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(57) Abstract

A control system for an air con-
ditioning system including a single or

multiple air conditioning units (10,
91-94) for a plurality of zones (11-14).
A temperature sensor (21-24) is located

at each zone (11-14). A target tempera-

&
[

ture setting means (31) enables the user

to set a respective target temperature
for each zone. A central controller (25)

includes a logic circuit (32) receiving a
respective target temperature signal for

s

each zone from the target temperature

setting means (31) and is responsive to
the temperature sensors (21-24) to de-

termine the zones requiring heated air
or cooled air. The central controller
(25) includes command means (33, L
95-98) responsive to the logic circuit

42
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(32) to control the supply of condi-

tioned air to the zones. Where there is a central air conditioning unit (10), a ducting system (15) conveys the conditioned air from

the central air conditioning unit (10) to the plurality of zones (11

-14) and the command means (33) comprises a flow command

means coupled to flow controllers (16-19) such as dampers in the ducting system controlling flow to each zone. When a particular
zone temperature is substantially at its target temperature the logic circuit (32) causes the respective damper to close the ducting
system (15) supplying conditioned air to that zone. The logic means (32) includes all zone satisfaction test means (45) to deter-

mine whether all zones are at their target temperatures and, if so,

to open all of the dampers to the zones. When there are several

air conditioning units (91-94), the command means comprises air conditioning unit switching means (95-98) operative to control

the various air conditioning units (91-94).
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ATR CONDITIONING SYSTEM CONTROL

This  invention relates to air conditioning systems and
particularly to control systems therefor.

Air conditioning systems which are used for supplying conditioned
alr to several zones generally rely on a thermostat being provided in
each 2zone. One known system relies on varying the volume of air
supplied to each zone in response to thermostats provided in the
zones. Such a system generally relies on variable control of dampers
provided in the ducting system. A central control may be provided
responsive to the thermostats and operative to average the input from
the thermostats to determine whether the central air conditioning
system 1s to operate in a heating or cooling mode. A disadvantage of
this system is the need for relatively expensive thermostats in each
zone, Another disadvantage is the ability of heating or cooling
requirements at one zone having an undue influence on the control and
operation of the central air conditioning system vresulting in a
majority of zonmes being overridden by a minority, or at least the
possibility of user manipulation of the thermostats at different
zones having undesirable effects at other zones.

It is an object of the present invention to provide an air
conditioning systemn control and an air conditioning systenm
incorporating a control which is relatively simple and effective in
operation.

It is a further and preferred object of the present invention
to provide an air conditioning system control for a
plurality of zones and which is relatively simple to install and
which enables centralised control of the operation of the air
conditioning system, particularly the temperatures in each of the
zones.

According to the present invention there is provided a control
system for an air conditioning system. the air conditioning svstem
including air conditioning means for supplying conditioned air for a
plurality of zones; the control system being characterised by a
plurality of temperature sensors, each one of the temperature sensors
being located in use at a respective one of the zones and being

operative to sense and indicate the temperature in the respective
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zone: a central controller coupled in use to the air conditioning

means and being operative to controi operation thereof, a target

temperature setting means for enabling a user to set a respective

temperature for each zone, the central controller including a
logic circuit receiving

target

a8 respective target temperature signal for

each zone from the target temperature setting means and coupled in

use to the temperature sensors and responsive to the temperature

sensors to determine the zones requiring heated air or cooled air to

reach their respective target temperatures, the central controlier

including command means responsive to the operation of the logic

circuit to control the supply of conditioned air to the zones and

thereby control the temperature in the zones.

Ir one possible embodiment in which the air conditioning means
comprises a central air conditioning unit for supplying
air for the pluralitv of zones,
further includes

- conditioned
and the air conditioning svstern
2 ducting system for conveying the conditioned air
from the central air conditioning unit to the Plurality of zones. the

ducting svstem including the plurality of flow controllers for

controlling the flow of conditioned air through the ducting
the zones.

system to
each one of the zones having a respective one of the flow

controllers associated therewith, the control svstenm 1s characterised

in that the command means comprises a flow command means coupled in

use to the flow controllers of the air conditioning svster an

ocperative tec contre! the flow controliers in

[+ X

Yesponse to th
operation of the logic circuit so as to control the flow of

1]

conditioned air to .the zones and thereby control the temperature in
the zomes.

