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The introduction to the paper outlines the reasons why bridge control is considered 
desirable for large tankers. The subsequent section describes how a new design concept 
was applied in the development of a pneum atic bridge control for s.s. M yrina  and other 
ships, built from  standard com ponents and adaptable to different designs of turbine.

Operating requirem ents are stated and the im portant question of machinery con­
straints discussed before consideration of the basic design. An analogue com puter 
simulation model of a ship, including the boiler, turbine, gearing and propeller, was 
used to examine the dynamic behaviour of the m ain machinery, and to establish the 
required characteristics of the control system, the m ain elements of which were included 
in the model. This model is discussed, one of the main points emerging from  this study 
being the need to design a limiter to prevent constraints being exceeded when large 
steps in rev /m in  are ordered from  the bridge. A  further im portant point was the desir­
ability of having m anoeuvring valves characterized to allow the use of a standard 
controller in a non-linear system.

Subsequent sections describe the actual system constructed and installed in the s.s. 
M yrina, and an account is also given of the shipboard trials which were very satisfactory.

Finally, com m ent is made on future requirem ents and possible design trends for 
turbine bridge control systems.
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INTRODUCTION
Development of bridge control systems for turbine driven 

ships has been rap id  over the past few years and a number 
of turbine ships are now equipped with some form  of remote 
control from  the bridge.

Early experience in the use of bridge control was obtained 
by Societe M aritim e Shell in three ships, s.s. Sitala, Sivella, 
and Dolabella. The first rem ote control systems, fitted in 
Sitala and Sivella, were simple valve positioning controls. 
Later, an advanced design of system, based on the closed 
loop principle and built from  electronic components, was 
fitted in Sivella and in Dolabella{1’2). Experience with this 
system has provided valuable background in the development 
of the pneum atic system described in this paper.

All Shell ships are now being fitted with bridge control 
because:

a) a quicker and more consistent response to  bridge 
orders is obtainable and this facilitates manoeuvring 
and berthing operations;

b) a m ore precise speed control is possible and this is 
valuable on occasions when keeping station;

c) it is essential tha t the bridge officer should have 
control of the main engine when operating with the 
main m achinery spaces unattended;

‘ Measurement and Control Dept., Koninklijke/Shell Laboratorium, 
Amsterdam.
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d) the engineer is freed from  his positions a t the controls.
As experience with the French ships showed, designing 

for rem ote control of a turbine driven ship necessitates taking 
into account a num ber of im portant basic requirem ents. These 
are dealt with in this paper as also is the design philosophy 
which has been followed in the development of the pneumatic 
system for s.s. M yrina  and other new ships in the Shell Fleet. 
Use is made in the text of certain terms peculiar to control 
engineering. F or those perhaps unfam iliar with such term s a 
brief explanation is included as an appendix to  the paper.

DESIG N  CONCEPT
General

Steady progress is being made tow ards unattended opera­
tion of steam turbine ships. A n essential part in achieving 
this is the careful and rational study of the design and 
engineering requirem ents of control systems. Such a study 
was carried out by the authors’ com pany some two years ago 
when the usual practice was to purchase equipment complete 
with instrum entation as a package deal.

This purchasing arrangem ent was considered unsatis­
factory for a variety of reasons. One of the most serious 
disadvantages was tha t selection of individual items of engine 
room  equipment was m ade from  a num ber of different 
m anufacturers. This resulted in a variety of makes of 
instruments being fitted. M aintenance was therefore more 
complicated and an unnecessarily large range of spare 
com ponents had to be carried on board. The study showed
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tha t by rationalization and standardization of instrum entation, 
this problem  could be largely alleviated and the total cost 
of equipm ent reduced. In  addition, consistency in control 
loops, panel layouts and types of instruments would facilitate 
the training of engineers in instrum ent calibration and general 
maintenance.

As far as design was concerned, it was considered that 
the designer of the propulsion p lant should work in close 
co-operation with the process control engineer and vice versa. 
A m odern m ain steam turbine plant is an integrated unit 
and should be considered as such when designing control 
systems for it. As a first step, therefore, the control and 
instrum entation requirem ents for the entire propulsion plant 
of the ships in the present newbuilding program m e were 
reviewed with w hat was regarded as a new system design 
philosophy.

The propulsion plant, including boiler, main engine and 
auxiliaries was treated as a complete process into which 
various control loops were to be built. The design approach 
was similar to that used in the petrochemical industry where 
the m ain complex is broken down into sub processes or 
systems, each of which has its own control requirements. 
Interaction of the various systems was studied and taken into 
account as far as possible in the design of applied control 
loops.

Each loop was developed from  consistent rules; standard 
symbols and identifications were used in diagrams to avoid 
am biguity when ordering or discussing equipment.

The m ain tu rb ine/gear/propeller system was included in 
the study and it is the development of the control for this 
system which is the subject of this paper.

Operating Requirements
F rom  the outset there was close contact between plant 

designer and control engineer and the first objective was to 
establish the basic requirem ents of control. These are re­
viewed below;

1) During manoeuvring the conventional m ethod of 
controlling ship’s speed from  the bridge is by means 
of telegraph orders relayed to an engineer who is 
standing by the engine controls continuously. On 
ocean passage, orders for speed change require the 
watchkeeping engineer to m an the controls regardless 
of w hat other activity he is engaged in a t the time. 
The response to telegraph orders at any time is 
entirely dependent on the engineer and will vary 
according to his experience and m anual skill.
In replacing the hum an element, an autom atic remote 
control system must respond to bridge orders at least 
as efficiently as an experienced engineer and be able 
to  take account, as he does, of machinery constraints.

2) The bridge officer’s prim ary task is in the handling 
and navigation of the ship. He is only concerned with 
the m ain machinery in so far as he expects a prom pt 
and reliable response to engine orders. He should not 
be concerned with m achinery constraints or any other 
machinery operating factor.
The control system must therefore be such that bridge 
orders are issued with one action only, and recorded 
automatically.

3) To safeguard the main machinery in emergencies or 
in case of failure of the system, it must be possible 
at any time for the engine room  to take over control 
from  the bridge. This must be a “bumpless” transfer. 
If a single lever on the bridge is used for control of 
the main engine as well as for use as a telegraph in 
emergency, the telegraph part o f the system must 
remain operative regardless of any faults in the 
control system.

4) Fine adjustm ent of rev /m in  must be possible when 
required, e.g. when keeping station such as during a 
canal transit.

5) Emergency astern power should be obtainable by one

simple action, but with precaution against inadvertent 
operation.

6) A rem ote control system should replace the engineer 
completely. It must, therefore, be capable of providing 
a turbine blasting sequence during stand-by and of 
executing autom atically the routine norm ally carried 
out by the engineer when transferring from  “full 
ahead” to “full aw ay” condition or when reducing 
power from  “full aw ay” .

M achinery Constraints
The subject o f boiler, turbine and gearing constraints 

was discussed with both m anufacturers and operators. 
Opinions appeared to differ appreciably as to  w hat were 
considered reasonable m anoeuvring rates and there was some 
difficulty in establishing precisely w hat constraint limits should 
be applied. F or optim um  response of a turbine rem ote con­
trol, it is im portant to have reasonably accurate inform ation 
and there appears to be scope for further study of this 
question. Possible constraints in  the main propulsion plant 
can be considered in two sections, the boiler and the turbine/ 
gearing / propeller system.

Boiler Constraints
M anual operation of turbine m anoeuvring valves is 

carried out with due consideration for boiler steam pressure 
and drum  level. These are kept within arb itrary  limits based 
on the operator’s experience of w hat is acceptable. The two 
events which should not be allowed to occur are lifting of 
safety valves due to excessively rapid shut-down and carry­
over due to opening up too quickly. Even with autom atic 
boiler controls, the therm al inertia of the boiler and the swell 
or shrink of water cannot be fully taken into account and 
these are the limiting factors in so far as the boiler is con­
cerned. They define the maximum opening or closing rate 
for the manoeuvring valves and the bridge control system 
must be so designed as to avoid unrealistic dem ands on the 
various boiler designs. The rate o f response of the control 
loop to a bridge order must, therefore, be adjustable.

Firing rate was considered as a possible further con­
straint. However, with m odern m arine boilers having little 
exposed refractory, it is generally believed that this need not 
be a limiting factor.

Turbine, Gearing and Propeller Constraints
The following points appeared valid:

i) During rapid m anoeuvring the accelerating torque 
applied to the gearing can exceed that a t norm al full 
power as also can the ro o t bending stresses in the 
turbine blades. However, these factors are taken into 
consideration in the design of the turbine and gearing 
and need not be considered serious limiting factors. 
Nevertheless, too violent swings in applied torque are 
undesirable and some restraint was considered neces­
sary. M ore im portant are the m arginal lubrication 
conditions between the gear teeth when changing 
direction of rotation. U nder such conditions there is 
a risk of low speed scuffing occurring and again, 
therefore, some restraint in acceleration and decelera­
tion rates was considered a necessary feature of the 
bridge control.

ii) Application of astern power while the propeller is 
trailing ahead, or prolonged use of astern power at 
low speed astern could result in excessive differential 
expansion of the turbine casing. Generally, turbine 
m anufacturers did not appear to consider this a 
serious lim itation. One m anufacturer quoted a safe 
limit as half-an-hour full power astern. It was decided 
to avoid any possibility of trouble by incorporating a 
logic circuit to prevent opening of the astern steam 
valve until the propeller rev /m in , and hence ship’s 
speed, had dropped to a predeterm ined value. This 
circuit, also, was made adjustable.
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iii) W hen working up from  “full ahead” to “full aw ay” 
conditions, it is desirable to attain  therm al equilibrium 
of the turbine a t a controlled rate  and here again 
different opinions were given as to  w hat this rate 
should be. The bridge control was, therefore, designed 
to incorporate a tim e delay for this operation, adjust­
able over wide limits.

iv) Propeller ventilation (drawing of air into the p ro ­
peller) or cavitation can occur if high astern revolu­
tions are applied when the ship has been proceeding 
ahead at appreciable speed, say in excess o f 6 knots. 
To take account of this it would be necessary to make 
use of ship’s speed as a control param eter.
As this still cannot be m easured accurately over a 
wide range, the idea of controlling propeller effects 
was not followed up with the particular system under 
discussion.

