TAPERED COUPLI NG STRUCTURE AND ROTATI NG MACHI NE BACKGROUND OF THE | NVENTI ON
FI ELD of the invention The present invention relates to a tapered.
coupai ng structure in which a shaft provided with a. taper-shaped putbr
periphery and a hub provided with a taper -shaped inner periphery are
coupl ed to each other, Description of the Related Art As a machi ne
el enent for transnltt|ng the output of a driver to driven eqU|anRt g
coupling has b wn, Anong_var ous pes of couplings, there has been
knoa/n agcoupl i reff& U PRHC tmﬂ? RTINS ARGHRE Wi th a
t aper - shaped outer perlphery in the shaft end portion thereof (hereinafter,
referred to as a tapered shaft) and a hub into which the shaft end portion
is inserted and which has a hollow part provided with a. taper-shaped inner
peri phery' are coupled to each other. This coupling. structure is ,,-Jed to
transmt high output, forgexafheyp t@r tF@ansmtetheseut put of a steam
turbine to a conpressor, or to transmt engine power to a propeller shaft.
In sonme cases.d tdre hub is-priovdded on the driver side, and the tapered
shaft is provided. on. the driven equi pnment side.

The present invention relates to a tapered coupling

structure in which a shaft provided with a taper-shaped
outer periphery and a hub provided with a taper-shaped

inner periphery are coupled to each other.

Description of the Related Art

As a machine element for transmitting the output of
a driver to driven equipment, a coupling has been known.
Among various types of couplings, there has been known a
coupling in which an output shaft of driver provided with
a taper-shaped outer periphery in the shaft end portion
thereof (hereinafter, referred to as a tapered shaft) and
a hub into which the shaft end portion is inserted and
which has a hollow part provided with a taper-shaped
inner periphery are coupled to each other. This coupling
structure is used to transmit high output, for example,
to transmit the output of a steam turbine to a compressor,
or to transmit engine power to a propeller shaft. 1In
some cases, the hub is provided on the driver side, and
the tapered shaft is provided on the driven equipment

side.



In the tapered coupling structure (hereinafter, sonetines referred to
sinply as a coupling structure), when the tapered shaft is coupled to
tactub, or when the tapered shaft is decoupded fromthe hub, oil is fed to
the coupling surfaces of the tapered shaft and the hub to increase the

di aneter of the hub, by which coupling and decoupling are enabled. For this
pur pose, the coupling structure is configured so that an oil passage is
provided in therd apes athishaid dqptihey Miyuctant: afheoidingrioeye connecti ng

with the oil passage is provided in the outer peripheral surface of the
t aper ed shabihetonesheefaneedpesi phephy surd aceupiinhesthubytueefeed oil to
the coupling surfaces via the oil passage and oil. groove. Coupl i ng
and decoupkhag dfiet hapevepl $hgf st  sceaveledntal sl betlperoref by heat i ng
and thermal |y expandi ng the hub besi des the use of hydraul jc pressure.
However, thepabek $b@fheé§iﬁ@c@%él%@bf¥%mn%?ee%%9'r?%%n%?nk?%ét%ase wher e
of the hubLPEnCoRPSL B4SEUT FFOReaPF T 6 FAP0 FRuSeet e RibTME 1151 a8 &
LSt 18 DO e SEReHEAFe e L COUFLLEE, BT Mo spymlaas an
' whi o cBOBPTRY 4AdS A5cBURPLEG" arspertor oy Hyar sul | L ashur o has. a.
prObIen]insE?aEture is configured so that an oil passage 1is
provided in the tapered shaft (or the hub), and an oil
groove connecting with the oil passage is provided in the
outer peripheral surface of the tapered shaft (or the
inner peripheral surface of the hub) to feed 0il to the
coupling surfaces via the oil passage and 0il groove.
Coupling and decoupling of the coupling structure
can also be performed by heating and thermally expanding
the hub besides the use of hydraulic pressure. However,
the work for heating the hub is not easy to perform in
the case where the hub is large. Also, the heating of hub
may produce thermal deformation of the hub. In this case,
it is difficult to reuse the hub as it is as a rotating
body.
Therefore, in the coupling structure, coupling and
decoupling are performed with hydraulic pressure in most
cases.
As described in Registered Utility Model No. 3054261,

the coupling structure in which coupling and decoupling

are performed by hydraulic pressure has a problem in that



surroundi ngs, --Z. edistered Uility Mddel No. 3054261 proposesfinhe depth
is 5/100 mm or -ss) UE terned in the inner periphera) surfacethe hub.
According to Registered Utility Mddel No 3054261 due to the fornmation of
fine groove, since oil as a conplete f{uid does not exs,,,, on the inner
surface of the hub, even iftapered shaft is renoved and therebyoil is
in,:posed to the air, the oil does not scatter fiuiH v and maintains a
state of adhering still to the surface layer portion. |nc.oblemof oil

scat can bethe 330005, 7N ReYi stier stFARTS, . N et O NP 805476 1 hd
surroundings. Registered Utility Model No. 3054261

proposes that a fine groove (the depth is 5/100 mm or
less) is formed in the inner peripheral surface of the
hub. According to Registered Utility Model No. 3054261,
due to the formation of fine groove, since oil as a
complete fluid does not exist on the inner peripheral
surface of the hub, even if the tapered shaft is removed
and thereby the o0il is exposed to the air, the oil does
not scatter fluidly and maintains a state of adhering
still to the surface layer portion.

The problem of oil scattering can be solved by the
proposal of Registered Utility Model No. 3054261 and
further by the kind of oil used. However, with regard to
the coupling structure, a problem described below has
been brought forward.

To facilitate coupling and decoupling using
hydraulic pressure, conventionally, a technique in which
an O-ring is interposed between the tapered shaft and the
hub has often been adopted. In this technique, a pair of
O-rings is disposed at a predetermined interval in the
axial direction, and an oil groove 1s provided between
the paired O-rings. By doing this, the oil fed via the
0il passage and oil groove is accumulated in a closed
space formed by the tapered shaft, the hub, and the
paired O-rings, so that a hydraulic pressure for

increasing the diameter of hub can be obtained easily.



further by the kind of oil used, However, wth regard to the coupling
structure, a problemdescribed bel ow has been brought --ward® To facilitate
coupling and decoupling us hydraulic pressure, conventionally, a technique

in wh oh anintei posed between the tapeted shaft and the of ten
been ado ted, In this technique, a pair of O -ridisposed at a predeterm ned
interval In the axle direction, and an oil groove is prov.ded between e

paired O-rings.pBYyeHol NG, tdisand e widvdethnda dhecrd lufassage- and di:
-4roove is accunul ated incl osed space formed by the taoereci shaft, the
hub, anu thenpai ned 8riksgs, ™ thatsan hydr ali<c iy essr eitf ars

supposed that if the O-ring is broken during the use of

the coupling structure, decoupling of the tapered shaft

from the hub may become difficult to do.

In the coupling structure without the use of O-rings,
the fed oil is liable to leak from the end part of the
structure, so that a hydraulic pressure necessary for
coupling or decoupling is difficult to obtain. If
coupling or decoupling is performed forcedly in this
state, scratches occur on the outer peripheral surface of

the tapered shaft and the inner peripheral surface of the

hub.

SUMMARY OF THE INVENTION

The present invention has been accomplished to solve
the above-described technical problems, and accordingly
an object thereof is to provide a tapered coupling
structure in which a tapered shaft can be coupled to and
decoupled from a hub without the use of an O-ring.

