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(57) Abstract

A method of controlling a compressor driven vapour compression heat movement system in which a common com-
pressor system (2) heats or cools a plurality of load units (4, 8) and is operated in cycles each of which include a compres-
sor system higher capacity period and a compressor system lower capacity period, characterised in that the lower capacity
period is made sufficiently long that when the compressor system (2) is switched to the higher capacity a majority of the
load units (4, 8) are demanding heating or cooling and that the higher capacity period is made sufficiently long that when
the compressor system (2) is switched to lower capacity one or more of the load units (4, 8) have had their heating or cool-

ing demand satisfied.
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REFRIGERATION SYSTEMS

This invention relates to controlling compressor
driven vapour compression heat movement systems as used for
example in refrigeration and air conditioning for cooling
and in heat pump arrangements for heating. Reference will
be made primarily to refrigerétion systems for explaining
the invention in detail.

Figure 1, which will be described in more detail
below, shows a typical refrigeration system in which there
are three refrigerated food cabinets. Two graphs in Figure 2
illustrate two alternative known modes of controliing such
a system. As will also be explained in more detail below,
the mode illustrated in the left-hand graph permits the
compressor inlet pressure to fall to extremely low values
on occasions, and on these occasions the system 1is
operating very inefficiently (consuming excessive power)
and removing moisture excessively from food stored in the
cabinets. The mode shown in the right-hand graph avoids
these problems but on occasions may result in the com-
pressor being switched on and off unacceptably often. It

is of course desirable that the system should run as
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efficié%ti§'a$mpossible so as to minimise its power con-
sumption, and due to limitations in the physical design of
compressors, they are given by the manufacturers é rating
as to thé maximum frequency with wﬁich,they can be turned
on without unaﬁceptabiy shorteningrtheir requirements for
'servicing and repaif.' Typical ratings would lie between
about six and ten starts per hour. |
The invention aims to provide an improved method of
controiling a compfessor driven heat movemént sYstem whiéh
enables the system to be fuh particularly efficiently,
while rarely if,evef exéeeding the starts per hour rating
of fhe compressor. | |
Morerparticularly; therinvehtion provides a method of -
contholling:a. compﬁessor driven vapour compression heat
movement system in which'arcdmmon compressor system heats
or cools a 'pluralityr of load units (e.g refrigerated
cabinets, air-conditioning units or heat pump output units)
and is operaﬁed in cycles each of which include a com-
preésof sysﬁem higher: capacity periodr and a compressor
Vsystem lower capacity period, characterised in that the
lower capacity period is madéfsuffiéiently long'that when
the compressor systeﬁ is switcbed to the higher capacity a
majority of thé load units are demanding heating or cooling
and that the higher capacityrberiod is madersufficiently

lohg that when the éompressor system is switched to lower
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capacity one or more of the load units have had their heat-
ing or cooling demand satisfied.

The compressor system involved can be a single com-
pressor as in the embodiment which will be described in
detail below. In that event its higher capacity mode will
be when the compressor is running and its lower capacity
mode will be when it is not running during which period of
course its capacity is actually zero. However, the
invention can also be applied where the compressor system
includes a plurality of compressors. Then, in the higher
capacity mode some of the compressors are running and in
the lower capacity mode a lesser fixed number, which may be
zero, are running. For example, it may be desirable to
have one compressor, which may be relatively small, which
always runs so as to prevent liquid refrigerant accumu-
lating in the inlet route to a main compressor, which is
switched on and off. '

The low capacity period may be controlled so as to be
sufficiently long that when the compressor system 1is
switched to higher capacity a majority of the load units
are demanding heaﬁing or cooling or, where the operating
conditions are sufficiently predictable, the low capacity
period may be fixed at a sufficiently long value to ensure

that the same condition is met. In the case where the low

_capacity period is controlled, the control may be exercised
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in response to various different sensed charactefistics and
these will be reférfed tolin more detail below.

In oﬁe embodiﬁent, the length of the lower capacity
period is'controlledrin,dependenée upon the length of the

‘ preceding'higher capacity period.

Sd far aé coﬁéerns,making'thé higher capacity period
sufficiently long thatrwhen the compressor is switched to
low capacity at least some of the léad units have had their
demand satisfied,rpreferably this will comprise sensing a
variable whichrrepresentsvthe load on the compressor system
and terminating the higher capacity period when the sensed
'variable'indicateérthat the load on the compressor system
isfﬁihg. |

Generally; in operating a control method in accordance
with the invention_fof a copiing system, because a majority
of the load units are demanding cooling when the cOmpfessor
is brought oh, there will be a substantial period.of time.
during which the'majority'of the load units will continue
to require cooling and thepeforer_there will be a sub-
stantial flow of refrigerant through the system and the
inlet preésure, of -the compressor system, and hence the
teﬁperatﬁre in  the evaporators of the load units, will
remain rat a reasonablyr constant level so 1long as this
situation prevails. This mayv conveniently be referred to

as a plateau in the load on the compressor system and also
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in the inlet bressure against time curve. Furthermore; the

method of the invention involves turning the compressor
system off when one or more of the load units have had
their cooling demand satisfied i.e. not very long after the
pressure has started to fall from the plateau following one
or more of the load units ceasing to take refrigerant flow
because it is no longer demanding cooling.