Basic Design Considerations
It is im portant that a bridge control system be designed as 

an integral p art of the engine and not some sort of a ttach ­
ment. As such, it should receive the same priorities for atten­
tion by engineers as other control equipm ent in the ship. 
However, on board ship the real or apparent complexity of the 
bridge control can lead to reluctance on the part of engineers 
to rectify faults and make adjustments, particularly if they 
have not had the benefit of some training in control and 
instrum ent engineering or there is insufficient literature on 
board to help.

To satisfy owners and engineers, the bridge control must 
be as reliable and simple as the specified requirem ents and 
constraints permit. At the same time the cost must be reason­
able and not represent too high a proportion of the total for 
the main machinery. At the m om ent the cost of electronic 
instruments is still some 30 per cent higher than their pneu­
m atic equivalents. Since the particular advantages of 
electronic equipment were not considered to be of param ount 
importance for turbine control, it was decided to use pneu­
matic com ponents for the first design to be fitted in s.s. 
M yrina  and subsequent ships in the newbuilding programme. 
In these ships, all the instrum entation is pneum atic, com ­
ponents being purchased wherever possible from  one m anu­
facturer. Again, therefore, it was logical and in keeping with 
the new design philosophy also to use pneum atic components 
for the bridge control.

Control Loop
M arine turbine p lant can be conti oiled either by valve 

positioning (open loop) or by rev /m in  feedback control 
(closed loop). The valve positioning m ethod has certain funda­
mental disadvantages, the main two of which are:

a) The relationship between valve position and rev /m in  
is not constant. F or a  particular bridge order setting, 
appreciable changes in rev /m in  can result from  
changes in  steam supply conditions or from  external 
effects such as rudder angle or depth of water under 
the keel. Such variations can be allowed for only by 
the bridge officer and this is clearly undesirable.

b) Small movements ahead or astern cannot always be 
executed with one movement of the bridge control 
lever. It is often necessary to  overshoot the desired 
rev /m in  setting in order to overcome system inertia 
and then reduce to the setting required.

Sea experience with the original valve positioning systems 
in the s.s. Sitala and Sivella confirmed the above dis­
advantages, frequent changes in control settings being found 
necessary to m aintain reasonably steady rev /m in .

A rev /m in  feedback control system does not suffer these 
limitations and controls the speed at the desired value irre­
spective of changing conditions.

It was therefore decided to adopt this m ethod and the 
basic considerations discussed hereafter refer to a closed loop 
rev/m in, feedback system.

CONTROLLED ‘PROCESS' i_____ ______________ _________ 1
F ig . 1— The basic loop

Fig. 1 illustrates the basic feedback loop in which the 
tu rb ine /gear/p ropeller unit is considered as the “process” to 
be controlled. If a feedback loop is to be stable under all 
conditions it is necessary for the loop gain to be sensibly 
constant throughout the controlled range, i.e. the corrective 
action must be linearly related to the error which causes it. 
The relationship between turbine steam  flow and rev /m in  is 
an  im m utable cubic function and if a m anoeuvring valve 
having a linear characteristic is used the resulting process 
characteristic would be non-linear. To achieve stable opera­
tion when using such a valve it w ould be necessary to 
incorporate somewhere else in the control loop a function 
generator giving approxim ately the inverse of the cube law.

A  neater solution is to  provide a contro l valve specially 
characterized to cope with a non-linear process and in this 
case discussion with a leading control valve m anufacturer 
resulted in  selection of valves having “equal percentage” 
characteristics. Two such valves were chosen, operating in

F ig . 2— Valve lift versus propeller sha ft speed characteristic 
o f combination o f two “equal percentage” manoeuvring valves

split range, to cover ahead rev /m in . Fig. 2 illustrates the 
com bined characteristic of the valves and process cubic law. 
The process is sufficiently linearized to  ensure good control 
over the whole range of ahead rev /m in . A  similar “equal p er­
centage” valve was selected to cover astern rev /m in . F or the 
sake of contrast, Fig. 3 shows the com bined characteristic of 
a conventional manoeuvring valve and process cubic law as 
actually measured. It is clear that any attem pt to control this 
with a standard controller would alm ost certainly result in 
instability at some part of the range and poor control in 
another.
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S ha ft speed, p e r cent

F ig . 3— Valve lift versus propeller shaft speed characteristic 
o f a conventional manoeuvring valve

Delay and Derivative Units
Use of “equal percentage” valves m eant that a simple 

standard controller could be used without fear of instability 
in the control system. However, it was realized that if the 
system were to have a fairly fast response, i.e. high gain, 
operating constraints would be exceeded if the bridge ordered 
large changes in rev /m in . A unit was therefore designed to 
autom atically limit the difference between set value (SV) and 
measured value (MV) to an acceptable value, and also to 
control the rate of increase or decrease in power between 
“full ahead” and “full aw ay” .

Another point was possible overshoot in the rev/m in 
control resulting from  the time lag in system response due to 
rotational inertia. A derivative unit was therefore incorporated 
in the rev /m in  m easured value line to the controller, the 
effect being to cause the controller to respond not only to 
the m easured value but also to its time derivative or accelera­
tion. Thus overshoot would be prevented by anticipatory 
action of the controller. The derivative unit was deliberately

positioned in the m easured value line as opposed to being 
incorporated in the controller itself where it would act upon 
the error signal and hence have a derivative influence on the 
ordered rev /m in  signal.

R ev I m in Transmitter
One of the most im portant control param eters in a rev / 

min feedback system is the m easured value itself. For 
optim um reliability it was decided to use two rev /m in  trans­
mitters, both operating continuously, with a differential alarm  
to register warning if the two signals differed by m ore than 
5 rev /m in . The units selected were pneum atic transm itters, 
capable of bi-directional operation, and driven off the inter­
mediate shaft of the main reduction gearing.

Further study showed that the same rev /m in  transm itter 
signal could also be used for autom atic opening and closing 
of drain valves, bleed steam valves and astern guardian valve 
when changing from  m anoeuvring to “ full aw ay” conditions 
and vice versa.

Telegraph System
To complete the control system the generation of the 

bridge order signal had to be considered.
The solution was to modify the conventional telegraph 

system by linking the bridge order lever mechanically with, 
again for maximum reliability, two pneumatic position trans­
mitters, the output of one of these being passed to the 
controller as a pneum atic signal directly proportional to the 
desired rev/m in. If the two outputs differed by more than 
5 rev /m in  an alarm  would sound. F or security reasons, the 
pneumatic transm itters would have to be designed such that 
operation was parallel with but independent of the synchro 
system. The latter would then never be de-energized or 
interfered with due to a fault in the bridge control.

* * *
Having considered the basic design features, there 

rem ained only the ancillary circuits such as the means for 
autom atic turbine blasting. It was a t this stage, therefore, 
that the principles of the basic design were tested. To do this 
it was necessary to obtain a better understanding of the

Bridge c o n tro l system

Bridge order

BOILER

Pressure
c o n tro lle r

Set
value

H  =  H eat supplied to water in steam drum

Pj =  Steam pressure

<pt =  Steam flow

Q t=  Turbine to rque

Qp =  P rope lle r torque

n  =  S h a ft speed
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F ig . 4 — Diagram o f computer simulation model
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dynamic behaviour of the m ain propulsion plant. The factors 
to be taken into account were carefully studied on an 
analogue com puter as described in the next section. F rom  the 
beginning, the object was to avoid unnecessary complication.

ANALOGUE COM PUTER SIM ULATION
General

As discussed in the preceding section, with the adoption 
of equal percentage manoeuvring valves no great difficulty 
was anticipated in the design of the basic rev /m in  control 
loop. However, the requirem ent tha t the system should have 
fast response and yet operate within the constraint limits laid 
down for certain plant variables, posed something of a 
problem.

It was clear that to take account of operating limits by 
measuring all the relevant p lant variables was impracticable. 
Quite apart from  the fact tha t a num ber of these variables 
were alm ost impossible to measure, it would have rendered 
the control system too complicated. As discussed under 
“ Design Concept”, the simpler solution was to build into the 
control loop suitable means to  limit the rate of change of 
rev /m in  and power. The effect of such lim itations was very 
much dependent on the dynam ic behaviour o f the plant and 
the com puter sim ulation model was built prim arily to in ­
vestigate this. In  addition, the model was used to establish 
initial settings of the controller and the limiter, as well as to 
check results obtained during sea trials. F or all of this work, 
use was m ade of the com puter facilities available at the 
Amsterdam laboratories of the authors’ com pany.

M odel Description
A paper presented to this Institute in February  this year(3) 

contained excellent inform ation on the use of analogue 
com puters for m arine work. As the com puter sim ulation 
model a t A m sterdam  was set up basically similar to  that 
described in (3' ,) the description given here is brief.

Referring to the diagram  in Fig. 4, each block represents 
a m athem atical expression giving the relationship between 
p lant variables. In  order to keep the model within the capacity 
of the com puter, a  relatively simple sim ulation for the boiler 
was made. I t was based on a pressure control loop because 
it was anticipated tha t difficulties in boiler operation could 
be expected to  occur prim arily due to wide pressure varia­
tions. F or the sim ulation of the furnace, data given by 
P rofos(5) were used. The rem ainder o f the boiler was con­
sidered to  be centred around the steam drum. This was 
sim ulated by using the heat balance of the water p art of 
the drum  and the mass balance of the steam part. A pressure 
controller com pleted the boiler model.

The heat balance described above implies that the 
am ount o f heat flowing to the “drum ” is used f o r :

a) heating the feedwater entering the boiler;
b) heating the whole w ater content to a particular 

saturation tem perature;
c) evaporating the water;
d) superheating the steam.
In  m athem atical form  this becomes:

dT* r ,
H = $ i  (Ts— T{)  - j -  M w - f -  { < £ s H - < £ t o t  C ,  ( Tsh- T s ) }  ( 1 )

The mass balance of the steam part o f the drum  is 
represented by:

......................... (2)

The relation between equations (1) and (2) above can be 
established by reference to the saturation line of the Mollier 
diagram . In  the model drum  level and  superheater outlet 
tem perature are considered to be controlled ideally.