Preferaby each of the temperature sensors comprises a passive

element responsive to the temperature in the associated zone, such as

2 thermistor, the electrical properties cf the passive element

varving in a predetermined manner in response to temperature changes.

g

timer svster mav  be connected to the central controller. the

timer svstex beinz selectivelv adjustable so as to enable usey

determination of the times at vhich the central air conditioning unit
is operabile,

In the preferred embodiment the logic means further includes mode

control means operabie to determine and controi whether the centrz’

L=

air conditioning unit 1s to operate in a heating mode or a cooling
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mode at any particular time. Preferably the mode control means
comprises a dominant need test means responsive to the temperature
sensors and operative when there are zZones requiring heating and
further zones requiring cooling to reach their target temperatures,
tc determine a need demand constituted by a need of the particular
zone which has its  temperature indicated by its respective
temperature sensor that is furthest from the target temperature for
that particular zone, the mode control means being responsive to the
dominant need test means to operate the central air conditioning unit
in a heating or cooling mode.

The {flow command means may be responsive to a determination of
the 1logic circuit that a particular zone temperature is substantiallv
at its target temperature to cause the associated respective fliow
controller to close the ducting Svstem supplying conditioned air to
that zone. When designed for use with an air conditioning contro!l
svstem having a by-pass duct and associated flow controller in the
bv-pass duct, the by-pass duct being arranged to convev conditioned
air from the central air conditioning unit back to the unit without
havinz been introduced to anv one of the zones. the flow command
means preferably includes by-pass commands means for controlling
cperation of the flow controller in the bv-pass duct, the lozic
circuit being operative to cause the bv-pass command means to opex
the flow controller in the hv-pass duct if a predetermined nugher cof

are closed at 2

[17]
o3

the flow contrellers associated with the zone
pariicular time so as to maintain a predetermined volume of flow of
conditioned air from the central air conditioning unit.

The logic circuit preferably includes all Zone satisfaction test
means operative to determine whether all zones are at respective
temperatures substantiallv equal to their target temperatures and, if
§C. to control the flow command means to open all of the fiow
controllers to the 2zones so as to supplv air to all zones
sizvltaneously for maintaining an air circulation through the zones.

The central controller preferably includes a control setting
means  including the target temperature settinz means which is user
operable at the central controlier to select the target temperature
fcr each zone. in this embodiment the control setting means

preferablv includes disablement means which 4s user operabic

<

T~
..

¢

disable a2 selected one or more particular disabled zones. the

[ d]

LOW
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command means being responsive to the disablement means to close the

flow controllers in the ducts leading to the selected disabled zones
S0 that no conditioned air is supplied to those disabled zones,

An  ambient temperature sensor mav be provided for sensing ambient

temperature. the central controller including an ambient co
responsive to the

mpensator
ambient temperature sensor to automaticallv shift

the selected target temperature for each zone towards the ambient

temperature when the ambient temperature is different from the ta
temperature by

rget
a predetermined substantial amount so as to therebv

autoratically improve the comfort of occupants moving intc the zones

from ambient conditions or vice versa.
Instead of a system with a single air conditioninz unit and
ducting. the air conditioning means mav comprise

a pluralirv of aiy

conditioning units associated with respective ones of the pluralitv

of zones for supplying conditioned air for the associated zones, the

control system  being characterised in that the command means

comprises air conditioning unit switching means coupled in use to the

plurality of air conditioning units and operative to control the air

conditioning units in response to the operation of the logic zivecuit

€0 as to control the supply of conditioned air to the associated

zones and therebv control the temperature in the zones.

-The present invention also provides an air conditioninz svsten

Ho

includinzg a central air conditioning unit fer supplving cenditioned

air for a pluralitv of Zones, a ducting svstem for conveving the

conditioned air from the central air conditioninz wunit to the

plurality of zones, the ducting svstem including a plurality of fiow

controllers for controllinz the flow of conditioned air through the

ducting system to the zones, each one of the zopes having a

respective associated one of the flow controllers; and a control

invention and operative to control operation
of the air conditioning unit and the flow controllers,

svstem accordinzg to the

Preferably each fiouw controller comprises a damper which is
movable between two operahle positions comprising a fuliv opern
position in which conditioned air flow through ducting svstenm past

the damper is allowed an

£,

a closed position in which conditioned giy

flow therethrough is s substantially preventecd., the fiow command means

causinz the respective dampers to move between their fuliv o]

'U
'.'."

