanente pordiles ot edch
gui di ng surface and the straight Iine“ﬁgi ch ,is ea&ﬁ?g q%lr%t Oforce to
i nteersecti onsobisHpd ehdHedtt i BhSSFSsard 'guidi hGIShF Face and the peripti 30
ery of the rglher .garcespongi Reet @tsairtiagnd portion, tangent to the
periphery of “the roller is small. The advantages. o r thefir st
aspect of the present i(Avedti &asgr &1L 1919 o e.elﬁl\hﬁ@ ?ﬁepﬁ%vggllgrbodfy
equi pped with two 'ltfd ofipt he swheelaof wiifte imesrs “IA'5 APRs200 825 drf i s
ce o

noved on the surf a road, two ro\!l,;ers of each eel_rol n oad
surface. Acceldidngby, thige wwvabPENEddy Can®be dsghﬁBot%Q; J(C)lﬁgt h%%o%d '

surface. Wien it co Al LMRYs BY Paddd ek t hethorwe dtepf asimer
gui di ng surfgé’é"ed:]c ?ﬁgl%gt gltzor of easc’:h_v\heell i ntg cont act witth tg% t&?e
corner ofiseacit’step aveiipubking W t k&igoveble bddy FOFwHd “"Fhe rotator of

sai d wheel can be sljd_ on the Lop $@5neE ofowai desaep tard toved Uptardt for
sai d gui di ng ace®8Fe $19 dabl

e and has small fric 10 tional Srtesrll%f\_nce.
Therefore, ewanid fstép, sther dapnits lsfver n*{)QH%%rlt?éBe,ruBs? ﬁ@m ng the
forward-facin ui di ng. f ewpot airols .0y eaep wheelidisntieocbndact
with the top %&n%ﬂ%flrzgéh@fé%eggs%ge movabl e body can blge/ec rri %d y wé@e
stairway with4el avesientsnabaséor c ACIIER ALY velNeBy TSP t FHE he ROVabI e
body clinbs a step, t otator aghwheel -t urns byrt hes c@ntsitalp ,angte
bet ween rof | eFelt rf&?@étguﬁgxtﬂ{gﬁ?d?ng surf%c,e forward so that it can be
put into contagtssith tihedophorier Toe oRedsexitn str. CFRls Mthd frodabi e
body can be carried up .the 20 stair : . by, St8p a3dGeassi, velye hheds
advant ages of?‘é?‘édg’gy Tiie %é%%ﬁd%l&éiﬂltbg% the present jnvention O??re as
fol | ows. Becaggeleagh g dicagtsurtaceexosagh thhethei sV EOMREVRY iH af™®
arc-like shape, the angle between the tangent to the point of said 25
gui di ng surfa€8flthere it is in contact with the top corner of a stepuﬁg(rj
the treadpgf the step isestdkk, Tirer ehorézonkelcomptrifiiof Ofhetpal P ce

to pull the rotator up forward .is large coL AL ngh ¥, £i-BgtMvaklre leadyercan
be carried upfPREcstai r”(ﬁacg}: it B4 a"fslgev%lﬁgsﬁ% pull force.

128B against the riser “A” of said step. Only the verti-
cal upward component of the pull force is made use of for
raising the center of the front lower roller 128B above

30 the tread “B” of said step. Thus, it requires large force
to pull the cart up the stairway.

In accordance with the above, the object of the

present invention is to provide a wheel which enables us

to carry a movable body equipped with two units of the



SQ In addition, because the rotator of each wheel turns about the top
corner of each step, the distance between the front upper roll en SoAPR 2008k
wheel dnd the top corner of said step becones small and, hence, the turning
speed of the front upper roller of said wheel becomes snall. 1 5 APR 208
7 Accordingly, the shock to be caused byoputting the front upper roller of
each wheel on the tread of each step can be reduced. Mbreover, because the

contact point between the top corner, _of each _step.. L di S f
the 5 rotat drhefl e&&s itYeePP i e§ TBAERRAY d %\rflerslaiwdla%g)lu& %g&gh?gécg&%ﬁﬁeeo