The boiler delivers steam with pressure Pi to  the 
manoeuvring valves for which the following equation holds:

<f>t = C .<SrP i .................................................................(3)
The Cy factor depends on the size and type of valve and 

is further determ ined by the degree of opening of the valve.

I t is in effect an  index of capacity and its basic value is the 
same for all media w hether liquid or gaseous.

^  is a factor depending on the ratio  nozzle box pressure 
(P nb )/p ressure a t superheater outlet (Pi) (Hengstenberk et a I -".)

P Pnband generally increases with decrease in  F or values of
Pi I 1

in a region smaller than 0-5 the value of is alm ost constant 
(about 0'6) due to  reaching sonic velocity in the valve. The 
nozzle box pressure is assumed to be proportional w ith steam 
flow1' 1.

F or the calculation of the turbine torque a m ethod as 
described by Goodwin et a l(3) was used which states th a t :

Qt =  <f> t (a — fin) 
in which a and P are constant factors which depend on the 
design of the turbine. They differ also for the ahead and 
astern turbines.

Propeller characteristics were taken from  Bindel and 
G arguet "' which gives propeller torque and thrust coefficients 
as functions of shaft rev /m in  and actual ship’s speed based 
on sea trials with a 96 000 dwt tanker. F or the resistance of 
the ship a  simple square relation with ship’s speed was 
chosen:

W  =  C =  V 2 ..................................................................... (4)
This was considered acceptable because the m ain objec­

tive of the project was to study the transient behaviour of the 
propulsion p lant and not the m anoeuvrability of the ship as 
such.

The bridge control system was also simulated; it receives 
the bridge order and the shaft rev /m in  as inputs and gives 
an output to the m anoeuvring valve. The actual system is 
discussed in detail in the next section of the paper.

Results from  Com puter Simulation M odel Study
A large number of experiments were carried out on the 

analogue com puter to arrive a t a considered view about the 
scheme of the bridge control system. I t would be outside the 
scope of this paper to describe the results in detail but the 
most im portant conclusions are summ arized below :

a) It was confirmed that the characteristics o f the 
m anoeuvring valves should be of the “equal per­
centage” type. As already discussed this choice results 
in a m ore or less constant value of loop gain over the 
entire rev /m in  range.

b) I t was further confirmed tha t the stability of the 
rev /m in  control loop is im proved appreciably if a 
derivative unit is incorporated in the m easured value 
line of the controller. This was also predicted earlier 
and is, in fact, com m on to most fast acting servo 
positioning systems.

c) Both ahead and astern shaft speeds could be con­
trolled by one standard controller only. This was 
especially checked because the ahead and astern tu r­
bines might have shown a significant difference in 
dynam ic behaviour.

d) The rev /m in  controller should have proportional 
plus integral action. The integral action tim e should 
be small, in the order of five seconds. This had its 
effect on the engineering of the system because not 
every controller available from  the instrum ent m arket 
offered this possibility.

e) Exceeding operating constraints could be avoided 
satisfactorily by installing a “ lim iter” which restricted 
the difference between set value and m easured value, 
and hence the error signal. A sm ooth response was 
obtained to large bridge order changes w ithout having 
too slow a response to  small changes.

TECHNICAL DESCRIPTION OF BRIDGE CONTROL SYSTEM
General

R ather than give an exhaustive description of the system 
in its final form , it is intended to direct attention to those 
parts which are unique to  this particular design. Referring 
to  Fig. 5, the basic principles of operation will be explained
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F ig . 5— Principle o f bridge control system

followed by discussion of the particular units represented in 
the diagram by dotted blocks. It should be emphasized that 
none of the com ponents was specially designed for this 
system. They are all standard pneum atic components and 
can be purchased from  a variety of instrum ent m anufacturers.

The system provides three modes of operation, viz: fully 
autom atic bridge control, fully autom atic engine room  control 
and m anual control.

In both the autom atic modes, the heart of the system 
comprises a control station and controller having proportional 
plus integral action. The controller receives two input signals, 
the m easured value (M V ) and the set value (SF) and gives 
one output signal (Po). The M V  signal is derived from  a speed 
transm itter which is coupled through a small gear drive to the 
interm ediate shaft of the main gearing. A n air signal of 3 lb / 
in:g corresponds to 80 rev /m in  astern, 8 Ib /in 'g  to 0 rev /m in  
and 15 lb /in !g to 110 rev /m in  ahead. Closed loop rev / 
m in control is therefore operative throughout the m anoeuvr­
ing range and until the ahead valves are fully open at a shaft 
speed of approxim ately 101 5 rev /m in . F or bridge settings 
higher than this speed, rev /m in  feedback is non-operative and 
indeed would be undesirable. In the output line of the speed 
transm itter a derivative unit is m ounted to improve the 
dynam ic stability of the rev /m in  control loop. The S V  signal 
is derived from  the desired value fD V) signal generated either 
on the bridge by means of a pneum atic position transm itter 
connected to the telegraph or in the control room  by means 
o f a pressure reducer. Transfer of control to or from  the 
bridge can be made by means of a switch. The output signal 
of the controller goes through a set of com puting relays to 
the manoeuvring valves. In the com puting relays the output 
signal of the controller is split up into ahead and astern 
components, and scaled appropriately to serve both the astern 
and two ahead m anoeuvring valves.

T he control station permits change over from  the au to­
matic modes to m anual, in which case the manoeuvring valves

are positioned directly by an air signal generated in  a pressure 
reducer. In  order to achieve bumpless transfer during au to / 
m anual switching the connexion from  controller output to 
controller feedback (FB) goes via the control station. Thus 
it can be seen that the system does not differ in principle 
from  any other control loop, for example a pressure or tem ­
perature loop. The following paragraphs describe the units 
which had to be included to meet the particular requirem ents 
laid down under “Design Concepts” .

Limiter
The delay unit, already m entioned and indicated in Fig. 5 

by block I comprises two main parts, the limiter and the 
time delay unit.

The purpose of the limiter is to  restrict the value of SV- 
M V  (error signal) going to the controller. This is in order to 
keep boiler pressure and level variations, and turbine torque, 
within safe limits by preventing too high a rate  of change of 
power during manoeuvring. In a standard pneum atic con­
troller the error signal cannot be readily modified and 
therefore the solution shown in Fig. 6 was chosen in which 
the value of D V  is itself modified. The limiter consists of a 
high pressure selector, a low pressure selector, two computing

F i g . 6— Layout o f limiter (block I  in Fig. 5)
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relays and two pressure reducers. One of the inputs of the 
computing relays is form ed by the M V  signal after the 
derivative unit, the other inputs being given by the pressure 
reducers.

T he com puting relays can perform  the following m athe­
matical equation

D =  K  (A -  B) +  C  
In the above, A, B and C  are input signals, K  an adjust-

paT 
8 0 —

able multiplication factor, in this case =  1, and D  the output 
signal. In the first com puting relay, associated with the high 
pressure selector, A  =  O, B =  L V b and C =  M V  so that it 
delivers an ou tput (M V —L V b ) .  The second, associated with 
the low pressure selector, has inputs A =  L V  a,  B =  O and 
C  =  M V , and delivers (M V  +  L V  a) .  L V  b controls the rate 
of decrease in rev /m in  and L V  a the rate of increase.

W hen decreasing rev /m in , the D V  signal goes first to the

Smin

Sh/p's speed — 9kno ts  
P ro p o rt io n a l b an d  —50%
In te g ra l action  time — 5s 
D eriva tive  time — 2  4 s  
L im ite r values — 6 a n d  15rev/m in  
Time co ns ta n t o f  manceuvr/ng valves—6s

F i g . 7 (a )—Com puter simulation model— Response o f shaft rev /m in  to step in bridge order from  80 rev /m in  ahead to 60
rev I m in astern

F i g . 7(b)— Com puter simulation model— Response o f turbine torque to step in bridge order from  80 rev I m in ahead to 60
rev f m in astern
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F ig . 7 (c)—Computer simulation model— Response o f boiler pressure (after superheater) to step in bridge order from  80
rev /m in  ahead to 60 rev /m in  astern

high pressure selector. If  greater than (M V  — L V b) it passes 
unchanged to the low pressure selector. If smaller, it is cut 
off and replaced by (M V  — L V b) which again passes to the 
low pressure selector. In  either case the resultant value is 
smaller than the input to the low pressure selector and there­
fore passes straight through the latter to the time delay unit. 
Similarly when increasing rev /m in  the low pressure selector 
either passes D V  if smaller than (M V  - f  L V  a )  or, if larger, 
cuts it off and replaces it by (M V  +  L V  a) .

By means of this limiting device the value of the signal 
D V ' never falls below (M V  —  L V b) when decreasing rev/ 
min nor exceeds (M V  +  L V  a)  when increasing rev /m in . Sum­
marizing, the value D V '  going to the time delay is equal to : 

D V  when -  L V  b <  (D V  -  M V )  <  L V  a 
IM F  -  L V b) when (D V  -  M V ) < -  L V b 
(M V  +  L V  a)  when (D V  -  M V )  >  L V  a 

The pressure reducers providing the values L V  a and 
L V b can in  principle be replaced by function generators with 
which it is possible to set the values of L V  a and L V  b as 
functions of, for example, shaft rev/m in. For the sake of 
simplicity, constant values of L V  i. and L V b were chosen for 
the time being.

To illustrate the effect of the limiter some results of the 
analogue com puter study are shown in Figs 7a, b and c. 
The com puter sim ulation model was based on the 200 000 dwt 
tanker s.s. M yrina. F or two different settings of the lim iter: 
L V  a =  L V  a =  6 rev /m in  and 15 rev /m in  respectively, the 
responses of shaft speed, turbine torque and controlled boiler 
pressure on a change in bridge order from  full ahead to full 
astern are given.

As might be expected the rev /m in  response is faster with 
the wider limiter setting. However, under these circumstances 
the overshoot in astern turbine torque is considerable. I t is 
interesting to note that the analogue com puter model provides 
additional valuable inform ation about turbine torque which 
cannot readily be measured in practice.