Toanc

closed positions without rezaining in anv intermediate pesition

0n

-

-
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Possible and preferred features of the present invention will now
be described with particular reference to the accompanying drawings.
However it is to be understood that the features iliustrated in and
described with reference to the drawings are not to be construed as
limiting on the scope of the invention. In the drawings:

Fig. 1 is a schematic block diagram of an air conditioning system
embodying and incorporating a control system according to a preferred
embodiment of the present invention,

Fig. 2 dis a block diagram of a control svstem embodying the
present invention. and

Fig. 3 1is a schematic block diagram of a control svsten for
controlling a number of air conditioning units. '

The air conditioning svstem din Figz, 1 includes 2 central aiv
conditioning wunit 10 for supplying conditioned air for a pluralitv of
zones 11.12,13,14, four being shown but a greater number being
possible, The air conditioning system includes a ducting system 15
for conveying conditioned air from the central air conditioning unit
10 to the plurality of zones 11-14. the ducting svstem 15 including a
plurality of flow controllers 16.,17.18.19 for centyolling conditioned
air flow to the zonmes 11-14. each of the flow controllers 16-19 being
associated with a vrespective one of the pluralitv of zones 1i-14.
The control svster includes a pluralitv of temperature sensors
21.22.23.24, each one of the temperature sensors 21-24 being in use
located at a respective one of the zomes 11-14 and being operative to
sense the temperature in its respective zone. A central controller
25 is operative to control operation of the central air conditioning
unit 10, the central controller 25 being coupled to each temperature
sensor 21-24 so as to be responsive thereto and operative to control
operation of the flow controllers 16-19 of the ducting svstem so as
to control the temperature of each of the zones.

The central - air conditioning wunit 10 mav bhe generallv of

conventional! construction and operation. The ducting svsten 13 m

PO
mal

also be generall" conventional in comprising insulated ducting
passing from the central air conditioning wunit 10 +via main and
branched ducts extending to the zones 11-14. The Z0nes mav comprise

individual rooms or groups of rooms. The ducting svaten a

n
-
n

generallv known mav inciude a return air duct 26 for returnin

the central air conditioning unit 10. The central air condationine
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unit mayv additionallv draw a proportion of its air from externallv of

the building where the system is installed as shown at 27

-l o

The flow controllers 16-19 of the ducting system mav comprise

dampers which mav he generallv of the construction and operation

known 1in the art. Preferablv the dampers move between two onlv

operative positions, namely a fully open position in which air flow

through the damper is allowed. and a closed position in which air

flow is prevented. Intermediate flow positions in which flow is

permitted but restricted is possible although in the preferred

embodiment is not essential.

The temperature sensor 21-24 located at each of the zones 11-14

may comprise a passive element responsive to the zone temperature.

e.2. a thermistor,

al air

The central controlier 25 is operative to switch the centr

conditioning unit 10 between on and off conditions, Associated with

the central controller 25 for this purpose there is gz timer 30 which

is selectivelw adjustable so as to determine the time or times at

which the central air conditioning wunit 10 will be operable, The

timer 30 is user adjustable for determining the time or times of dav

when the air conditioning system will be operable. The timer 30 mav

include. 1n addition to time eI dav controi means., time of vear

control! means. This time of vear controi fTeans mav include not onlv

dav determininz means te.8. to enable user control of the davs of the

week on which the air condi ioning svstem will be operablie;, but aiso

to enable pre-selection and programming of davs of the vear when the

air conditioning svstem will be operable or inoperable., In the

latter case, in use of the air conditioning system in 2 commercial

premises, 4 system may be rendered inoperabler by the
controllier at weekends. and public holidays.

central

The central controller 25 includes a target temperature setting

means 31 for enabling a user to set a2 respective target temperature

Tor each zone il-1i. A logic circuit 32 receives a respective targe:
temperature signal for each zone 11-14 from the target temperature

setting means 31 and is coupled toc the temn

e€rature sensors 21-24,

¥
The 1logic cirecuit 32 determines the zones 11-14 requiring heated air
q 4

or cooled air to reach their respective target temperatures. A flouw

commané means 33 coupled bv iine 34 to the fiow controlliers 14-1

'y

[(Wal

C

the air conditioning svster and 1is operative to control the flo
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controllers 16-1% din response to the operation of the logic circuit
32 so as to control the flow of conditioned air to the zones 1i-14
and therebv contreol the temperature in the zones,