sai d rotat orgfa NS, d T Wes BcEPnéh neong| ymabbushohkst apdcotheatdpnsai
( aid st
the front upper roller of said rotator can be put onpthe tread of said g?ép
wi t hout causing a large shock. Thus, the novable body can be car 10 ried up
the stairway step by step snoodiMyaRnNdOBUCKESENVENYIORausi ng rel atively
smal | shocks and vibration. The advantages. offered b thg Qﬁ!rd pspegqt of
the preseht invention AFEOEE1IRS| TR F0i T E §he PPEI d%per ol Per oﬁ each
rhee| i's pU'%ﬁQeHPiBHPM%H%ﬁgﬂQst&%6Hidé£ad<ﬁhé&m nexprstépgand r okhi ng
orward on the tread, the front |ower roller of said wheel is. ullgq upwar d
and the poi naxbe isECErsscticon ofoYARLGUPARNg sirfact BREWERh PRE FFont
upper and | oyer (ol | £45c28d the per iherseofy t becheantel auer noble i
drawn toward the top corner of 20 the next step. Wen.the point of
i nt er sect i onlefssai thukeel 2RSS H TUHIAEL ﬁﬂqﬂ¥ﬁﬂ%§q9€b EQPWS%réFa%%é'next
rs]_t eﬁ, thﬁoce?%gﬁ{ﬁf the frond |gwar [plder refiieais] weeeh irolost t berded
i gher than € top corner of the next step. Accordingly, t he horizontal
?onponﬁnt of mbhetpdl loresoter eé apgl iaRPHS the FbBFaBPEAhody Het3°t St & the
[O”t | ower rg%' L y grfot ﬂ?%l‘#‘.e%adwv‘@{cﬁie abhouhetheabORe SObREL hof ridve toaxt
st ep. us, conpared Wi the force otherw se necessary to pull up the
front |ower il lperovofdeshchi Wheal JSAESNOhe UrGaCS 8P Ch t PaanSBé L puli%ed Up
wth small erftSO farce. My eqver, pacause dfadront lower roller of each
wheel turns f¢PRErd Wher Tt comes in contact with the top corner of the
2:)(;}] a;]ep_l,S the shock camdwerdieduced. the aRFeIIGn2SEEER i dFR§ RRFHCE of
eel cqnnects snoothly w.th : | PhgLi t | en efd4d n
1 5 APR 200 é”éfaﬁrﬁlgodl'm%‘&eis(%r %cé@hlgs{r%% ore‘,g ?ﬁ‘g@gho&ﬁ gﬁ% gilgrsgti%i“tg
de caused by gdw fulostelmweachobuediofy eaciadreels copn@veR eBneECt3TFT h
the top corner of the next step can be reduced and said front |lower roller
can be.nnvedlg- . ?ﬁ%ifron1the riser to the tread of the next step
aﬁgolrd: _nE to the i nventi®efoidimg f aor t thaspédird t Aepects Pr okhgedEesSent
el -1i ke apparatus rotatable about an I d ri-sn 14 | i f
rolling @@ﬁxﬁ%f%ﬂﬁﬁﬁﬁieakféeaf“?hgrﬁg%ggﬁeﬁ§ggfwgggPaﬁﬁgrg?%sggﬁgﬁh s¥ ©
allhg; 2! i t%/hof @%@@g aspelac eshelt sposdd ) bet e podditaceht Lndleiseg et eP§
N ; .
angl e. © qgécéngufgiﬁgcgﬁr%g%%r%ﬁF ghe §8£lﬁﬁgrQEG?egﬂeaQﬁamﬂgbtH§§

rollers defining said guiding surface is positioned out-

side of the straight line which extends from the center

55 of the roller to be tangent to the periphery of the other

roller from the outside of the wheel and (ii) the angle

petween each end portion of each guiding surface and the

straight line which 1is, at the point of interséction of

said end portion of said guiding surface and the periph-

30 ery of the roller corresponding to said end portion, tan-
gent to the periphery of the roller is small.

The advantages offered by the first aspect of

the present invention are as follows. While the movable

body equipped with two units of the wheel of the inven-



15 BRI EF DESCRI PTI ON OF THE DRAW NGS An enbodi nent of the invention will

now be described by way of exanple, with reference to the acc )
dgawnnds, in which: 20 Fig. 1 is a schematic illustration of gzﬁgﬁzzgynent
oh wheel 10, in service, of the present invention; Fig. 2 is a side view of
the wheel 10 of Fig. 1; 25 Fig. 3(l) is & front view of the wheel 10 of
r:giTlo?ngiglgé(ﬁgllé'ls a4sectional vi ew taken along the arrowed |ine
- . ), Figs. and. 5 are illusfrati 0 w

t he wheel 10-%3n Fi-§. _“EPch'é?l n@nugh§ sstua]ffr%/\%%/; géotaFiO%ga%’ i Eagn ItecillﬁLaér]}z‘g)ééSBSintewOf
of the wheelg @, ofyfid. 56LY) o @he? tsadl lustiatd ondorershiaglivhe FBfement
of the wheel 10 of Fig. 1 90|ng ug.a stair Wit hout, B sersg 1s3-APR 200
9 Fig. 8 showevahiegtdivngEurPacd°rss SH Anbther shgfé, S tReTwheel 10

of Fig. 1, H 9 ssho e gyi i : .
he whoel 107Een _showsriche gyi di ngtsurfase 183, putsing| tawot Rervskdpe, of

_ Fig. 1; 5 Fig. 10 is the ill [ ;
the pr|or5arfaQ;ﬁanauFﬁ@Pglﬁaﬁi%Qﬁa?%Iﬁgér55?%%§EgoqfH%L%%QQP&%SSHS%Q?hgf
S:Aa{nggt g.BgQFgggAkg%@_EﬁﬁgA%@glGNr@EfﬂﬂEIé&EhWb@Hm%ﬁmdrpuglibgtW@

_ _erred enmbodi nrent of the present | ti W
descri bed. |hhBi GovBEblehedPRY efORNET Ry ’io‘f%{aigl\élgfgélsOsgal\r’ébué%?gwb%%ﬁ The

novabl e body is.fit it i . . ;
such as sui tgésesgldlba £0c (i t Pod BBrherobrlEatieed tsed Oan¥ambues apmagides

ol e Mgl R TR R
10 tional resistance. Therefore, even if the stairway is of
a no-riser type, by putting the forward-facing guiding
surface of the rotator of each wheel into contact with
the top corner of each step, the movable body can be car-
ried up the stairway with relatively small force. Moreo-
15 ver, every time the movable body climbs a step, the rota-
tor of each wheel turns by the central .angle between
rollers to face its next guiding surface forward so that
it can be put into contact with the top corner of the
next step. Thus, the movable body can be carried up the

20 stairway step by step successively.