The boiler pressure changes less with the wider limiter 
settings because then the period during which both m anoeuvr­
ing valves are closed is shorter. Nevertheless, even with the 
narrow limiter settings the pressure variations appear 
acceptable.

Tim e Delay Unit
The output of the limiter (D V ')  goes to the time delay 

unit. This unit is operative only for shaft speeds higher than 
“ full ahead” and was included to regulate the rate of increase 
or decrease in  power between the m anoeuvring range and 
“ full aw ay” condition. The layout of the time delay unit is 
shown in Fig. 8.

It comprises some adjustable pneum atic resistors, a 
volume, some valves and trip  relays. W hen the shaft speed is 
smaller than 80 rev /m in  valve V, is open, the resistors (Ri) 
and (i?-) are by-passed and S V  =  D V '.  W hen the shaft speed 
exceeds 80 rev /m in  trip  relay (1) closes valve (Vi). As a t the 
same time valve (K=) is closed the D V ' signal has to pass 
resistor (Ri). The com bination of R i and the volume causes 
a time lag resulting in a response of S V  on a step-change in 
D V  (e.g. from  the bridge) as shown in the graph. W hen the 
“full away” order is given, D V  increases to 110 rev /m in  but 
D V ' is only an am ount L V a larger than the M V  due to the 
limiter action. The S V  can change only very slowly and there­
fore the rev /m in  control loop keeps M V  alm ost equal to SV . 

A fixed pressure difference equal to L V a will therefore be

developed across i?. and the corresponding air flow through 
it will increase the pressure in  volume (V) a t a  constant rate. 
In  this way an increase in S V  o f say 0'5 to 1 rev /m in  can be 
realized.

W orking down the installation can be carried out faster 
than working up. W hen the ship is under full aw ay and the 
D V  is put a t a value smaller than 80 rev /m in , valve (Vi) 
opens and the time delay for reducing values of D V ' and 
S V  is now determined by the com bination of Ri and R~. 
which will result in faster response.

Ahead-Astern Safety System
It has already been m entioned tha t the admission of 

steam to the astern turbine should be avoided when the ship 
has an appreciable ahead speed.

The answer, in terms of hardw are, to this requirem ent 
was called “ahead-astern safety system” and this is shown 
schematically in Fig. 9. The system is taken up  in the output 
line of the controller and its operation is quite simple: when 
the shaft speed is higher than say 30 rev /m in  the trip  relay 
will force the three-way valve into the position shown and a 
signal corresponding to  closed m anoeuvring valves, e.g.
9 lb /in 2g, will go to  the high pressure selector. This means

F i g . 8— Tim e delay unit
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Ahead b la s tin g  
s e t p o in t

Astern b la s tin g  
se tpo in t

F ig . 9—Ahead-astern safety system  (block II  in Fig. 5)

that although the signal Po can be smaller than 9 lb /in ;g, Po' 
cannot become smaller than this value and the astern 
manoeuvring valve remains closed. The propeller is now tra il­
ing and its speed is determined by the speed of the ship. 
When the speed of the ship has come down so far that the 
propeller speed becomes lower than 30 rev /m in , the trip 
relay causes the three-way valve to take the alternate position 
so that the 9 lb /in :g is taken away from  the high pressure 
selector. Then Po' =  P o  and the astern manoeuvring valve is 
allowed to open.

The action of the ahead-astern safety system may be 
illustrated by giving some results from  the analogue com puter 
study. Fig. 10 gives the propeller rev /m in  response on a 
change in bridge order from  80 rev /m in  ahead to 60 rev /m in  
astern for three different settings of the system: 35, 32 and 
30 rev /m in .

A fter giving the astern order the ahead manoeuvring 
valves close and the propeller rev /m in  reduces relatively 
quickly to a value where the propeller turns a t trailing speed. 
If the m anoeuvring valves are kept closed, propeller rev/min 
will then continue to be determined by the ship's speed. 
Especially for large tankers the further decrease in rev/m in 
will occur slowly and the response curve will show a “knee" 
at about 30 rev/m in. T hat is the reason why the ahead-astern 
safety system should be adjusted carefully. Adjusting at too

From co n tro l 
s ta tio n

To lim ite r

f  E xhaust

A ir  supply  
From s h a ft speed-transm itte r

F i g . 11—Blasting system  (block III in Fig. 5)

high rev /m in  would not give protection whereas adjusting 
a t too low rev /m in  might result in too long a stopping time 
of the ship.

Inform ation on astern turbine over heating and propeller 
cavitation is scanty and therefore these phenom ena have not 
yet been included in the com puter sim ulation model. Thus no 
tests could be carried out to find the optim um  setting. The 
setting which, when starting a t 80 rev /m in , keeps the astern 
valve closed during one or two minutes appeared reasonable. 
W ith this setting, the influence of the ahead-astern safety 
system on the stopping time of the ship was negligible because 
the resistance of the ship is the most im portant braking force 
and a full astern running propeller would most probably 
cavitate.

The Blasting System
After careful study of the possibilities for autom atic 

steam blasting during stand-by, using the controller set point 
line was considered the simplest and safest way to realize it.

Fig. 11 gives a layout of the blasting system as it was 
arranged in s.s. M yrina. The output of the speed transm itter 
is fed to a set of trip relays. W hen the shaft speed enters the

.50—

4 0

SO-
^ . —-

70-*-

F i g . 10— Com puter simulation m odel— Effect o f ahead-astern safety system — Response o f rev /m in  to bridge orders step
change from  80 rev /m in  ahead to 60 rev /m in  astern

JO  rev/m in \ A d ju s tm e n t o f  Ship's speed a t  8 0  rev/m in  —13k n o ts
3 2  rev/m in  V- a he ad /as te rn  P ro p o rt io n a l b a n d  -  SO°/o
3 5 rev/m in  J s a fe ty  system In te g ra l ac tion  tim e —Ss

D eriva tive  time — 2 -4 s
L im ite r value — 6 rev/m in
Time co n s ta n t o f  manoeuvring valves — 6s
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range between, say, 4 rev/m in ahead and 4 rev /m in  astern, 
both trip  relays are energized and the three-way valves are in 
the position shown. Supply air is allowed to the flip-flop 
system which applies sequentially either a small “ahead” or 
an “astern” set point signal to one connexion of three-way 
valve (X). Supply air is also fed to the time delay unit formed 
by the adjustable resistor (R) and volume (V). The time lag 
can be adjusted so that after, for example, three minutes, 
signal (b) is large enough to energize trip relay (3) which then 
operates valve (X). Then the norm al DV is replaced by a 
blasting set point. W hen the shaft rotates, trip relays 1 or 2 
are de-energized so that volume (V) can exhaust via the non­
return valve (NRV) and one of the three-way valves. Then 
valve (X) returns to the original position and the norm al DV 
is reconnected to the limiter. Then the cycle starts again. The 
next time the flip-flop system will give a "blast” in the reverse 
direction. When the bridge control system is put on “manual 
contro l” (via the control station) the autom atic blasting 
system has no effect. With the latter arrangem ent, blasting 
has to be done manually.

Testing Facilities
W hen a number of instruments are tied together in a 

complex system, it is always advisable to build in suitable 
checking facilities because taking out the system as a whole 
for testing on a bench is practically impossible. Therefore a 
test unit was designed consisting of a number of pressure 
gauges, pressure reducers and a dummy turbine.

In the bridge control system itself, alm ost all intercon­
necting lines are provided with test connexions which make 
possible the checking and adjustm ent o f each separate com ­
ponent.

The dummy turbine is nothing more than a simple time 
delay un it adjusted to have about the same tim e lag as the 
real turbine. By operating a multiple switch the following 
simultaneous actions can be taken:

a) The real turbine is put on valve positioning control.
b) The valve output (V) of the control station (see Fig.

5) is connected to the input of the dum m y turbine.
c) The output of the dummy turbine goes as a rev /m in  

signal to the derivative unit instead of the speed trans­
mitter signal.

In this way, the rev /m in  control loop is closed via the 
dummy turbine and a quick check can be carried out on the 
system as a whole. This is an im portant feature, particularly 
when the ship has been under way for two weeks or so when 
it is possible to test the proper functioning of the system 
before starting actual manoeuvring.

SEA TRIALS
The bridge control system built for s.s. M yrina  was 

checked and adjusted during prelim inary trials in December 
1967 and commissioning trials in February  1968.

The first objective was to find suitable settings for the 
controller to give stable perform ance over the entire rev/m in 
range. This turned out to be easy, although the results were

F i g . 12—Comparison
nozzle box

ship’s trial— Computer results (s.s. M yrina)—Responses o f  shaft rev! min propeller torque and 
pressure to step change in bridge order from  80 rev /m in  ahead to 65 rev j m in astern
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slightly different from  the controller settings predicted from 
the com puter work. This was caused by two facts: first, the 
manoeuvring valves appeared to be slower than was an ti­
cipated; second, during the trials the derivative unit appeared 
to be defective and consequently was not used, this resulted 
in a somewhat slower rev /m in  control loop. It was possible 
to compensate for this by widening the limiter setting and this 
was done. A further im provem ent was obtained by speeding 
up the action of the manoeuvring valves. Optimum settings 
will be possible when a new derivative unit has been installed. 
Suffice it to say that the ship’s personnel were well satisfied 
with the perform ance of the system.

During the trials, the response of the p lant to changes in 
bridge order were m easured by taking readings of selected 
plant variables every 10 seconds. Fig. 12 gives some of the 
results. The controller was adjusted a t a proportional band 
of 90 per cent and an integral action time of 10'8 seconds, 
the limiter being adjusted a t L V \ =  L V b =  12 rev/m in.

F rom  the measuring program m e two typical responses 
have been reproduced: From  80 rev /m in  ahead to 65 rev / 
min astern and from  63 rev /m in  astern to stop. The full lines 
in Fig. 12 correspond to the shipboard measurements. The 
response tim e from  80 rev /m in  ahead to 65 rev /m in  astern 
appeared to be about two minutes. This is not very fast as 
com pared with the rate  a t which Diesel engines can be 
reversed but the general feeling during the trial was that it 
was fast enough bearing in m ind the enormous mass of a 
ship the size of s.s. M yrina. In any case, the speed of response 
can be improved by widening the limiter still further. Because 
of the low ship’s speed the ahead-astern safety system did not 
come into operation during this manoeuvre.

