- | TAPERED COUPLI NG STRUCTURE AND ROTATI NG MACHI NE
BACKGROUND OF THE | NVENTION Field of the Invention The
present invention relates to a tapered coupling
structure in which a shaft provided with a

t aper-shaped outer periphery and a hub provided wth
a taper-shaped inner periphery are coupled to each

ot her. Description of the Related Art As a machi ne
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driven equi pnment, a coupling has been known.

various types of couplings, there has been knomn 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) BAKGROUND OAt GHRhINWENRE&ONhaft end
portion is inserted and which has a holl ow part
broVvildedl whehlavempépnshaped inner periphery are
coupled to each other. This coupling structure is
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coupling structure),

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.



the tapered shaft is decoupled fromthe hub, oil is
fed to the coupling surfaces of the tapered shaft and
the hub to increase the dianeter of the hub, by which
coupling and decoupling areZenabl ed. For this

pur pose, the coupling structure is configured so that
an oil passage is provided in the tapered shaft (or

the hub)thanga@dr&il cogbPONEG SOPREELiOg (MeLdHithecoF)
passage is provided in the outer peripheral surface
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of the hub) to feed oil to the <coupling surfaces via
vhenothepaspagedantabt!| igr oouple@otipl thg And, or when the
decoupling of the coupling structure can also be
pepevedednbytheat dagoandethéronl Fheekphndphg ishéehubo
besi des the use of hydraulic pressure. However, the
Weekcpeplheat PRgfeReshab FEenseressy ebapér fBentha hub to
the case where the hub is |arge. Al so, the heating of
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oil scatters fromthe oil groove, and contan nates
bl€er peripheral surface of the tapered shaft (or the
inner peripheral surface of the hub) to feed o0il to the
coupling surfaces via the oil passage and oil 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. 1In 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. Registered Uility Mdel No. 3054261
proposes that a fine groove (the depth is 5/100 nm or
less) is formed in the inner peripheral surface of the
hub. According to Registered Utility Mdel No.

3054261, due to the formati 8n—of fine groove, since
.oil as a conplete fluid does not exist on the inner
peri pheral surface of the hub, even if the tapered
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Halrﬂbahﬂ§n§s$t aR@gPét@ﬂé@rU]@gll'_&Tblﬂdd)déD tbe sosiace
| ayer portion. The problem of oil scattering can be

pobpedebythhe aprfopesglkoofreReghst deedhUtiisl By obbdel or
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pressure f i ncreasing the dianeter of hub can be
obt ai ned @Hélburféce layer portion.

The problem of o0il scattering can be solved by the
proposal of Registered Utility Model No. 3054261 and
further by the kind of o0il 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 1is interposed between the tapered shaft and the
hub has often been adopted. In this technique, a pair of
O-rihgs is disposed at a predetermined interval in the
axial direction, and an oil groove is provided between
the paired O-rings. By doing this, the o0il fed via the
0ll 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.



However, a demand for avoi dance of the use of 0- rings
has arisen. The reason for this is that it is

supposed that if the O-ring is broken during the use
of the coupling structure, decoupling of the tapered
shaft fromthe hub may becode-difficult to do. In the
coupling structure without the use of 0O-rings, the
fed oil is liable to leak fromthe end part of the
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tapere af t Jecte to a pressure (surface
BEESSURE) oF BYcHHs1 1M 180p8srshaun FBrEEG y1An Bhis
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,



When oil is fed to between the tapered shaft 110 and
the hub 120 to decouple the tapered shaft 110 fromthe
hub 120, a force Ft directed in the direction

indicated by the arrow mark in FIG 1B acts on the
tapered shaft 110. On the-ofher hand, between the
tapered shaft 110 and the hub 120, a frictiona

resi stance pN directed in the opposite direction to

Ft ackisen WeED £t pxgeedspbdiwetherhapesgdrefabhaiO01¢anand
be decoupled fromthe hub 120. The letter denotes

the aapffpoi ebt detodpnantaef thpkired, shafd tthe Ilrethernd
denotes the | oad based on the surface pressure P
Gohveai onafbycet 6tf dédecickdt anbéhween rebe ibapened cated
shaft 110 and the hub 120, an oil groove 112 provided
by thheavubwr mpeki pheFal.suBf acésobnt hbet ppeaedsisabitft
110 (or the inner peripheral surface of the hub 120%
hag-bdeh the rad handheoelrter the tapehedvslkahit 10
of the center in the axial direction of a taper part
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accordingly the frictional resistance pN decreases.