The advantages offered by the second aspect of
the present invention are as follows. Because each guid-
ing surface of each wheel is concaved in an arc-like
shape, the angle between the tangent to the point of said

25 guiding surface where it is in contact with the top cor-
ner of a step and the tread of the step is small. There-
fore, the component of the pull force to pull the rotator
up forward is large. Accordingly, the movable body can be
carried up the stairway with relatively small pull force.

30 In addition, because the rotator of each wheel turns
about the top corner of each step, the distance between
the front upper roller of said wheel and the top corner
of said step becomes small and, hence, the turning speed

of the front upper roller of said wheel becomes small.



The novable body 1 is not linted to the above articles. 20 [

Figs. 1 and 2, the wheel 10 conprises an axle 11, a rotator ?§‘ﬁ2§32R2£hEHs
13A, 135, 13C, and 13D. The axle 11 will be described first. The axle 11 is
a rod-like axle nmenber and is 25 secured tc an appropriate part, for
exanpl e a bottom part, of the novable body 1. A pair of rotatoré 12 is
journaled on the axle 11 at both its ends so as to be freely rotatable

Alternatively, the axle 11 may be journal ed 30 freel . [
novabl e bodyAQC@ﬁ@l@%bYpaFPeoﬁhP6¥gﬁ6? ﬁZCﬁ%§e%e%§i éﬁg%g&?ﬁgﬁz;?gégﬁ.

Further alt Y , ir :
right and I:L?fi%és'f ehyied RAE leah ritgdl amd trhét tarkds afayedsd seekiP e@afo t he

i des of the bottompart of the np b -
200 10 Now The freduseshpl BOrepyes: 1258 Far %h“seo g??é%% %rv;ﬁtﬁe%ﬁgﬁmﬁpf he

rotator 12 w ; L .
ratorial s C‘Q‘%l‘u% Pepdeft dr0td 0dadi? EBep phat e- lgkiel ivas t$wr DrcayPbnthét her

_ e used they slide snmoothly on the, mak nQl
i bed. nmenber rehdosf Off @@Cﬁlhéfherﬁlaﬂ%ﬂvet%%b%@%aeﬁ% Qr&:‘?s%ggnle!;}lgg%gﬁt \ggt% DTLQEy
rotator 12 has fouj, j3REXES; ASr8€88ckN thih@ sdif@nidan obntheuaxskylaboe

four apexes are disposed 10 90 apart fron1oqﬁwﬁngtheﬁ and at £Qfl§§”%f
r

di st ance frobheheax| eotnerTiE ro2 b8 oftER  ndy havE L hr &8F61 nore apexes,

L0 U B e R by il Real breayomesatablys b, a
causing a large shock. Thus, the movable body can be car-
10 ried up the stairway step by step smoothly and succes-
sively, causing relatively small shocks and vibration.

The advantages offered by the third aspect of
the present invention are as follows. While the front up-
per roller of each wheel is pulled up forward onto the

15 tread of the next step and rolling forward on the tread,
the front lower roller of said wheel is pulled upward and
the point of intersection of the guiding surface between
the front upper and lower rollers and the periphery of
the front lower roller is drawn toward the top corner of

20 the next step. When the point of intersection of said
wheel comes in contact with the top corner of the next
step, the center of the front lower roller of said wheel
is positioned higher than the top corner of the next
step. Accordingly, the horizontal component of the pull

25 force applied to the movable body acts to turn the front
lower roller of said wheel upward about the top corner of
the next step. Thus, compared with the force otherwise
necessary to pull up the front lower roller of each wheel
onto the next step, 1t can be pulled up with smaller

30 force. Moreover, because the front lpwer roller of each
wheel turns forward when it comes in contact with the top
corner of the next step, the shock can be reduced. In ad-
dition, each guiding surface of each wheel connects

smoothly with the peripheries of the rollers defining



15 tator 12 and at the sanme distance fromthe axle 11. As shown in Figs. 2
and 3, each of the four sides between apexes is concaved in aniarARR 260
shape to constitute a "guiding surface" 12s which is mentioned in the
clainms of the present invention. Each guiding surface 20 12s is even and
snooth. In addition to the smooth shape 8f the guiding surfaces 12s, the
rotator 12 itself is made of one of the above materials. Therefore, the
frictional resistance between a guidin urfac 2 t t £ngn " C
of a step i Saxifhl PUhRine ?Hér%fa&ener esrgezéorsﬁ’i d‘:&rllg%r %R%t%%e%}g%tg%fﬁs
described | aterqd n-getakl vy Thaeshiapatofiotdee guildieny Surdace 128ehayol-be in
ot her shapes. Fig. 8 shows the guiding surface 1%§figh§n9ﬁﬂﬁf €cah
plurality ofing ofpusicersct2tvid! f bPfed©Bn GHE 30 Qui di'ng surface 12s. the
fornmer extending-dhough thel | eagbh etonhe latéer .rdilpr 9 whowbet hBog&Rdi ng
surface 12s 1n still another shape. Each. of _the.four.si.d e n apexes
of the robat®noath}¥ FFeRetN®i Fho rsEPdEPGZBFe\%%i S e T
plurality of protrusions 12t extending through its length and is secured to
said side by screws, thus the slider 20 constituti t i di rf;ace
12s. Any natBetardieggn tse thRdiIPEFNERE s de? Suﬁgg @’gjr‘%% tg%f/?gl i'de

