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57 ABSTRACT 

In electrical power generating plant of the pumped 
storage type comprising a hydraulic turbine, a mo 
tor/generator and a storage pump, or of the air storage 
type comprising a gas turbine, a motor/generator and 
an air compressor, the times of change-over between 
the generating mode and the pumping or compressing 
mode are shortened by providing, between the mo 
tor/generator and the pump or compressor a 
synchronous self-shifting clutch with lock arranged for 
overrunning when the motor/generator rotates in its 
normal direction of rotation relative to the pump or 
air compressor and for engagement when the mo 
tor/generator tends to rotate in the reverse direction 
relative to the pump or the air compressor. 

5 Claims, 4 Drawing Figures 
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1. 

ELECTRICAL POWER GENERATING PLANT 

This invention relates to electrical power generating 
plant of the type that includes a unidirectional turbine, 
a unidirectional motor/generator and a pump or a com 
pressor. Pumped storage plant of this type includes a 
hydraulic turbine and a pump, and has two principal 
modes of operation, namely a generating mode during 
which the motor/generator acting as a generator is 
driven by the hydraulic turbine with the pump inopera 
tive, and a pumping mode during which the pump is 
driven by the motor/generator acting as a motor with 
the hydraulic turbine inoperative. During operation in 
the pumping mode the pump raises water to an ele 
vated reservoir, and during operation in the generating 
mode water from the reservoir is used to drive the hy 
draulic turbine. Air storage plant of the said type in 
cludes a gas turbine and a compressor, and also has two 
principal modes of operation, namely a compressing 
mode, during which the compressor is driven by the 
motor/generator acting as a motor, with the gas turbine 
inoperative, and a generating mode during which the 
motor/generator is driven by the gas turbine, with the 
compressor inoperative. During operation in the com 
pressing mode the compressor delivers compressed air 
to a reservoir, and during peak load periods when oper 
ation in the generating mode is required air from the 
reservoir is mixed with fuel, burnt and expanded 
through the gas turbine, which drives the motor/gener 
ator. 

It is an object of the invention to provide plant of the 
type referred to above having the advantage, as com 
pared with known plant of the said type, of requiring 
shorter periods of time for change-over between the 
generating mode and the pumping or compressing 
mode. 

In accordance with the invention the motor/genera 
tor is drivably connected to the pump or to the com 
pressor as the case may be through a synchronous self 
shifting clutch which is capable of overrunning when 
the motor/generator rotates relatively to the pump or 
compressor in the normal direction of rotation of the 
motor/generator and of engaging when the motor/gen 
erator tends to rotate relatively to the pump or com 
pressor in the reverse direction of rotation of the 
motor/generator, and means are provided which are 
operable when appropriate to produce the required rel 
ative rotation of the motor/generator and the pump or 
compressor to engage the clutch. 
Embodiments of the invention are illustrated in the 

accompanying drawings, in which 
FIG. 1 is a diagrammatic view in side elevation of 

pumped storage plant in accordance with the inven 
tion, 
FIG. 2 is a half sectional view, on a larger scale than 

FIG. 1, of a synchronous clutch incorporated in the 
plant illustrated in FIG. 1, the clutch being shown in a 
disengaged condition, 
FIG. 3 is a view similar to FIG. 2 but showing the 

clutch in an engaged condition, and 
FIG. 4 is a diagrammatic view in side elevation of air 

storage plant in accordance with the invention. 
Referring to FIG. 1, the pumped storage plant illus 

trated includes a hydraulic turbine 1, a motor/genera 
tor 2 and a pump 3. The shaft of the turbine 1 is driv 
ably connected to one end of the shaft of the motor/- 
generator 2 through a first synchronous self-shifting 
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2 
clutch 4, which engages automatically when the turbine 
1 tends to overrun the motor/generator 2 in the normal 
direction of rotation and disengages automatically 
when the motor/generator 2 overruns the turbine 1. 
The other end of the shaft of the motor/generator 2 is 
drivably connected to the shaft of the pump 3 through 
a second synchronous clutch 5 which overruns when 
the motor/generator 2 rotates relatively to the pump 3 
in the normal direction of rotation of the motor/genera 
tor 2 and engages when the motor/generator 2 tends to 
rotate relatively to the pump 3 in the reverse direction 
of rotation of the motor/generator. The clutch 5 is 
shown in detail in FIGS. 2 and 3. 
The clutch 5 engages whenever the pump 3 (FIG. 1) 