Conditions for decoupling a tapered shaft 110 from a
hub 120 in a coupling structure 100 are explained with
reference to FIGS. 1A and 1B.

In the coupling structure 100, in the state in which
the tapered shaft 110 is coupled to the hub 120, the
tapered shaft 100 is subjected to a pressure (surface

pressure) P by the hub 120 as shown in FIG. 1A.



- 4 - However., a demand for avoidance of the use of 0- rings has
arisen. The reason for this is that it is supposed that. if the O-fihg is
broken during the use of the coupling structure, decoupling of the tapered
shaft fromthe hub may becone difficuld4 to do. In the coupling
structure without the use of O-rings, the fed oil is liable to | eak from
the end part of the structure, so that a hydraulic pressure necessary for

coupling or decoupling is difficult to obtain. If coupling or decouplina is
performed forcddFy Phlt Ats Lefate, PsEiaeenéscotenr 6 Fﬁéfgu@ép Fefi pher al

f f th haf t d the i i I f f the hub.
SUMVARY G TRENTI O 75 Baaht A Vet B HAE IBeert Gecoipl i'Shed fo Sol ve
h above-desey ibadl LecllLalprablems., and Aecording ¥,an o &l g her eof is
to provide a tap€red couﬁ ing. s rué%ure in whic a]tapere shaft can be

coupt ed t §,a0d, LU Gk Y A ardub pid hallo d R diSe, A, AN Jidding

Condi ti ons for decoupling a tapered s t 110 froma hub 120 1n a coupling

structure 1100 ape expl ai-ped whhA,retereacerntotEbESed Anand 160 _In the
coupling structure 100, in the state in which the tapered shaft 110 is

coupl ed t qfhehub 120,24 he tapered shafite L0Q drs-sSyhj ectedHLy a pressure
(surface pressure) P by the hub 120 as shown in FI 1A

the opposite direction to Ft acts. When Ft exceeds uN,
the tapered shaft 110 can be decoupled from the hub 120.
The letter p denotes the coefficient of dynamic friction,
and the letter N denotes the load based on the surface
pressure P.

Conventionally, to feed oil to between the tapered
shaft 110 and the hub 120, an o0il groove 112 provided in
the outer peripheral surface of the tapered shaft 110 (or
the inner peripheral surface of the hub 120) has been
arranged in the center (or in the vicinity of the center)
in the axial direction of a taper part 111 of the tapered
shaft 110. This is because the oil permeates in a wide
range in the axial direction of the taper part 111. By
the pressure of the fed oil 0, as shown in FIGS. 2A and
2B, the inner peripheral surface of the hub 120 is curved
into a concave shape. When the inside diameter of the
hub 120 is increased in this manner, the contact area
between the taper part 111 and the hub 120 decreases, and
accordingly the frictional resistance uN decreases. That
is to say, when the contact area between the taper part

111 and the hub 120 is small as shown in FIG. 24,



When oi

is fed to between the tapered shaft 110 and the hub 120 to

deboupl e the tapered shaft 110 fromthe hub 120.rce Ft directed in the

di recti on.

i ndi cat ed ~nax 1<in FIG le acts on the

tapered shaft 110, On other hanct, bet@een cnetlpereo shaft 110 aAd the hub

120, a frictionad.
acts.

120.

the | oad based on t

resistance WE directed in the c,posite direc n to Ft

When Ft exceeds the tapered shaft. 110 can be aecoupi Etrom the hub

en pd

%hﬁs coed§ | €b epd r 8 rifly N chiedn ofthe afshidred errdd denot es
e surface pressure P.

between the taper part 111 and the hub 120 is large as

shown in FIG. 2B, decoupling is difficult to perform.

As shown in FIG. 1A, the surface pressure P

increases in a portion in which the thickness in the

radial direction of the hub 120 is large, that is, as the

rigidity in the radial direction increases. Therefore,

in order to remove the tapered shaft 110, the hydraulic

pressure acting in this portion must be increased.

However, if the oil groove 112 is arranged in the center

(or in the vicinity of the center) in the axial direction

of the taper part 111 of the tapered shaft 110, the

distance to this portion is long, so that the hydraulic

pressure acting on this portion is low.

As described above, in the conventional coupling

structure 100, the position at which the oil groove 112

is provided has been unsuitable to the shape of the hub

120.

Accordingly, the present invention provides a

rotating machine comprising: a driver for delivering a

rotational force; a driven equipment rotationally driven

by the output of the driver; and a coupling structure for

transmitting the output of the driver to the driven

equipment. The coupling structure according to the

present invention comprises a tapered shaft and a hub

which are coupled to each other. The tapered shaft is

provided with a taper part on the side which is coupled



Conventionally, to feed oil to between the tapered shaft 110 and the hub
120, an oil, groove 119 provided in the outer per_pneral surface of the
tapered shaft 110 (of the inner peripheral surface of the hub 120) has been
arranged in the center (or in the vicinity of the center) in nme axial
direction of a taper part 111 of the tapered. shaft. 110. This is because
the oil perneates in a Th :canoe in the axial direction of the taper part
111. By the pressure of the fed oil 0, as shown in FIGS. 211 and t he

i nner peritshéhd e f dde dfardie Tl 12071ing @iy vved dIntd la ReGifedife shape.
When t he inside dianeter of the hub 120 is increased in this nanner, the

contact arf@d™5Et WEEH Hiie 2N PP PXand (He Kb o206 Tdectedsey

accordingly the frictiagnal resistanc i reases. That .is say, when
the cont ac%laagr{eaffrﬁ’éot\ﬁe YHe & esru&;%c{)e f%‘iqceﬂ?dsctat?eenn@@rfzo |tT ®smal | as
shown in FI 211 ecoupl.i I S .easy .t - the co act area
bet ween t ﬁlél%t alp)serprp?arjt&efji%lé%g % ?lnel ugllgg'ég'?crs); ﬁgfr@cteq{égfl\gﬁg\%n in FIG 2B,

decoupl i ngﬂi%kq!efsfg ey teto RidFormi re 1:Iicdﬁ§tlhe il GralAd he surface

pressure Increases in a portion In hi ckness in the radia

di rection gfhdhe Jyil, 120, s Hari98; 4 halgH Shi@iitdie id girdi tapd st he radi al
direction increases. Therefore, in order to renove the tapered shaft 110,
the hydrawiireriessursh@act ingidys gord igedmust de dmcreased.erkdowever, if

the oil groove 112 is arranged in the center (or in the vicinity of the
center) i mildee cxitale dirg@cttionidity part and continuous with the
high-rigidity part.

A first oil groove formed in an outer peripheral
surface of the taper part or in the inner peripheral
surface of the hub to feed o0il, which was fed to the
axial oil passage, to the coupling surfaces of the taper
part and the hub is provided in a first region
corresponding to the high rigidity part in the axial
direction, and a second o0il groove is provided in a
second region different from the first region.

The high rigidity part is arranged on the front end
side of the coupling part of the taper part and the hub.
Further, the first oil groove is arranged on the rear end
side of the center of width in the axial direction of the
high rigidity part.

In this rotating machine, oil is fed from the front
end surface to the axial oil passage.