snoot hly on épgvﬁatgﬁcg[]n%éeicii% SRR aaNG Nkeasaple mbicsE when ey
C W

come in cont hem Besi des, sl'iders 20 _can be chan gd ﬁ%§%§g§¥
have worn outndAccormdiimging ahediuraddiippell Wt 1919 dBYEP9D° 26 ave 2 1 ong
service Liffe,_  Referri 1o Hg. o2 the rglderscds wnld be mhscalbed el ow
As shownlllbn IE—"ltgtt’kS(E é%%hl%peggof t he rotéa%}t or 12 is, .provided mm an(eqtll_l er
13, which isgindéhy rotafadte. diSPPSER rRPTErer s 3 IARSdr F Rar *i8nder - nmade
of, for exanple, | &, ok payl Qg Mhenshheavheelink igeavel shen ndielisug f ace
of a road, t grﬁoﬁhgfééﬁg gre Jggbeﬁg seen in the direction of the axle
11, the poi nimeabeinst ertsect okt uEde a3f91® -gui di ng surface 12s and 20 the

peri phery of one of the two rollers 13 defining the guiding surface 12s is
| ocated outside the straight Iine F which extends fromthe center 13p of
the rollears 13 to be tangent to the outer portion of the other roller 13.
Besi des, as seen in the dj i AXbe 2hrlbrafafbsgui di ng surface
12s is formed so as to crgégg%aﬁggegﬁgﬁﬁoang?p, the periphiery of eacg of
the two rollers 13 defian nemsadimgot diofig tder fiareenion | Klst héPWadtds3®each

end portion of each guiding surfa S i e ld O deasteabght
i ne which i Sscf%]rﬁeé?']?b ghggpgix%ﬁp%%, WS e e RATRIdL! d a b

Y afe
nying drawings, in which:
20 Fig. 1 is a schematic illustration of an em-

bodiment of wheel 10, in service, of the present inven-
tion;
Fig. 2 is a side view of the wheel 10 of Fig.
1;
25 Fig. 3(I) is a front view of the wheel 10 of

Fig. 1 and Fig. 3(II) is a sectional view taken along the

arrowed line II-II of Fig. 3(I);
Figs. 4 and 5 are illustrations to show the

movement of the wheel 10 of Fig. 1 going up a stairway;
30 Fig. 6 is an enlarged view of the wheel 10 of
Fig. 5(IV);
Fig. 7 is illustrations to show the movement of

the wheel 10 of Fig. 1 going up a stairway without ris-

ers;



30 of "intersection 13e, to the periphery of the roller 13 corresponding to

said end portion of said guiding surface 12s. Thus, each guidiqg surfaie
12s cornects smoothly with the peripheries of the two rollers 11 MR 00) 5

APR 200 12 fining it as seen in the direction of the axle 11. As the wheel
10 is given the above configuration, its%our rollers 13 revolve around the
axle 11 while its rotator 12 is rotating on the axle 11. 5 Now the worki ngs
and the effect of the wheel 10 wil| descr : hewy 380 Fisg. dm-the
movabl e body 1 fitted k¥h & p%ﬁ?w%fgﬁﬁee %“%gﬁgtsﬁﬁggbotton1hnves (in the

direction of as) whede tsshangl enésl pudl e hogizontal ly 10 (in the
direction of "K"). As the |lower roll 13A,and 13% gf

rs e wheel ol
on the road surface "RFigthd rdS"st dite WAFFENY ha hes s%%%’are n%%?%g on

t he road sur&@g@h"fTSﬁ§pégdggegheThuéelbyoapﬁlyﬁgg $mal | pull force to the
novabl e body 1, h

the wheels 10 can be myved 15 snoothly.o h face
"R'. Mean®hile, the otRég-twd rbt| Ehe £ Qﬁ%f%%ﬁfQﬁ %gc%h%hzgpg%g g?g

posi ti oned aQ9VEh%hﬁa%8k|§&§ 13Azand 13B, respectively. Figs. 4 and 5 shows
t he novenent of the ee [

2l 10 going up a stair . Only_the wh 04l
shown, the 20 novabl e Bédy Llonitté&fe N§J§ﬁ$ﬁ$?%9¢ﬁg¥f45ﬁﬁ éﬁ%ﬁﬂt%g%
novabl e body t. .Sk Lrieaches a stairway, the front lower roller 13B
cComes in con?éo%ﬂ§dnggﬁg fiser "A" of the first step. 25 As shown in Fig.

4(11), when the novable body 1 (not shown) in the state of Fig. 4(l) is

pul | ed up forward, the 504 Gp Lk uiner 0 ver drmbotveleIonont | ower

roller 1 g, for it is freety rotatabre on the axle 11. vgile th%n&gkﬁppr 12
i s turning about the fRefedmveer B0 EBEI Sra¥iBISvhe? | BFEERTFEHRITE Pressed
to the riser "A’. rdi ngly,+t he @Hdig surf acs: 28 dsdhibadl ler 13B s
br ought into“f%ﬁié?f%&Fiﬁﬂgﬁ%ﬂfbgﬁéorner "C' of the first_step,, A% shqyn in
Fig. 4 (| | | ) , wham thegnokabltebg®ferenas ApRokpy }zindicates

movable body. The movable body 1 is fitted with a pair.of

15 wheels 10. Various articles such as suitcases, baby car-
riages, carts including old-people’s carts, robots, chil-
dren’s bags, and so on can be fitted with wheels 10.