ghatsuts PO say, when the contact area between the

taper part 111 and the hub 120 is small as shown in

FI G @fventionally, 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 o0il permeates in a wide
range in the axial direction of the taper part 111. By
the pressure of the fed o0il 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. 2A,



- 6 decoupling is easy to perform and when the

contact area 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-pértion in which the
thickness in the radial direction of the hub 120 is
large, that is, as the rigidity in the radia
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the tapered shaft 110, the hydraulic pressure acting
batbes phettapepuphrbelincraasede nhkbowerver isi fiathe as
oil groove 112 is arranged in the center (or in the
vhowni iy BIGt heBecedeephpilinthésaxidlfidulectboperdbrinhe
taper part 111 of the tapered shaft 110, the distance
to t s Pwdn o i BIGE onkf), sthe hatr fhee hydeashre P
pressure acting on this portion is |low. As described
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having a high rigidity in the radial direction,
Wberehntlge fvy{8indty 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 o0il groove 112
is provided has been unsuitable to the shape of the hub
120.

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 oil

groove formed in the outer peripheral surface of the



groove fornmed in the outer peripheral surface of the -
7 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=rigirdity part in the axial
direction. In the present invention, the high-rigidity
part is preferably arranged on the front end side of

thgegoppkingr partnef ihhert pperpparthiandrithechyl. the nhub
this case, the first oil groove is preferably

asr asgedoon tbetheartoapdingi dardhckBeogenher tapew ghlt

in the axial direction of the high-rigidity part.
Ahdothenhthbeipr psentdedvént eoliiratseeghdnocbrgespvading
can be fornmed in a second region different fromthe
torshe héghonigTHétvaperedivobpki agisirdérareipn.
accordance with the present invention is used as a
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I rst groove for Ing the oil to the coup
sushages§iaptyt pertaper part and the hub is provided in

the fAI;;, in the present invention, a second oil groove
can be formed in a second region different from the first
region.

The tapered coupling structure in accordance with
the present invention is used as a coupling structure in
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 o0il 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



region corresponding to the high-rigidity part in the
axial direction. As a result, there can be provided
the 8 tapered coupling structure in which the tapered
shaft can be coupled to and decoupled fromthe hub

wi t hout the use of an O ring. -BRI EF DESCRI PTI ON OF
THE DRAW NGS FI GS. 1A and 1B are diagrans for
explaining a force acting on a tapered coupling
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a state in which oil is fed to coupling surfaces
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structure; FIGS. 3A and 3B are sectional views of a

bapened-reaygpl ing structure in accordance with a first
enbodinent; FIG 4 is a sectional view of a tapered
coupling structure in accordance wth a second
enbodi nent; FIGS. 5A, 5B and 5C are sectional views of
a tapered cBBPEFnBESERUETUPE PR JHEOPBAWENGRIi th a
third enbodi nent; FIGS. 6A, 6B and 6C are sectiona
vi ewst Eroni Hy andeld lﬁﬁrﬁf R 39 RBRIUF @F fo¥P ha i bRy edl force
couglln structure icordance with a second
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shaft and a hub of a tapered coupling structure;
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.



The present invention will now be described in detai
based on a first enbodi nent shown in the acconpanying
drawi ng. FIGS. 3A and 3B are sectional views of a
coupling structure 10 in accordance with the first
enbodi nent, FIG 3A being-a9sectional 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
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shaft 20 and a hub 30 coupled to the tapered shaft 20.