N aturally, it was of interest to check whether the com ­
puter model perform ance could be made to correspond with 
the perform ance of the ship during sea trials. Therefore, in 
the com puter model the m anoeuvring valves were made 
slower (time constant 6 seconds) and the manoeuvres m en­
tioned above were run with settings of the bridge control 
system equal to those prevailing during the sea trials. The 
responses m easured on the analogue com puter are also given 
by the dotted lines in Fig. 12. The results show that the 
agreement is reasonable enough to use the model as an aid 
for the design of bridge control systems. In particular, the 
rev /m in  responses practically coincide.

From  an instrum ent perform ance point of view, the bridge 
control system operated quite satisfactorily, apart from  some 
teething troubles. The equal percentage characteristic o f the 
manoeuvring valves is indeed a particularly happy choice, not 
only because of rev /m in  control loop stability but also 
because of the vibration-free operation of the control valves 
themselves. The autom atic blasting system also operated well 
and was greatly appreciated by the engineers.

Concerning operating constraints it can be said that the 
results o f the sea trials related to Fig. 12 do not show an 
im portant overshoot in nozzle box pressure (and hence in 
steam flow and turbine torque).

Boiler pressure variations during the above manoeuvres 
were smaller than 1 k g /c m \

However, there is some evidence that when the system 
has been on stand-by (blasting) for a prolonged period of time, 
the m anoeuvre to full ahead rev /m in  within for example two 
minutes is too fast for the boilers.

Also, propeller cavitation is a point which deserves 
further attention. C ontrary  to one of the conclusions in the 
paper by Messrs. Goodwin, Irvine and F orrest'3’ and in 
accordance with Jaeger and Jourdain ,9) the authors are of the 
opinion tha t giving full astern rev /m in  when the ship still 
has a high speed ahead is certainly not the optim um way of 
stopping the ship. There is no doubt that cavitation or some 
other propeller efficiency reducing effect can take place. By 
avoiding cavitation no great reduction in stopping time and 
distance is expected. However, when cavitation occurs, having 
a very large ship quivering like a wet dog for no purpose is 
hardly considered good practice.

CONCLUSIONS
The bridge control system described in this paper offers 

closed loop shaft speed control. The various adjustm ent pos­
sibilities o f the system are sufficient to give any degree of 
controllability required. I t is a universal system which can 
be built by any instrum ent m anufacturer or shipbuilder and 
is not tied to specific makes of instrum ents.

The predictions of the analogue com puter were reason­
ably close to the practical tru th  as was proven during the sea 
trials, and the analytical approach, m aking use of this tech­
nique, is considered thoroughly justified.

So far, the controller settings of the system are rather 
conservative and consequently, response times m ay not seem 
too impressive. However, it should be borne in m ind that it is 
not the rate  of change in shaft speed but the rate o f change 
in ship’s speed which determines the m anoeuvrability of the 
vessel. F rom  the sea trials discussed, the authors also have 
good reasons to believe that stopping a very large ship does 
not require a fast reversal of shaft rev /m in  as is often pro­
pagated, but a considered m anipulation of the manoeuvring 
valves based on feedback of ship’s speed as a control para­
meter. This has been touched upon in this paper and the 
possibility will continue to be investigated.

T he bridge control system fitted in M yrina, being a p roto­
type, has always been regarded as capable of im provement. 
In fact, improvements were foreseen before ever it was com ­
missioned. but due to lack of time it was necessary to freeze 
the design at a certain stage.

A second system has now been built to control a turbine 
in a Japanese-built ship. In this system the improvements 
foreseen have been incorporated but the main principles of 
design have been retained.

Changes have been made in the arrangem ent of some 
com ponents but the main improvement has been to build the 
system as far as possible in m odular form . A nother practical 
improvement is the incorporation of a test system as an in ­
tegral part of the bridge control unit. The operator can now, 
at any time, check the operational conditions of the system 
by means of only one switch. All the ships in the current 
newbuilding program m e have pneum atic controls and instru­
m entation. The bridge control systems for these ships will, 
therefore, also be pneumatic.

The advantages of cheap, universal com ponents has 
already been stressed. O ther advantages, a t least in the present 
stage of development, include reliability and ready acceptance 
by m arine engineers. However, with increased reliability for 
marine conditions and lower cost, it is clearly possible that 
in future com plete electronic instrum entation and controls 
will be seen in ships and it would then be logical to include 
an  electronic bridge control system. Because of the rational 
philosophy behind the design of the bridge control system 
there would be no difficulty in producing an electronic ver­
sion. It is simply for the customer to  state which he wants.

During the prelim inary discussions leading to the design 
of the system there was a great deal of discussion about the 
required characteristics for the turbine m anoeuvring valves. 
F or M yrina  the “equal percentage” control valves were 
chosen because they presented a simple and straightforw ard 
solution. The valves used in other ships of the present pro­
gram m e are not all of this type and it has been necessary to 
linearize the control loop by means of a function generator 
in the valve positioner. This provides a solution to the prob­
lem but it is not basically the correct approach. The bridge 
control system and manoeuvring valves should form  an 
integral part o f the turbine control to  achieve optim um  
results. The design must, therefore, be considered in the early 
stages in the design of the whole p lant including the boiler, 
boiler controls and auxiliary controls. If  necessary, the con­
cept of anticipatory or feed forw ard control to the boiler 
m ay have to be considered.

Finally, there is the im portant question of maintenance. 
A good design must take account of how maintenance and 
adjustm ent will be carried out on board ship, and what
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quality of personnel will be available to do the work. At 
present, there is a great deal of discussion about how ships 
will be m anned in future. For the time being it must be 
assumed that endeavours to reduce manning in ships will 
continue but the quality of personnel may have to increase. 
This is a debatable point and one which cannot be discussed 
a t length in  this paper. But higher quality personnel of 
advanced training will more readily accept the general in tro­
duction of electronics or fluidics. Even so, this must not 
result in unnecessary complications resulting from  insufficient 
study of basic requirem ents.

A t the other end of the scale, it could be argued that 
ships of the future may be manned largely by untrained 
personnel and this could result in the need for complete 
autom ation systems, reliable and foolproof. W hatever the 
outcome, there will always be a need at the appropriate level 
for a minimum am ount o f maintenance, and it is im portant 
therefore tha t full, clear inform ation about control equip­
ment is provided on board. Too often, equipment goes out of 
service due to lack of m anufacturers’ m aintenance instruc­
tions and particularly a clearly written fault finding 
procedure.
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Specific heat o f superheated steam
Desired value
Modified desired value
H eat entering the boiler
P roportional gain
M easured value
Mass of water in boiler
Shaft speed
O utput of speed transm itter
Nozzle box pressure
O utput of controller
O utput of high pressure selector (AASS)
Pressure after superheater
Pressure in steam drum
Turbine torque
Latent heat of evaporation
Set value
Feedwater tem perature 
Tem perature in steam drum  
Tem perature of superheated steam 
Time
Speed of ship through the w ater 
Ship’s resistance 
Constant factors 
Deviation
Integral action time
Feedwater flow
Evaporation rate
Steam flow to turbine
T otal steamflow leaving the drum
Factor

Appendix II
CONTROL ENGINEERING TERM S

F or autom atic control of a p lant variable four elements 
are essential: the process, the m easuring element, the con­
troller and the correcting element.

These four elements form  together the “control loop” a 
block scheme of which is given in Fig. 13. Each block repre­
sents a m athem atical operation which has to  be applied to 
the input(s) to obtain the output.

SYM BOLS AND NOMENCLATURE
Lim it value for increasing shaft speed 
Lim it value for decreasing shaft speed 
Constant
Valve size factor, defined as the num ber of 
U.S. gallons per minute of water which will 
pass through the valve with a pressure drop 
of 1 lb /in 2.

F ig . 13— Principle o f control loop

In the “controller” the “m easured value” coming from  
the “measuring element” is subtracted from  the “set value” 
and the difference (deviation £) is converted into a suitable 
controller output. The functional relationship built in the 
controller determines the type of control.

On-off or, as som etim es called, “bang bang” control. 
The controller ou tput is either minimum, m aximum or zero 
depending on the sign and magnitude of e.

Continuous control. The controller ou tput is a con­
tinuous function of deviation e. M ost often continuous control 
is applied in one of the following fo rm s:

1) Proportional control; the controller output is directly 
proportional to e i.e. A Po =  K  s.
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2) Proportional plus integral control; the controller ou t­
put has a proportional com ponent plus the time 
integral of £ i.e. A P° =  K  (e +  (1 / Tl) j  e dt).
The “proportional gain” K  (generally the inverse of 
“proportional” band) and the “integral action tim e” 
can be adjusted in the controller.

Proportional Control
Suppose that in  Fig. 13 the functions of all blocks are 

constant. The change in M V  as a result of change in S V  can 
be calculated:

C V P M
a m f  =  a s f  T T c v p m

The product CVPM  is called the “loopgain” of the 
system. The above form ula shows that with proportional

Overshoot

11 Loop gain low
M V  '

\2 Loop gain high

Time — >

F i g . 14— Influence o f loop gain on system response— 
Proportional control

control A M V  never equals A S V . The higher the loop gain 
the closer A M V  approxim ates to A S V .

However, problem s of “ stability” impose a limit to the 
practical value of the loop gain caused by the im perfect 
responses of the elements in the loop. This is illustrated in 
Fig. 14 giving the response of M V  on a step change in S F  
for different loop gains. A t high loop gain the response is 
fast w ith little “perm anent offset” but the “overshoot” can be 
substantial.

Proportional Plus Integral Control
By including integral action in the controller the per­

m anent offset can be reduced to zero; when M V  differs from  
S V  the controller continues to  change P» until the deviation 
is, in fact, zero (see also reference 10). The result is a con­
sistent control.

