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(57) ABSTRACT 
A control system for a pump installation comprising a 
primary feed back circuit including sensors measuring 
the fluid discharge pressure of the pump and possibly 
additionally the fluid flow in the pump discharge and 
regulating the speed of the pump drive to control said 
discharge pressure in dependence for example on the 
pressure requirements of boiler feed, and including 
additionally a secondary feedback circuit sensing fur 
ther operating conditions in the pump installation e.g. 
water and oil pressures. The primary circuit delivers a 
speed control signal for actuation of control valve 
means of the pump drive which may be for example a 
steam turbine, and the secondary circuit is coupled to 
a gate of the primary circuit whereby in the event of 
any of the further conditions being unsatisfactory the 
control signal is interrupted and the pump stopped. 

11 Claims, 4 Drawing Figures. 
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CONTROL SYSTEM 

The present invention relates to a control arrange 
ment for machine installation of the kind including a 
fluid handling machine having a fluid discharge and 
driven by a drive machine, such an installation being 
hereinafter referred to as a machine installation of the 
type aforesaid, and relates especially to a control ar 
rangement for a turbine driven rotodynamic pump. 
Machine installations are known wherein a rotody 

namic pump is driven by a steam turbine, and more 
specifically wherein the pump serves to deliver feed liq 
uid to a boiler. A steam boiler is usually designed to op 
erate at a particular pressure e.g. 150 p.s. i., so that the 
pump will be required to supply feed at such a pressure 
that the feed will arrive at the boiler at the desired pres 
sure, and this preferably requires allowing for the pres 
sure drop resulting from the flow resistance of the pipe 
line network (including valves etc) between the pump 
and the boiler. 

In previous arrangements of turbine speed control to 
give the required pump discharge pressure, the ar 
rangement could simply be (a) pressure controlled; or 
could be (b) pressure and flow controlled. Each previ 
ous arrangement included a throttle valve in the steam 
supply line to the turbine which valve was controlled by 
signals from pressure and flow sensors at the pump dis 
charge so that the pump discharge pressure could be 
controlled by variation in turbine speed. To stop the 
turbine in case of emergencies in the installation, a stop 
valve was additionally included in the steam supply line 
and this valve was usually manually operable. However, 
in the case of turbine overspeed, it is essential that the 
turbine be stopped very promptly (<1 or 2 seconds), 
and to this end a vent valve was provided to vent the 
supply steam in speed emergencies and so promptly 
stop the turbine. Further, it is customary in ship instal 
lations to have both duty and stand-by pumps, and to 
facilitate change over between the pumps, the steam 
supply of each pump drive included a pneumatic cut-in 
valve remotely operable through the other pump instal 
lation. To handle high pressure steam a valve requires 
to be of high quality and is consequently expensive, so 
tht the need for four such valves as in the previous ar 
rangement is very disadvantageous. Additionally, it was 
a disadvantage that some of these valves were not com 
pletely fail safe, which is dangerous when dealing with 
high pressure steam. Further, it is now considered de 
sirable that other operating conditions e.g. turbine lu 
bricating oil pressure and temperature, be monitored 
and the turbine stopped if any conditions are unsatis 
factory. This was done in the previous arrangements 
simply by observation and manual operation of the stop 
valve: the previous arrangements could not be suitably 
adapted for automatic control which is being increas 
ingly demanded in ships and in land installations. 

It is the main object of the present invention to re 
duce the number of high pressure steam valves used to 
a single stop? throttle valve, and it is a feature of the 
present application that this single valve can be conve 
niently arranged to close on failure of its associated 
control gear. 

It is a further object of the present invention to pro 
vide a comprehensive protection system for the feed 
pump in respect of other operating conditions in the in 
stallation, particularly turbine speed, and particularly a 
protection system wherein the turbine is quickly 
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2 
stopped the event of any of said other operating condi 
tions being unsatisfactory. 
According to the present invention there is provided 