In the rotating machine according to the present
invention, the tapered shaft can be formed with: a radial

o1l passage connecting the axial oil passage and the



of the taper palll of the tapered shaft 110, the distance to this portion
is long, so that the hydraulic pressure acting on this portion is |ow

As descri bed above, in the conventional, coupling structure 100, the
position at which the d.j. groove 112 Bs-provided has been unsuitable to

t he shape of the hub 120. Accordingly, the pr-sent invention provides
a rotating machine conprising: a. driver for delivering a rotational force;
a driven eguipieptlreotabironabhy 8riyenebyitdecout priowd ddensiives; and a
coupling structure for transmtting the output of the driver to the driven
equi prment . tHder Cospl bNY §tooick used ackor gk agnd ool hegpsesenind nventi on
conprises a tapered shaft and a hub which are coupled to each other. The

t aper ed shattendipyovidedewhkhad dapectpamtomnan heusé deswhiade i sf coupl ed

to the hub, the taper part having an axial oil passage forned therein al ong
the axi al di¢ ecaponcdfshhéttapered shaft froma front end surface of the
taper part. The hub is provided with a high-rioic - part having a thickness
in the radial di'r €618 Pt ger AR TR Bittert T ddicoms S&Fdthavi ng a hi gh
rigidity ipn the radial _direction, an flange part |ocated on the front
end side of2YHREHPYh-FRGRAFEY DPAPErEhdS oot i hRiotREWR Y Her M g S rigidity
part. A first oil. groove fornmed in outer peripheral. surface of.
Phe taper Bt o Ti 7Rt Hee ThRRr Tl Breh ol E SthT abbrsh Tho FB 1D qebn oi .
whi ch was jal_oil _p e, coupl i f s of the

t aper partgggdé?%%gﬁuﬁﬁ}s&ﬁggk?ﬂggégg’até?r% g?ég?d%igg$§%éd%%§ing to the

high rigididyopardiingthsvaxial girecthony andya,second Qb lrgyoeve,is
provided in a second region different fromthe first regon. The hi gh

rigidity' fpestrissarsanggtod®ne thiel i omid encks) denofrdde coupli ngrgart of
the taper part and the inb. Further, the first oil groove is arranged on
the rear etitk #idet ofil hercent ecawfbam sitdppdedt hendxiled thae®cit oni bf the
higt . rigidity part:..

from the second o0il groove can be restarted.

Accordingly, the present invention provides a tapered

coupling structure in which a tapered shaft and a hub are

coupled to each other, the tapered shaft being provided

with a taper part on the side of being coupled to the

hub; and the hub being provided with a high-rigidity part

having a thickness in the radial direction larger than

that of other regions and having a high rigidity in the

radial direction, wherein a first o0il groove formed in

the outer peripheral surface of the taper part or in the

inner peripheral surface of the hub to feed oil to the

coupling surfaces of the taper part and the hub is

provided in a first region corresponding to the high-

rigidity part in the axial direction.

In the present invention, the high-rigidity part is

preferably arranged on the front end side of the coupling



Inthis rotating nmachine, oil is fed fromthe front end surface to the axial
oi | passage. In the rotating machi ne according to the present
invention, the tapered shaft can be fornmed with: a radial oil passage
connecting the axial csil passage and ¢he first oil groove; and a
connecting oil groove connecting the first oil groove and the second oi
groove and extending in the axial direction on an outer surface of the

t apered shaft. In the rotating machi ne according to the present
i nvent i on,PaterPkt Héra dppgred hat t21% et dtipt ed 1y 6MithE3RED, 5619 . can be
fed fromboth of the first. oil groove and the second oil groove next the

fee, of oilll4Fomihé&thd: DiltT Grogve tat T & opped:. A i 1IN be fed
fromthe first oil _.groove onl and next, the fe f oil. fromt first
oil gr oovesjc%h Cb%e pcpeerbt,e%n%f tvﬁ]ecgf}éejun o?h%iéijf%el(d;né)%%%c%le%%n oi'l° groove
can be restarted. cor di y, the present invention provides a tapered
coupling s %%En%h%f&%?%wﬁgl a tapered shaft and a hub are coupled to each

other, the tapered shaf t heing pravided witd a £ apeispard 100 Ahgsi de of
bei ng coupl ed to%%ﬁe hub; and the hdb béﬁﬁg provideé)mjtﬁ'aQ%igh-rigidity

part having,@ ghickness i 1 he-sady aledhisecdi onetangerrdhamd hatrof ot her
regions and having a high rigidity in the radial direction, wherein a first

oi | grooverd@rdred in the outer peripheral surface of the taper part or in
t he i nner peripheral surface of the hub to feed oil to the coupling
surfaces of th@Heapepepard cand tiey bt preovirdedtdardaandd nsittir egi on
corresponding to the birth- rigidity part in the axial direction, I n
t he presenthé nvergdron, ithenthigh-1$ giegkd yaoar t coep pref esablyt@ar¢ anged on t he
front end side of the coupling'. . , ,

a rotating machine comprising a driver for delivering a

rotational force; driven equipment rotationally driven by

the output of the driver; and the coupling structure for

transmitting the output of the driver to the driven

equipment.

The tapered coupling structure in accordance with

the present invention can feed oil preferentially to a

region having a high surface pressure because the first

0il groove for feeding the oil to the coupling surfaces

of the taper part and the hub is provided in the first

region corresponding to the high-rigidity part in the

axial direction. As a result, there can be provided the

tapered coupling structure in which the tapered shaft can

be coupled to and decoupled from the hub without the use

of an O-ring.



part. of. the taper part and the huh. in this case, the first oil groove is
preferably arranged on the rear end. side of. the center. of width. in. the

axi al direction of the high-J Riso, in the present invention, a second
oi| groove can be forned in. a second Y%gion different from the first
regi on. The tapered coupling structure in accordance with the present.

invention is used as a coupling structure in a rotatinb machi ne conprising
a driver for deliveringracrobpsCrRDATIO0r OB: THE | VEEW EYEE oment rot ati onal | y-
driven by the output of the driver; and the couplin structure for
transmtting tHel &S otlB cindflR heralrdidoyrdanss ter dripleniregrgrigoentce The
tapered coupling structure in accordance with the pfesent invention can
feed oil preferental iytapencdegponl hayi abrachigh; surface pressure because
the first oil q{oove for feeding the oil to the coupling surfaces of the
taper part and THeS hulh i prdvidiedl FEEHOF] reiewtedisi d6r respéridi ng to the
high-rigidjty- ga%t ig t he Q§ial direit.cfl c_Rs aresult, there can be
prol ded t he”t%pefr dok_ub?iﬁ% stPuct P TP WAT ERCEhett apet arfs ft can be
coupl ed to and decgapiged fromthe bub,wihopt, the. use of an O-ring,

FIGS. 3A and 3B are sectional views of a tapered
coupling structure in accordance with a first embodiment;

FIG. 4 is a sectional view of a tapered coupling
structure in accordance with a second embodiment;

FIGS. 5A, 5B and 5C are sectional views of a tapered
coupling structure in accordance with a third embodiment;

FIGS. 6A, 6B and 6C are sectional views showing a
decoupling procedure for a tapered coupling structure in
accordance with a second embodiment; and

FIG. 7 is a diagram showing a general configuration

of a rotating machine for which a tapered coupling

structure is used.



10 BRI EF DESCRI PTI ON OF THE DRAW NGS FIGS. 1A and 18 are diagrans for
explaining a. force acting on a tapered coupling structure; FI GS. 2A
and 28 are sectional views showing a state in which oil is fed to coupling
surfaces of a tapered shaft and a huh;ef _a tapered coupling structure;
FIGS. 3A and 312. are sectional views of a tapered coupling structure in
ccordance with a first enbodi nent; FIG 4 is a sectional view of a
tapered coupling structure in accordance with a second enbodi nent;

FIGS. 52\, 5B BEROESSENE oAl QA W ofRE HRap et edRBUPIEMG structure in

accordance with a thjrd enbodi nent;
First Embodiment

The present invention will now be described in
detail based on a first embodiment shown in the
accompanying drawing.