Consequently, when a method in accordance with the
invention is used, most of the heat transfer from the load
units occurs in the vicinity of the plateau level of inlet
pressure and evaporator temperature and it will Dbecome
apparent that this means the system is operating primarily
above the band Poff'Pon of the prior art system of the left
hand side of Figure 2, and hence is operating more
efficiently in terms of energy consumed p;r unit of re-
frigeration or cooling achieved.

Various variables may be sensed to indicate'the load
on the compressor system and these will be described in
more detail below. The higher capacity period may be
terminated when the sensed variable reaches a set point
value.

It has previously been mentioned that when operating a
control method in accordance with the inventiod the com-
pressor inlet (or in the case of a heat pump system, the

outlet) pressure variation will exhibit a plateau during

PCT/GB88/00131
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the higher capacity period. Preferably, the invention

further comprises sensing the occurrence of a substantially
‘conséant lerel (or "plateau") of load on the compressor

system during its higher capecity period and automatically

adjusting the setrpoinﬁ value to a value whidh would re-

present a load- lerel below said substantially constant

level. |

For example, in a cooling s?stem the set point value
may be autometically adjusted during eacﬁ cycle to lie at
80% of the plateau level measdred in terms of absolute
value of the compressor inlet pressure, ﬁhough vaiues
between 60% and 790% may be employed depedding on the
circumstances.",a "substantially constant 1level" may be
defined for the above purpose as the pressure varying by»
less than 10% over a significant period (e.g between 307and

- 60 seconds) dof time. Also, if a variable other than
pressure is sensed, iﬁs eet point value may need to be set
at a different percentage of the plateau'value inrorder to
achieved the desiredr percentage for the pressure level
itself.

Thie preferred feature prevents  the occurrence 'ef
problems which may otherwise arise as a consequence of the
fact that the level of the plateaurwill net necessarily be
the same during eech higher capacity period, but may vary

from cycle to:cycle or drift over a substantialdperiod of
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time due to various types of change in operating"
conditions. For example, in a single compressor system
where the load units are refrigerated cabinets, the plateau
will occur at a lower value when a number of cabinets are
taken out of service, as sometimes happens in practice. If
the set point were fixed, this could result in the
compressor being switched off before the plateau level is
reached in which case adequate cooling of the remaining
cabinets would not be achieved. Inaccurate manual setting
of the set point pressure could have the same effect.
Drift may also occur in the characteristics of pressure
transducers and this could result in undesirable shift of
the effective set point in a system where the set point is
ostensibly fixed. Also, the different operating conditions
encountered in winter as combared with summer, the natural
plateau level being higher in summer than it would be in
‘winter, means that for uniform operation througﬁout the
seasons a lower set point level should be used in winter
than in summer. The preferred feature of automatic
adjustment of set point level in response to plateau level
mitigates the problems just referred to.

In order than the invention may be more clearly under-
stood, embodiments thereof will now be described with
reference to the accompanying diagrammatic drawings in

which:
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Figure 1 is a simplified illustrafion of a typical
compressor driven fefrigeration system;

.?igure 2 shows in a éimplified form the relationship
between compressor inlet pressure and time for two
differeﬁt knqu,metﬁods of controlling such a system;

Figures 73,Vshows in detail a control cycle in
accordance with the'inventioh'plus other information useful
in understanding the invention;

Figﬁre11showsdiagrammaticallyseveralcyclesofzamethod
of control in accordance with the invention;

Figureé 5 shows the components for carrying out the
- method ofrFigures 3 and 4; . L

Figure 6 is é'fIOW'chart showing the steps of a control
method according to figures 3 and 4; and

| Figure 7 shows ﬁﬁe' forﬁ of a compressor outlet
pressure,cycle,inra heaﬁ pump heating system.

The refrigeration system of Figure 1 is typical of
- systems that might be found in, for example, supermarkets,
where a number of réfrigeratidn cabinets need to be kept
cold and have their_temberatUres controlled. There may be

any number. of cabinété;'six or more being typical, but for

simplicity the Figure 1 system is shown with three. A

compressor 2 feeds 'compressed gaseous refrigerant to
condenser U4 wbere it is cohdenséd to liquid which flows to
a receiver or reservoirr6. From the receiver it flows on
three paraliel paths through threé evaporators {one per