in a machine installation comprising a rotodynamic 
pump, a steam prime mover having a drive shaft driv 
ingly connected to the pump, a fluid inlet to the pump 
and a fluid discharge from the pump supplying pressu 
rised fluid to a receiver, and a steam supply line to the 
prime mover; a control arrangement for the prime 
mover including a steam valve in said steam supply line 
controlling the steam flow to the prime mover; a con 
troller including an actuator for regulating the opening 
of the steam valve; a power line supplying power to said 
actuator; a control relay in said power line settable to 
control the power supply to the actuator; primary con 
trol apparatus serving to ensure that fluid is supplied 
from the pump to the receiver at a required pressure, 
and including indicating means sensing any of the pres 
sure and flow rate conditions of the fluid in said fluid 
discharge, the indicating means generating signals pro 
portional to the sensed fluid conditions, and a compar 
ator for comparing a sensed fluid condition value with 
a desired value and connected to said control relay by 
a primary conduit whereby a control signal based on 
the comparison is delivered from the comparator to the 
control relay for setting of the relay to control the 
speed of the prime mover and consequently the fluid 
pressure in said fluid discharge; and secondary control 
apparatus including switching devices operatively cou 
pled to sensors sensing further operating conditions in 
the machine installation, an on-off switch in said pri 
mary conduit operatively connected to said switching 
devices whereby if any of said further operating condi 
tions are unsatisfactory the on-off switch is actuated to 
interrupt the transmission of the control signal to the 
control relay and thereby cause closure of the steam 
valve and stoppage of the steam prime mover. 
An embodiment of the present invention will now be 

described, by way of example, with reference to the ac 
companying drawings, in which: 
FIG. 1 shows schematically a control arrangement 

for a pump, according to the present invention; 
FIGS. 2A and 2B show the arrangement of FIG. 1 

adapted as a discharge pressure flow control arrange 
ment and protection system for the main and stand-by 
pumps in a boiler installation; and 
FIG. 3 is a graph showing the feed characteristics 

(shown in full lines) of various boilers with the speed 
characteristics (shown in dashed lines) of a pump su 
perimposed. 
Referring to FIGS. 1 and 2A and 2B, a pump installa 

tion for delivery of feed water to a boiler (not shown) 
comprises main and stand-by units (1A, 1B) each in 
cluding a centrifugal pump 2 (FIG. 1) driven by a 
steam-turbine 3. The steam flow to each steam turbine 
3 is regulated by a pneumatically actuated throttle valve 
4, and each unit 1A, 1B has a control system (FIG. 1) 
wherein a control module produces a signal propor 
tional to the pressure head and volume throughflow de 
manded of the pump at a given instant, and this signal 
is passed via a control gate to the actuator 5 of the 
throttle valve 4 for speed control of the turbine. The 
gate is controlled by a protection or safety module 
whereby in the event of a monitored condition in the 
installation becoming unsatisfactory the gate is actu 
ated to close the throttle 4. The control system includes 
a primary part 6 in the form of a pneumatic feed-back 
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control to regulate the throttle valve 4 whereby the 
pressure of feed discharged from the pump 2 can be 
regulated to maintain the desired pressure of feed de 
livered to the boiler, regardless of variation in the feed 
flow to the boiler. Further, each unit includes a secon 
dary protection control system 7 for pump stoppage in 
the event of further operating conditions in the installa 
tion being unsatisfactory, the secondary control system 

5 

7 being comprised by a pneumatic circuit including a 
loop conduit generally indicated by reference 8 in op 
erative connection with a control valve 9 of the primary 
control system 6 by conduit 10, for closure of the throt 
tle valve 4. The setting of the throttle valve 4 is 
achieved through a pneumatically actuable diaphragm 
device 12 to which operating air is delivered from a 
suitable source (not shown) via line 13 and a pneu 
matic positioner control 14 in the feedback control 6. 
The throttle valve 4 is arranged to be spring loaded to 
close, steam loaded to close by arranging the steam 
flow to be down through the valve, and tripped to close 
by means of valve 9 on collapse of operating signal to 
the throttle valve actuator 12. 
Referring to FIG. 3, for any given conditions of boiler 

feed flow, the required pressure (Pn) at pump dis 
charge will be dependent on the set pressure (P) for 
the boiler feed and a pressure (Pa) representing the 
pressure drop resulting from a particular flow through 
the feed system between the pump and the boiler feed 
regulator, the pressure (Pa) being conveniently derived 
from the square law pressure across an orifice in the 
pressure discharge line of the pump 2. The characteris 
tics for various boilers are shown in full lines in FIG. 3. 
Thus line A represents a medium boiler pressure/low 
system resistance; line B a high pressure/low system re 
sistance; line C a medium pressure/high system resis 
tance; and line D a high pressure/very low system resis 
tance. The sum of P and P represent the pressure the 
pump should be generating at a particular flow Q. If Pn. 
equals P - pa then the pump is running at the correct 
speed, but if P differs from the summation then the 
pump throttle valve 4 will require to be adjusted for 
variation in the pump speed to attain equilibrium con 
ditions. 