Fhest apgredisbatt 20 constitutes, for exanple, the
out put shaft of a stean1turbine, not shown. The hub

30 i sTheghiresdet ivved©lo®xanpl enotw Nise | dpsitr Sthadit i0f a
conpressor, not shown, and functions as an el enent for
tletasii bésag dtheaofif pat embbHémsheashbunbinethe t he
conpressor. The tapered shaft 20 includes a taper part
2¢cohpandiagedeawongwhi ch decreases toward the tip
end. In the present invention, the tip end side of
the tEE}eBARAd 3BETS R Hephsviews fobn , Cawrl ite
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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. 1In 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 1s formed in the radial direction of the taper



axial oil passage 22, and both ends thereof are open
to the outer peripheral surface of the taper part 21.
Therefore, oil fed froma hydraulic pressure source,
not shown, flows along the axial direction in the
axial oil passage 22 that-iX0open to the front end
surface F of the taper part 21, and then flows to the
outer periphery side in the radial direction along

bhecradi alTial | - RassROe; - a§§a¢@d2§a&§%h§W1@£{@§’w1th the
marks. Thereafter, the oil flows out to the coupling
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position at which the radial oil passage 23 is open
bhet beteut perpphepher abrsackacé ahet bapkapearpart .21,

an oil groove 24 is fornmed along the circunferentia
theeefoon, obilhéetapermpar hydtauThe pirksthowi sguoae, ohot
the opening of the radial oil passage 23 flows in the
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circunferential direction of the outer periphera
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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 oil flowing out of
the opening of the radial oil passage 23 flows in the oil
groove 24, by which the o0il i1s 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-



rigidity part 32. The flange part 33 is connected,
wth bolts or other fastening neans, to a structural
menber that is subjected to a transmtted force. The
high- rigidity part 32 is a part that is continuous
with the flange part 33 andlis-subjected to a high
torsional stress, so that the wall thickness thereof
inthe radial direction is set large. Therefore, the

B&gﬁa&hg'%b&% 3partTRe SaRGEapded 99 &Becéﬁagat@ad with
Since the high-rigidity part 32 has a wal
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the base part 31, the surface pressure P of the taper
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hi gher than the surface pressure P of the taper part
21gidéeyvedrtr 8 tise abasetpanht3isagonghiowousn wEkltG. the
1A. The holl ow part of the hub 30 penetrates in the
akpapedprpatt Bénangnd st Babdecsetoitved Alvhpéorsdonal
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the tapered s and the hub 30 arée coupléd t
saehaebhpkedBdrenNpt BE 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



12 range in which the high-rigidity part 32 is

| ocated (in the range indicated by Zin FIG 3A). In

the tapered coupling structure 10, the oil groove 24

is provided at a position corresponding to the high-

rigidity part 32 of the hub BD.- As described above,

the surface pressure P of the taper part 21 received

fromthe high-rigidity part 32 is high. However,

shAge thewRikn 9heOMEegR4rigiRLRYl fedtaboa;R0SLLbeRy (in

corfesponding to the “high-rigidity part 32, the

bydr ashbe phassHEedapli ngianrithesnyh 30 against the

surface pressure is higher than the hydraulic

pr essIi eciod  dee saud r odimell 1ys . sThecefioe e10, t biget aper @doove

shaft 20 can be coupled to or decoupled from the hub

30 wsthoavitdhd ptowi ppentobnano@respgndlingt he tasehabh-

the tapered coupling structure 10, the high-rigidity

pagid8Ryi saakrr dAged bhet hebf BBt Aeadlestdibed pplpdivs, the

case, if the position at which the oil groove 24 is

provraedrresevsecPosé tBet RePeEoRRTENd! seFPavedrfspm the

the tapered shaft 20 _even. if_ corresponding, to the

HF%HTF'@FSFFV part 25 of PhEMhupT Y%%4n%l$%et%%e oil

range ipdicated by .Z.in FIG 3A), the fed oil .may | eak

0 8097Re 28 E8) BEoRLeRa Rt ot  PREL HiAhy ApETeaBenaTRY 8%ne
e .1 he Ll ,gro ' - ef rQVvi

R e R L e A S
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the axial dirfection of the high-rigidity part 32.