cabinet) indicated at 8 and from the evaporators back to

PCT/GB88/00131
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the compressor 2 in gaseous form, the liquid refrigerant
having evaporated within the evaporators to produce the
qooling effect. In standard manner, expansion valves 10
precede the evaporators 8 and are automatically controlled
in known manner so as to maintain correct conditions within
the evaporators. Each cabinet is ©provided with a
temperature sensor 12 which exercises thermostatic control
over an on/off value 14 for that particular cabinet. Thus,
each evaporator only takes liquid refrigerant from the
receiver when the temperature of 1its associated cabinet has
risen to such a level that it requires further cooling.
The 1eft—handrgraph in Figure 2 iilustrates the use of
a control method in which the compressor inlet pressure
(which is related to the evaporator temperature when re-
frigerant is boiling in the evaporator) is measured and
compared with a set point value Poff which is set so low
that the pressure will fall Dbelow it only when all three
evaporators have been turned off by their own thermostatic
temperature conrol systems. Consequently, so long as any
one of the evaporators is working, the compressor will be
running, but with its inlet pressure varying according to
how many evaporators are on. The compressor inlet pressure

would be approximately at either level 3, 2 or 1 illu-
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strated in FigureVZ according to whether three, two or one
evaporétors are operating, andrwould fall to the 1level O
only when all the evaporators were turned off, rso that it
is only in thié condition that the compressor itself would
be turned off. Pressure then rises until POn is reached,
when the compressor is re-started. With such a system, at
times when the demand for refrigeration is low, then the
compressor inlet pressure is permitted to become very low,
and the  evaporétor 'temperatures will be- corregpondingly
low, and in these conditions the efficiency of the system
is very poor in ferms of heat removal per unit of energy
inpdt. A further and substantial disadvantage of this
method of control is that the "very low evaporator
temperature causes excessivericing with therattendant in-
convenience and cost,df.haVing to defrost the cabinets more
often whilst, undésirablyP the product in themrwarms up.
Another is that certain food productsrwill ha&e ﬁoisture
removed frém them excessively.

These éroblems are avoided by using a control system
which aé illustrated in the right;hand gfaph of Figure 2

has two set point values P__ and P, which are set

ff
relatively close together and are both quite high. This
necessarily prevents the ~compressor inlet pressure from

ever falling to low values but at the same time, when the

demand for refrigeration is low, so that the compressor
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inlet pressure falls very rapidly when the compressor is
on, the operating cycles of the compressor become very
short and the start per hour rating of the compressor will
be exceeded so that the compressor will be subject to ex-
cessive wear and its servicing and repair costs, and the
frequent inconvenience of servicing, will be 'un-
acceptable.

Reference will now be made to the full line curve in
Figure 3 to explain the type of cycle that is repeatedly
produced by using a control method in accordance with the
invention to control a cooling or refrigeration system such
as that shown in Figure 1. At the beginning 16 of the
compressor on period of the cxcle, the compressor will have
been off for some while, any liquid refrigerant in the
evaporators of the cabinets will have evaporated to gas and
the gas will have warmed up to a greater or lesser degree.
In this condition, the compressor inlet pressure bears no
particular relationship to the gas temperaturé. Also at
the beginning of the on period, and for reasons described
below a majority of the cabinets (preferably at least 75%,
for example 5 out of 6) will have their thermostatically
controlled valves 14 open i.e. they are demanding cooling.
When the compressor is switched on, the pressure initially
falls very rapidly as the gas is pumped out of the

evaporators. This is indicated by the steeply falling part
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18 of éhe_curve in Figure 6; At the point indicated at 20,
the eibénSion,valvesrof the cabinets open and liquid re-
frigerant starts ﬁo flow into the evaporatofs and to
evaporate in them. When the expansion valves have been
open for a little while, the rate of évaporation of re-
- frigerant liquid inrthe evaporatdrs reaches a relatively
high 1éyelrsuch'that the pressure stops falling or falls
only gradually, in  part 22 of the éufve; Becausg the
demand for codling iérhigh, there will be a total flow of
fefrigerant through the individual cabinét cooling systems
which approaches the maximum amount of flow possible, and
consequently the plateau 22 in Vthe compressor inlet
pressure wiil ocecur at a relatively high level e.g., with
refrigerant R502, and with-chiil (produce temperature +4°¢)
cabinets as. a idad, at ébdut 2.8 bar gauge pressure. .A
major part of the reffigération of the cabinets will occur
during this phase of the cycle, and therefore at relatively
highréfficiency. In -contrast, a pump-downrcontrol system
as iliustrated,on the left ianigure 2 would typically
operate at an average ﬁressuré of about 1.8 bar gauge.under
the saﬁe conditions. VWhenrusing the invention, the plateau
would occur atrtherthree-cabinet running level of Figure 2,
i.e. at a higher pressure (above say 2.1 bar) than is ever
reached by therpump-qunVSYStem when the latter is running

between its Pon and Poff'values. As individual cabinets
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reach the temperatures set on their thermostats, their
thermostatic valves 14 start to close off, thus limiting
the total refrigerant flow in the system, and the pressure
starts to fall again as indicated at part 24 of the curve.

When the pressure reaches P the compressor is turned

set’
off at point 26. Pset is set (by empirically establishing
the typical level of the plateau in a given system, and
putting Pset to a value slightly lower than that) at such a
level that the pressure will not have to drop very far from
the plateau before the compressor system is switched off at
point 26. Hence only arminority, for example one or two
out of 'six, of the cabinets will have had their cooling
demand satisfied at switch-off.