It is a feature of the feed-back control to achieve this 
running equilibrium, and the control includes sensing 
devices (16, 17) sensing (a) the direct static pressure 
(Pn) (by device 16) in the pump discharge passage 
prior to the usual non-return valve 18 in the passage 
and (b) the differential pressure (P) (device 17) 
across an orifice 19 in the pump discharge conduit. The 
pressure values P, P from the sensing devices 16, 17 
respectively are passed via lines 100, 101 to pneumatic 
transducers 20, 21 producing pressure signals propor 
tional to the values. The signal from the differential 
pressure transmitter 21 is fed via line 102 included vol 
ume tank 22 into an analogue computing relay which 
has the following action P=P+(100/G)(A-K)P+pg 

where Pebase signal (from item 4) 
A=DP signal output 
K=reference spring (for example 3 psi) 
G=gain setting. 
Thus at this station the desired characteristic of the 

pump is set as follows: 
the boiler pressure, i.e. shut valve pressure is set by 

setting signal (Pb) using regulator item 23 and the 
modulation of the flow signal to achieve P = 
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4 
100/G) (A-K). By adding these the desired de 
mand signal P is achieved. The summed signal (P. 
- Pa) and the discharge pressure signal (P) are 
passed to a pneumatic controller 24 via lines 103, 
104 respectively. 

The controller 24 produces a control signal based on 
the difference between the summed signal (P + Pa) 
and the pressure discharge signal (P) for control of 
the pump 2 and is connected to positioner control 14 
by line 105. The control signal sets the positioner con 
trol 14 for controlled air flow via line 13 to the throttle 
valve actuator 12 to regulate the speed of the turbine 
to attain equilibrium running conditions. 
Under starting conditions when there is no pressure 

in the pump discharge, the controller 24 will saturate 
at its supply pressure. Since the saturation conditions 
are used i.e. 13-15 psi controller output as a cut-in sig 
nal, it is essential that this situation is obviated. To do 
this the air supply to the controller 24 is from a reduced 
pressure source, item 25, via line 106 until the pressure 
developed by the pump rises to some pre-determined 
level at which point the output from the pressure trans 
mitter is sufficient to trigger the snap actor item 26 
which switches gate 26A and supplies full pressure air 
to the controller 24 from source 108 via lines 107, the 
source 108 additionally supplying transducers 20, 21. 
by lines 109, and also itnes 23, 26. Since there now ex 
ists a significant pressure output from the pressure 
transmitter Pin the variation of this from Pa coming 
from the computing relay 11 saturation to the full sup 
ply pressure will not take place and the pump will run 
up smoothly to shut valve speed. 
When the pump is shut down and the pressure output 

from the pressure transmitter drops, the snap actor 26 
will change over and gate 26A will automatically re-set 
for the next start. 
At the start-up of the pump, the pump discharge 

pressure will be much less than that required to meet 
boiler feed requirements, and the throttle valve actua 
tor 12 will consequently be signalled through the feed 
back control 6 to fully open the throttle valve 4. The 
pump speed will rise and the difference between the set 
and measured pressure signals will be reduced, and the 
throttle valve 4 will close until the pump is running at 
the required operating speed, i.e. at shut valve speed to 
provide the required pressure for the boiler feed. 

If more feed water to the boiler is required, the non 
return discharge valve 18 in the feed water opens and 
an increased water flow passes through the orifice 19. 
Consequently the differential pressure signal (P) will 
increase and the summation signal (P + Pa) will in 
crease thereby causing an imbalance in the system. The 
controller 24 will produce a control signal to open the 
throttle valve 4 and the pump speed will rise until the 
pressure signal derived from the pump discharge pres 
sure action balances the feed water pressure require 
ments. Under shut-down or reduced demand condi 
tions the feedback control 6 will act in the opposite 
SeSe. 