In addition to controllinz the on and off periods. the

H

[
Q

(@]

g3
means 32 of the central contrelier 25 includes mode control means 35
to control the mode of operation of the central air conditioning unit
10. In particular. the mode control means 35 is operable to
determine whether the central unit 10 is to operate in a heating or
cooling mode at anvy particular time. The mode control means 33
includes a dominant need test means 36 operable when there are
conflicting demands for heating and cooling from the zones 1i1-14 to
determine whether the central air conditioning unit 10 is to operate
in heating or cooling mode. The test means 36 is operable te
determine a dominant need as determined by the pluralitv of
temperature sensors 21-24, The dominant need mav comprise the need
of the particular zone which is furthest or most removed from the
target temperature for that zone. With this arrangement, if one or
more zones 11-14 require heating while one or more others reguire
cocling. the zone furthest from its target temperature will determine
whether the central air conditioning unit 10 operates in a heating
oi cocling mode. If the dominant need test means 3 determines tha:
the central air conditioning uait 10 will operate in a heating mode.
he zone furthest from dits targer temperature and othe:r zoner

reguirinz heating will receive heated air vhile the zone cr zones
requiring cooling will be unsatisfied. However when a zone requiring

cooling becomes the dominant zone the central air conditioninz uni

-+

10 will switch to cooling mode and the zones requiring coolinz wii

[

commence to be satisfied. Thus different zones can be alternatelv
suprlied with heated or cooled air as required.

The flow command means 33 is responsive tg the logic cireuir 22
te close the flow controller 14-19 associated with the respective

zone 11-14 g

§ 1ts ctemperature requirement i3is satisfied. If 2
sufficient number of zones 11-14 are satisfied and the associated
flow controllers 16-19 are closed to supplv of conditioned =iy it is

possibie that the air movinz means, particularly the fan or blower

assoclated with the central air conditionine unit I8 -av cause

lig5

Therefore the gi:

excessive noise cor a draft in unsatisfied zone

147]

conditioning svstem mav include a bv-pass duct 40 and associared fiow
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controller 41 for enablinz conditioned air to be returned to the

central air conditioning unit 10 without having been introduced to

anv zone 11-14, The flow command means 33 includes by-pass command

means 42 for controlling operation of the flow controller 41 in the

bv-pass duct 40. the logic cireuit 32 being operative to cause the

by-pass command means 42 to open the flow controller 41 in the

40 if a predetermined nunber of the flow controllers
16-19 associated with the

bv-pass duct

zones 11-14 are closed at any particular

time so as to maintain a predetermined volume of flow of conditioned

air frow the central aiy conditioning unit 10. This will enable a

constant volure of air moving over the coil or through the air

conditioning unit 10 for as long as the unit 10 is operating.

The logic means 232 includes all zone satisfaction test means +°

operative to determine vwhether all zones 11-14 are at respective

temperatures substantiallyv equal to their target temperatures and. if

S0, to control the flow command means 33 tg open all af the fiow

controllers 16-19 to the zones 11-14 S0 as to supplv air

{unconditioned if desired: to all zones simultaneouslv for

maintaining an air circulation through the zones 11-14,

The air conditioning control svster includes contyel settine

‘eans 445 operativelv associated with the centrzl controiier 23 anc

which dincludes the target temperature setting means 31 :s enable a

user to select zone tarset temperatures. Preferablv the contrel
setting means 46 enables user selection of each individual zone

target temperature. This will enable centralised settinz of the

target temperatures of the zones 11-14 without dindividual zone

being able to manipulate operation of the svster if thev
were able to readily

occupants

change the selected temperature for that zone

from a location within that zone, Preferably also the control

setting means 46 includes disablement means 47 gperative to enabie

disablement of one or more particular zones 11-14. This will enable

centralised determination of the operation of the control svstenm in

such a wav as to enable one or more zones to be “isznored". e.z. if

o e
one or more zones 1ll-14 are unoccupied. the flow command means 33 can

be  responsive tc the disablement means 47 so  that the flow

(@]

ontrollers 16-1% associated with such zones can be closed rezardiess

I the temperature within ti

&}

-
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The air conditioning syster control system includes an ambient
temperature sensor 50 and compensator 51. The compensator 51 may be
operative 1in response to the ambient sensor 50 to automatically shift
the target temperatures for the zones 11-14 as determined bv the
control setting means 46 towards the ambient temperature., This will
enable for example automatic compensation for the purposes of
improving occupant comfort levels when external temperatures are
substantially shifted from the zone target temperatures. For
example, if the =zone target temperatures are about 23°C and the
external temperature is say 35°C, in order to reduce the feeling that
the temperature within the zones is too low, the compensator 51 mav
be operative to shift the effective target temperatures to a higher
level regardless of the user selected temperatures determined bv the
control setting means 46. The ambient sensor 50 mav comprise an air
temperature sensor which may be located at an air intake 27 for the
central air conditioning unit 10 where ambient air is drawn into the
air conditioning system from externally or which mav be located
externally of the building in a suitable location.