Figure 3 shows a downward continuation of part 24 of
the pressure curve to illustrate in more detail how a
system operating in accordance with the left-hand side of
Figure 2 performs. Typically, Poff is set at a relatively
low value and the pressure continues to fall to that value
along the broken-line part 28 of the curve. Poff is set so
low that it will not be reached until the thermostatic
valves of all the cabinets have closed i.e. the demand for
cooling has become zero. The compressor system is then
switched off and the pressure rises along part 30 of the

curve until a pre-set value Pon is reached at which time the

pressure starts to fall again as the compressor system



WO 88/06703 , - ' PCT/GB88/00131

- 14 -
comes into operation, this being along the broken line 32.
The result is that the system cycles in the band between.

off

and sorthe system is operating at a correspondingly 1low

P and POrl which lies in a relatively low pressure range

average efflclency

The 1nventlon achieves greater efficiency because of
“the high level of plateau 22.

Wlth the compressor off, the compressor inlet pressure
initially rises very rapidly because the expansion valves
are opeh; SOme of the thermostatic valves are open, and so
liquid:is entering the evaporators and boiling in them.

rThiS is shqwn at part 3470f the.curVe and during this phase

open thermostatic valves may or may th closé. _When the
pressure reaches a certainrvalue, to which the expansion
valve controls have been set, the expansion valves close

and the remaining refﬁigebant'in the evaporatofs boils off

during partr36 of the cﬁrve.r When all the liquid has
boiled off; ﬁhe préssurevat'the compressor inlet risés only
slowli and at a decreasing rate zas the,gas at that point
becomes gradually warmer, this happening along part 38 of

the curve. | '

The dff period is controlled as will be described so'
as to be SUfficiently lqng tﬁat at the end of it a majority

of the cabinets will once again be demanding cooling.
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Before referring to Figure 4 it should be mentioned
‘that, for control purposes, the pressure at the inlet of
the compressor only has significance when it is fairly
close to the pressure at which refrigerant is boiling in
one or more of the evaporators of the system. For this
reason, any pressure measurements made at the peak of part
18 of the Figure 3 curve would not be significant. They
only become significant at a point shortly after (perhaps
five seconds after) the compressor has been switched on, as
indicated at Y40 in Figure 3, at which time it will be
certain that 1liquid has entered one or more of the
evaporators, and that therefore the compressor inlet is
approximately at the pressure under which that liquid is
boiling therein.

Figure 4 shows the variation of fhe on and off periods
of a compressor controlled by the method of the invention
over several cycles. For simplicity only, the pressure
rises and falls are shown as straight lines (though in
reality they would be Figure 3-type curves), and the
pressures at which the compressor is shown being switched
on and off in Figure Y4 actually represent the points 40 and
26 in Figure 3, in accordance with the explanation just
given.

In Figure L4, the compressor is run for a period

Ton which is terminated when the compressor inlet pressure



WO 88/06703 | B | | PCT/GB88/00131
- 16 =

reaches the set péiht Pset" The compressor is then turned
off for a calculated period of time T gy Which may be equal
for examﬁle to four minutes. ~ After the off period, the
oompressér is turned on again ﬁntil thé inlet pressurerhas
again fallen to Psetf, The off period ofrthe compressor is
derived (as explained below witﬁ reference to Figure 6)
with reference to the timé that it takes for compressor
inlet pressure to fall'to Pset after the compressor has been
turned on, this time being taken as a characteristic in-
dicative of the'léad on thefcompressor system. If the on
beriod beéomerundesirably short (for example less than two
minutes)rdue t§ low load, then the subsequent period Toff
is extended so as to increase the length of the subsequent
period Ton'énd'hence the length of the ﬁext eycle. As well
aé achieving high efficiency, this also tends to ensure
that %he total'cydlé timé wili:be long enough for the
number of Starts ﬁef hour of the compressor rarely-if ever
to exceed its rated Valﬁe. |
From the above, it can be seen that in accordance with
therinventioﬁ_insofar és a fixed Set point value is uséd,
only a'single set point preésure vélue has to be set when
the system is being installed, and consequently only a
single vélué has to be adjusted in drder ﬁo adjust the

- operation of the system.
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Figure 5 shows hardware required to operate the
control method of Figures 3 and 4, including a compressor
inlet pressure sensor 42, an inlet pressure set point
device LU, and a source of time pulses 46 all of which feed
their outputs to a controller 48. The controller may be a
diéital controller which operates in accordance with the
flow chart shown in Figure 6 and provides an output signal
on line 50 which opens and closes a contéctor 52 to switeh
the compressor 2 off and on. The time factor used in con-
trolling the compressor cycles is derived with reference to
the time pulses produced by the source u6.

Figure 6 is a flow chart showing the operation of the
controller 48 in order to perform the control method of
Figures 3 and 4. Initially Toff/set is set to four minutes,
the compressor is then started, compressor inlet pressure
is compared with Pset until they are equal at which point
the compressor is stopped, T__is recorded and the

on

compressor off period Toff/set starts to run.