The movable body 1 is not limited to the above
articles. '

20 As shown in Figs. 1 and 2, the wheel 10 com-
prises an axle 11, a rotator 12, and rollers 13A, 13B,
13C, and 13D.

The axle 11 will be described first.
The axle 11 is a rod-like axle member and 1s

25 secured to an appropriate part, for example a bottom
part, of the movable body 1. A pair of rotators 12 is
journaled on the axle 11 at both its ends so as to be
freely rotatable.

Alternatively, the axle 11 may be journaled

30 freely rotatably in the movable body 1.and the pair of
rotators 12 may be fixed to the axle 11.

Further alternatively, a pair of right and left
axles may be secured to the right and left sides of the

bottom part of the movable body 1.



1 is further pulled up forward, the guiding surface 12s slides on the top
corner "C' of the first step. Thus, the novable body 1 (not shown) can be
pul led'up forward together with the wheel 10. 5 The rotator 12 5 #PRe2iét of a
material of small frictional resistance. In addition, because the guiding
surface 12s is concaved in an arc-like sh8pe, the angle between the tangent
to the point of the guiding surface 12s where it is in contact with the top
corner "C'" of the 10 first ste nd the tre ft I step is small
Therefore, the conponefif¥of ?hgogﬁgPrfgzcglﬁg %ﬁlﬁggﬁ%lggpétor 12 up
forward is |arge. Accordienglotathy appl ysng mdlaats-elke smahbef ongdet ©fthe
novabl e body 1 to slide the %uLdin% su&face 12s on the top corner "C', the
novabl e 15 b&8y $xéBR1Be PUdPP&dCuP” FPH-88dition, because the gui ding
surface 12s of the rotahgr ok2drS eanoavad idararbareseéd kéoshape, rioli@toat at or
12 turns about the top corner "C' while the guiding,surface 12s _is sid.ding
on the top céPnés "{2r BECAHSY the ﬁ?%?%ﬂg% 88t3§5h'%%% F%ﬁﬁg%?nep"C'
and the roll gg g%%ﬂ§ SHal haxkhesrtaurini mgi speetdeafl theg robher id3Consasrtal | .
Mor eover, because the rotator 12 noves forward, its point of contact with
the top corneithCthgdves backward on the guiding surface 12s and the
rotator 12 turns 25 fomypar d.SontdRueusihg abosir t Beekep @y nesen Cin Tihs,
the roller 13C can be noved forward to put it _on the tread "B",.causk%g

t

only a small déhecitions ehowhei R Y. 15¢1 Bhe wheH t RPSHRAbPESbSHY PP
shown) ':Lget he, st aaﬁ?az?{] Flgn ALE! bhoesefurdfieraput hedsdfeuptifseanard, £ tdie
n

roll er rolls e tread "B" and the contact point between the guiding
surface 12s ame taxde dpl-corner "C' noves further backward on the guiding

surface 12s until the pgjdt rgg Lptensectd Pnnhafet he e dbAgmeuel agsedes, and
t he periphery of the ro per % conmes in 1 5 APR 200 14 contact with the

top corner "GhnclRiding feuan wnlah gete vilbapesed hetatideloniol bf Fe 5 v) .
s shoun £ B 08, P YRR fefA00 abyuiecay o sudpenciz

and the peri 5%t 0 wer than the straight |ine which
ext ends fromidwecert esndfat hehe oddree dBBanchdef tamgere 2vlehel bott om of

the roller 13C. Therefore when the raller B [ ntagt wit hethe top
cornea "C', the center %gpgpidHl"%ﬁg%df%%OaﬁﬁgeiblEggglﬁgfis Sbsit?oned
above the topsiceaepet GienAapekadisnglsy,cdrmatet i Zonaal agomidkentsiipe hieo
force pulling up the novable hody 1 forward, S .t.he .rol - Josturn
it upward abdtRNTHENEoD éorﬁ@ﬁdﬁég Sﬂﬁﬁgé%wﬁﬁé?e%gﬁ%eeﬁfsﬁéﬁﬁl%orce? t he
roller 13B camdbecpalhedotpths @ieaehnhe itvead icBl'.. EReh rohldind 3Burtpas
forward when it conmes in contact with the top, corner "C:. o]

hand, the2@Qui ¥ Hglsurrade & EBRHEEtsH§h6%§£'@l%@tﬁot%éepggw%ﬂg}ygggbfhe
rol I er 13B. 20¢ Theref gnedihhe shotdcendigisbr athon rehenorhel? oliltere lif3Bicomes

in contact wwth the top corner "C' are re%uced, and,.the roller & Bfgq es
Nl ﬂfeh gut t

snoot hl'y froriéde pfsene @f (BhenaPPYEadatgr ¥ My surface I2s

connects smoot DLy, 25 ik the Peasdphesy af quieling) | euridBebul st hend phbient
of intersection |I's above Ehg strait |ine mhichaﬁﬁtqags fr%g%thﬁogﬁéath%na
center "CP" ofopheqmidter “¢3B%fo Be StaRgeht 8% te HOttOmMGF the ot | er

13C, the pgtatiogalgCeAt ehe” CREtak,t he Eeklken hE3B liag epodint idened lhel ow t he

tread ,
The shape of the guiding surface 12s may be 1in

other shapes.
Fig. 8 shows the guiding surface 12s in another
shape. A plurality of protrusions 12t is formed on the
30 guiding surface 12s, the former extending though the
length of the latter.