Referring to Fig. 2 there is shown a control svsten based on a
central processor unit 60 which mav be a micro~processor or the
like, A zone temperature sensor 21 is illustrated which ié connected

to input terminal connector 61 to which there is a res

"

on
Sw

ct

ive
thermistor or interface 62 connected. This in turn is connected to
the analogue input channe! select means 63 which operates as &
multiplexer under control of the central processer unit 6C, The
select means 63 applies signals through the analogue to digital
converter 64 to the central processing unit 60. Also the select
means 63 1is coupled to control setting means 46 where the target
temperature and if desired other perameters for the first zone are
set,

Other inputs to the central processor unit 60 include an output
enable line 65 for enabling overall on/off contrci. optional switches

b6 such as for selective disablement of particular zones (equivalent

-

to disablement wmeans 47 in Fig, 1. timer 30 and ambient temperature
sensor 50, If desired there mav be provided remote controis and/sor
displavs 67. e.z. displavs at the zones.

The central

o

recesser  unit 60 mav  comprise hard wireg iogziz

circuitry or. more preferablvy, a suitablr programmed
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the target temperature settine means 31

10

micro-processor. The wunit 60 operates ac the
including the

logic circuit 32
mode select means 35 and dominant need test means 36,

compensater 31, and all zone satisfaction test means 45, In addition

the wunit 60 can operate as the flow command means 33 and the bv-pass
command means 42,

The outputs of the unit 60 are applied to output switch drives

70. 71, The drive 71 controls relav coils 72 and associated

indicator lamps such as LED's 73 which in turn control operation of

the air conditioning unit 10 such as the cooling compressor via

switches 74, heatinz means via switches 75 and fan via switch 76.
The drive 70 controls associated switches 77

controllers 16-19,

which operate the flow
Associated with the relav operated switch 77 is
an indicater lamp or LED 75 to show the condition of the
remote flow controller 16.

assoicated

Power supply 80 is provided for the control svstenm.

The Appendix to this specification consists of a possible system

outline and system specification for a controller according to the
present invention such as the contoller illustrated in Fig. 2 but the

invention is not limited by this system outline and specification.

In Fig. 3 the central controller 25 is connected to control the

plurality of air conditioning wunits 91,

0

9

. 93. 93 associated with

respective zomes 11, 12, 13, 14. 1In this configuration the input

signals frow temperature sensors 21-24 and the input of signals frow

14524

remain the same as in th

D

Fig. 1 embodiment. However the output of the central controlier 25

controls separate switching means 95,96.97,98 associated with

respective air conditioning units 91-94 to provide for example for

two stage heating, two stage cooling and fan operation of each air

conditioning unit 91-94, When wusing in the Fig. 3 embodiment a

control svster generallvy as shown in Fig., 2, the functions for

selecting cocl preference or heat preference, and the functions for

selecting purge time can be disabled. In Fig 3. the central

controller operates as a central switching and central temperature

setting station

=t

or the four separate air conditioning wunits,

although it is to be understood that more or less air conditioning

units can be controlled. Other components of the Fig 3, svstem which

are the same as the Fig 1. svstem bear the same reference numerals.

73
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It will be seen that the preferred embodiment of the air
conditioning svstem control according to the preferred embodiments of
the present invention herein described and illustrated will enable
centralised determination of the target temperatures for each of 2
plurality of zones. The system control can be relatively inexpensive
since a number of thermostats equal to the number of zones need not
be vprovided and installed., nor need proportional control dampers or
variable air volume delivery means. The provision of centralised
zone temperature setting and simple temperature sensors at each zone
enables these advantages to be achieved. There mav be other
advantages of the syster such as the elimination of the need for
feedback of signals indicating the damper positions.