NeedhegsatiPi8ayretBiige 6ANEHECEALEOONHSNYBNEORSSAL Fotd,

t he case where the high

the tapered shaft 20 can be coupled to or decoupled from

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
0il 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-



- 13 rigidity part 32 is arranged at a position other
than the position near the front end. Second
Enmbodi nent FIG 4 is a sectional view of a coupling
structure 50 in accordance with a second enbodi nent.
The coupling structure 50 tohprises a tapered shaft
40 and the hub 30 coupled to the tapered shaft 40. The
hub 30 is the sane as that of the first enbodi nent,

9mgid399rﬁggﬁeskhgseépkgﬁaéaoatterseﬁt&%nongEthhzhethe
tapered shaft 40 includes a taper part 41, and an

pykatiehl npassepe #20hs EArMed al ong the axial
direction of the tapered shaft 40 fromthe front end

surface of the taper part 41. Also, in the radi al
direction of the taper part 41, a first radial oi
PpassadgerdBodindent second radi al oil passage 45, which

is provided at a predetermned interval fromthe
firstFIGadi als o | sgaskayel 48icnref faraeeplThe $trgeture
radial oil passage 43 communicates wth the axial oi
passAgacaerdanad Woth andscPRdr epPodiBeBpen to the
outer_peripheral surface of the taper part 41. The

second'§ @119 SpALSHYeS 45° oMt I8 e3 WRBRE¢heshaft
] d of .th i gl oi 2 th
A TherEoroBr 8 cpenbla? tRetoli EroRErr oBRAF 3rrabes
ﬁﬁbt§§ igpgﬁep§£$e4;s tﬁQ§r8£°£ﬁe gﬁks£egm£58ghg?ﬁ and
ydraul ic pressure source, not ‘shown, flows in é

BPPLOLL PRESEE fReenchl et ior el plogl | passace
The tapered shaft 40 includes a taper part 41, and
an axial oil passage 42 is formed along the axial
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, 0il 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



14 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-th® first radial oi

passage 43 is open on the outer peripheral surface of
the taper part 41, a first oil groove 44 is forned

al,e8g b@%iFEEESQ”EGE%QEEaBdeh%CEEB%rOEaEQe4&@D€A1§§[tthe
41. The oi flowm ng out of the opening of the first

badi al oRkl inpagsagei43 bhiowpakBahbe4bi bsH @hk geeeva

44, by which the oil is perneated in the

ebdeanf et@nphakader @6t ianocetietrheanduttebwpebiuphebalkhe
surface of the taper part 41. Also, at a position at
ohteh pheipkeoadl sadifakeoplf passageed45past dpen on t he
outer peripheral surface of the taper part 41, a
secomt ot | PYs bloven 48t | whioh nelge af bagt t hadial oil passage
circunferential direction of the taper part 41. The

671 1sf PBRIngRotiReoPuERE BPEAPRETEE EHET3E€0RA £REI ARPEr

il .45 f inth il 46, b
AT S e S AN G A AT PN TR
di ti . he. out er, i f f_.th )
SLrEpheaReth il (L REEE] QR PP RES F B BRE L0421 Hrhe 012

; n (Y 91 oo . T
2ECONI, b DEPOV R Bp8hEnq! b SR SR b Bur 15
§ﬁ5§§§§34gTE}8ﬁst?Qeﬁhgafﬁré% o§mdgEBSv@uQ430byA§hic%Othe

shown™in . in the tapered codpling ‘sfrutture
bD1Whi chethgat apei gdtphatt rd0nandehheauli88ction of the
outer peripheral surface of the taper part 41. Also, at
a position at which the second radial oil ?assage 45 is
open on the outer peripheral surface of the taper part 41,
a second o0il 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 oil groove 46, by which
the o0il 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 o0il, 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