The pump installation will be required to meet a wide 
range of boiler pressures, and this can be achieved by 
adjustment of the base signal (P) fed into the relay 11. 
This sets the shut valve head that the pump will gener 
ate when the feed-back control 6 is in balance and the 
pump speed stable, By increasing or decreasing the 
base signal, operation of the pump can be adjusted to 
meet any required boiler pressure. Additionally the re 
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sistance of the feed system between the pump and the 
boiler feed regulator can vary from installation to in 
stallation and it is a feature of the control arrangement 
that a signal modulating function is provided in the 
computing relay 11 for meeting this variation in feed 
system resistance but other arrangements are possible 
for catering for systems of different flow resistance. 
The secondary protection control system 7 senses if 

any of the following operating conditions are outwith 
desired limits namely: 

a. the turbine exhaust back pressure; 
b. pump water temperature; 
c. the pump oil temperature; 
d. the net positive suction head available at pump 

suction; and 
e. the operating load on the pump. Additionally (f) 
a turbine overspeed control is provided. 

The secondary control system comprises a pneumatic 
circuit including a plurality of fluid switching devices 
28-33 arranged in series in the circuit by means of the 
loop conduit 8 and associated with the above operating 
conditions (a) to (f) respectively, each device being 
constituted by a spring biased pneumatically operable 
multi-port relay slide-valve. 
The pneumatic circuit 8 of the secondary control 7 

is connected into the feed-back control of the primary 
system 6 whereby in the event of the circuit 7 being 
non-pressurised the delivery of control signals to the 
servo-positioner 14 is prevented to stop the pump. 
Thus, the circuit 8 is in operative communication by 
line 10 with the slide of the spring biased slide valve 9 
controlling signals flowing to the positioner control 14 
via line 105. 
Control of circuit pressurising air flowing in conduit 

34 from a suitable supply source 110 to the slide valves 
28-33 is achieved by a similar multi-port valve 35 in the 
circuit 8. Actuation of the control valve is achieved by 
a manually operable starter valve 36 which is con 
nected to valve 35 by line 34 and on actuation connects 
in inlet port 37 of the control valve 35 to the air supply 
source 110 via line 111, and the pressurising air can 
then flow through the various valves 28-33, provided 
they are in a 'closed' position. When the circuit 8 is 
open, the control valve exhausts through a selection 
switch 38 which additionally serves to bring the pump 
into operation if in stand-by duty. Exhaust air from the 
final valve 33 of the series is recycled via line 112 to 
maintain the control valve 35 and selection switch 38 
in the 'closed' position. 

In the sensing of the conditions (a) to (c) above for 
the turbine exhause pressure, and water and pump oil 
temperatures, pneumatic trip switches 40 are provided, 
each in operative connection with the slide of a respec 
tive slide valves 28-30. Thus, one trip switch 40 senses 
the steam pressure in the exhaust branch of the turbine. 
To protect the pump 2 of the unit 1A from flashing 
under shut valve conditions, a leakage bypass flow from 
the glands of the pump 2 may be recycled to the pump 
suction inlet, and the recycled flow can be under 
cooled before discharge into the suction as described 
in the Applicant's co-pending U.S. application Ser. No. 
243,669 filed April 13, 1972. Further, the gland ar 
rangement is preferably of the type described in Appli 
cant's copending U.S. Application Ser. No. 282,051 
filed Aug. 21, 1972. the pump water temperature con 
trol protects against failure of the bypass cooling, and 
the respective trip switch 40 includes sensing means 

10 

6 
sensing the water temperature within the pump. Each 
turbine-pump unit preferably includes a sealed lubri 
cating system module as described in the Applicant's 
co-pending U.S. Application Ser. No. 259,259 filed 
June 1972, and one of the trip switches 40 is in the 
form of a temperature sensor located in the lower oil 
compartment of the module and is operable when the 
oil temperature exceeds a predetermined value. 
The control for the stand-by pump is shown in FIG. 

2B and is exactly similar to the control shown in FIG. 
2A, similar items having like references; and it will be 
undetstood that the roles of the running (main) and 
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stand-by pumps can be interchanged. The stand-by 
pump unit can be selectively arranged to start-up auto 
matically in the event of shut-down of the running 
pump unit. Thus, the selection switch 38 of control 1B 
has a positional internal duct 55 adjusted to receive an 
air flow from the control valve 35 of unit 1A via air-line 
41 when valve 35 is moved to an "open' position on 
shut down of the pump so that port 39 communicates 
loop 8 with the line 41. Air is directed via line 42 of unit 
1B to the port 37 of valve 35 whereby the pneumatic 
circuit 8 of unit 1B is pressurised and the pump of the 
unit is consequently started. 