tends to overrun the motor/generator 2 in the normal 
direction of rotation, and when engaged it is required 
to transmit torque from the motor/generator 2 to the 
pump 3, the direction of torque transmission being re 
versed as compared with the clutch 4. 
The clutch 5 is shown in detail in FGS. 2 and 3. It 

includes a first clutch part 30 formed with a ring of in 
ternal locking teeth 31 and carrying a clutch ring 32 
which is formed with a ring of internal clutch teeth 33 
and which carries pawls 34 which coact with ratchet 
teeth 35 on an intermediate member 36. The member 
36 is formed with a ring of external clutch teeth 37, and 
with internal helical splines 38 engaged with external 
helical splines 39 formed on a second clutch part 40. 
The clutch part 40 carries a ring 41 formed with 
straight splines 42 engaged with straight splines 43 in 
a part 44 of a locking sleeve 44, 45,46, 47,48, the part 
44 being formed with a ring of external locking teeth 
49. The part 48 of the locking sleeve is formed with a 
ring of internal baulking teeth 50, and the second 
clutch part 40 carries with slight radial clearance a 
baulking ring 57 with external baulking teeth 51. The 
baulking ring 57 also has internal teeth 58 which slid 
ably engage with external teeth 59 on intermediate 
member 36. The parts 44, 45 and 46 of the locking 
sleeve are shaped to form a hydraulic cylinder in which 
a piston 52 carried by the clutch part 40 is axially mov 
able, ducts 53, 54 and 55 being provided for the supply 
of oil under pressure to the cylinder as shown by the ar 
rows, the cylinder and piston serving as a hydraulic ram 
operable when appropriate to shift the locking sleeve 
44-48 into toothed engagement with the first clutch 
part 30. Oil is also supplied to the synchronous clutch, 
as indicated by the arrows. A servo mechanism (not 
shown) acting on a fork 56 is used to effect initial inter 
engagement of the locking teeth 31 and 49, the clutch 
engaging movement being completed by supplying oil 
under pressure to the hydraulic ram. 
The operation of the clutch 5 is as follows. Assuming 

that the clutch 5 is in the disengaged condition shown 
in FIG. 2, and that the machinery, is stationary, opera 
tion of the servo mechanism in an attempt to shift the 
locking sleeve 44-48 into toothed interengagement 
with the first clutch part 30 will cause the baulking 
teeth 50 to come into end contact with the baulking 
teeth 51. Movement of the locking sleeve 44-48 is 
thereby prevented. When the clutch part 30 rotates rel 
ative to the clutch part 40 in the direction opposite to 
its normal direction pawls 34 engage ratchet teeth 35, 
whereupon further rotation of the clutch part 30 causes 
the intermediate member 36 to move in the direction 
for interengagement of the clutch teeth 33 and 37. Suf 
ficient backlash is provided between the teeth 58 and 
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the external teeth 59 to prevent overloading of the 
pawls 34. As the ratchet teeth 35 pass axially out of en 
gagement with the pawls 34, and the clutch teeth 33 
and 37 come into flank contact, the backlash between 
teeth 58 and 59 reduces to zero, and further travel of 5 
the intermediate member 36 therefore rotates the 
baulking ring 57 relative to the clutch part 40 so that 
the baulking teeth 50 and 51 are aligned for interen 
gagement and the locking teeth 31 and 49 are also 
aligned for interengagement. The servo mechanism can 
therefore shift the locking sleeve 44-48 to bring the ex 
ternal teeth 49 into initial interengagement with the in 
ternal teeth 31, this movement being sufficient to bring 
the piston 52 to the part of the cylinder with close 
clearance. Movement of the intermediate member 
44-48 into full toothed engagement is effected by sup 
plying oil under pressure to the hydraulic ram, by 
which the locking teeth 31 and 49 are brought into the 
fully interengaged condition as shown in FIG.3 and the 
sliding surfaces of fork 56 are unloaded. 