FIGS. 3A and 3B are sectional views of a coupling
structure 10 in accordance with the first embodiment, FIG.
3A being a sectional view taken along the line 3a-3a of
FIG. 3B, and FIG. 3B being a sectional view taken along
the line 3b-3b of FIG. 3A.

The coupling structure 10 is made up of a tapered
shaft 20 and a hub 30 coupled to the tapered shaft 20.
The tapered shaft 20 constitutes, for example, the output
shaft of a steam turbine, not shown. The hub 30 is
connected to, for example, the input shaft of a
compressor, not shown, and functions as an element for
transmitting the output of the steam turbine to the
compressor.

The tapered shaft 20 includes a taper part 21 the
diameter of which decreases toward the tip end. In the
present invention, the tip end side of the tapered shaft
20 is defined as the front, and the opposite side thereto
as the rear.

An axial oil passage 22 is formed along the axial
direction of the tapered shaft 20 from a front end
surface F of the taper part 21. Also, a radial oil

passage 23 is formed in the radial direction of the taper



FI GS. &A, 68 and 60 are sectional views show ng a deco piing procedure for
a tapered coupling structure in accordance with a second enbodi nent; and
FIG 7 is a diagram showi ng a general configuration of a. rotating machine

for which a tapered coupling structureld s used_ -- DETAI LED
DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS Fi rst. Enbodi nent The present
invntion will now be descrfbed in detail based on a first. enbodi nrent shown

in the accegpanying thawdWial oil &SR3 . P @thdB @t saetdondale Vi ews
of a coupling structure 10 in accordance with the first enbodinment, FIG 3A
bei ng a seekiehabiVi pastaken2al oagdt hethi ned3atBarcof &t& oB8&n and FI G 3B
being a sectional view taken alonp the line 3b-3b of FIG 3A_ The
coupl i ng sthactuteriperiphadelupusfaaet aperkbd shaétr p@randl.a hub 30
coupled to the tapered shaft 20. The tapered shaft 20 constitutes, for
exanpl e, tHReecsafpue shatt fof ArePeanVdrBrAeC RBEESSHBMNSOTREShuBCBO is
connected to, 1-or_exanple, the input _shaft of a conpressor,_not_.shown, and

functions égoﬁﬂ'eﬁéﬁﬂﬁta%BthFaﬁsﬁ?%?#naifﬁgtbﬁth?ng StAg etedmturbine to

the Conpreggggége 22 that is open to the front end surface F of the

taper part 21, and then flows to the outer periphery side
in the radial direction along the radial oil passage 23
as indicated by arrow marks. Thereafter, the oil flows
out to the coupling surfaces of the taper part 21 and the
hub 30.

At a position at which the radial oil passage 23 is
open on the outer peripheral surface of the taper part 21,
an oil groove 24 is formed along the circumferential
direction of the taper part 21. The o0il flowing out of
the opening of the radial oil passage 23 flows in the oil
groove 24, by which the o0il is permeated in the
circumferential direction of the outer peripheral surface
of the taper part 21. When oil is fed even after the oil
groove 24 has been filled with oil, the o0il is permeated
toward the axial direction onto the coupling surfaces of
the taper part 21 and the hub 30.

The hub 30 includes a base part 31 having a hollow
part through which the taper part 21 of the tapered shaft
20 penetrates, a high-rigidity part 32 having an outside
diameter larger than that of the base part 31, and a

flange part 33 located on the front end side of the high-



The tapered shaft 20 includes a taper part 21 the dianeter of which
decreases toward the tip end. In the present invention, the tip end side of
the tapered shaft 20 is defined as the front, and the opposite side thereto
as the rear. An axial oil. passage 22 is fornmed al ong the axi al
direction of the tapered. shaft 20 froma front end surface, F of the taper
part. 21. Also, a radial oil passage 23 is forned in the rariial direction
of the taper - 12 - part 21. The radial oil _passage 23 conmunicates wt,:

t he axialrégﬁd§&§8@@ét222-anﬂh%ofhaéﬁﬁspﬁﬁérégflér%o%%%ﬁt?ﬁftHétButer

peri pheral surfacethe taper part 21. Therefore, oil fed froma hydraulic
pressure $68tEe OnGENSKOWAS NGNS HFGHS 't he AxiSarUGitFEEti B PF ‘t he axi al

oi | passage 22 that i.s open to the front en urface of .t he taper part.
21, and t hEAT Féws e *Ché Yo bfed 6§F9ﬁﬁgf§x§€&§rpﬁ'thgg?aa%gg dirgctign

al ong thng%ghgkpp%%r&ﬁ§§ag% ZBR%%ti@ %%agggfg¥ﬁ§%5gwsw%&%%;t;@ereafter,

the oil coupFi g surfaces o taper part 21 and the hub
30. t osj tion-a i:ch radi gl ol Hassage 23,H-8 open on the
out er per?&ﬁ%ﬁ%l Sgkfggegg ﬁ%esﬁgﬁg} part021, a%%Oil.sgroove 24, is forned

al ong the ircunf erential +gicr eehiion rofc irhe d apeirpar tin2khelhedaidl flow ng
out of the opening of the radial oil passage 23 flows in the oil groove 24,

by whi ch tjhe idi drs ipersaratiedgen thaeekreounf erent habhdirigctien of the outer
peri pheral surface of the taper part 21. Wien oil is fed even after the oi
groove 24rhas been o iddredquict bhroidhe ttheoroi lerics spereneatédctoward t he axi al
direction onto the coupling surfaces of the taper part 21 and the hub 30.
The hub 3Qiighclridesiia hase tpa@2t Bk kawialgl & Hictireepart thwr dighashi ch t he
taper part 21 of the tapered shaft 20 penetrates, a high-rigidity part 32
havi ng an ddutssitdeordilamsteer thargehathart tiHe ofse e Base pdrts 31, and a

flange part 33 located on the front end side of_ the hLQp-
surface pressure P of the taper part 21 received from the

high~rigidity part 32 is higher than the surface pressure
P of the taper part 21 received from the base part 31 as
shown in FIG. 1A.

The hollow part of the hub 30 penetrates in the
axial direction, and there is formed a taper part
accommodating part 34 the diameter of which decreases
continuously toward the front end from the rear end
thereof.

As shown in FIG. 3A, in the tapered coupling
structure 10 in which the tapered shaft 20 and the hub 30
are coupled to each other at a normal position, the oil
groove 24 is provided in a region (a first region)
corresponding to the high-rigidity part 32 of the hub 30.
More specifically, the oil groove 24 is formed in the
range in the axial direction in which the tapered shaft

20 and the hub 30 are coupled to each other and in the



rigidity part 32. The flange part 33 is connected, with bolts or other
fastening neans, to a. struatural nenber that is subjected to a transmtted
force. The hienrigidity part 32 is a part that is continuous with the

fl ange part 33 and is subjected to a hlgh-torsional. stress, so that the
wal | thickness thereof in the radial direction is set large. Therefore, the
high-rigidity. part 32 is arranged on the front end. side. Since the

hi gh-ri gi dirbygpart 32ibkas taewalibhthiigkness bartheoradi abcdiceactikign | arger
than that of the base part 31, the surface pressure P of the taper parr 21
recei ved fram rhegki ghdiicgitéiat pypar in321Gs Brgher than the surface pressure
P of the taper part 21 received fromthe base part Si as shown in FIG 1A
The hol | ow partIofthhethobrd30 penetiagestiructthe aXi athdioettgomovand there
is formed a taper part accommodating part. 34 the dianmeter of which

decr eases €48ntpEnisagigledonsr 8 rhreitront cemgerpronrihe rearhentdivher eof .