It is desirable the turbine-pump unit does not operate 
when the net positive head at pump suction falls below 
a predetermined value with the risk of cavitation at the 
pump impeller and overspeeding of the pump. The 
pump of each unit is supplied from a deaerator 43 
(FIG. 2A) and/or a cold storage tank 44 (FIG. 2B) via 
line 45, and pressure sensing devices 46, 47 indicate 
the head available at each of the deaerator 43 and stor 
age tank 44 respectively. Pressure signals correspond 
ing with the head values are passed via lines 48 from 
the pressure devices 46, 47 to trip switches 49 of the 
main and stand-by units operatively connected to re 
spective valves 31, the trip switches 49 of the main and 
stand-by units being connected in parallel by lines 48A. 
In the event of the water level in either of the storage 
tank 44 and deaerator 43 falling below the required 
value for the particular supply source chosen, the trip 
switch 49 will open its respective valve 31 to stop the 
pump. The pressure devices 46, 47 are supplied with 
air from a suitable source (not shown) via line 50, and 
the deaerator 43 includes a parallel condensing cham 
ber 51. 
Included in the primary feed-back control 6 are relay 

devices 52 sensing the magnitude of the control signal 
passing to the positioner control 14, and this relay 52 
is operatively connected to a respective slide valve 32 
of the other unit via line 113 and valve 32A whereby 
in the event of the signal exceeding a predetermined 
value, i.e. the pump requiring to operate at an excessive 
load with the pump failing to meet the required charac 
teristic, the valve 32 is opened by the relays 52 to stop 
the pump. The control arrangement also provides for 
regulation for overspeed of the turbine, and the protec 
tion arrangement for overspeed control differs slightly 
from the above described protection systems for the 
other operating conditions. 
When the throttle valve 4 is signalled to shut down, 

air will be released from the pneumatic actuator 12 of 
the valve through the positioner control 14 but due to 
resistance in the discharge through the positioner con 
trol 14 a considerable period can lapse, for example 5 
to 10 seconds, before full closure of the throttle valve 
4. This delay is unsatisfactory for overspeed control. To 
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overcome this disadvantage, the pneumatic actuator 12 
is vented directly through a discharge valve 15 which 
is actuated through an overspeed sensing system. In the 
arrangement shown, the discharge valve 15 is con 
nected by line 114 to by a spring biased roller operable 
multi-port relay slide-valve 53 the roller 115 of which 
when actuated by a speed trip governor, constituted for 
example by an unbalanced ring device on the pump 
drive shaft, opens the discharge valve 15 for rapid vent 
ing of the throttle actuator 12 and simultaneously 
opens via line 116 a respective safety valve 33 switch 
ing device in the circuit 7 of the other unit to vent the 
circuit. However, the discharge valve 15 could be con 
nected directly to the speed governor or an air 
reservoir could be provided as a back-up to protect 
against the collapse of the air supply system. 
Additionally each of the slide valves 28-33 has an as 

sociated visual indicator 54; and when each of the 
valves 28-33 is moved to its "open' position, air is di 
rected from pressure source 110 through line 117 and 
through the valve to the associated indicator 54 for 
operation of the indicator 54. The air supply lines in 
clude filter regulators. 
To pressurize the pneumatic circuit, say 1A of one 

pump unit and so permit operation of the unit, the 
starter valve 36 of the unit is simply actuated; or alter 
natively, in the event of shut-down of the other unit 
with said one unit selected in automatic stand-by, a 
starting signal is automatically passed to the control 
valve 35 of the unit from the other unit via the selection 
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switch 38 of the unit. When any one of the above stipu- . 
lated operating conditions (a) to (f) falls outwith the 
desired limit, the appropriate slide valve 28-33 in the . 
circuit 7 is "opened" and the circuit 7 is depressurised 
with the result that valve 9 opens to cut off the control 
signal to the positioner control 14 and the pump stops. 
In the event of turbine overspeed, the discharge valve 
15 of the throttle valve actuator 12 is opened for rapid 
discharge (one-half second) of operating air from the 
actuator 12. In the event of the failure of the main mo 
tive power to the primary and secondary control system 
6, 7, a short life back-up supply source can be manually 
selected to allow the feed water supply to the boiler to 
be maintained while the main supply is reestablished. 