are coupled to each other at a normal position, the
first 15 oil groove 44 is provided in a region (a
first region) corresponding to the high-rigidity part
32 of the hub 30. Also, the second oil groove 46 is
provided in a region (a secbhd region) corresponding
to the base part 31 of the hub 30. In the tapered
coupling structure 50, since the first oil groove 44

b$1PEHR¥bLYedauNikhe rbeghen i%oereegqaalng G rhe region)
high-rigidity part 32 of the hub 30, the hydraulic
poessdpendchbgngoonhthaibubr3giagaiynsbrithe2 sur taeehub 30.
pressure of the taper part 41 received fromthe

Rilgh; r tbedskyopdr bi32girsolregh 6 Edr plrerioeed, innat kegion (a
tapered coupling structure 50, the second oil groove
46cpgdpregiided rnrrhepredion teothespendi pgrito3fthef the
base part 31 of the hub 30. Therefore, the oil can be
bébnﬁgted easily into a large region of the coupling
surfaces in the axial direction of the tapered shaft

40 anth t e NedP3Hed seO Rt Ng hat FapkrEd SShafing® Ehf

ge cguBLEd to or ggcpupled trog1thetgub_30. nor e
aEPFyCthafrPRVENEf LPsPLEH O n%ﬁt. ThitPE BRbodi ment

A . : .
o R L L S e B T
EASVArIRIEC BpSeEbEe aErbhnsho EL fhingp pPg PSR ene

%@kﬁacélgegsgbgelb@etﬁe-ﬁepeE Fhe: 2A rapdibk@ £36m the

ei ng
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. B5A.



a sectional view taken along the line 5c-5c of FIG
5A. 16 The coupling structure 70 conprises a tapered
shaft 60 and the hub 30 coupled to the tapered shaft
60. The hub 30 is the sane as that of the first
enbodi ment, and therefore the explanation thereof is
omtted. The tapered shaft 60 conprises a taper part
61, and an axial oil passage 62 is formed al ong the

axi al Th&i ke6hi PRg of + ther b apergd-shatt s60 éregbébsd shaft

front end surface of the taper part 61. Als in the

cadhab tHeraebi g0 ebuphedt apethpathp élgedasmtirtalmo' | The
passage 63 is forned. The radi al 0|I passage 63

bobnBdai cat eaewsthe tBethernbhiakhendiektt bebaxialknai, | and
passage 62, and both ends thereof are open to the
bbheeefpeei pher akpdanhatcenothetrheft apepmpaitedsl.
Therefore, oil fed froma hydraulic pressure source,

not sHemntaperRs $¢ﬁfhe6%x¢@mpbi$esp@sta@@r6gaahd61heand
radi al oil passage 63 in order, and_ flows out to the
80t 8¥1pér PpheParSagpf é@eléf fpﬁ@eﬂaaépngpah@ gxiaht a

Bk B s br Dhe shaear s e s e 60) 2PRa Eagor - paiy Red.

d 65 I
SrrEfPerEntrdl CaFPachrbh 67 ( HetS Rper” phrt §1ihe
8a£ec£k8ggag ?Hé egﬁg gpenigag of .t B%aﬁagagspg Lage 63

passage seconél OI gr oove

Y8i ebr-ibg. Oidnd Srao@féﬁeé"ifdpéé‘séé@ &3 f&&%&ﬁf@ét@é with
direction of the outer peripheral surface of the
tapetepihablend 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 tapér
part 61.