If the read value of Tonis greater than two minutes
And less than fifteen minutes, the compressor is switched
on again when it has been off for four minutes.

If TOn is less than the minimum desired value of two
minutes, then Toff/set is increased in inverse proportion to
the read value of Ton’ but subject to a maximum of twelve

minutes, and during the next operating cycle the compressor
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is held off for the neW:incréased period of T sp cot- If
TOn shéuld bécpme g?eater' than fiftéen minutes, then---
Toff/set ié reducedrin'inverse>proportioh to Ton,but subject
to a minimum of four minutes, for the next cycle. The pro-
gramming of the controller 22 (Figure 5) will be arranged,
empiricélly if necessary, such that in the pérticular
system the. relationship betwen the current demand for
'coolihg as indicated by the length of the on period T_  in
- each cyle, and ﬁhe lepgth of the of f period Toff/set as cal-
culated by fhe algorithm; will result in the majority of
the cabinets demanding cooling at the end of the off
period. |

The lower limit value, in this,instance four minutes,
for T rr/set sets arlowér limitron the frequency with which
the compressor can be started and hencé'protecﬁs,it-against
being stérted at rates beyond its starts per hour rating.
The upper limit of tWelvg minutes oﬁ Toff/set avoids the
temperatures in the cabinets becoming too high. _

Alternativeiy, insfead of the iength of the off period
being determined by the programming of the controller, the
off period may be terminated in response to a sensed
characteristics of the loadrunits. When each of the load
units includes a °~ thermostat system, the sensed
characté:istic, may- be the cohdition of the thermostat

systems and, for eXample, the off period may then be
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terminated when a majority of the load units are demanding
cooling as indicated by the conditions of their thermostat
systems. Figure 5 shows 1in chain-dotted lines 56
connections from the three thermostat switches 12 of Figure
1 by means of which the controller is informed of the
conditions of the thermostatic switches and hence can be
programmed to detect the closure of a majority of them and
in response switch on the compressor system via line 2U4.

In a system which is not subject to major variations
in load, it is possible for the off period actually to be
fixed at -length which can be relied on to allow the
majority of the load units to be demanding cooling when the
cohpressor system 1is switched on, though provision may be
made for manual adjustment of the length of the off period
in the event that monitprjng of the system indicates that
the desired pattern of operation is not in practice being
achieved.

So far as the on period is concerned, this is simply
terminated when one or more of the load units have ceased
to demand cooling, i.e. not very long after the compressor
system inlet pressure has dropped from the plateau 22, by
appropriately setting the value Pset'

However, other variables may be sensed in order to
detect the falling load on the compressor system which 1is

indicative of the plateau region having been passed. VWhen
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the compressor'sysﬁem js electrically powered, the current
consumption, power consdmbtion and power factor of the
motor or ﬁotors'will all be reduced as the load on the
system falls from the piateau’and,hence, as illustrated in
Figure 5, a senéing unit 58 may be associated with the
power supply torthe compressor motor to sense current con-
sumption, power consumption;'or power factor. Suitable
sensing units are readily available and therefore need not
be further described. The output from sensing unit 58 ié
sent by line 60 to the controller'48, where it will be. com-~
rparéd with the output df the set point device LY to detect
when thelload,'féllihg from its plateau level, reaches the
set point value. Of course, the set point device LY will
be arranged to deliver“a set pdint signal indicative not of
a set point pressure, but of a set point current con-
sumption, power cbnsumption or powér factor value.

It will be evident that the lengths of the on period
Vand the off period may be'determinéd independently"of each

'_other by'separate systems so lbng as those systems are com-

patib;e with each other. |

It has been mentioned that it is advantageous to vary
Pset’or whateverraltefnatiQe set point value may be em-
iployed,'automaticallyrin fésponSe to the level at which the
plateau 22 occurs, becauée although the plateau 22 Will

necessarily occur at a relatively high level owing to the
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high load existing at the beginning of the on period, its
exacf level will vary according to operating conditions at
the time. To achieve this, the controller 48 may Dbe pro-
grammed SO as to monitor a variable indicative of load, for
example compressor inlet pressure from pressure sensor 42,
the number of thermostatic valves open as indicated on
lines 56, or one of the electrical parameters of the power
supply as indicated by unit 58, to recognise when that
measured variable does not-change by more than 10%, or pre-
ferably 5%, during a predetermined period of time, and to
treat the detection of that occurrence as an indication
that the plateau level 22 is then occurring. It can further
be programmed to then brovide on line 62 a signal effective
to adjust the set point device 18 so that it will give a set
point output value to the controller equal to, for example,v
80% of the measured value in absolute units of the plateau
level.