Fig. 9 shows the guiding surface 12s in still
another shape. Each of the four sides between apexes of

the rotator 12 is fitted with a slider 20, which has a



30 "B" when the roller 13B cones in contact with the top corner "C'. Thus,
the roller 13B runs into the riser "A" horizontally, causing 1ad IARg&0&hock.
Besi deé, t he horizontal conponent of the force pulling up the novabl e body
1 forward cannot be nmade use of to turn the roller 13B 't 5 APR 2004 15
upward about the top corner "C'. GO/ hilelthe wheel 10 is pulled up fromthe
road surface onto the tread "B" of the first step, the rotator 12 turns by

90, or the central ,angl e bet ween .,apex of . I Ot . +Bec he
rotator 12 i E’llﬂi‘ahilaéfdo% B OF TR |an°’ge§2utrf%%:eélitglsﬁ%n@%g%ﬁ&%f lf@%eq}éﬁﬁ\;}%

si des, the guidi Rg swdaea i2s hetdeeitd Hey rottews, 1Buanthe3pligeds 20
forward on the first step. Thus, while t V‘h‘iezl 10 is going up. 10 the
stai rway, on&°8FtEREtEEGr LG GG &G FAEEE 28 FoHces forward on every step.
Accordingly, by puttingnihendarmarids f@oh nge guisdidng caurflaces12deirnfd @t act
with the top corner "C' of the next step and pulli up vabl e y 1
forward of ev\éfy %%e&hecihes\axﬁggl ﬁ%o?%kb}g\ét $M hghiS a ovg%%g\(?glr%enté Tﬁﬂg,
the novabl e Redysl AN ik Wher upotde shanr tayystepebynstoem sudcesisitvel y.
As descri bed above, by applying small pull force to the novable body 1 and
sliding gui dith§™surfaces 12s of the rotators 12 of the wheels 10 on the top
corner 20 "C' of each siep.ddde spyabire haulycincabe behpuldeed wpeontdheai d
step together with the wheels 10. Besides, the novable bqdy.l.can b 'l ed
up a stairwayastepieyn sPBp - s RGN NS s JESSST v%ﬂ’s}}pesasixﬁéh n ylcgelr‘)‘%|
shocks ang vi 4.2 2 MPreoMerse thershock and vibration to be caused by

the rollers of the wheels 10 comng in contact with the top c rnetg 'r'ﬁg,"_of
each step can be reducEfemiinhet? oF1@r sZcahlPBe FRoVEdSs ot"fﬁcﬁylf Bt he

riser "A" to thetread B of each step. 30 Furthernore, the novable body 1
can be pulled Up a stairway step by step successivel y.ﬁeg\low t he novene 5 of
the wheel 10 going up Astahewayini FRGut 2ri §6FE WPEX cfé%%r?‘b%?foﬁg. 7
is an illustrati BPO%QdéHOQS’i*EQ‘P’]Vat he,wheel 13, 1yh: ARRi200c e 1) goestapla.

I
stairway wthout™rrisers. shown in Fig. 7, in front of a step without a
riser "A'15t Heaaihersdll16r caanat chd indracdlf semRed avcif Ahe Font*fBRer-

roller 13B. plastic or nylon. When the wheel 10 travels on the sur-
face of a road, the rollers 13 are used.
As seen in the direction of the axle 11, the
point of intersection 13e of a guiding surface 12s and
20 the periphery of one of the two rollers 13 defining the
guiding surface 12s is located outside the straight line
F which extends from the center 13p of the roller 13 to
be tangent to the outer portion of the other roller 13.
Besides, as seen in the direction of the axle
25 11, each guiding surface 12s is formed so as to cross, at
a small angle, the periphery of each of the two rollers
13 defining said guiding surface 12s. 1In other words,
each end portion of each guiding surface 125 is near par-
allel to the straight line which is tangent, at the point
30 of intersection 13e, to the periphery of the roller 13
corresponding to said end portion of said guiding surface
12s.
Thus, each guiding surface 12s . connects

smoothly with the peripheries of the two rollers 13 de-



However, if the step is lower than the front 5 upper roller 13C, the
gui di ng surface 12s between the rollers 13B and 13C can be put 1AtAPR@ikact
with the top corner "C' of the step. In this case, by putting the guiding
surface 12s between the rollers 13B and 13C into contact with the 10 top
corner "C' of the step and pulling up théZnovable body 1 (not shown)
forward, the wheel 10 can be slid upward on the top corner "C'. Thereafter,

by sliding the guiding surface 125 on t.he tap. cor "C turning the
rotator 12 aBé@nthét &5 S&Fer™ %h,e t‘%férei/%eléﬂn fofngtglne bgeXlié‘;dlplu'l led up onto
the tread "B" of the stgp,ties ihekthe lMASEsofyizest ephani fhomer igarficAsra~-

descri bed above, the novable body 1 can_be pulled up a stai y_ W 1 hout
risers "A" tdgether 1Pt hiPRe WIS 208y EGFY%HY@ gf&odm sh¥irastt czllgl of