L oop Linearity
As already mentioned the loop gain influences the 

stability of the control loop. I t is therefore of practical im ­
portance tha t the value of the loop gain is constant over the 
entire SV range. In  that case only, one and the same set of 
controller adjustm ents is suitable for the whole range. If  the 
process characteristic is non-linear (e.g. cube law between 
steam flow and rev /m in) this has to be com pensated for by 
com plim entary non-linearity somewhere else in the control 
loop. This is usually done by choosing an appropriate 
characteristic for the “control valve” (correcting element).

Discussion_____________________________
M r. J. M c N a u g h t  (M ember) was impressed with Mr. 

Bretveld’s statistics, especially the growth rate of instru­
m entation in the last eight years; there was no doubt, on 
L loyd’s and other figures, that this increase was very large. 
It rem ained to be seen how far the increase would go, but 
this paper would give it a further impetus.

M uch had been w ritten about Diesel ships and bridge 
control, but few turbine ships had been talked about or 
technical articles presented in journals, and this was the 
first paper he had studied where the subject had been dealt 
with so thoroughly. The approach was good, systematic and 
analytical—which was the only approach which m attered.

All those people trying to make progress today would 
appreciate the difficulties which the authors and their col­
leagues must have experienced in collecting the material, 
inform ation, data, opinions and so on, in order to build a 
successful model. H e had a sneaking feeling that if something 
was not right in a model, one simply changed something to 
right it, but perhaps he was wrong.

A lthough the paper dealt with bridge control, it appeared 
to him tha t it was just the natural outcome of the study of 
how the turbine p lant could be designed, controlled, and 
made autom atic as far as possible, in order to avoid hum an 
intervention, which was sometimes but not always good. It 
would tend to take the a rt out of operating a steamship, 
and involve m ore science.

W hen on board a large steamship he had thought of the 
blasting technique (which would norm ally be called warming 
through), as he saw the engineer officer opening and shutting 
the four valves for the two engines. If  nothing else was 
achieved, there would be less exercise in that area.

He had also had the problem  of how to reduce the 
num ber of com ponent m anufacturers for instrum entation, 
and sometimes it had been very difficult to find a middle-of- 
the-road solution. One found a certain com ponent made by

the chosen m anufacturer was not quite as good as that of 
another. He took the view that he would put in  w hat would 
do the job, and then let the maintenance find its own place. 
Perhaps in due course all the m anufacturers would make the 
right components.

M r. M cNaught asked, in the build-up of inform ation, 
w hat was the record of stops on tankers at sea due to navi­
gational hazards, such as a  fishing boat getting in the way 
or a sudden fog? This was im portant in view of the rem ark: 
“ It is essential that the bridge officer should have control of 
the main engine when operating with the main machinery 
spaces unattended.”

He would like to have seen more mention of the effect 
on the control system of emergency conditions. On the ship 
he was on last week, if  there was a black-out or if something 
happened to the governor and the bulkhead stop valve shut, 
there was an astern steam connexion which by-passed that, 
so that the engineer on watch, on instructions, immediately 
put the astern steam on, and braked the turbine to avoid 
any dam age to the bearings. In the earlier ships this was not 
possible, and the engineer on watch had very quickly to gag 
open the bulkhead stop valve, and then apply braking astern 
steam. W ith the control system described in the paper, what 
happened in such a condition? D id it pu t on the braking 
steam, if so, how? W as there a risk of turbine bearings being 
dam aged?

The other part of the study which appeared to  be more 
arduous from  the point o f view of boiler control was to have 
a stop after a reasonably long full astern. In “old-fashioned” 
boilers— say seven or eight years old— the brickwork held a 
certain am ount of heat, and this could cause a certain am ount 
of confusion in the boiler room  if a heavy steam dem and 
suddenly ceased. H e believed that the practice was for the 
engineer on watch to open ahead and astern steam as quickly 
as he could, and so reduce the confusion in the boiler room .
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How was this dealt with on the control system described?
The full ahead to full astern application, where the 

machinery was slowed down to 30 rev /m in , seemed rather 
like Diesel practice, but he thought the considerations were 
a little different. Fig. 15 referred to Pend.enn.is Castle and, 
although it was made ten years ago, it still applied. This 
showed very different characteristics from  those shown on 
the M yrina.

F i g . 15— Pendennis Castle, 28 582 tons gross— Stopping  
trials, 30th October 1958

It was not clear in  the paper what over-rides there were 
on the bridge for m achinery control, if any.

M r. M cNaught hoped that in due course there would be 
a follow-up paper with service experience, and more details 
o f the systems within the ship, which were just as im portant 
as the bridge control.

M r . J. F o r r e s t , B.Sc., thanked the authors for providing 
operational data as verification of the mathem atical models 
used to evaluate and simulate the plant and control scheme. 
He believed the paper should be re-titled : “Bridge control of 
marine steam turbine plant— the only practicable approach”.

The first point of major im portance which the paper 
made was that there was a gulf existing between those who 
m anufactured and sold control equipment and those who had 
plant to be controlled. The bridging or otherwise of that gulf 
determined largely the success or failure of a control scheme. 
That point could not be over-stressed.

In the Operating Requirements section, there was one 
point which had been under-stressed. The guidance of the 
plant designer as much as the plant operator must be sought 
in defining the plant operation. In the design of control

systems it was also vital to obtain a clear definition of the 
plant operating param eters. The overall system designers 
must force m anufacturers to do some hom ework and, for 
example, provide data on propeller cavitation and the effect 
of astern steam application on turbine ro tor distortion.

M r. Forrest would have liked to see a m ore forceful 
statem ent on this issue, and he was slightly disappointed to 
note that the authors had tended to steer clear of a problem 
which might have been easily tackled—or which might not 
even exist. H e referred to the first and second points made 
in the section on Operating Requirem ents. M achinery must 
not only be designed to last the lifetime of a ship for norm al 
operation, but also must be made to take heavy overload 
when required in an emergency. If that was not the case, why 
were design margins so high, and why should they not be 
pared down? Indeed, the restrain t imposed in the second 
point applied the w orst possible transient load to the boiler 
plant, as the boiler dynamics particularly of the feed system 
were not happy at a run down to m inim um  steam  outputs.

I t was evident that the m arine industry was still smarting 
from  some of the early excursions into the use of electronics 
for control, judging by the com ments regarding basic design 
considerations. These fears could now be put aside, provided 
one was diligent in the choice of equipm ent m anufacturer 
and in the preparation of the equipm ent specification. 
There were in particular two com panies in the U nited K ing­
dom which produced equipm ent of this type which was ideal 
for schemes such as bridge control, which required logic and 
modulating signal handling with only one signal-mechanical 
interface. Pneumatics were far from  ideal for such applica­
tions. Furtherm ore, m odular construction and easy repair 
by replacement of printed circuit cards m ade electronics 
attractive in such contexts. It had to be realized that few 
engineers wanted to understand in detail w hat w ent on inside 
any m oderately complex control scheme, and the “ fear 
barrier” introduced by the adoption of a new m edium  became 
insignificant.

W ith regard to the section headed Control Loop, p ara­
graph b, this statem ent applied to both open and closed 
control; even m ore so to closed loop. An open loop pro­
gramm ed control was dead beat, and only operator action 
created over-shoot.

Also the referred valve position /shaft speed relationship 
was actually less than cubic because of the non-constant 
efficiency of the propulsion plant and the ship power speed 
law. Indeed, it was alm ost a square law relationship at the 
lower power region. M any pneum atic speed detectors had 
square law output, and this might be used to advantage to 
provide a constant loop gain with a linear control valve 
characteristic. The linear characteristic was m ore acceptable 
under m anual operation.

In the section Delay and Derivative Units, there was a 
statement which should be treated with caution, and that 
was the use of derivative action for stabilization. M r. Forrest 
asked if the authors had any results from  the system for 
motion in a seaway where fluctuating propeller torque was 
proportional to speed derivative. Past experience indicated 
that the boiler plant was lively under such conditions. This 
also emphasized the im portance of the limiter circuits.

The use of time delays was described. M r. Forrest was 
not happy with the use of time sequencing in such applica­
tions because there were too many undefined “ifs” and “buts” 
in the overall p lant response. A constant application rate for 
desired speed could provide a satisfactory solution; this could 
be easily engineered from  standard pneum atic units. He would 
like to have seen the system operating m ore vigorously in 
respect of astern steam application.

It would be interesting to see the ship speed traces super­
imposed on Fig. 10.

The analogue com puter could be used for system check 
out and would provide a much more representative evalution 
of the system than the use of physically scaled down units. 
H ad  this approach been tried?

1 --------------Speed= 2 3 knots:propellers tra iling
2. Speed = 14-5knots: propellers tra iling

-------------- Speed = 14-5knots: ahead steam
shut o ff and propellers checked _

-------------Speed =15knots: ahead running checked
with astern steam and astern 
steam kept a t  constant setting  
u n til ship stopped

5. Speed =  14-8knots: stop, then go astern
in the norma! manner

6 .  Speed =  22-4 knots: ahead steam shut o ff;
propellers checked by using

Time, minutes
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One of the highlights of the paper was the statem ent: 
“However, when cavitation occurs, having a very large ship 
quivering like a wet dog for no purpose is hardly considered 
good practice.” M r. Forrest hoped he did not detect a note 
of complacency concerning crash m anoeuvring. His own 
paper ' still gave the quickest way of stoping a ship, using 
the propulsion plant. This had been confirmed by both trials 
results, and by the use of optim um  control techniques, in ­
cluding the use of Pontriagin’s m axim um  principle of 
optim ization. If it was required to crash stop a ship from 
high speed, perhaps not only should the ship quiver but the 
control system should be designed to find the person respon­
sible, pick him up by the scruff of the neck and shake him 
like a wet dog; such were the consequences of failing to stop 
a large oil carrier.

As regards the design philosophy, was the equipment 
designed to fail set or to shut down? H ad a turbine over­
speed trip been considered in this application?

Finally, was there any consideration for the avoidance 
of critical speed ranges?