In certain installations, there may be a small
minority of load units which warm up more quickly, or cool
more slowly, than the rest. 1In that event, the controller
48 may be programmed to operate a modified control method
in which, instead of turning the compressor off asrsoon as
the 80% (of plateau) level is reached, the compressor is
held on until either a lower, e.g. 50%, level is reached

or until a further predetermined time (e.g. one minute) has
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elapsed, whichever occ-ufs ‘sbo'.rier'. On occasions, when the
unit or uhits which tend to run warmer do not need extra
cooling, they willrhardly get any because the pressdre will
fall rapidly from the 80% level to the 50% level, but when
they do need extra éooling the fall will berslower and they
will receive cooling for up to a further minﬁte. When
using the Figure 6 aigorithm, it may be modified so that
T,y 1S the time taken to reach set point rather than the
complete peribd 'up until actual switch-off. The
requirement that a majofity of the éabinets demand cooling
at the start of tﬁe next on §eriod is not disturbed.

It should pe appreciatedrthat a method according to
the invention can be applied to a multiple-capacity com-
pressor s&stem which runs at more than dne different level
of capacity,durigg'a compressor on period, but not at all
during the off beriod; In that event, steps may occur in
the plateau level when an additional capacity étage is
switched in but nevertheless it ié possiblerto detect the
fall.in load ffom the end of the plateau by any of the
techniqueS'referréd to above.

It has previously been mentioned that the methddrpf
the inveﬁtion may be applied to a compreséor s?stem which
includes one, preferably relatively low capacity, com-
pressor which runs all the time, and a main compressor
which is operated_in cycles, the,purpdse of the small com-
preésor béing to ensure that liquid refrigerant does not
accumulate on thé outlet sides of the evaporators which

will be capable of damaging the main compressor when it is
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switched on. In such a system, the continuous running of

the small compreésor would depress the level of the maximum

pressure reached at the inlet of the main compressor as

indicated by the broken line curve parts 18' and 38 shown
in Figure 3. The pressure reduction may be even greater

than is illustrated. |

A control method in accordance with the invention can
be applied to air conditioning, where the principies
involved are the same as those in refrigeration. Further-
more, it can be applied to heat pumps. Heat pump systems
are equivalent to refrigeration systgms except that the
purpose is to deliver heat in the condenser rather than
remove it in the evaporator. Consequently, in applying the
invention to heat pumps, it would be the compressor outlet
pressure that is measured rather than its inlet pressure,
this being an indication of the variable which it 1is
intended to control, namely the temperature at which re-
frigerant is condensing in the condenser.

Figure 7 shows how this outlet pressure varies
throughout a cycle in a manner opposite to that of the
inlet pressure. The outlet pressure rises whilst the com-
pressor is on and, provided that a majority of the heat
pump output units are demanding heating at the time when
‘the compressor is switched on, there is a plateau as shown

at 22' at a relatively low pressure level, which represents
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efficient operation of the heat pﬁmprsystem, Following the
plateau, the cqmpressdr outlet pressure starts rising again
as the heating demand from the,output'units falls, and the
on period is then terminated in a similar manner to that
used in the refrigeration system described in more detail.
For example, the level of the plateau may be sensed, and a
set point value may be set in reéponse to that sensiné at a
level which is a deSifed percentage higher than thé plateau
level so_és to ensure that the compressor is switched off
relatively soon after the ,demand from the output wunits
starts to féll. The compressor is then held off, for
example in the ways alreadyrdescribed in relation to a re-
ffigeration,syétem, for a sufficient period that when it
comes on againrét least a majority of the output unité are
again demanding heatingQ

Other attempté have béen_made to achieve the benefits
of the present invention. . For example, a rectifier/-
inverter has been used to convert the mains frequency to a
variabler frequency so-'as  to run the compressor at a
variable speed to match ﬁhe fefrigeration demand, but this
is complex and expensive.

Othérrarrangeménts'for seeking to match capacity to
demand include mechanical érrangementsffor shuttihg off a
nﬁmbeb of ~the cylinderé of a compressor to reduce its

capacity, over re-expansion'compressors in which the com-

i
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pression ratio can-be changed to alter the capacity, and
multiple compressors which can be switched on in varying
numbers. In some applications, a control method of the
present invention applied to a simple single compressor may
achieved similar results to these more complex systems.
However, the invention can also be applied to the control

of such systems to improve their efficiency.
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CLAIMS:

1. A method of controlling a compressor driven
vapour compression heat movement system in thch a commdn
compressor syStem heatsv or cools a plurality of load
units and is cpérated in c¢cycles eaqh of which include a
compressor system-highehrcapacity period and a compressor
system. lower capacity périod, characterised in that the
lower capacity period is made sufficiently long that when
the compressor system is switched to the higher capacity
a majority~of the load units are demanding heating or
cooling and that the higher: capacity"period is made
'sufficiently long that when the compressor system is
switched to lower capacity one or more of the load units

have had their heating or cooling demand satisfied.

2. A method as claimed in claim 1, wherein the
lower capacity period is controlled so as to be

sufficiently long.

3. A method as claimed in claim 2, wherein the
length of the lower capacity period is controlled in
dependence  upon the length of the preceding higher

capacity period.
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4. A method as claimed in claim.-2,.wherein the
lower capacity period is terminated in response to a

sensed characteristic of the load units.

5. A method as claimed in claim 4, wherein the load
units each include a thermostat system, and the sensed

characteristic is the condition of the thermostat

systems.