I'ng surfaces 1
the wheel s 2Q,40 On the-diep&orneris Gowft eaghorstiape Bess des, the force

necessary for pulling up the novabl e bod can be reduced, .and .th ck

or vibratin at each st d§H3U%OF%H%%%dgn%hEﬁ?n@gﬁﬁfgnOﬁafhﬁéVgﬁ%%d?gg in

ot her specifig 125 fordms W ihout departing fromthe spirit or essentia

characteristics thereof. The above enbodi nent is thereforge to qg fonségered
0

in all respects as il Ustr&hPYB aRd - r ést PGt iR He 8R8¥e of“the

i nvention being i ngdi gat ed By Jrhe1appanded cfai pettamhhepveban by tie di-
foregoing 30 description and all changes which cone mﬁéhin the.neanigg and
range of equinetierey of tTR’ Ll #ned ateSt REPEEGr b5 nPEdEd (B h?¥hbr atéd

therein. 1,1 gidﬁpﬁhéo%re%'d}@ ds Axwheelsantaxi swepmpbnakiren 3RPaL&I Ng:
an axl e secur to a novabl e body; 5 a rotator journaled aon the gxle _so as
to be freely 13Babdblencndwhaelnglatrehsprt fhée EpkesUdfefsed + the

rotational |y symetrically aroupd.t hade apd & sidevhabnesn eagh paks of
apexes; and r%% %?s? each rgfier %elng nmount ed on one of 'the apexes of .the
rotator so asstofbeef r'tw(y irot aedbled. Thus, by applying small pull
force to the movable body 1, the wheels 10 can be moved
15 smoothly on the road surface “R”. Meanwhile, the other
two rollers 13D and 13C of each wheel 10 are positioned
above the rollers 13A and 13B, respectively.
Figs. 4 and 5 shows the movement of the wheel
10 going up a stairway. Only the wheel 10 is shown, the
20 movable body 1 omitted.
As shown in Fig. 4(I), when the movable body 1
(not shown) reaches a stairway, the front lower roller
13B comes in contact with the riser “A” of the first
step.
25 As shown in Fig. 4(II), when the movable body 1
(not shown) in the state of Fig. 4(I) is pulled up for-
ward, the rotator 12 turns forward about the front lower
roller 13B, for it 1is freely rotatable on the axle 11.
While the rotator 12 is turning about the front lower
30 roller 13B, the latter remains pressed to the riser “A”.
Accordingly, the guiding surface 12s on the roller 13B is
brought into contact with the top corner “c” of the first
step.
As shown in Fig. 4(III), when the movable body



each said side of said rotator between apexes of the rotator bein rovi ded
with a surface arranged to slide across a corner of a step, the1ﬁg| R 904

i nterséction of each surface and the periphery of one of the two rollers
defining said surface is positioned outside of the straight |ine which
extends fromthe center of the roller tplBe tangent to the periphery of the
other roller fromthe outside of t5 the wheel. 2. A wheel and axl e

conmbi nation as clainmed in claim,1 wh h
arc-11 ke Shaped 220 BENHe GHOAPSall st Beonbi Rab o Sh ] af neaiin craim 1

or 2, mherelngggsagglthe&w@ﬁmxﬁﬁﬁﬁ:end'pmfttmm ﬁirsachtsprfﬁhasandﬁﬁhe

stralght line which is, at the point of intersecti of sali ortlon of
sai d surfacemaHabtRe Besty hheK?ogfﬁﬂﬂquﬂ?%ﬁ 8rF@gggﬁhﬂﬂ% ?8§Q§F ervd

portion, tang@@hego Egg peki pReey afp.the roller forns an acute angle. 15
APR 200a4 is 4. The wheel and axle conblnatu?n ag clainmed in C|%Ig
wherei n each surface i PFateted 1S~ f Lat 255 BAernat wRedie B 2kl 8¢ o %%%tlon

2§tghg:ggdpL§§§EgF%h%i\%E%f%fh§@§h Syﬁf@@@lbﬁ§np|W@ﬂadﬂmgthud@nﬂdgng
surface 12s is concaved in an arc-like shape, the angle
between the tangent to the point of the guiding surface
12s where it is in contact with the top corner “C” of the
10 first step and the tread of the first step is small.
Therefore, the component of the pull force to pull the
rotator 12 up forward is large. Accordingly, by applying
relatively small force to the movable body 1 to slide the
guiding surface 12s on the top corner “C”, the movable
15 body 1 can be pulled up.

In addition, because the guiding surface 12s of
the rotator 12 is concaved in an arc-like shape, the ro-
tator 12 turns about the top corner “C” while the guiding
surface 12s is sliding on the top corner “C”. Because the

20 distance between the top corner “C” and the roller 13C 1is
small, the turning speed of the roller 13C is small.

Moreover, because the rotator 12 moves fbrward,
its point of contact with the top corner “C” moves back-
ward on the guiding surface 12s and the rotator 12 turns

25 forward continuously about the top corner “C”.