The controls have provision for remote/local selec 
tion. Since the control is particularly intended for an 
automated ship, the indicators 32-38, the start button 
36, the function selection switch 38, the suction selec 
tion switch 49 and the remote/local selection switch 59 
will be positioned in a remote control room. 
Under remote control the pump is on automatic con 

trol while local control is through a manual pressure 
regulator item 57 (3-15 psi signal). This signal can be 
used to control the pump in the event of complete fail 
ure of the control loop. 
The local control station consists of the start button 

36 and the air regulator 57 and a pressure gauge (not 
shown). The control loop receives its air supply 
through the control selection switch item 59. When this 
switch is positioned in the local position air is fed to a 
start button 60 through line 119. The start button ener 
gizes relays 61 and 62. Relay 61 activates the protec 
tion loop 7 and relay 62 activates an isolation loop (line 
120 including items 58 and 63), which isolate the auto 
control signal and pass the manual signal to the posi 
tioner control 14. 
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The pump can be run under local control for setting 

or other purposes. While this is being done, the action 
of the control loop can be observed and when manual 
tests have been completed the pump can be taken onto 
control by reversing the control selection switch 59 
when the isolation loop (58, 63) will be vented and a 
"Pump Under Local Control" indicator 64 will cancel. 
Conversely if the pump is under auto control the pump 
can be changed onto local control with little distur 
bance if the manual signal is wound up to match the ex 
isting auto signal prior to selection changeover. Log 
ging apparatus 65 registering the hours run and number 
of starts through times 66, 67 is connected to the sec 
ondary circuit 7 to bring in the stand-by pump at a pre 
determined stage. 

In a previous steam-turbine driven pump installation, 
a plurality of high pressure steam valves were used in 
the steam supply line to the turbine. For example, there 
could be provided in the supply line: 

1. A "cut-in' isolation valve, which is activated by a 
signal from an alternate pump; 

2. An emergency stop valve, which is a slave valve 
and is adapted for manual closure; 

3. A throttle valve, which regulates the steam flow 
to the turbine; and 

4. A high pressure spring operated vent valve, which 
is tripped by an overspeed linkage. 

This previous arrangement had the disadvantage that 
the cut-in valve could fail to open to ensure a main 
tained feed water supply to the boiler at the expense of 
the pump; and that on failure of an operating signal 
from the pump discharge the throttle valve would be 
set in a full open condition. If a differential piston unit 
was used in the throttle valve seizure of the piston 
would also leave the valve in the full open position. 
Further, if the spring in the vent valve weakened, leak 
age of high pressure steam was possible with partial or 
total closure of the stop valve. 
The above described steam turbine-pump installation 

according to the present invention enables a consider 
able reduction in the number of high pressure compo 
nents required, and provided an inherently safe control 
system with more comprehensive protection. 
Whereas the above described embodiment of the 

present invention concerned a pneumatic control ar 
rangement, it will be understood that an analogous 
electrical or hydraulic arrangement could be used. 

I claim: 
1. In a machine installation comprising a rotody 

namic pump, a steam prime mover having a drive shaft 
drivingly connected to the pump, a fluid inlet to the 
pump and a fluid discharge from the pump supplying 
pressurised fluid to a receiver, and a steam supply line 
to the prime mover: a control arrangement for the 
prime mover including a steam valve in said steam sup 
ply line controlling the steam flow to the prime mover; 
a controller including an actuator for regulating the 
opening of the steam valve; a power line supplying 
power to said actuator; a control relay in said power 
line settable to control the power supply to the actua 
tor; primary control apparatus serving to ensure that 
fluid is supplied from the pump to the receiver at a re 
quired pressure, and including indicating means sens 
ing any of the pressure and flow rate conditions of the 
fluid in said fluid discharge, the indicating means gen 
erating signals proportional to the sensed fluid condi 
tions, and a comparator for comparing a sensed fluid 
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condition value with a desired value and connected to 
said control relay by a primary conduit whereby a con 
trol signal based on the comparison is delivered from 
the comparator to the control relay for setting of the 
relay to control the speed of the prime mover and con 
sequently the fluid pressure in said fluid discharge; and 
secondary control apparatus including a circuit having 
switch devices arranged in series and connected to sen 
sors sensing further operating conditions in the ma 
chine installation, a power source connected to said 
circuit for energisation of the circuit when the switch 
devices are in a closed position, an on-off switch in said 
primary conduit operatively connected to said circuit 
whereby if a switch device is moved to an open position 
due to one of said further operating conditions being 
unsatisfactory the circuit is automatically de-energised 
and the on-off switch in the primary conduit conse 
quently actuated to interrupt the transmission of the 
control signal to the control relay and thereby cause 
stoppage of the prime mover. 