At a position at which the radial oil passage 63 is
6pen 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 oil 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



In the outer peripheral surface of the taper part 61,
there is provided a connecting oil groove 66 one end
of 17 which comunicates with the second oil groove
65 and which extends in the axial direction toward
the front end of the taperetd/shaft 60. The ot her end
of the connecting oil groove 66 communicates with a
first oil groove 64. The first oil groove 64 is

{iar redcahrngd ithe e sCli¢unakeRti-ah dichac @R vie eshang
outer peripheral surface of the taper part 61. Sone
ehitheegitbnbkowhnghenakheal secendionl tgeede tbe Fas$es end
t hrough the connecting oil groove 66 and reaches the

bifr sheokthpgredvehé4t ©hi.s Dhé othewsend dhethéerstnnetting
groove 64, by which the oil is perneated in the
ciilcgmberenbbakonintedchdrsofvithe aodtiest pédi ghreoale 64.
surface of the taper part 61. In the tapered coupling
Sheuétypé v0li areAVEnSthés fapeeddadkant the and t he

hub 30 are coupled to each other at a normal
56§FPWSﬁFePHéa iPéFGSFPOQr6Bv§hG4OP§eﬁr8@Fd€&erﬁﬁ gurface

i ing to_.the high-rigidi t 32 of
SR S S S U AR AR S (R 1 I 2
i i i t h t 1 of the.
e e e s TS S
RS Our e >! |
ChSeuboBRur s FREPRER, P! BBER HIE gl ot B0y o
80owst he bydraukike BE§S§H6%VQC%QUgﬁ9nwh@%hh%ﬁe39%% is

agai nst the surface préssure of the taper part
peepeyeddf iamhbBecircumferential direction of the outer
peripheral surface of the taper part 61.

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 o0il 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 received from the
high-rigidity part 32 is high.

Furthermore, in the tapered coupling structure 70,

the second o0il groove 65 is provided in the region



high-rigidity part 32 is high. Furthernore, in the
tapered coupling structure 70, the second oil groove
65 is provided in the region 18 corresponding to the
base part 31 of the hub 30. Therefore, the oil can be
perneated easily into a large Tegion of the coupling
surfaces in the axial direction of the tapered shaft
60 and the hub 30, so that the tapered shaft 60 can

@8r9§§95ﬂ&§§gff@”th@ebﬂﬁé §Qr€DB§ gasth¥ nhBanpin the
first enbodinent. Also, the feed of oil fromthe

BREPAEOBE] PREO0YE16B8ant Bet perhthsbdokhsgnoovatb4ai Sarge
acconplished via the connecting oil groove 66. This
ceghent bAgtbel cgupbyrgb66urfancebeinmachenedieastliyeasion of
conpared with the first radial oil passage 43 in the
seeohdpenbddineht . 6FoantdhtEabbdbnBft Regahdinghehéapered
cou l'ing structure 50 shown as the second enbodi nent,
pref ebreanppocddaperied sesuphenpubt B8 maperedsily
shaft 40 fromthe hub 30 is explained with reference
oo 83, th, feBshngmBedimiBtcoupl i ng structure 50
conprlses the f 0 ove 4 and the second oi
gr oo/ et 451t ?ép%lrﬁ T, o 4%69%11 FohpiRpve 65
fro th hu oil can fed {

1 B of ra?o%ﬂv—le S ia Fhet St SRABLT SGrogR 4E%f rom
t n h decgly I t
%§Q%$€t?$% glﬁeg¥?§g% g?[ grogiéﬂ%ﬁlor th (§§%éggé§ﬁ§d66
SERONE MB-KPReBC 8L OPPEYs depRPILo8 #thPehe 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, ©B 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, o0il can be fed
from both of the first oil groove 44 and the second oil
groove 46 from beginning to end of the decoupling, and
also the feed of oil 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



stage of decoupling. As shown in FIG 6A, at the
decoupling start tine, since the surface pressure P
received fromthe hub 30 by - 19 the tapered shaft 40
is the highest, oil is fed fromboth of the first oi
groove 44 and the second ot I19roove 46. By doing
this, the tapered shaft 40 and the hub 30 are noved
relatively in the decoupling direction. In FIGS. 6A,