Thus, the roller 13C can be nmoved forward to
put it on the tread “B”, causing only a small shock.

As shown in Fig. 5(IV), when the movable body 1
(not shown) in the state of Fig. 4(11I) is further pulled

30 up forward, the roller 13C rolls on the tread “B” and the
contact point between the guiding surface 12s and the top
corner “C” moves further backward on the guiding surface
12s until the point of intersection of the guiding sur-

face 12s and the periphery of the roller 13B comes in



6. ;I'hé wheel and axle conbination as claimed in claim5, wherein the
protrusions are integrally formed in the material of said side. 106 APR
wheel dnd axl e combi nation as clainmed in claim35, further conprising aﬂM&
slider secured to said side and forming said surface, said slider being
provi ded with said protrusions. 14
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to turn it upward about the top corner “¢”. Thus, with
relatively small force, the roller 13B can be pulled up

15 onto the tread “B”.

The roller 13B turns forward when it comes in
contact with the top corner “C”. On the other hand, the
guiding surface 12s connects smoothly with the periphery
of the roller 13B.

20 Therefore, the shock and vibration when the
roller 13B comes in contact with the top corner “C” are
reduced, and the roller 13B moves smoothly from the riser
“A” to the tread “B”.

If the guiding surface 12s connects smoothly

25 with the periphery of the roller 13B but their point of
intersection is above the strait line which extends from
the rotational center “CP” of the roller 13B to be tan-
gent to the bottom of the roller 13C, the rotational cen-
ter “CP” of the roller 13B is positioned below the tread

30 “B” when the roller 13B comes in contact with the top
corner “C”. Thus, the roller 13B runs into the riser “A”
horizontally, causing a large shock. Besides, the hori-
zontal component of the force pulling up the movable body

1 forward cannot be made use of to turn the roller 13B
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Because the rotator 12 is provided with a guid-
ing surface 12s on each of the four sides, the guiding
surface 12s between the rollers 13C and 13D faces forward
on the first step. Thus, while the wheel 10 is going up.

10 the stairway, one of the four guiding surfaces 1l2s faces
forward on every step. Accordingly, by putting the for-
ward-facing guiding surface 12s into contact with the top
corner “C” of the next step and pulling up the movable
body 1 forward on every step, the wheel 10 repeats the

15 above movement. Thus, the movable body 1 can be pulled up
the stairway step by step successively.

As described above, by applying small pull
force to the movable body 1 and sliding guiding surfaces
12s of the rotators 12 of the wheels 10 on the top corner

20 “C” of each step, the movable body 1 can be pulled up
onto said step together with the wheels 10. Besides, the
movable body 1 can be pulled up a stairway step by step
smoothly and successively, causing only small shocks and
vibration.

25 Moreover, the shock and vibration to be caused
by the rollers of the wheels 10 coming in contact with
the top corner “C” of each step can be reduced, and the
rollers can be moved smoothly from the riser “A” to the
tread “B” of each step.

30 Furthermore, the movable body 1 can be pulled
up a stairway step by step successively.

Now the movement of the wheel 10 going up a
stairway without risers will be described.

Fig. 7 is an illustration to show how the wheel
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In this case, by putting the guiding surface

12s between the rollers 13B and 13C into contact with the

10 top corner “C” of the step and pulling up the movable
body 1 (not shown) forward, the wheel 10 can be slid up-
ward on the top corner “C”. Thereafter, Dby sliding the
guiding surface 12s on the top corner “C” and turning the
rotator 12 about the top corner “C”, the wheel 10 can be

15 pulled up onto the tread “B” of the step, as in the case
of a step with a riser.

As described above, the movable body 1 can be
pulled up a stairway without risers “A” together with the
wheels 10 by sliding guiding surfaces 12s of the wheels

20 10 on the top corner “C” of each step. Besides, the force
necessary for pulling up the movable body 1 can be re-
duced, and the shock or vibration at each step can be re-
duced.

The invention may be embodied in other specific

25 forms without departing from the spirit or essential
characteristics thereof. The above embodiment is there-
fore to be considered in all respects as illustrative and
not restrictive, the scope of the invention being indi-
cated by the appended claims rather than by the foregoing

30 description and all changes which come within the meaning
and range of equivalency of the ciaims are therefore in-

tended to be embraced therein.
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of apexes; and
rollers, each roller being mounted on one of the apexes of the rotator so as to be freely
rotatable,
10 each said side of said rotator between apexes of the rotator being provided with a
surface arranged to slide across a corner of a step,
the point of intersection of each surface and the periphery of one of the two rollers
defining said surface is positioned outside of the straight line which extends from the
center of the roller to be tangent to the periphery of the other roller from the outside of

15  the wheel.

2. A wheel and axle combination as claimed in claim 1 wherein each surface is

concaved in an arc-like shape.

20 3. The wheel and axle combination as claimed in claim 1 or 2, wherein the angle
between each end portion of each surface and the straight line which is, at the point of
intersection of said end portion of said surface and the periphery of the roller

corresponding to said end portion, tangent to the periphery of the roller forms an acute

angle.
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6. The wheel and axle combination as claimed in claim 5, wherein the protrusions are

integrally formed in the material of said side.

10

7. The wheel and axle combination as claimed in claim 5, further comprising a slider

secured to said side and forming said surface, said slider being provided with said

protrusions.