If now the clutch part 30 is rotated relative to the 
clutch part 40 in the normal direction the reversal of 
torque in the clutch 5 causes the locking teeth 31 to 
move into flank contact with external teeth 49 and also 
causes the clutch teeth 33 and 37 to take up angular 
relative positions in which they are unloaded. Torque 
is now transmitted from the clutch part 30 to the clutch 
part 40 through the locking teeth 31 and 49 and the 
straight splines 42 and 43, the synchronous clutch 
being completely unloaded. 
To disengage the clutch 5 it is first necessary to cause 

a reversal of the torque therein to unload the locking 
teeth 31 and 49 and allow them to be shifted out of in 
terengagement by the servo mechanism. This torque 
reversal is brought about by reducing the rotational 
speed of the main clutch part 30 relative to the main 
clutch part 44-48 in the normal direction or rotating 
clutch part 30 backwards relative to clutch part 40. 
The supply of oil under pressure to the hydraulic ram 
is then shut off and the servo mechanism is operated to 
shift the locking sleeve 44-48 to the fully disengaged 
position shown in FIG. 2. 
Reverting to FIG. 1, the operation of the pumped 

storage plant is as follows, starting from the standstill 
condition of the plant with the clutches 4 and 5 disen 
gaged. Water is admitted to the turbine 1 to drive it in 
the normal direction, the rotation of the turbine shaft 
relative to the shaft of the motor/generator 2 causing 
the clutch 4 to engage so that the motor/generator 2 is 
brought up to full speed rapidly by the power of the tur 
bine in the normal direction of rotation for synchroniz 
ing and connection to the grid for the generation of 
electrical power. If at this stage it is desired to change 
over to synchronous condensing operation by the 
motor/generator the turbine 1 is shut down, whereupon 
the clutch 4 automatically disengages so that the 
motor/generator 2 continues to rotate. During these 
operations the storage pump 3 remains at standstill 
since the unlocked clutch 5 overruns. 
To change over from generating to pumping, the tur 

bine 1 if running is shut down and the motor/generator 
2 is disconnected from the grid, the retarding of the ro 
tating machinery being assisted by an electrical braking 
system having the characteristic that when the motorf 
generator 2 comes to rest there will be an immediate 
reversal of the rotation of the motor/generator relative 
to the stationary shaft of the storage pump. 3, causing 
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4. 
the synchronous clutch 5 to engage whereupon it is 
locked to connect the motor/generator 2 bidirection 
ally to the pump 3. 
When the storage pump 3 has been clutched bidirec 

tionally to the motor/generator 2, water is admitted to 
the turbine 1 to bring the turbine up to full operating 
speed together with the motor/generator 2 and the stor 
age pump 3. The motor/generator is thereupon electri 
cally synchronized with the grid for operation as a mo 
tor. The turbine 1 is then shut down, with the effect 
that the clutch 4 disengages and the motor/generator 2 
continues to run and drives the storage pump 3 through 
the engaged and locked clutch 5. 
To change over from the pumping mode to the gener 

ating mode the delivery valve of the pump 3 is closed 
and the motor/generator 2 is disconnected from the 
grid, whereupon rapid retardation of the rotating ma 
chines takes place. When the torque between motor 
generator 2 and the storage pump 3 reverses under the 
action of the electrical breaking system the servo 
mechanism associated with the clutch 5 is actuated to 
urge the locking sleeve 44-48 to the disengaged condi 
tion, and when it is disengaged water is admitted to the 
turbine 1, whereupon the clutch 4 engages automati 
cally at synchronism and the turbine 1 drives the 
motor/generator 2, and clutch 5 disengages. The tur 
bine 1 then accelerates the motor/generator up to full 
speed for electrically synchronizing with the grid and 
for the generation of electrical power. Since the clutch 
5 is disengaged the motor/generator 2 overruns the 
storage pump 3, which remains stationary. 
When changing over from the generating mode to the 