6. A method as claimed in claim 1, wherein the
length of the lower capacity period 1is fixed at a

sufficiently long value.

T. A method as claimed in any preceding claim,

wherein said majority is at least 75%.

8. A method as claimed in any preceding'claim,
comprising sensing-a variable which represents the load
on the compressor system and utilising the value of the
sensed variable in terminating the higher capacity

period.

9. A method as claimed in claim 8, comprising term-
inating the higher -capacity period when the sensed
variable indicates that the load on the compressor system

has fallen from a substantially constant load level.

e mape s P L TRANNES
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10. A method as claimed in claim 8 or claim 9,
wherein the system is a coolihg system and the sensed

variable is the compressor system inlet pressure.

11. A method as claimed in claim 8 or claim 9,
wherein the system is a heating system and the sensed

variable is the compressor system outlet pressure.

12. A method as claimed in claim 8 or claim 9,
whereinrﬁhe compreésor,system is electrically powered and

the sensed variable is its current consumption.

13. A method as claimed in claim 8 or claim 9,
wherein the compressor system is electrically powered and

the sensed variable is its power consumption.

14. A method as claimed in claim 8 or claim 9,
‘wherein the compressor system is electricélly powered and

the sensed variable is its power factor.

15. A method'as claimed in claim 8 or claim 9,
wherein the load'units each include a thermostat system
and the sensed variable is the number of thermostat

systems demanding heating or cooling.

16. A method as claimed in any one of claims 8 to
15, comprising terminating the higher capacity period

when'the sensed variable reaches a set point Qalue.

SUBSTITUTE SHEET
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17. A method as claimed in any one of Claims 8 to 15
comprising establishing a set point value for the sensed
variable and terminating the higher capacity period
either when a predetermined period has elapsed after the
sensed variable reaches the set point value, or when the
sensed variable reaches a predetermined value different

from the set point value, whichever is the sooner.

18. A method as claimed in Claim 16 or Claim 17,
comprising sensing the occurrence of a substantially
constant level of load on the compressor system during
its higher capacity period and automatically adjusting
the set point value to a value which would represent a

load level lower than said substantially constant value.

19. A method as claimed in Claim 18, wherein the
system is a cooling system and the set point value is set
'such that when the sensed variable reaches the set point
value the compressor inlet pressure is between 60% and
90% of the absolute value which it has when the load is

at said substantially constant level.

20. A method as claimed in any preceding claim,
wherein the compressor system consists of a compressor:
and the higher capacity mode is when the compressor is on
and the lower capacity mode is when the compressor is

off.
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21; 4 method as claimed in any one of Claims 1 to
16, wheréin t5¢ compressor Syétem includes a plurality of
compressors, ‘and in 'tr‘ne higher -capacity mode at least
some of the compressors are running and in the lower
capacity:modéra lésser,:fixed number which may be'zéro,

are running.

22. A method of controlling a compressor driven
vapour compréSsion heat movement system in which a common
compressor system heats or cools a plurality' of load

units and is,operated in cycles each of which include a

compressor systenm higherVCapacity period and a compressor

systém lower capacity period, characterised ih that the
lower capacity period is made sufficiently long that when
the eompressob system is switched to the higher capacity
a majority of the load units are demanding heating or
cooling and that the duratioﬁ of the higheﬁ capacity
period is controlled by monitoring a variable which
represents the Vload on the compressor system and

terminating therhigheb capacity period when the sensed

variable indicates that the load on the compréssdr syétem

has fallen'from;a substantially constant level.

23. A method as claimed in Claimm 22 including the
further features specified in any of Claims 2 to 7 or 10

to 21.

| GHEET
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24, A compressor driven vapour compression heat
movement system in which a common compressor system heats
or cools a plurality of load units, and comprsing control
means which controls the cémpressor system to operate in
cycles each of which include a compressor system higher
capacity period and a compressor system lower capacity
period, the control means being adapted to make the lower
capacity period sufficiently long that when the
compressor system is switched to the higher capacity a
majority of the load units are demanding heating or
cooling and to make the higher capacity period
sufficiently long that when the compressor system is
switched to lower capacity one or more of the load units

nave had their heating or cooling demand satisfied.

25. A system as claimed in Claim 24, wherein the
control means is adapted to control the lower capacity

period so as to be sufficiently long.

26. A system as claimed in Claim 25, wherein the
control means is adapted to sense the length of the
higher capacity period and to control the length of the

lower capacity period in dependence thereon.

27. A system as claimed in Claim 25, comprising
means for sensing a characteristic of the load units,
wherein the control means is adapted to terminate the

lower capacity period in response to the sensing means.

SUBSTITUTE SHEET



WO 88/06703 PCT/GB88/00131

-32-

28. A system as claimed in Claim 27, wherein the
1oad units each include a thermostat system, and the
sensing means senses the condition of the thermostat

system.

29. A system as claimed in Claim 24, wherein the
control means is adapted to fix the length of the lower

capacity period at a sufficiently long value.