Commander A. J. H . G oodw in , O.B.E., R .N . (Member), 
in a written contribution read by M r. Forrest, commented 
that it was natural for those who were responsible for the 
well being of the engines to wish to nurse them, and from  
this point o f view the authors’ com m ent that the “fastest 
with the m ostest” was not the optim um  way of stopping a 
ship was understandable. In his early days at sea in the 
Royal Navy, the engineers had established a position where 
ships’ captains accepted tha t it took a full hour to work up 
to full power and at least half an hour to w ork down to 
cruising speed again. This attitude was supported by the 
Admiralty who, even up to the beginning of the 1939-1945 
war, laid it down tha t increases or decreases of sprayers in 
use must not be carried out a t a greater speed than one 
sprayer per two minutes. N aturally  this procedure did not 
last long during the war when rapid manoeuvring mattered, 
but there still lingered the feeling that it would be nice if it 
could be shown that violent use of the engines did not 
reduce the stopping time and distance. One series of trials 
in H.M .S. Savage after the war was therefore devoted to 
testing this theory, and these trials and others carried out in
H .M . ships had shown that for naval vessels a t least, the 
quicker and greater the quantity  of astern steam, the more 
quickly the ship stopped. It was difficult to see why this 
should not apply also to large tankers despite their great mass 
and relatively small power. If  cavitation played a significant 
part during the stopping of the ship, one would expect it to 
show up  either in trial records on board or on model propeller 
tests as a distinct falling off in thrust, w ith or w ithout a 
corresponding falling off in torque. If there was such a 
falling off in  torque it would be accom panied by racing of 
the engine, which did not seem to have been recorded, except 
verbally perhaps.

In a tria l recently carried out in a fast cargo liner fitted 
with medium speed geared Diesel engines and c.p. propeller, 
the guarantee engineer for the latter recommended that better 
stopping times would be obtained by dwelling a pause in the 
zero pitch condition before applying the full astern pitch. 
Two stopping trials were carried out, one with the delay and 
the other w ith no delay in applying astern pitch. The stopping 
times and distances m easured were:

W ith no delay: 3 minutes 15 seconds; distance 0p45 n miles.
With 20 seconds delay: 3 minutes 45 seconds; distance

0'50 n miles.
Cdr. Goodwin sympathized with the authors in recom ­

mending procedures and fitting control systems which limited 
the stresses imposed on the engines. If the relatively small 
sacrifice in stopping distance could be accepted, it would 
open the way to increasing the perm itted design stresses in 
turbines, gearing, shafting and propellers and hence to 
appreciable savings in capital cost. The use of an autom ated 
control system with torque lim itation built in as recom ­

mended by the authors would perm it this to  be done safely.

M r . D. G ray, B.Sc. (Member) gained the impression  
that the shipowner’s staff had not only carried out the design 
philosophy, but had also carried out the system engineering 
for the control scheme; for exam ple there were references to 
the selection o f both instruments and com ponents.

If this was so, he congratulated the authors for carrying 
out such work. However, few shipowners had sufficient tech­
nical staff to carry out both design philosophy and system 
engineering.

The paper did emphasize the necessity for one design 
team to assume responsibility for system engineering. For 
the shipowners who could not carry out com plete system 
engineering, the general pattern  in the m arine industry was 
that there were two specifications—one w ritten by the ship­
owner, and the other by the builder. In  such cases it was 
better if the owner’s specification stated the broad operational 
requirem ents and om itted technical detail. The specification 
by the builder could then be the technical specification, and 
it would represent the shipbuilder’s m ethod of solving the 
problem s posed by the owner. It would be the specification 
on which enquiries for control equipm ent would be based.

Unfortunately, this arrangem ent was not always realized. 
M any owner’s specifications were a bit o f a m ixture of a 
perform ance specification with odd technical details often 
inserted. Such random  technical insertions frequently made 
system design difficult.

The approach towards specification writing suggested by 
M r. G ray did not place the owner completely at the mercy 
of the builder, as might be thought. If the owner wished to 
employ a particular control medium, e.g. for reasons of 
standardization within a fleet, this would be a perfectly valid 
operational requirem ent and would be completely appropriate 
to the owner’s specification. If  the owner had had previous 
unsatisfactory experience with a particular detail item of 
equipment and did not wish to use it in a future ship, this 
objection could be made known when the technical specifica­
tion, prepared by the builder, was being vetted by the owner.

The authors had given very sound and valid reasons for 
the choice of pneum atic equipment, and they had referred to 
relative costs. Nevertheless, it was a curious fact that in the 
field of the large slow-running Diesel, where standard engines 
had had standard control schemes designed for them, elec­
trical an d /o r  electronic control was the most favoured.

This feature of the Diesel field possessed all the 
advantages which the authors were claiming for their scheme, 
such as fam iliarization by ships’ personnel of equipment 
within a fleet, and an easier spares problem . But the greatest 
and most im portant advantage was that the m achinery and 
the controls had been developed together, and had been 
tested and proved on the test bed and not in the ship.

The same standardization did not appear to exist in the 
steam turbine field. W ith the possible exception of one N orth 
American sub-contractor who offered a package deal of steam 
m achinery plus controls, all other control systems for steam 
plants appeared to be one-off jobs. One o f the m ain reasons 
for this was probably that there were not enough steam tu r­
bine ships being built to enable a sub-contractor to set up a 
production line and so effect a m easure of standardization. 
Consequently control systems for steam plant could rarely 
obtain the benefits available in the Diesel field.

M r. G ray was interested that they had thought it neces­
sary to carry out an analogue exercise before the system was 
designed. This approach was being used m ore and m ore in 
the m odern steam plants of electricity generating stations 
ashore. And the authors agree that such an exercise was 
alm ost essential for the large steam plants being proposed 
for ships on order or in prospect. H e believed that m ore 
than one of the large steam turbine ships completed recently 
would have been improved, from  the point o f view of control, 
if an analogue sim ulation had been carried out before the 
control system was engineered.
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H e agreed with the use of rev /m in  feedback as an aid 
to precise control. However, it was not as novel as the authors 
had suggested; it had been included in steam plant control 
for several years by some designers.

Like the two previous speakers, M r. G ray would like to 
hear some details o f the safety features for the plant. In his 
view these were an essential part of the system engineering.

M r . H. O . W a l k e r  agreed with the au thor’s proposals 
with one or two exceptions. H e suggested that an alternative 
m ethod should be employed to convert the com m and into an 
acceptable “D V ” or “Desired Value” which might be directly 
applied to the controller as shown in Fig. 5.

F rom  Fig. 16 it could be seen that the com m and and 
desired value were com pared by a precision relay (9). Should 
the com m and exceed the desired value (i.e. a rising command) 
then the relay would trigger and by means of the slave relay 
(10) two pilot valves (1 and 8) would be operated. Pilot valve 
(8) isolated the com m and from  the desired value for the 
tim e being. The second pilot valve (1) applied a 20 lb /in = 
signal to the time delay unit consisting of two needle valves 
(2 and 3) and a capacity cham ber (6). If  the 20 lb/in: supply 
was applied to the needle valve-capacity cham ber unit then 
the pressure in the cham ber would increase exponentially. 
To prevent this occurring a flow control unit (5) was arranged 
to measure the pressure drop across the needle valves (2 and
3) and m aintain it constant. The rate at which the pressure 
would increase is thus linear. The rate would depend on the 
valve setting. Two valves were norm ally employed so that if 
both valves were in circuit together, a fast rate of increase 
might be obtained, whilst if valve (3) was isolated a slower 
rate was available.

N orm ally a signal was taken from  the measured value or 
speed signal and used to trip a relay which in tu rn  operated 
the pilot valve (4).

U ltim ately the desired value equalled the com m and and 
the relay (9) would trigger once more. The two pilot valves 
(1 and 4) were operated once more and the 20 lb /in = system 
was isolated from  the system. The command and desired 
value were now connected through the flow restrictor (7). A

ram p function generator was now included in the command 
circuit and the “bang-bang” com m and could be converted to 
an acceptable signal which might be used for control pur­
poses. (For both run-up and run-down.) W idely different 
rates of increase were possible, an example being:

M anoeuvring: 0-80 rev /m in  in 30 seconds
Cruising: 80-120 rev /m in  in 30 minutes.
H e noted that the authors used only one controller for 

both ahead and astern turbines. D id they consider this satis­
factory or did they feel that individual controllers having 
different proportional band and integral times would be more 
satisfactory?

M r . C .  C a n e  said that the paper related a theoretical 
analysis o f the problem of bridge control to  actual practical 
operating experience, together with a statem ent of the results 
achieved.

The application of industrial process instrum entation and 
control to the specialized needs of the m arine industry had 
taken a distinct step forw ard with the achievement of the 
results noted in the paper.

The use of industrial process instrum entation for the 
marine industry was not new. His com pany had had  experi­
ence of process instrum entation for m arine use as far back 
as the Second W orld W ar, when they had to meet the 
arduous “g” operating requirem ents of the Adm iralty. After 
the war, tem perature and hum idity m easurem ent and control 
instrum entation were widely applied in cargo vessels.

The real stimulus, however, for the use of process type 
autom atic control on board ship seemed to have come rather 
later as a result of worldwide political moves and the ever 
increasing difficulty of obtaining satisfactory manpower at 
the right economic rates o f pay.

M r. Cane concurred with the point made by the authors 
concerning the im portance of the study of the control system 
as a whole. The design of the control system must proceed 
concurrently with the design of the p lant if  a properly in te­
grated whole was to be achieved. W ould the authors comment 
on the boiler control, since this must form  an im portant part 
of the overall control problem , and also on the problem  of

A ll dimensions in inches unless otherwise stated 

F i g . 16
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the responsibility for the overall control design? H e believed 
that this could only be satisfactorily resolved by discussion 
and agreement between the shipbuilders, the owners and the 
instrum entation control m anufacturers.

The largest constraint on the system was likely to be the 
boiler level control. Control systems had been developed using 
program m ed level control. D id the authors have any experi­
ence in this area?

Most ships’ turbines employed sequential nozzle control 
for reasons of efficiency. As this point was not mentioned, 
could it be assumed that sequential nozzle control was not 
satisfactory for reasons of characterization and the need for 
constant loop gain?

The characteristics o f the ahead and astern turbines 
were norm ally different. W ould the authors com ment on the 
use of a single controller to achieve both functions?

