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This invention relates to hydraulic machines having
an adjustable-blade runner and particularly to lubrication
of the interior of the runner hub and prevention of water
penetration therein.

Hydraulic machines such as Kaplan turbines having a
runner continuously submerged in water generally have
the cavity or interior space of the runner hub pressurized
with packing means arranged between the runner hub and
those relatively movable parts thereon exposed directly
to water for the purpose of preventing water penetration
into the cavity in the runner hub. One previous method
of pressurizing the hub cavity has been to direct the pres-
sure oil into the hub cavtiy from the pressure chamber
on one side of the control piston of the servo motor which
is arranged in the runner for blade adjustment. An al-
ternative method has been to employ a pressure source
separately arranged for introducing an appropriate pres-
sure into the hub cavity. In the former method, how-
ever, there has been a danger that some water may pene-
trate into the runner hub particularly because the oil
pressure being introduced therein from only one of the
pressure chambers of the servo motor is substantially re-
duced as the servo motor is operated by a controlling
pressure in the other chamber of the servo motor. The
latter method abviously involves an additional cost of
manufacture for provision of the separate source of
pressure. o

The primary object of the present invention is to pro-
vide an improved lubricating device for a hydraulic ma-
chine of the type including an adjustable-blade runner
with a servo motor operable to adjust the pitch of the
runner blades and having an oil passage for connecting
the oil pressure fed to the servo motor with an inner
cavity formed in the runner hub portion, the oil passage
being formed so as to-comunicate with the pressure cham-
bers of the servo motor on both sides of the piston ar-
ranged therein.

Another object of the present invention is to provide
a lubricating device of the character described which
comprises an oil discharge opening formed in the top por-
tion of the runner hub to allow the pressure oil fed
through the oil passage into the runner hub to be returned
therefrom to an appropriate oil collector tank.

According to the present invention, it will be appreciated
that, since the inner cavity of the runner hub is continu-
ously fed with oil pressure from either one of the op-
posite pressure chambers of a servo motor provided for
blade adjustment, there occurs no fluctuation in the pres-
sure in the hub cavity and the bearing -portions of the
runner blades are effectively lubricated preventing any
water penetration into the hub cavity. Also, the inven-
tive device is economical because there is no need for any
separate pressure source. On the other hand, the inven-
tive arrangement, further including an oil discharge open-
ing formed in the top of the runner hub for permitting
the pressure oil fed into the hub to be returned there-
from to an approprite oil collector tank, is effective to
lubricate the shifting mechanism in the runner hub includ-
ing link, levers, etc. and to maintain the otil pressure in
the runner hub at an oil pressure not less than the oil
head corresponding to the level of the oil discharge
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opening and effective to prevent water penetration into
the runner hub. Moreover, the arrangement is advanta-
geous from an economic standpoint since the woil dis-
charged is returned to the oil collector tank for reuse.

The foregoing and other objects and advantages of the
present invention will become apparent from the follow-
ing description when taken in conmjunction with the ac-
companying drawing, which illustrates one preferred em-
bodiment of the invention and in which:

FIG. 1 is a fragmentary vertical cross section of one
embodiment of the invention as applied to the runner of
a Kaplan turbine; and

FIG. 2 is an enlarged fragmentary view of the pressure
oil intake section in FIG. 1.

Referring to the drawing, reference numeral 1 desig-
nates a servo motor arranged in the top portion of the
runner hub 2 and including a piston 3 arranged therein.
A pressure oil inlet device 6 is arranged on top of the
turbine shaft 4-5 for forcing oil under pressure into the
servo motor 1 and includes inlet chambers 7 and 8. Ref-
erence numeral 9 designates an oil reservoir for ‘collecting
oil, which has served to lubricate and préssurize the in-
terior of the runner hub 2 and an appropriate oil collect-
ing tank (not shown) is provided to receive oil from the
oil reservoir 9 through a conduit 24. Pressure 0il con-
duits 10 and 11 are arranged in the hollow turbine shaft
4-5 to direct the pressure 0il fed into the inlet chambers
7 and 8 to the servo motor 1.

The pressure oil from the conduit 26 entering the oil
pressure ‘inlet chamber 7 is applied through the inlet 7a
to a pressure oil tube 10. The pressure oil entering the
utbe 19 passes to the lower chamber of the servo motor
through a hole 3« and is effective to produce a raising of
the piston 3. On the other hand, the pressure oil from
a conduit 25 entering the oil-pressure inlet chamber 8 is
applied to the pressure oil tube 11. The pressure oil en-
tering the tube 11 passes to the upper chamber of the servo
motor and is effective to drive the piston in a downward
direction. )

The runner hub 2 defines a ‘major cavity A therein
and an oil discharge conduit 12 is formed in the turbine
shaft 4-5 and connected with an oil passage 23 extending
through the walls of the runner hub 2 and the botiom
portion of turbine shaft 4-5 for the purpose of directing
the oil fed into the turbine hub for lubrication and pres-
surization thereof upwardly into the oil reservoir 9. A
pair of pressure oil intake pieces 13 and 14 are fitted in
the opposite surfaces of the piston 3 and each have a
through aperture having a limited diameter so as to per-
mit passage of fluid while substantially maintaining the
pressure differential on the piston 3. As shown, the
through apertures are in communication with an oil pas-
sage 15 extending through the piston 3 and in parallel
with the opposite surfaces thereof.