30. A system as claimed in any of Claims 24 to 29,

wherein said majority is at least T75%.

31. A system as claimed in any of Claims 24 to 30,
Qomprising:meansrfér,senéing a variable which represents
therldﬁd'on the compressor system, the control means
being adapted fo utilise ﬁhe value of the sensed variable

in terminating the}higher capacity period.

32. A system aé Qlaimed in Cléim 31, wheréin the
control means is adaptéd to terminate the higher capacity
period whenrfhe senééd variablé indicates ﬁhat the loéd
on the compreséor systém has fallen from a substantially

constant load level.
33. A system as claimed in Claim 31 or Claim 32,

which is a cooling system and wherein the sensed variable

is the compressor system inlet pressure.
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34, A system as claimed in Claim 31 or Claim 32,
4hich is a heating system and wherein the sensed variable

is the compressor system outlet pressure.

35. A system as claimed in Claim 31 or Claim 32,
wherein the compressor system is electrically powered and

the variable sensed by the sensing means is its current

consumption.

36. A system as claimed in Claim 31 or Claim 32,
wherein the compressor system'is electrically powered and
the variable sensed by the sensing means is its power

consumption.

37. A system as claimed in Claim 31 or Claim 32,
wherein the compressor system is electrically powered and

the variable sensed by the sensing means is its power

factor.

38. A system as claimed in Claim 31 or Claim 32,
wherein the load units each include a thermostat system
and the variable sensed by the sensing means is the
number ~of thermostat systems demanding heating or

cooling.

39. A system as claimed in any one of Claims 31 to

38, wherein the control means is adapted to terminate the

SUBSTITUTE SHEET
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higher capacity period when the sensed variable reaches a

set point value.

4o. A Sjstem as claimed in any one of Clai&s 31 to
38 wherein the controi,means is adapted to establish a
set point value, and includes means for detecting when
the sensed variable reaches the set»point'value, timing
means for defiﬁing a predetermined periodrfollowing said
detection, means for terminating the on beriod, and means
for acti?ating- said terminating means either at the
expiry of the predeterminéd period or when the sensed
variable'beaches a predetermined value different from the

set point value, whichever is the sooner.

41. A system as claimed in Ciaim 39 or U0, wherein
the cohtrol means is adapted to sense the occurrence of a
substantially coﬁstant,levelrof load on the compressor
sysﬁem during - its highter 'capacity périod and rtor
aﬁtomatically adjust the set point valué to a value.which
would represent a load level lower than said

substantially constant value.

42. A system as claimed in Claim 41, wﬁicb is a
cooling system.and Qhérein the control means is adaptéd
to set the sét point value such that when the sensed
variable reaches the set point value thé‘compressor inlet .

pressure is between 60% and 90% of the absolute value
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which it has when the load is at said substantially

constant level.

43. A system as claimed in any one of Claims 24 to 42,
wherein the compressor system consists of a compressor
and the higher capacity mode is when the compressor is on
and the lower capacity mode is when the compressor is

off.

44, A system as claimed in any one of Claims 24 to 42,
wherein the compressor system includes a plurality of
compressors, and in the higher capacity mode at least
some of the compressors are runring and in the lower
capacity mode a lesser, fixed number which may be zero,

are running.

45. A compressor driven vapour compression heat
movement system in which a common compressor system .heats
or cools a plurality of load units, comprising control
means which controls the system to operate in eycles each
of which include a compressor system higher capacity
period and a compressor system lower capacity period, the
control means being adapted to make the lower capacity
period sufficiently long that when the compressor system
is switched to the higher capacity a majority of the load
units are demanding heating or cooling and to control the

duration of the higher capacity period by monitoring a
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variable which repnesents the load on the compressor
system and termina@ing the higher capacity period when
the sensed variable indicates 'that the rload on the
compressor system nas fallen from a substantially

constant level.

L6. A system as claimed in Claim 45, including the
further features specified in any of Claims 26 to 31 or

34 to 4i.

MT( A control means for contrblling a compressor
driven vaponr compression heat movement system in which a
common compressor system heats or cools a plurality of
load units, the'control means comprising an input for
receiving a signal' Pepresenting the 1load on the

'ﬁ*compnessor syseem,,means for detecting when the signal
represents a substantially constant level of load, and
means for utilising said detection in generating a
control signal usable to switch the compressor system to
a,lowen capecity modei

n

48. A control means as claimed in Claim 47 wherein
the means for'utilising said deﬁection in generating e
controlrsignal includes means for providing a set point
signal representing a predetermined fraction of the
substanﬁially constant load level, means for detecting

when the signal representing load reaches the value of
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the set point signal, and means for generating said

control signal in dependence upon said detection.

49. A control means as claimed in Claim 48 wherein
the means for generating said control signal is

immediately responsive to said detection.

50. A control means as claimed in Claim 48 wherein
the means for generating said control signal includes
timing means for defining a predetermined period
following said detection, means for defining a value
different from the set point value, and means for
producing said control signal when the predetermined
period has expired or the signal representing load has

reached said different value, whichever is the sooner.
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