Iv is te be understood that various alterations. modifications
and/or additions mav be made to the features of the possible and
preferred embodiment(s) of the invention as herein described without
departing from the scope cf the invention as defined in the appended

claims.
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APPENDIY: SYSTEM OUTLINE AND SPECIFICATION

1. SCOPE

This specification covers the electrical requirements for an air

conditioner zone controller.
2. GENERAL

2.1 Background

The Zone Controller is Primarily intended for use with a single

air conditioner wunit that is ducted to several zones. It mav.

however, be modified to control multiple air conditiomer units. Each

zone has its own temperature sensor connected to the controlle

Y via a
low voltage, two wire, link.

Dampers for each zone allow the air

flow to the zone to be switched on or off. The Zone Controlier reads

and processes the zone temperature sensor information. and responds

by appropriately controlling the air conditioning unit 10 and damper
motors,

2.2 Zones

In its basic configuration, the zone controller is capable of

controlling wp to § separate zones. Each zone has its oun

temperature sensor and damper to control the air fiow.

Switches on the controller allow anv one or more zoue to be

disabled. Existing but disabled zones will generallv have their
dampers closed.

3. Zore Controller Inputs

The zone controller inputs are:

Up to 8 temperature sensors.

240V ac 50 Hz single phase mains supply.
OQutput enable (Time clock; control,

2.1 Temperature sensors

The temperature sensors are located in the zopes te  be
controlled, generallv external to the zone controller.

Temperature set points. for control of the air conditig ing unit
18, are set bv adjustment means. usually provided inside the zone
controlier encliosure.

The sensors used with the preferred embodiment (ahel

controller, are negative temperature cpeff

ot
3
D

Zone

icient, R-T curve matched.
theyrmistors.
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3.2 Temperature Set Point Adjustments

The controller provides four temperature set point adjustments
for each zone. These are:

* Desired temperature. This is the temperature that the
air conditioner controller aims to maintain within the

zone,

¥

Temperature dead band. This is the temperature range
about the desired temperature where the air conditionerr
neither heats nor cools.

Cooling switching differential. This is a temperature
difference between the point where the air conditioner

starts to cool and the point where it stops cooling.

*

Heating switching differential. This is a temperature
difference between the point where the air conditioner
starts to heat and the point where it stops heating.
3.3 Temperature Adjustment Range

The adjustment ranges (provided with the preferred embodiment of
the =zone controller,) over which each temperature set point may be

adjusted are as follows:

Desired temperature, 15.0° to 30.0°C.
Temperature dead band, 0.0° to 5.0°C,
Cooling switching differential, 0.0° to 5.0°c.
Heating switching differential. 0.0° to 5,0°C.

3.4 Temperature Adjustment Indication

Each temperature adjustment is made by turning the pointer of a
single turn resistor potentiometer with appropriate scales marked
around the outside. An optional digital display wunit may be
connected to the controller to provide an alternative adjustment
setting indication.

Changes to one temperature set point or range have no effect on
any other setting.
4, Zone Controller Outputs

The outputs of the zone controller control the operation of the

damper motors for each zone, and the operation of the a

Pl

conditioning unit(s). Control is achieved bv operation of suitable

electric switching means (for example, relays or triacs).
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Switching means are provided for each zone damper motor, plus the

first stage heating and cooling controls

unit,  Switching means are also provided for the fan and stage 2 heat
and cool controls.

5. Controller Logic

Where several zones share a single air conditioning unit, there

cannot be heating in one zone while simultaneously cooling in
another. The first zone requiring heating or cooling is generally

serviced but other options are offered, such as heat or cool

priority.
5.1 Operation of fan only

With no call for heating or cooling all dampers for enabled zones
are opened,
5.2 Heating

Any call for heating in a zone operates the heating cycle of the
air conditioning wunit and closes the dampers in the other zones

provided a cooling cycle is not already being performed.
call for heating

Any other
opens the damper or dampers of those zones - all
zones can be heating at the same time,

any call for cooling

If heat priority is selected,
has to wait until all the heating calls are
satisfied.

Stage 2 heating is initiated if the temperature falls bv a set

level {ez. 0.5°C) below the start threshold for heating. but not

30 seconds) has expired since the start of

stage 1 heating, Similarly, stage 2 heating will turn off when the

temperature, in all zones, is equal or higher than a set level (eg.
0.5°C) below the heat off threshold.
5.3 Cooling

Any call for cooling in a zone starts the cooling cycle of the

air conditioning unit and closeS the dampers in the other zones

provided a heating cycle is not already being rerformed.
call for cooling

Any other
opens the damper or dampers of those zones - all

zones can be cooling at the same time. If cool priority is selected,

any call for heatinz has to wait until all the cooling calls are

satisfied.