@ﬁeaﬂg @EédtBﬁafﬁghgnlEotH@'ﬁhgﬁb%t'soﬁﬁdlbsf@a'@E%ﬁ both
over |n bl ack. Next, as shown in FIG 6B, the feed

otl theomitbe o§$C?EGoGé|4@rQQMetH6 bécéh@pBQQ g@B@v@|M6
is fed fromthe irst oil groove 44 only. After oil

hasdbeerng teilsfrone bapbreli theftiust andl tpeoave 44 amnd

t he second oil groove 46, decoupling can be perforned
revadi velgteusiyyin Ebeedecpupdinbediegibmon. In FIGS.
corresponding to the high-rigidity part 32, oil is

f2d PBomneheCtiFBe BPPigRoboewhdcheealdsés £Re sarpasated
pressure P thereof is high. Next, as shown in FIG 6C,
?ﬁ%rfé%d PSRCBE | fromthe first oil groove 44 is

st op and t feed of _oil _fro econd, Oi

gr oo }ﬁtﬁ i %> r%é‘f"ﬁ“rtjerﬂ FIGE- 1 fR t %rg%eg qﬁgf?l]ﬂfof%?fﬂ the

nmove rel ativel in the decou

b 3 [
ofraitioh, PRELE? caSpFﬁgga?% A ciPneSored from the
PiQQﬁFéQid%£¥%%Qaﬁk §§l?ecr I?l %Ecgé%n =@ ¥Fom

priority t per nea |on axi a
gh¥ectEopna@ssfasr asia pg_%ébl% €440hhg] éh&egeéaﬁm Lhe  groove

second oil groove 46. The changeover timng fromF
@@yt@eéiﬁblﬁﬁbaﬁgn be performed 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 o0il from
the second o0il 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.



t he changeover timng fromFIG 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. - 20 1In
t he above description, a procedure consisting of the
feed fromboth of the first 24 1-groove 44 and the
second oil groove 46, the feed fromthe first oi
groove 44 only, and the feed fromthe second oi

gr 0OVEn 4bndasoPeede HSLOot HONBVE pr8cdhbf & 8Bhsisting of
procedure may be used ependlng on the shapes and

shéescol themt Bpenedrshakt r40standit Geobub 3@ and the
further the use of the first oil groove 44 and the

second oil groove 46, the €esentirah thbi igrss bhat girbove
the case where two 0|I grooves of the first oi

gf oonéyddanddthhefsedohfdoni thgr eevend6oalegrpruei dédhas

a procedure suitable for decoupling the tapered shaft
eenrvaethe HreBor nostdeffererhtPyoetdurel Ib@yul@,%dused
Means for feeding oil selectively fromthe first o
geBBheing aﬁdtbﬁesééEﬁﬁdaﬁﬂlSgF@év@f4éh?stﬁ8€r§GbF8éﬁt 40

FirnBht ibnohr ebfaryEther sohbt Saoapts phg fIrSe oil
OLLesPRRILg Lo the (st oLl arsoye ddand the .,

econd orl groove rnto"the a

Pﬁﬁﬁegfs4€ha@n9n'é?@dégggeaheeadtgstﬁﬂitggoOJQS 8ROoYfe

|sadescr|pt|ono I ments o resen
Epyepthon. E@§bge§4t3§d399¥esgééﬁa'Q@@ geBhedi menLse

t he conflguratlons described in the above- described
erbodiseNt s gabcbautakeniandlbefbr Qec6ap1bBy the tapered
shaft 40 from the hub 30 most efficiently should be used.

Means for feeding o0il selectively from the first oil
groove 44 and the second oil groove 46 is not subject to
any restriction. For example, a nozzle member formed
with discharge holes at positions corresponding to the
first o0il groove 44 and the second oil groove 46 is
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.