The ahead/astern  safety system was designed in such a 
way that astern steam was not adm itted until the controlling 
rev /m in  of the propeller dropped to a predeterm ined level. 
W ould the authors com m ent on the reaction of the operators 
to not applying astern steam in an  emergency situation? 
Although it was undesirable in  practice to have too large a 
difference between ship’s speed and propeller’s speed (other­
wise cavitation might occur), surely it was a little extreme 
not to apply any astern steam until the propeller speed had 
dropped to 30 rev /m in . W as it not possible to design a system 
which com pared ship’s speed with propeller speed and ad ­
mitted steam to the astern turbine to an am ount just short 
of cavitation?

M r. Cane finally com m ented on M r. Bretveld’s philo­
sophical criticisms of the instrum ent industry. H e could only 
reply on behalf of his company. Business marriages were only 
consum m ated if both partners were willing. This m eant that 
the m arine industry m ust be willing to use autom atic control 
instrum entation, as well as the instrum ent m anufacturers feel­
ing confident tha t they had a contribution to make. As far 
as his com pany was concerned, he was certain that they had 
reached that state of affairs. They had the instrum entation 
and could provide the necessary installation service; they 
would commission a t sea and could provide a worldwide ser­
vice at very short notice for spare parts.

M r . B. W ic k s t r o m  said that the authors had made a 
realistic approach to the bridge control concept. They had 
taken the mystery out o f it, and reduced the studied part of 
it to a simple speed control loop with rem ote speed setting 
as used on all turbines for electric power generation.

H e agreed that the correct selection of valves and valve 
positioners was essential for perform ance and price. Different 
solutions were possible, and consideration must be given to 
valve characteristics as well as to valve and controller prices, 
and also to the turbine m anufacturer responsibility.

In regard to valve characteristics, the authors had p ro­
posed a non-linear valve which was certainly correct when 
the servom otor time constant was in the order o f seconds. 
Fig. 17 showed two closed loops, including one necessarily 
non-linear link, the torque feedback. A non-linear valve

could com pensate for the non-linear steady state gain of the 
lower loop. The dynam ic gain, however, would then be non­
linear, giving varying stability criteria if the upper loop had 
a more rapid response than the lower. In  that case the 
stability was obtained by the upper loop alone, w ithout the 
aid of the torque feedback, and thus it was not influenced 
by the torque non-linearity. A rapid  linear valve could there­
fore be a good alternative to a slow non-linear valve, and 
give better stability a t low speeds.

Mr. W ickstrom agreed that today pneum atic controllers 
were generally cheaper than electronic ones, although some 
of the functions of the described system, such as limiting and 
derivative action, were much easier to arrange electronically. 
However, the main cost lay in the valve with servomotors, 
and positioners. The least expensive valve with good perform ­
ance would be the best choice. H is com pany was developing 
electrohydraulic valves with a tim e constant of 0 2 seconds, 
intended to  be essentially linear; they would be considerably 
lower priced than  the non-linear pneum atic operated valves 
available.

Concerning the turbine m anufacturer’s responsibility, 
M r. W ickstrom believed tha t he must be responsible for the 
manoeuvring valves, including the turbine safety system. The 
valves should be designed to respond correctly and rapidly 
to any external control signal as far as the turbine safety 
was fulfilled. H is com pany’s electrohydraulic system incor­
porated the principle shown in Fig. 18, including a top valve 
for basic manoeuvring and starboard and port valves which 
could be blocked, making it possible for the most economic 
operation to be obtained a t any speed. Any com mercially 
available electronic controller could be used, but the elec­
tronic input could also easily be derived from  a pneum atic 
controller by means of a norm al pressure transducer.

Blocking 
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input
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Computing relays with S B -P  -b lock ing  
Lim iter and time delay unit 
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Turbine safety system 
Turbine over speed contro l

F i g . 18

Fig. 19 showed the transfer function from  valve stroke 
to propeller speed. The middle curve was valid for approxi­
m ately 57 per cent speed. The other curves showed the func­
tion at 100 per cent speed, the upper curve being valid for a

F i g . 17
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non-linear valve and the lower curve for a linear valve. It 
was clear tha t at low frequencies, as a t point A, the gain 
was constant when using non-linear valves, but varied to D 
with linear valves. A t higher frequencies, as at C, the gain 
was constant with linear valves but varied to B with non­
linear valves. W hen one used a rapid servo, cross-over 
frequencies higher than C could easily be obtained, giving 
constant loop gain at all speeds with a linear valve. Controller 
settings giving proportional band 10 per cent and integral 
action five seconds should be possible, eliminating the need 
for derivative action.

M r. W ickstrom hoped to be able to follow up and take 
part in the future development in this field.

M r. A. R. H i n s o n  (Associate Member) first discussed 
the standard symbols which the authors used in the paper. 
Bridge controls and other autom atic equipment were here to 
stay, and there would be m any papers on this subject p re­
sented in the years to come. There had been several in the 
last three years, but this was the first which had stated: 
“ Standard symbols and identifications were used in diagrams 
to  avoid am biguity when ordering or discussing equipment.”

M r. H inson believed that it would have added to the 
value of the paper if the control engineering terms used had 
conform ed with British Standard 1523, Part I, 1967. Further, 
i f  all papers on control engineering conform ed to that stan­
dard  it would make them easier to refer to in the future. 
T he subject was sufficiently complicated w ithout having to 
learn a fresh set of symbols for every paper. W hat were the 
au thors’ views?

It was particularly interesting to see that the authors 
treated the propulsion plant and auxiliaries as a complete 
process, which they then broke down into various sub­
processes. This was a logical approach which had been used 
by designers of steam turbine installations when preparing 
heat balances. It enabled the plant to be assessed as a single 
unit, as it should be, while still making it possible to check 
each sub-process individually. However, it was not always 
possible to treat the sub-processes separately; they interacted, 
as in the case of the turbine and boiler when manoeuvring.

T he authors had taken care to include a limiter and an 
ahead-astern safety system to limit steam pressure and water 
level swings in the boiler. These devices also ensured that 
the astern turbine did not overheat and that the propeller 
speed did not vary so much that the propeller cavitated.

Concerning the swings on the boiler, in at least one 
other bridge control system the astern valve began to open 
before the ahead valve was closed. This was often done when 
turbines were controlled manually. It appeared from  the 
description of the ahead-astern safety system that this could 
not happen, but would the authors confirm that that was 
the case.

W ith regard to overheating of the astern turbine and 
propeller cavitation when trying to stop the ship in the 
shortest time, it was better to dissipate the kinetic energy of 
the moving ship at the propeller or in ship resistance than 
a t the astern turbine. If, when stopping quickly, the propeller 
speed was so regulated that cavitation did not take place, the 
ship would be driving the propeller. The astern turbine might 
overheat since the energy which was being fed up the pro­
peller shaft must be dissipated in the astern turbine. It was 
evident that while the propeller might be used as a  water 
brake, the astern turbine should not be used as a steam 
brake if this caused overheating. F rom  this point o f view, 
cavitation could be a blessing in disguise, and the conclusions

reached by Messrs. Goodwin, Irvine and Forrest could hold 
good.

As the authors had said, inform ation on astern turbine 
overheating and propeller cavitation was scanty. A great deal 
could be learned by simultaneously recording the astern tu r­
bine tem perature and propeller shaft torque.

Incidentally, it was partly as a  safeguard during 
manoeuvring that Lloyds Register recom m ended a high tem ­
perature alarm  in the astern belt when a vessel was to be 
operated with an unattended m achinery space.

M r . F. H . P r o c t o r  com mented on the claims put fo r­
ward for pneum atic bridge control systems. One of the 
authors had made several visits to  Japan in connexion with 
the new building of Shell, and he probably  had discussions 
with Japanese shipbuilders on their electrohydraulic bridge 
control systems. W hat were the au thors’ views on those 
systems com pared with the pneum atics which the paper 
approved of one hundred per cent. D id it m ean tha t Shell 
would standardize only on pneumatics, or would the electro- 
hydraulic systems be considered?

M r. Proctor’s second point was about the prim ary 
elements, because any control system was dependent upon the 
accurate measurements that had to be signalled into the con­
troller. There was shaft rev /m in  and shaft torque that must 
be measured accurately, and the repeatability must also be 
good. H ad the authors found the prim ary elements accurate 
and repeatable in their bridge control systems?

There was one sentence which needed further explana­
tion : “The control system must therefore be such that bridge 
orders are issued with one action only, and recorded au to­
matically” . He did not understand the use of the word 
“recorded” . Was this recorder the ordinary  telegraph recorder, 
or was it part of the operation o f the control system? The 
two functions seemed completely different.

M r. P. R. O w e n  (Associate M ember) quoted the au thors’ 
rem ark about the approach which “should consider a  main 
steam turbine plant as an integrated un it.” His interpretation 
was that the bo iler/turbine plant should be considered as 
one, with bridge control operating via a bo ile r/tu rb ine/shaft 
loop. This type of control gave “a turbine following system”, 
in contrast with that described which was known as a “boiler 
following system” . W ith a “turbine following system”, there 
was no need to build constraints into the control circuits to 
take account of boiler dynamics, because an increase of 
dem and for higher rev/min acted upon the energy input, that 
is, by fuel and airflow control, instead of acting upon boiler 
output, that is, steamflow. An increase in energy input would 
tend, after the therm al and mechanical lags of the boiler 
had been overcome, to increase the boiler steam pressure. 
This tendency would be sensed by a proportional plus integral 
controller which would open the manoeuvring valves, and 
rev /m in  feedback acting upon the energy input would control 
the energy so that the desired rev /m in  was obtained. H ad the 
authors considered such a system?

M r. Owen’s second point concerned the pneum atic trans­
mitters connected to the bridge control lever. These trans­
mitters were arranged so that a signal of 3 lb /in 2 corresponded 
to a demand for full astern. W ith this system, an air failure 
in the control circuit would result in the m achinery running 
full astern. W ould the authors com m ent on their choice in 
relation to the alternative of having individual ahead and 
astern pneumatic transm itters, where a 3 lb /in 2 signal 
corresponded to stop?

The A uthors’ Reply will be published in a later issue o f Transactions.
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