As shown in FIG, 31k, in_the tagered coupling structure 10 in which the

t aper ed shaff19atingatke 3 KuBt36ngr BUodpl edt leehi Rt hetPatea Hef nal
position, the_oil groove 24 is provided in a region (a.,first region)
correspond?HﬁfFSGtgﬁeﬁﬁﬁﬁgrﬁgpéiF§6p599e§zpéFtt & hEpeszgedpprem the

speci fical t he oi.l . .groov .s forped in the range in the i al

di rection hﬁgﬁhféﬁlgﬁg tgﬁggegésﬁgfﬁlg 'an%PY?%F?ﬂﬂF%hf%gép%dﬁgfed to each
ot her and | €54-:14 - ' Lch.the hi - | di r 21is

| ocat ed thggggggezﬁné%05588§§§87%9iﬁhéﬁgfkg§f.hg%gegp?%g%ﬁé ?gp%?gd
coupling shidaturg:dQcyt Qr?'bZQrQﬁ¥eh?érb§1950%kg§gu9é éc99§gtb9n,
corresponding to the high-rigidity part 32 of the hub 30, As described
above, thetsurfagespregsunetPrabk therhapeprpaktirdlisrecgh¥edthaam the
high-rigidity part 32 is high. However, since the oil groove 24 is provided
at a. posithenhgdreeidpondiragstioet he hhghsuirgbdhtiynpart Thedd@o ey, draul ic
pressure acting on the hub 30 agai nst the surface pressure is higher than

t he hyhr. anhhectppressdr ehentt Aé sanrbendbngsedTher efodecothéetiapered shaft
20 can be coupled to or decoupled fromthe hub 30 w thout the provision of

an O-ring. the hub 30 without the provision of an O-ring.

In the case of the tapered coupling structure 10,
the high-rigidity part 32 is arranged on the front end
side. In this case, if the position at which the oil
groove 24 is provided is too close to the front end
surface F of the tapered shaft 20 even if corresponding
to the high-rigidity part 32 of the hub 30 (being in the
range indicated by Z in FIG. 3A), the fed oil may leak to
the outside without acting. In this case, therefore, the
oil groove 24 is preferably provided at a position
corresponding to the high-rigidity part 32 and moreover
on the rear end side of the center in the axial direction
of the high-rigidity part 32. Needless to say, this

consideration is unnecessary in the case where the high-



In the case of the tapered coupling structure 10, the high-rigidity part 32
is arranged on the front end side. In this case, if the position at which
the oil groove 24 is provided is too close to the front end surface F of
the tapered shaft 20 even if correspo?gli ng to the high-rigidity part 32 of
the hub 30 (being in the range indicated by Zin FIG 3A), the fed oil may
|l eak to the outside without acting. In this case, therefore, the oil groove
24 is preferably provided at a position corresponding to the high-rigidity
part 32 and gishigaveradn hd s earagrudsiade P kBhtE9h e axial
direction of the hi gh-ristggjity part. 32. Needless to say, this

consi der ati6i L uiifete Vite tc &8¢ where the high- - 15 - rigidity part
32 is arranged at a position other than the position near the front end.
Second Enbodi nment FIG 4 is a sectional view of a coupling structure
50 in accaordanc i.th,.a second emhodi nent. The coupling structure 50
conpri sesot{ieqoébdgrégﬁ)os%ﬂ%neﬁo and the hub 30 coupled to the tapered. shaft
40. The hub 30Eﬁ%.tqe%%ages%.Fﬁgg%loni%aed&'%§Exﬁ§ﬁ9%b”%@&uc%%9£;herefore

t he enpl afatcr thereof is om The tapered shaft 40 includes a

taper parts#l,, apd- anaxial, Qi Passag 4 safaed al ong the axial
direction of the tapered shaft 40 fromthe front end surface of the taper

part 41. Also, ThR thepladialst rdictectl o eforthe deaper tappateld dhafa first
radi al oil passage 43 and a second radial oil passage 45, which. is

provi ded. & @andriedetiardm Irddutlerdalo firom tdes féd sthaadi 4l . oillhepassage 43,
are formed. The first radial on passage 43 comuni cates with the axial oil
passage 4Xulanid biot tlendsatchereofhar eoDpere t i thie ouweripart pherdl surface
of the taper part 41_ The second radi al oil passage 45 comunicates with
the term ndleenibf thre e anailopadesageod2is apil both: ends t hereof are
open to the outer peripheral surface of the taper part 41. Therefore, oil

fed froma hydlad itepsress dhe Lot 8 GHotdSsh Gt 2H9 oW G ‘e 386 al oi |

assage 42 and the fjrst radial oi]. passage 43 in order nd flows out to
Ehe g an axial oil passage 42 {s ormed along the axiaf

direction of the tapered shaft 40 from the front end
surface of the taper part 41. Also, in the radial
direction of the taper part 41, a first radial oil
passage 43 and a second radial oil passage 45, which is
provided at a predetermined interval from the first
radial oil passage 43, are formed. The first radial oil
passage 43 communicates with the axial oil passage 42,
and both ends thereof are open to the outer peripheral
surface of the taper part 41. The second radial oil
passage 45 communicates with the terminal end of the
axial oil passage 42, and both ends thereof are open to
the outer peripheral surface of the taper part 41.
Therefore, oil fed from a hydraulic pressure source, not
shown, flows in the axial oil passage 42 and the first

radial oil passage 43 in order, and flows out to the



- 16 - outer peripheral surface of the taper part 41. Also, the oil flows
in the axial oil passage 42 and the second radial oil passage 45 in order,
and flows out to the outer peripheral surface of the taper part 41. At
a position at which the first radi al- did —passage 43 is open on the outer
peri pheral surface of the taper part 41, a first oil groove 44 is forned
along the circunferential direction of the taper part 41. The oil flow ng

out of the,epeni parobnthe) finstacadbal ti9d| cpassagerd3siinihe fivnst oil
G oove 44, by which the oil is perneated in the circunferential direction

of the outerlperopheral ciserfacel obit heatepss pPardndlthd s€comd a position
at which the second radial oil passage 45 is open on the outer peripheral
surface ofradieal aper passadd, 4a seconden) | agl obvewd6outs fortmes al ong the
circunferential direction of the taper part 41. The oil flow ng out of the
openi ng ofother seevhiehe el abubficpasEages 45294 0vigaith 4he second oil groove
46, by which the oil is pernmeated in the circunferential direction of the
out er peri pher dtt surfosfcid igm tafe wheigdr e tEi4Bt Weeh alheifli B15s6i9e gr oove 44
and the second oil groove 46 are filled with oil, the oil is perneated

al ong t he %ﬁiﬁf WPFRCER o Dot EheP ot Ty st f HRes %f the & part 41

and the hup, 30. £ Shem i NoH Grodve 1ot 1ERRIEY, £OUP! I
circumferential direction of the taper part 41. The oil
flowing out of the opening of the first radial oil
passage 43 flows in the first oil groove 44, by which the
0il is permeated in the circumferential direction of the
outer peripheral surface of the taper part 41. Also, at
a position at which the second radial oil passage 45 is
open on the outer peripheral surface of the taper part 41,
a second oil groove 46 is formed along the
circumferential direction of the taper part 41. The oil
flowing out of the opening of the second radial oil
passage 45 flows in the second o0il groove 46, by which
the 0il is permeated in the circumferential direction of
the outer peripheral surface of the taper part 41. When
the first oil groove 44 and the second oil groove 46 are
filled with oil, the o0il is permeated along the axial
direction onto the coupling surfaces of the taper part 41
and the hub 30.