2. In a machine installation comprising a rotody 
namic pump, a steam prime mover having a drive shaft 
drivingly connected to the pump, a fluid inlet to the 
pump, and a fluid discharge from the pump supplying 
pressurised fluid to a receiver, and a steam supply to 
the prime mover: a control arrangement for the prime 
mover including a steam valve in said steam supply line 
controlling the steam flow to the prime mover; a con 
troller including a pneumatic actuator for regulating 
the opening of the steam valve; a power line supplying 
compressed air to said pneumatic actuator; a control 
relay in said power line settable to control the air sup 
ply to the actuator; primary control apparatus serving 
to ensure that fluid is supplied from the pump to the re 
ceiver at a required pressure and including indicating 
means sensing any of the pressure and flow rate condi 
tions of the fluid in said fluid discharge, the indicating 
means generating signals proportional to the sensed 
fluid conditions; a comparator for comparing a sensed 
fluid condition value with a desired value and produc 
ing a control signal based on the comparison; and a pri 
mary conduit for delivering the control signal from the 
comparator to the control relay to set the relay and to 
control the speed of the prime mover; secondary con 
trol apparatus including sensors sensing further operat 
ing conditions in the machine installation, an on-off 
switch in said primary conduit operatively connected to 
said sensors of the secondary control apparatus to in 
terrupt the transmission of the control signal to the 
control relay when any of said further operating condi 
tions are unsatisfactory, and a pneumatic discharge 
valve is provided in said power supply line and is opera 
tively connected to a sensor sensing the speed of the 
prime mover drive shaft for rapid closure of the steam 
valve when the speed of said drive shaft increases 
above a predetermined value. 

3. In a machine installation comprising a rotody 
namic pump, a steam prime mover having a drive shaft 
drivingly connected to the pump, a fluid inlet to the 
pump and a fluid discharge from the pump supplying 
pressurised fluid to a receiver, and a steam supply line 
to the prime mover: a control arrangement for the 
prime mover including a steam valve in said steam Sup 
ply line controlling the steam flow to the prime mover; 
a controller including an actuator for regulating the 
opening of the steam valve; a power line supplying 
power to said actuator; a control relay in said power 
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line settable to control the power supply to the actua 
tor; primary control apparatus serving to ensure that 
fluid is supplied from the pump to the receiver at a re 
quired pressure, and including indicating means sens 
ing any of the pressure and flow rate conditions of the 
fluid in said fluid discharge, the indicating means gen 
erating signals proportional to the sensed fluid condi 
tions, and a comparator for comparing a sensed fluid 
condition value with a desired value and connected to 
said control relay by a primary conduit whereby a con 
trol signal based on the comparison is delivered from 
the comparator to the control relay for setting of the 
relay to control the speed of the prime mover and con 
sequently the fluid pressure in said fluid discharge; and 
secondary control apparatus including switching de 
vices operatively coupled to sensors sensing further op 
erating conditions in the machine installation, an on-off 
switch in said primary conduit operatively connected to 
said switching devices whereby if any of said further 
operating conditions are unsatisfactory the on-off 
switch is actuated to interrupt the transmission of the 
control signal to the control relay and thereby cause 
closure of the steam valve and stoppage of the steam 
prime mover. 

4. A control arrangement as claimed in claim 3, in 
which one of the sensors of the secondary control appa 
ratus is additionally coupled to a further switch in the 
power supply line whereby in the event of the sensed 
condition rising above a predetermined value, said fur 
ther switch is actuated to cut-off the power supply to 
the actuator and thereby effect prompt stopping of the 
prime mover. 
5. A control arrangement as claimed in claim 4, in 

which said one sensor is a sensor sensing the shaft 
speed of the prime mover. 