Stage 2 cooling is initiated if the temperature rises by
level ({eg. 0.5°C) above

a set
the start threshold for cooling. but not

before a set time {eg. 30 seconds} has expired since the start of

of the air conditioning

¥

9
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stage 1 cooling. Similarly, stage 2 cooling will turn off when the
temperature, in all =zones, is equal or less than a set level (eg.
0.5°C} above the cool off threshold.
5.4 Compressor Restart Delay
The controller may be programmed to ensure no compressor (heat 1,
heat 2, cool 1, or cool 2) is restarted until a set time (eg. 2
minutes) has expired since it was switched off,
5.5 Indication of Control Operation
For each zone, a separate indication means is provided, typically
on the zone controller printed circuit board, to show if the zone is
enabled, is selected for use as a "bypass zone', if heating or
cooling is required. and if heating or cooling is being performed.
The preferred embodiment of the zone controller uses the
following:
- "ON"  yellow LED - steady on for zone enabled
- flashing if allocated as a bypass zone
~ "HEAT" red LED - steady on if heating required
- off if allocated as a bypass zone
- "COOL" green LED - steady on if cooling required
- off if allocated as a bypass zone
- Damper Relav vellow LED - steady on if damper motor
control relay is activated (ie. damper open)
Additional indicators are provided (vellow LED's’ te indicate
operation of the other outputs:
- Air conditioner unit heating cycle stage 1
- Alr conditioner unit heating cycle stage 2.
- Air conditioner unit cooling cycle stage 1
- Air conditioner unit cooling cycle stage 2.
- Air conditioner unit fan.
5.6 Bypass Dampers
The outputs for zones 5, 6. 7. and & may be assigned for use in
controlling 'bypass" dampers using option switches. Bvpass dampers
are opened when too few normal zone dampers are opened. The minimum
number of dampers to be open at anv time (1 to 4) is also selected
using option switches. Thus any combination between & zones and no

bypass to 4 zones and 4 bypasses can be selected,

W

7 Purge time

The zone controller can provide a delav before switching the air




WO 90/00705 PCT/AU89/00286

10

15

20

25

30

35

condensate to drain from the coil and the coil to dry.

16

conditioning unit from a cooling operation, during which condensate

can build wup on the coil, to a heating operation. The delay enables

Without such

a delay. commencement of heating could cause a sudden introduction of

odorous moist air to be introduced into the zones. The controlller

is operative to direct the purged air to any or all zones.

N3
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CLAIMS

1. A control system for an air conditioning system, the air
conditioning system including air conditioning means (10. 91-94) for
supplying conditioned air for a plurality of zones {(11-14): the
control system being characterised by a plurality of temperature
sensors (21-24), each one of the temperature sensors being located in
use at a respective one of the zones (11-14) and being operative to
sense and indicate the temperature in the respective zone (11-14); a
central controller (25) coupled in use to the air conditioning means
(10, 91-84) and being operative to control operation thereof, a
target temperature setting means (31) for enabling a user to set a
respective target temperature for each zone (11-14), the central
controller (25) including a logic circuit (32) receiving a respective
target temperature signal for each zone from said target temperature
setting means (31) and coupled 'in wuse to the temperature sensors
(21-24) and responsive to the temperature sensors to determine the
zones (11-14) vrequiring heated air or cooled air to reach their
respective target temperatures, the central controller (25) including
command means (33, 95-98) responsive to the operation of the logic
circuit (32) to control the supply of conditioned air to the zones
(11-14) and thereby control the temperature in the zones.