changed appropriately to another configuration as far
as not departing fromthe spirit and scope of the
present invention. 21 For exanple, the oil groove
can be provided in the hub as described in Registered
Utility Model No. 3054261,- ©f the oil passage can be
provided in the hub. Also, in the above description,
expl anati on of decoupling has been given. However,

needl g5 d0adVe, e PEEBEHE 0 LNV EOLH O ¢§0€I&§8tiﬂethe
for coupling operation. In a rotating machine 2

hoel ydi agsardpe¥ein?t@gfieterdal Uyening ﬁoe@anbonab54261
force and a driven eqU|pnent 220 rotationally driven

by the oiulpphsehgtheadrbeepraifdas ishaews hobkl Qlde, in
the tapered coupling structure 10 (50, 70) described
bhevebogeudedcasphicnupekpngasttuohupé 2806oupding has been
transmtting the output of the driver 210 to the

diveoen RIS 1lg9s te ssawsethe Heresget ebnvention

coupling  structure is fornmed bg,prOV|d|ng a
tapeffefrbpEa SAKFECBRYINBNCRPEAELOBne of the rotating

shaft_on the drjver 210, i and rotatln sha
on- LI Gt [V il i ns it 0o e LA et feshadto for
on_the othe dri,ver

exanp?%ln% %te%%1%ﬁ?%?geforcaagngu?b?ﬁévenaﬁqPﬁP@Fﬂgl220
ﬁ Hf&h991§”8£99en°£§zgh8'88£ hE B?tQBe'aﬁh98?d2165as

driven equip ressor
phoRg! L 8T pra@r ﬁhethék@a%ér@éeéouﬁﬁiggegtkﬁétQEéV@b 130,

and the driven equi pnent 220, a spe up gear and/or a
vey | abkerspegdagsas €anubedpsevhdedupl inghksrgastret Do
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.



shaft end of the rotating shaft of the speed-up gear
and/ or the variable speed gear nay be nmade

t aper-shaped, or a hub may be provided thereon. - 22
- What is clainmed is: 1. A tapered coupling structure
in which a tapered shaft -atkahub are coupled to
each other, the tapered shaft being provided with a
taper part on the side which is coupled to the hub;

and tyeshubs bel pgnogoyided with a high-rigidity part
having a thickness in the radial direction |arger than

that oftotdesdreghnsn@ng: haythgeai i ghichghdthyetad
the radial direction, wherein a first oil groove
thafedand thaububtee peuppher ab cauhf actecef t he taper
part or in the inner peripheral surface of the hub to
feed D¢ tapehed copft Ngesng facesidefl vhehtapeapparpart
and the hub is provided in a first region
eor Ekspshdenghieht he mpyhledgitei theparb/i aAntdhe axi al
direction. 2. The tapered coupling structure according
to clEienub QpErei Preweded gl bh g ditghpatgidsty part
rranged on.the front end side_of .a coupli part of
RESRdo8, CRarkRaR ThethBn 881 THe 2o dPaa T asBRr rgen
ructure_according to_claim?2 wherein the first o
Ehabvet] SBFF hguuen phu Pk nand TiEhooP PhbYo Rt She
ggdyggtg-%chggnaxaﬁgrgkﬁection of the high-rigidity
part. - 2 !

a first oil groove formed in the outer peripheral
surface of the taper part or in the inner peripheral
surface of the hub to feed o0il 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.

2. The tapered coupling structure according to claim 1,
wherein the high-rigidity part is arranged on the front

end side of a coupling part of the taper part and the hub.

3. The tapered coupling structure according to claim 2,
wherein 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.



4. The tapered coupling structure according to claim
1, wherein a second oil groove is fornmed in a second
region different fromthe first region. 5. The
t apered coupling structure according to claim4,
wherein the tapered coupli@23t+ucture further
conprises a connecting oil groove one end of which
communi cates wth the second oil groove and the other

gnd ofy whi ghe L9 LEat eSs b hhe %&ééidg%gr%oeysm 1,

6. A rotating machine conprising: a driver
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rotationally driven by the output of the driver; ang
aicogpbhugrebnuehdr €iket keghsaltting the output of

the driver to the driven equi pnent, wherein the

coupling structure conprises the tapered coupling
structure according to claim1.

5. The tapered coupling structure according to claim 4,
wherein the tapered coupling structure further comprises
a connecting oil groove one end of which communicates

with the second o0il groove and the other end of which

communicates with the first oil groove.

6. 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, wherein

the coupling structure comprises the tapered

coupling structure according to claim 1.