pumping mode water braking of the turbine 1 may be 
used in addition to or instead of electrical braking of 
the motor/generator and for effecting reversal of the 
shaft of the motor/generator 2 to engage the clutch 5 
which is then locked to connect the motor/generator to 
the storage pump. If water braking is to be used, the 
clutch 4 will need to be provided with a locking means, 
known in itself, such that when the turbine 1 is rotating 
at full speed together with the motor/generator 2 it can 
be clutched bidirectionally to the motor/generator by 
locking the clutch 4 in engagement. The turbine is then 
shut down and the motor/generator 2 is disconnected 
from the grid, the rate of retardation of the turbine 1 
and the motor/generator 2 being regulated by the con 
trolled admission of braking water to the turbine 1. 
Upon coming to rest the reversal of rotation of the 
motor/generator 2 needed to enable the clutch 5 to en 
gage is effected by reversal of the rotation of the tur 
bine and motor/generator under the influence of the 
braking water, which is then shut off. 
An alternative means of engaging the clutch 5 for 

locking the motor/generator 2 bidirectionally to the 
storage pump 3 for operation in the pumping mode is 
to rotate the shaft of the storage pump 3 in the normal 
direction of rotation, thereby causing the clutch 5 to 
shift into engagement whereupon it is locked. The re 
quired rotation of the pump shaft may be achieved by 
the admission of water under pressure to react on the 
pump impeller in the sense to rotate the pump shaft in 
the required direction, whereupon the clutch 5 engages 
and is then locked so that the motor/generator 2 is con 
nected bidirectionally to the pump 3. 
Another alternative means of rotating the shaft of the 

storage pump 3 in the direction for engagement of the 
clutch 5 is to provide a shaft turning gear which may 
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conveniently be of the known servo actuated ratchet 
type acting in the direction of rotation which is the nor 
mal direction of rotation of the storage pump 3 during 
the pumping mode. 
Referring now to FIG. 4, the air storage plant illus 

trated includes a gas turbine 1", a motor/generator 2' 
and a compressor 3". The gas turbine ' is drivably con 
nected to the motor/generator 2' through a synchro 
nous self-shifting clutch 4' which is of the same con 
struction as the clutch 4 described above. The motorf 
generator 2' is connected to the air compressor 3' 
through a clutch 5' which is of the same construction 
as the clutch 5 described above. The plant also includes 
an auxiliary motor 56 which is drivably connected to 
the shaft of the compressor 3' through a synchronous 
self-shifting clutch 57 which is arranged to engage au. 
tomatically when the auxiliary motor 56 tends to rotate 
relatively to the compressor in the normal direction of 
rotation, and to disengage automatically when the com 
pressor 3' overruns the motor 56. The auxiliary motor 
56 is of low power, e.g. 15 percent of the power re 
quired to drive the compressor 3' at full speed. 
The operation of the air storage plant is as follows, 

starting from the standstill condition of the plant with 
all three clutches disengaged. 
The auxiliary motor 56 is switched on, and its rota 

tion causes the clutch 57 to engage whereby the com 
pressor is driven by the motor 56 which has a maximum 
speed of say 1,500 r. p.m. The rotation of the compres 
sor shaft relative to the shaft of the motor/generator 2' 
causes the clutch 5' to engage whereupon it is locked 
to connect the motor/generator 2' bidirectionally to 
the compressor, so that the motor/generator 2' is 
driven by the auxiliary motor 56 and attains a speed of 
1,500 r. p.m. 
When the plant is required to continue to operate in 

the compressing mode the gas turbine 1' is started up, 
making use in the combustion chamber of air from the 
compressor 3', which is now being delivered in suffi 
ciently large quantity by the compressor 3'. When the 
speed of the turbine i' is such that it tends to overrun 
the motor/generator 2' the synchronous clutch 4 en 
gages, and when the speed of the motor/generator 2' 
and of the compressor clutched thereto by the clutch 
5' exceeds the speed of the auxiliary motor 56 the 
clutch 57 disengages and the auxiliary motor 56 can be 
switched off. The turbine continues to accelerate up to 
a speed of say 3,000 r. p.m. and the motor/generator 2' 
and the compressor 3' are also accelerated to this 
speed by reason of the clutches 4' and 5' being en 
gaged. When this speed has been attained the motorf 
generator 2' is connected to the grid to act as a motor, 
and the gas turbine a' is shut down, whereupon the 
clutch 4' disengages and overruns. The motor/genera 
tor 2" continues to rotate at 3,000 r.p.m. and drives the 
compressor 3' through the engaged clutch 5', the air 
supplied by the compressor 3' being used to fully 
charge the reservoir. 
To change over from the compressing mode to the 