6. A control arrangement as claimed in claim 3, 
wherein the actuator of the steam valve controller is a 
pneumatic actuator and a source of pressurised operat 
ing air is connected by a conduit to said pneumatic ac 
tuator, the control relay regulating the flow of operat 
ing air to the actuator, and the primary control appara 
tus is comprised by pneumatic devices whereby the 
control signal is constituted by an air pressure signal, 
said on-off switch in the primary conduit being com 
prised by a fluid switch. 

7. A control arrangement as claimed in claim 6, 
wherein the secondary control apparatus is comprised 
by a pneumatic circuit including a plurality of fluid 
switching devices arranged in series in the circuit, each 
sensor being operatively connected to a respective fluid 
switching device, said pneumatic circuit being con 
nected to the fluid switch in the primary conduit, 
whereby on actuation of any of said fluid switching de 
vices the air pressure signal to the control relay is inter 
rupted. 

8. In a machine installation comprising main and 
standby rotodynamic pumps, steam prime movers each 
having a drive shaft drivingly connected to a respective 
pump, a fluid inlet to each pump and a fluid discharge 
from each pump supplying pressurised fluid to a re 
ceiver, and steam supply lines to each prime mover: a 
control arrangement for each prime mover including a 
steam valve in said steam supply line controlling the 
steam flow to the prime mover; a controller including 
an actuator for regulating the opening of the steam 
valve; a power line supplying power to said actuator; a 
control relay in said power line settable to control the 
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power supply to the actuator; primary control appara 
tus serving to ensure that fluid is supplied from the 
pump to the receiver at a required pressure, and includ 
ing indicating means sensing any of the pressure and 
flow rate conditions of the fluid in said fluid discharge, 
the indicating means generating signals proportional to 
the sensed fluid conditions, and a comparator for com 
paring a sensed fluid condition value with a desired 
value and connected to said control relay by a primary 
conduit whereby a control signal based on the compari 
son is delivered from the comparator to the control 
relay for setting of the relay to control the speed of the 
prime mover and consequently, the fluid pressure in 
said fluid discharge, secondary control apparatus in 
cluding a circuit having switch devices arranged in se 
ries and connected to sensors sensing further operating 
conditions in the machine installation, a power source 
connected to said circuit for energisation of the circuit 
when the switch devices are in a closed position, an on 
off switch in said primary conduit operatively con 
nected to said circuit whereby if a switch device is 
moved to an open position due to one of said further 
operating conditions being unsatisfactory the circuit is 
automatically deemergised and the on-off switch in the 
primary conduit consequently actuated to interrupt the 
transmission of the control signal to the control relay 
and thereby cause stoppage of the turbine; and control 
means in the circuit of the secondary control apparatus 
of each of the main and standby pumps operatively 
connected to the secondary control circuit of the other 
of the pumps, each control means being selectively set 
table to energise the secondary control circuit of the 
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standby pump on shut-down of the main pump, thereby 
permitting the standby pump to be started. 

9. A control arrangement as claimed in claim 8, 
wherein the actuator of the steam valve controller is a 
pneumatic actuator and a source of pressurised operat 
ing air is connected by a conduit to said pneumatic ac 
tuator, the control relay regulating the flow of operat 
ing air to the actuator, and the primary control appara 
tus is comprised by pneumatic devices whereby the 
control signal is constituted by an air pressure signal, 
said on-off switch E. primary conduit being com 
prised by a fluid switch. 

10. A control arrangement as claimed in claim 9, 
wherein the secondary control apparatus is comprised 
by a pneumatic circuit including a plurality of fluid 
switching devices arranged in series in the circuit, each 
sensor being operatively connected to a respective fluid 
switching device, said pneumatic circuit being con 
nected to the fluid switch in the primary conduit 
whereby on actuation any of said fluid switching de 
vices the air pressure signal to the control relay is inter 
rupted. 

11. A control arrangement as claimed in claim 10, 
wherein said control means is a pneumatic control se 
lectively settable to pass a pneumatic signal from the 
secondary control apparatus of the main pump to the 
secondary control circuit of the standby pump for 
pressurisation of the circuit on shut-down of the main 
pump, whereby the prime mover of the standby pump 
may be started. 

xk sk ck xk xk 