As shown in FIG. 4, in the tapered coupling
structure 50 in which the tapered shaft 40 and the hub 30

are coupled to each other at a normal position, the first



structure 50 in which the tapered shaft 40 and the hub 30 are coupled to
each other at a normal position, the first oil groove 44 is provided in a.
region (a first region) corresponding to the high-rigidity part 32 of. the
hub 30. Al so, the secohd --1" groove is provided in a rebion (a second
regi on) corresponding to the base part 31 of the huh 30. In the
tapered coupling structure SO, since the first oil groove 44 is provided in
the region, corresponding to the high-rigidity part 32 of the hub 30, the
hydr aul i ¢ Prlesswaraadtd ig AF THESRUBTBE FFaiinst he St 4699 dssure of the
taper part 41 received fromthe high-rigidity part 32 is _high
Fur t her nore® L 498 Rl itghérte d- N Ui g Seriet Lﬂagr%og,z tcﬁtle e 014" groove

46 is provided in the regjon corresponding to the base par of , t he hnh
30. Ther efr 619°%En et r?é:ror?e‘}a)ﬁ g% é%siﬁ%?‘flnqeo&alr} 1 rtegrsl]on v

arge Tegion of the
coupling surfaces in the axial_direct] t hafd and t ha
hub 30, sO&T94° t1& t4peret rsensﬁotngi%‘dcg% ge;hecgbﬁapél%ﬁlggo?l 3%06{% ed from
the hub 3 rg easily than in the first. enbodi nent. Third Enbodi nent

FI GS, 5A, and EC are sectional views of a coupling structure 70 in

accordance witht het hizpd enbodipent,g EkGu2Akeisng aiseet icoral , view taken
along the line 5a-5a of FIG 5B, FIG SE being a. sectional view taken

al ong the #ing 5h bhyeiok G4 54 @nd ikl £0 thei nge@isectional view taken
along the line 5c-5¢c of FIG b5A
corresponding to the high-rigidity part 32 of the hub 30,
the hydraulic pressure acting on the hub 30 against the
surface pressure of the taper part 41 received from the
high-rigidity part 32 is high.

Furthermore, in the tapered coupling structure 50,
the second oil groove 46 is provided in the region
corresponding to the base part 31 of the hub 30.
Therefore, the oil can be permeated easily into a large
region of the coupling surfaces in the axial direction of
the tapered shaft 40 and the hub 30, so that the tapered

shaft 40 can be coupled to or decoupled from the hub 30

more easily than in the first embodiment.

Third Embodiment

FIGS. 5A, 5B and 5C are sectional views of a
coupling structure 70 in accordance with the third
embodiment, FIG. 5A being a sectional view taken along
the line 5a-5a of FIG. 5B, FIG. 5B being a sectional view
taken along the line 5b-5b of FIG. 5A, and FIG. 5C being

a sectional view taken along the line 5c-5c¢ of FIG. 5A.



- 18 - The coup_ina structure 70 conprises a tapered. shaft 60 and
the huh 30 coupled to the tapered shaft 60. The hub 30 is the sane as that
of the first enbodinent, and therefore the explanation thereof is onmtted.
The tapered shaft 60 conprises a taperlpart 61, and an axial oil. passage
62 is forned along the axial direction of the tapered shaft 60 fromthe
front end surface of the taper -Art 61. Also, in the radial direction of

the taper part fide @onigdidy &ttuPessageo bSomsr{oLsed. « Ihersadiad roi |
passage 63 communicates with the termnal end of the axial oil passage 62,

and bot h eadsahbHetheanhebopencbaptbe eut enepespphesakhsuaeface ofhd he tape_
part 41. Therefore, oil. fed froma hydraulic pressure source, not shown,
flows in thebaXDalisokthepassages62handofheheadiaktoehbpdssage, 63ndn order,
and flows out to the outer peripheral surface of the taper part 61.

At a positibarafownhi Ehet heptadipalioni Fhepas§age 68itsedpen on the outer

peri pheral surface of the taper par_ a second oil groove 65 is fornmed al ong
the circunferent?al tapeerdi tinbt ¢hectmpersyara THPDT IPFFovihg Bt of the

in f the radial oil passa 3 flows in_the second oil groove 65which
?Egnoi? ?Sag gxig 0il passage g% ?s formed along the axial g

direction of the tapered shaft 60 from the front end
surface of the taper part 61. Also, in the radial
direction of the taper part 61, a radial oil passage 63
is formed. The radial oil passage 63 communicates with
the terminal end of the axial oil passage 62, and both
ends thereof are open to the outer peripheral surface of
the taper part 61. Therefore, o0il fed from a hydraulic
pressure source, not shown, flows in the axial oil
passage 62 and the radial oil passage 63 in order, and
flows out to the outer peripheral surface of the taper
part 61.

At a position at which the radial oil passage 63 is
open on the outer peripheral surface of the taper part 61,
a second oil groove 65 is formed along the
circumferential direction of the taper part 61. The oil
flowing out of the opening of the radial oil passage 63
flows in the second o0il groove 65, by which the oil is
permeated in the circumferential direction of the outer
peripheral surface of the taper part 61.

In the outer peripheral surface of the taper part 61,

there is provided a connecting oil groove 66 one end of



perneated in the circunferential direction of the outer peripheral surface

of the taper part 61. in the outer peripheral surface of the taper
part 61, there is provided a connecting oil groove 66 one end of - which
comuni cates with the second oil gro 65 and which extends in the axi al

direction toward the front end of the tapered shaft 60, The other end of
the connecti he oil groove 66 communicates with a first oil groove 64. The
first. oll groove 64 is formed along the circunferential direction. in the
outer per ilphehalcosariaceter vhéht aper sparnd 611 SEREVEF Thé 6| flowing in.
the second oil groove 65 passes Lhrou%h t he connecting oiIég; ove 66 and
reaches t WBifir s&terdsgidoveced =it SIGEICH LS G Fhe ' i 1§ oove 64,
by which the oil is perneated in the circunferential dir i t he outer
peripheransGPFa&égﬁFthé%Fggeﬁ%parfhgl?EHer sn noghgg?agé%gggggﬁgling
structure 70 in which the tapered shaf.t .6 he .hu A gcoupled to
each ot hefrat %4 4501 é[ﬁ%ﬂ“ﬁ%ﬁ%a Fﬁéﬂéﬁpég gﬁl?%gﬁﬁgngﬁgh is provided in a

regi on cotgesponding 40 e i oY Nk parlord? @fe the hub 30, A so, the
ng ;10 ! _

second oi I""groove i rovided in a region corresponding to the base part

31 of the hyh 30 cntial Mibhe diaperied (CQUPhItG SIS UGtHE® 7 Guisianee the
first oil groove 64 Is provided in the region corresponding to the

hi gh-ri gi digt yRard, 82 gjfartﬂﬂ%lfwbs&ﬁe bhethydbaul ifcoptiessumetaeting on the
hub 30 agai nst the surface pressure of the taper part 61 received fromthe
hi gh-ri gi didaprRBrdi 132ydsoi @5 passes through the connecting oil

groove 66 and reaches the first oil groove 64. This oil

flows in the first oil groove 64, by which the oil is

permeated in the circumferential direction of the outer

peripheral surface of the taper part 61l.