An operating rod 16 is mounted in the runner hub 2
for actuating the runner blades 19 and connected at one
end with the motor piston 3 and at the other end with a
mechanism for operating the runner blades 9. Formed
in the operating rod 16 is a passageway 17 communicat-
ing at one end with the oil passage 15 formed in the
motor piston and at the other end with an inner or cen-
tral cav1ty 18 formed in the runner hub 2.. A passage- -
way 20 is formed through the boss portion B of each of
the runner blades 19 to permit the pressure oil from the
cavity 18 to flow through said passageway onto the sur-
face of the blade boss portion B for the purpose of lubri-
cating bearing bushings 21 and 22, which are arranged in
the runner hub to suppori the runner blade.

In operation, the oil pressure from the inlet chambers
7 and 8 is directed through conduits 10 and 11 to enter
the servo motor 1 in the runner hub and through the
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intake pieces 13 and 14 flows into the oil passage 15.
The oil further flows through passage 17 formed in the
blade operating rod 16 to collect in the inner cavity 18
formed in the runner hub 2. The oil from the inner
cavity flows through passageways 20 to enter the oil
grooves formed in the surfaces of the blade boss portions
B to lubricate the areas of contact between the bushings
21 and 22, and the blade bosses supported therein.
Thereafter, the oil is collected in the major cavity A in
the runner hub 2 and together with leakage oil from the
inner cavity 18 lubricates the blade-operating mechanism
in the major cavity A including links, levers, etc. The
lubricating oil then flows upwardly through the oil pas-
sage 23 formed in the walls of the runner hub 2 and the
bottom portion of the hollow turbine shaft 4 and throngh
the annular space between the oil conduit 11 and shaft
4-5 into the oil reservoir 9 and further through conduit
24 to the oil collector tank not shown.

Having described and shown one preferred embodiment
of the present invention, it is to be understood that it is
not restricted to the details set forth but changes and
modifications may be made without departing from the
spirit and scope of the present invention as defined in the
appended claims.

What is claimed is:

1. In 2 hydraulic turbine of the type having runner
blades adjustably supported in bearings within a runner
hub and a servo motor for adjusting said runner blades
including a fluid actuated piston and actuating shaft inter-
connected with said Tunner blades so that longitudinal
movement of said piston produces coordinate rotation of
said blades, the improvement essentially consisting of a
lubrication system for said bearings comprising,

fluid passage means in said piston interconnecting the

opposing sides of said piston, said fluid passage
means being sufficiently restricted to substantially
prevent equalization of the pressure on either side of
said piston while allowing passage of the actuating
fluid, and

further means providing a continuous connection be-

tween said fluid passage means and said bearings for
conveying the actuating fluid to said bearings,

said further means including reservoir means between

said fluid passage means and said bearings for pro-
viding continuous pressure to said bearings.

2. In a hydraulic turbine of the type having runner
blades adjustably supported in bearings within a runner
hub and a servo motor for adjusting said runner blades
including a fluid actuated piston and actuating shaft inter-
connected with said runner blades so that longitudinal
movement of said piston produces coordinate rotation of
said blades, the improvement essentially consisting of a
lubrication system for said bearings comprising,

fluid passage means in said piston interconnecting the

opposing sides of said piston, said fluid passage
means being sufficiently restricted to substantially
prevent equalization of the pressure on either side of
said piston while allowing passage of the actuating
fiuid, and

further means providing a ‘continuous connection be-

tween said fluid passage means and said bearings for
conveying the actuating fluid to said bearings,

said further means including reservoir means between

said fluid passage means and said bearings for pro-

viding continuous pressure to said bearings and chan- 6

nel means passing through said actuating shaft be-
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tween said fluid passage means and said reservoir
means.
3. In a hydraulic turbine of the type having rumner
blades adjustably supported in bearings within a runner
hub and a servo motor for adjusting said runner blades
including a piston and actuating shaft interconnected with
said runner blades so that longitudinal movement of said
piston produces coordinate rotation of said blades, the
improvement essentially consisting of a lubrication system
for said bearings comprising,
fluid passage means in said piston interconnecting the
opposing sides of said piston, said fluid passage
means being sufficiently restricted to substantially
pprevent equalization of the pressure 'on either side of
said piston, and
further means providing a continuous connection be-
tween said fluid passage means and said bearings,

said further means including reservoir means between
said fluid passage means and said bearings for pro
viding continuous pressure to said bearings and chan-
nel means passing through said actuating shaft be-
tween said fluid passage means and said reservoir
means,

said fluid passage means including a pair of intakes on

opposing sides of said piston and having restricted
apertures therein, said restricted apertures being inter-
connected by a larger bore.
4. In a hydraulic turbine of the type having runner
blades adjustably supported in bearings within a runner
hub and a servo motor for adjusting said runner blades
including a piston and actuating shaft interconnected with
said runner blades so that longitudinal movement of said
piston produces coordinate rotation of said blades, the
improvement essentially consisting of a lubrication system
for said bearings comprising,
fluid passage means in said piston interconnecting the
opposing sides of said piston, said fluid passage
means being sufficiently restricted to substantially
prevent equalization of the pressure on either side of
said piston, and
further means providing a continuous connection be-
tween said fluid passage means and said bearings,

said further means including reservoir means between
said fluid passage means and said bearings for pro-
viding continuous pressure to said bearings and chan-
nel means passing through said actuating shaft be-
tween said fluid passage means and said reservoir
means,

said fluid passage means including a pair of intakes on

opposing sides of said piston and having restricted
apertures therein, said restricted apertures being inter-
connected by a larger bore,

and teturn channel means for relieving the pressure

within said runner hub by providing a connection to
the outside thereof.
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