generating mode the motor/generator 2' is discon 
nected from the grid and the auxiliary motor 56 is 
switched on, rapidly accelerating to 1,500 r.p.m. When 
the speed of the motor/generator 2' and of the com 
pressor 3' tends to fall below 1,500 r.p.m. the clutch 5' 
engages and the auxiliary motor 56 begins to drive the 
compressor 3' and motor/generator 2'. The lock of 
clutch 5' is thereby unloaded and is unlocked but the 
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6 
clutch 5' remains engaged since the compressor 3' is 
driving the motor/generator. The gas turbine A' is then 
started up, using air from the reservoir, and when the 
speed of the turbine exceeds the speed of the motor/- 
generator, viz. 1,500 rp.m., the clutch 4 engages so 
that the motor/generator 2' is driven by the gas turbine 
1", the clutch 5' disengaging. The auxiliary motor 56 is 
then switched off and comes to rest, and the compres 
sor 3' also comes to rest. When the turbine 1" has at 
tained a speed of 3,000 r.p.m. the motor/generator 2' 
is reconnected to the grid to act as a generator when 
driven by the gas turbine 1'. 
To change over from the generating mode to the 

compressing mode the auxiliary motor 56 is switched 
on and accelerates the compressor to 1,500 r.p.m. The 
motor/generator 2' is then disconnected from the grid 
and the power of the gas turbine 1' is reduced so that 
the motor/generator 2' and the gas turbine 1' deceler 
ate. When the speed of the motor/generator falls to 
1,500 rp.m. the clutch 5' engages and is thereupon 
locked. The power of the gas turbine 1' is then in 
creased to accelerate the motor/generator. 2' to 3,000 
r.p.m. for reconnection to the grid. The gas turbine 1' 
is shut down, and the clutch 4' disengages. The motor/- 
generator 2" continues to drive the compressor 3'. 
We claim: 
1. A plant for the generation of electrical power, the 

plant being of the pumped water storage or air storage 
type comprising a turbine intended for normal opera 
tion in only one direction of rotation of its shaft, a 
motor/generator intended for normal operation in only 
one direction of rotation of its shaft, and a hydraulic 
pump or an air compressor, the plant being operable 
selectively in a generating mode in which the turbine 
drives the motor/generator acting as a generator, with 
the pump or compressor inoperative, or in a pumping 
or compressing mode in which the motor/generator 
acting as a motor drives the pump or compressor, with 
the turbine inoperative, with the improvements 
wherein there is provided between the motor/generator 
and the pump or compressor a clutch means of unidi 
rectionally overrunning type comprising a first clutch 
part drivably connected to the shaft of the motor/gen 
erator and a second clutch part drivably connected to 
the shaft of the pump or compressor, said clutch means 
being arranged for overrunning when the first clutch 
part is rotated in one direction relative to the second 
clutch part by the shaft of the motor/generator rotating 
in the direction for normal operation of the motor/gen 
erator and for engagement when the direction of rela 
tive rotation of the first and second clutch parts tends 
to reverse, the plant including means operable when 
required to effect relative rotation of the first and sec 
ond clutch parts in the direction to engage the clutch 
means, and the clutch means including locking means 
operable when required to lock the clutch means in the 
engaged condition. 

2. A plant according to claim 1 wherein the means 
for effecting relative rotation of the first and second 
clutch parts in the direction to engage the clutch means 
are constituted by means for electrically braking the 
shaft of the motor/generator when rotating in the direc 
tion for normal operation, said braking means having 
the characteristic that the shaft of the motor/generator 
when stopped by said braking means is then reversed 
in rotation sufficiently to engage the clutch means. 