In the tapered coupling structure 70 in which the
tapered shaft 60 and the hub 30 are coupled to each other
at a normal position, the first oil groove 64 is provided
in a region corresponding to the high-rigidity part 32 of
the hub 30. Also, the second oil groove 65 is provided
in a region corresponding to the base part 31 of the hub
30.

In the tapered coupling structure 70, since the
first oil groove 64 is provided in the region
corresponding to the high-rigidity part 32 of the hub 30,
the hydraulic pressure acting on the hub 30 against the
surface pressure of the taper part 61 receilved from the
high-rigidity part 32 is high.

Furthermore, in the tapered coupling structure 70,

the second oil groove 65 is provided in the region



Furthernore, in the tapered coupling structure 70, the second oil groove 65
is provided in the region - 20 - corresponding to the base part 31 of the
hub 30. Therefore, the oil can be perneated easily into a |arge regi on of
the coupling surfaces in the axial dirdction of the tapered shaft 60 and
the hub 30, so that the tapered shaft 60 can be deco-LT.1li, fromthe hub $0
nore. easily than in the first enbodi nent Al so, the feed. of oil from

the secondc®ktc ghoRNENESLbOLhBepdbtebapt| 30r9pvEndsniss agconpl i shed via the
connectingcove 66. This connecting oil groove 66 can be mach ned easily as

conmpar ed witdiréheréj rsheratdi atanibe passagerdd ¢distihe second eabesdi ment, th
Enbodi nent Regardi ng the coupling structure 50 shown as the second
enbodi mentre@iopref ethedcpuptedur euf daceecoupthagtiwel tdpesedi shaff 40 from
the hub 30 is explained with reference to FIGS, 6A, 6B and 6C.

the tapered shaft 60 and the hub 30, so that the tapered

shaft 60 can be decoupled from the hub 30 more easily

than in the first embodiment.

Also, the feed of oil from the second oil groove 65
to the first oil groove 64 is accomplished via the
connecting oil groove 66. This connecting o0il groove 66

can be machined easily as compared with the first radial

0il passage 43 in the second embodiment.

Fourth Embodiment

Regarding the coupling structure 50 shown as the
second embodiment, a preferred procedure for decoupling
the tapered shaft 40 from the hub 30 is explained with
reference to FIGS. 6A, 6B and 6C.

The coupling structure 50 comprises the first oil
groove 44 and the second oil groove 46. When the tapered
shaft 40 is decoupled from the hub 30, oil can be fed
from both of the first o0il groove 44 and the second oil
groove 46 from beginning to end of the decoupling, and
also the feed of o0il from the first oil groove 44 or the
second oil groove 46 can be stopped depending on the
stage of decoupling.

As shown in FIG. 6A, at the decoupling start time,

since the surface pressure P received from the hub 30 by



The coupling structure 50 conprises the first. oil groove 44 and the second
oil groove 46. When the tapered shaft 40 is decoupled fromthe hub 30, o 1.

can he fed fromboth of the first oil. groove 44 and the second ci groove
46 from beginning to end of the decguE'igg, and also the feed of oii from
the f st oil groove 44 or t c" second 0il. groove 46 can be stopped
dependi ng on the stage of deconpling. As shown in FIG 6A, at the

decoupling start tine, since the surface pressure P received fromthe hub
30 by - 2he tehpereaperedt diafits 4019 idhe i givdst Loifled £98H . LFom bot h
of the first oil groove 44 and the second oil groove 46. By doi this, the
t aper ed sivdf tthe0 fand it e hFr So e movved elsftGnél w1 @rIHE detouhri ng

direction. in FIGS, 6A 61-1 and 60, the regjon which oj] is fed is
pai nted oV G &8s, Cthe Negeregs S&’r‘?d(\% %%n alﬂota%h&-@,b gnde F'eed of oil
fromthe second oil groave 46 s stopped,. and,.oil. .is fed f the first
oi | . grooV®VE# dmi? A‘ﬁetcﬁé’r oi Ithr?asc{e[)cgog']ﬁjdlrlenéJ fdrlorne1Ct;co]tqr%{1 ‘of QF hg% st oil
groove 44 gnd._ 1 he nd..oi | oove 46, pl i -Q§§9§ﬁ{@gﬁed
relativel éas(ﬁt ya,nqs—lgf’\c/\c./é{vgcrh,e troeq#‘nog1 &eogsvohnl%g%&esl%n I ngl to the

hi gh-rigi di t oil is fed from the first oil G oove 44 because
t he surfa%é’te\grgggtﬁle thereof: is high_ Next, as shown in FIG 60,

the feed of oilycfromithe WkSt nOiFTar Geve t44 irsest opped,l aidm the feed of
c.Yfl from the second oil groove 46 is restarted. As the tapered shaft 40

and the hub3%hdmove retadively i dheomecoupld ngi directédn; rdthetisur f ace
pressure P fromthe high-rigidity part 32 decreases. Therefore, to give
priority ttdte quer meatden ©f @ilyi nAttheraxiidl hdisr éeteinorteas fravm as
possible, oil is fed fromthe second oil groove 46. The changeover
timng framtfl Gf Ghd of G 6B aubete thangeoves 19eHY oI PPECEB to
FIG 6C can be set appropriately based on the shapes, sizes, and the |ike
of the taperedstminlinD ey hheohukrged relatively easily.

However, to the region corresponding to the high-rigidity
part 32, oil is fed from the first oil groove 44 because
the surface pressure P thereof is high.

Next, as shown in FIG. 6C, the feed of oil from the
first oil groove 44 is stopped, and the feed of oil from
the second oil groove 46 is restarted. As the tapered
shaft 40 and the hub 30 move relatively in the decoupling
direction, the surface pressure P from the high-rigidity
part 32 decreases. Therefore, to give priority to the
permeation of oil in the axial direction as far as
possible, oil is fed from the second oil groove 46.

The changeover timing from FIG. 6A to FIG. 6B and
the changeover timing from FIG. 6B to FIG. 6C can be set
appropriately based on the shapes, sizes, and the like of

the tapered shaft 40 and the hub 30.



in the above description, a procedure consisting of the feed from both of
the first oil groove 44 and the second oil groove 46, the feed from the
first oil groove 44 only, and the feed fromthe second oil groove 46 has
been used- However, a different procedi# e may be used depending on the
shapes and sizes of the tapered shaft 40 and the huh 30 and further the use
of the first oil groove 44 and the second oil groove 46. The essenti al
thing is that. im the SaseWieserinoioh! groovesiofe thendidsthpids groove
44 and the second oil groove 46 are provided, a procedure suitable for
decoupl i ngthbeftaperedmshath 4@ thenrthethub139rsese elifigiephty should be
used. Means for feeding oil selectively fromthe first oil groove 44
and the sesendndi bifjroovevd64bs hbt SabfeCtronotanyfiestroihogrodoe exanpl e,
a nozzle menber formed with discharg_, holes at positions corresponding to
the first oflogivovend4thndfehd Secondhei begrodvel 46gisovaseéstieasi nto t he
axial oil passage 42, and is advanced and retracted. The above is a
descri pti oAC®F eRPOdi MHIVDF thed prieseant imvasrdwie Besikfesigdte above- dest
i bed enbodinentg, t he configurations described in the above descri bed
enbodi nent SREACHRIt AReh@ndFREE, 2BF EARCHeCEhangetirappropFiatel ¢Vt o

anot her configuration far as t departing fromthe spirit and scope of
the present fn %t?%ﬂ.gﬁ ciie gﬁFggﬁﬁngﬁﬁ,u?ﬁeo iFh%rEBE% c%hibe provi ded in
t he huh as i ped._ ] i il d 3054 .. gr the oi
passai e ca%gﬁégérggiﬁgg ?ﬁgtgégéﬁg,&g%lg%go?% ??éhg%gbéﬁﬁég%?fb ion,

expl anat i opy, pf g degouph ngnhéﬁeb§§§e gﬁgfg-tww@yfr?rgs@gé °5p {1. 52y, the

present invention is effective for coupling operatTon. a rotating

machi ne 208i i€l di ngraodei ¥erardOthorsdebhyesi nggrospt ajéonal force and a.
driven egbi pnent 220 rotationally driven by the output of the driver 210 as

shown in Rb&pvided heatppeceducouphi ngostr st ulecd@o(SQy 70 wesered hed
above is used as a coupling structure 230 for transmtting the output of

t he drivers240t t 60 t heor tvenhelqud prneast 220fitiethiy caseld tihe tsper ed
coupling structure is forned by providing a taper-shaped shaft end on

ei ther one of tMvanotfaty Mpahafta onl t9wel artiiweal 2 firagi dévearfd e addt at i ng
shaft on the driven equipnment 220 side and by providing a. hub on the other
t her eof . ASTeRES dtf vardlpe $oFoR%aPhl eIT@O%E ebin turbpthosulal gl #r bi ne, an

i nternal conbustion, engine, or an electric notar is ¥§ed. As tho driven
equi pment . 3PP SR LOhpTRssdCT £XMBEIE & § SFMRSE (fRe™ME%e is used.

Bet ween the.qéi er 210 and the driven, equi pnent 220, a speed- gear and/ or
a variabIéW%% é%ﬁ%%%?r% gh% e%r%@iQ@ﬁﬁt#bp%nﬁgf?ﬁﬁ%&?“%H5?§HéﬁﬁR%nd of the
rotating shafd. ofi1Ne-sppedzin, aear, andiol,hhe; variale spepd gear may be
made t aper-shaped, or a hub naw be provi ded thereon,

inserted into the axial oil passage 42, and is advanced

and retracted.

The above is a description of embodiments of the

present invention. Besides the above-described

embodiments, the configurations described in the above-

described embodiments can be taken and left, or can be

changed appropriately to another configuration as far as

not departing from the spirit and scope of the present

invention.



24 -- Clainms 1. A rotating machine conprising: a driver for delivering a

rotational force; a driven equi pnent rotationally driven by the
output of the driver; and a coupling structure for transmtting the
out put of the driver to the driven gqyépgent, wher ei n t he coupling

stLucture conprises a tapered shaft an a huh which are coupled to each
ot her,

For example, the oil groove can be provided in the
hub as described in Registered Utility Model No. 3054261,
or the oil passage can be provided in the hub. Also, in
the above description, explanation of decoupling has been
given. However, needless to say, the present invention
is effective for coupling operation.

In a rotating machine 200 including a driver 210 for
delivering a rotational force and a driven equipment 220
rotationally driven by the output of the driver 210 as
shown in FIG. 7, the tapered coupling structure 10 (30,
70) described above is used as a coupling structure 230
for transmitting the output of the driver 210 to the
driven equipment 220. In this case, the tapered coupling
structure is formed by providing a taper-shaped shaft end
on either one of the rotating shaft on the driver 210
side and the rotating shaft on the driven equipment 220
side and by providing a hub on the other thereof. As the
driver 210, for example, a steam turbine, a gas turbine,
an internal combustion engine, or an electric motor is
used. As the driven equipment 220, a compressor, a wheel,
a propeller, or the like is used. Between the driver 210
and the driven equipment 220, a speed-up gear and/or a
variable speed gear can be provided. In this case, the
shaft end of the rotating shaft of the speed-up gear
and/or the variable speed gear may be made taper-shaped,

or a hub may be provided thereon.



the tapered shaft being provided with a taper part on the side which is
coupled to the hub, the taper part having an axial oil passage forned
therein along the axial direction of the tapered shaft froma front end

surface of the taper part; and —t?h& hub being provided with a
high-rigidity part havingthickness in the radial direction |arger than that
of other regions and having a. high rigidli lin the radial di rectio.n and
a fiance par.,the front end side of ¢he;high :igidity part and continuous
with the igtpart, wherein a first oil groove fornmed in an outer

peri pheral 1surfacecodtihg hapeinpacbmerisinghe inner peripheral surface of
the hub to feed oil, which was fed to the axial oil passage, to the

coupling surfacesdofvéhefoapeel pactiagdat hetdubonsl pfovieled in a first
region 25 - a driven equipment rotationally driven by the output

of the driver; and

a coupling structure for transmitting the output of
the driver to the driven equipment, wherein

the coupling structure comprises a tapered shaft and
a hub which are coupled to each other,

the tapered shaft being provided with a taper part
on the side which is coupled to the hub, the taper part
having an axial oil passage formed therein along the
axial direction of the tapered shaft from a front end
surface of the taper part; and

the hub being provided with a high-rigidity part
having a thickness in the radial direction larger than
that of other regions and having a high rigidity in the
radial direction,

and a flange part located on the front end side of
the high-rigidity part and continuous with the high-
rigidity part, wherein

a first oil groove formed in an outer peripheral
surface of the taper part or in the inner peripheral
surface of the hub to feed o0il, which was fed to the
axial oil passage, to the coupling surfaces of the taper

part and the hub is provided in a first region



corresponding to the hl.gh--rigidit part in the axial direction,

wherein a second c: |i groove is formed in a second region different from
the first region, wherein the high- igidity part is arranged on the
front. end side of the, coupling part gf_the taper part and the hub,
wherein the first. oil groove 15 furt%er arranged on the rear end side of
the center of width in the axial direction of the high-rigidity part, and

oil is fed fromthe front end. face to the axial oii oasbage. f.The
rotating wachierecactoraditey the diaiimrigithéneinmrt He! thgered haft s
ftnflo,id, with: a radial oil passage connectin-1 the axial oi

passage and e ifd st oil groove; and

wherein a second oil groove is formed in a second
region different from the first region,

wherein the high-rigidity part is arranged on the
front end side of the coupling part of the taper part and
the hub,

wherein the first oil groove is further arranged on
the rear end side of the center of width in the axial
direction of the high-rigidity part, and

0il is fed from the front end face to the axial oil

passage.

2. The rotating machine according to claim 1, wherein

the tapered shaft is formed with:

a radial oil passage connecting the axial oil
passage and the first oil groove; and

a connecting oil groove connecting the first oil
groove and the second oil groove and extending in the

axial direction on an outer surface of the tapered shaft.

3. The rotating machine according to claim 1 or 2,
wherein,
when the tapered shaft is decoupled from the hub,
oil is fed from both of the first oil groove and the

second oil groove,



a. connecting oil groove connecting the first oil groove and the second on
groove and extending' in the axial direction on an outer surface of the

t apered shaft. The rotating machi ne according to claim1 or 2,

wher ei n, when the tapered shaft i-s ZdecoupJed. fromthe huh, oil is fed
fromboth of the first oil groove and the second oil groove, - 26 -

next, the feed of oil fromthe second oil groove is stopped, and oil is fed

fromthe first ile grooverOm Yor ald £rom &N .sddgid @8d ofr Qe firom the
first oil groove 1s stopped, and the feed of oil fromthe second oil groove
is restartg&ghpped, and oil is fed from the first oil groove only,
and
next, the feed of o0il from the first oil groove is

stopped, and the feed of o0il from the second oil groove

is restarted.