2, A control system as claimed in Claim 1 and for an air
conditioning system in which the air conditioning means comprises a
central air conditioning unit (10) for supplying conditioned air for
the plurality of zones (11-14), the air conditioning system further
including a ducting system (15) for conveying the conditioned air
from the central air conditioning unit (10) to the plurality of zones
(11-14), the ducting system (15) dincluding a plurality of flow
controllers for controlling (16-19) the flow of conditioned air
through the ducting system to the zones, each one of the zones
(11-14) having a respective one of the flow controllers {16=191
associated therewith, the control system being characterised in that
the command means comprises a flow command means (33) coupled in use
to the flow controllers (16-19) of the air conditioning svstem and
operative  to control the flow controllers in response to the
operation of the logic circuit (32) so as to control the flow of
conditioned air to the zomes (11-14) and thereby contro! the

temperature in the zones,
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3. A control system as claimed in Claim 2 characterised in that each

of the temperature sensors (21-24) comprises a passive element

the temperature in the associated zone (11-14), the
electrical properties of the passive

responsive to

element varying in a
predetermined manner in response to temperature changes,

4. A control system as claimed in Claim 3 Characterised in that the
passive element comprises a thermistor.

5. A control system as claimed in any one of Claims 2 to 4

characterised by a timer system (30) connected to the central

controller, the timer system being selectively adjustable so as to
enable user determination of the times at which the central air
conditioning unit (10) is operable,

6. A control system as claimed in any one of Claims 2 to 5

characterised in that the logic means (32) further includes mode

control means (35) operable to determine and control whether the
central air conditioning (10) unit is to operate in a heating
a cooling mode at any particular time,

mode or

7. A control system as claimed in Claim 6 characterised in that the
mode control means (35) comprises a dominant need test means (36)
responsive to the temperature sensors and operative when there are
zones (11-14) requiring heating and further zomes (11-14) requiring

cooling to reach their target temperatures, to determine a need

demand constituted by a need of the particular zone which has its

temperature indicated by its respective temperature sensor (21-24)

that is furthest from the target temperature for that particular
zone, the mode control means (35) being responsive to the dominant
need test means to operate the central air conditioning unit (10) in
a heating or cooling mode.

8. A control system as claimed in any one of Claims 2 to 7

characterised in that the flow command means (33) is responsive to a

determination of the 1logic cireuit (32) that a particular zone

temperature is substantially at its target temperature to cause the
associated respective flow controller (16-19) to close the ducting
system (15) supplying conditioned air to that zone.

9. A control system as claimed in Claim 8 and for use with an air
conditioning control system having a by-pass duct (40) and associated
flow controller (41) in the by-pass duct, the by-pass duct (40) being

arranged to convey conditioned air from the central air conditioning

-3

€3
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unit (10} back to the unit (10) without having been introduced to any
one of the zones (11-14), the control system being characterised in
that the flow command means (33) includes by-pass commands means (42)
for controlling operation of the flow controller'(él) in the bv-pass
duct (40), the logic circuit (32) being operative to cause the
by-pass command means (42) to open the flow controller (41) in the
by-pass duct (40) if a predetermined number of the flow controllers
(16-19)  associated with the zones (11-14) are closed at any
particular time so as to maintain a predetermined volume of flow of
conditioned air from the central air conditioning unit (10).

10. A control system as claimed in Claim 8 or 9 characterised in that
the logic circuit (32) includes all zone satisfaction test means (45)
operative to determine whether all zones (11-14) are at respective
temperatures substantially equal to their target temperatures and, if
so, to control the flow command means (33) to open all of the flow
controllers (16-19) to the zones (11-14) so as to supply air to all
zones simultaneously for maintaining an air circulation through the
zones,

11. A control system as claimed in any one of Claims 2 to 10 wherein
the central controller (25) dincludes a control setting means (46)
including the target temperature setting means (31) which is user
operable at the central controller (25) to select the target
temperature for each zone (11-14).

12. A control system as claimed in Claim 11 characterised in that the
control setting means (46) includes disablement means (47) which is
user perable to disable a selected one or more particular disabled
zones (11-14), the flow command means (33) being responsive to the
disablement means (47) to close the flow controllers (16=19) in the
ducts leading to the selected disabled zomes so that no conditioned
air is supplied to those disabled zones.

13. A control system as claimed in any one of Claims 2 to 12
characterised by an ambient temperature sensor (50) for sensinz
ambient temperature, the central controller (25) inciuding an ambient
compensator (51) responsive to the ambient temperature sensor (50) to
automatically shift the selected target temperature for each zone
(11-14} towards the ambient temperature when the ambient temperature
is different from the target temperature by a predetermined

substantial amount so as to thereby automatically improve the comfort




WO 90/00705 . . PCT/AU89/00286

10

15

20

25

30

35

20

of occupants moving into the zones (11-14) from ambient conditions or

vice versa,

14, A control system as claimed in Claim 1 and for an air

conditioning system in which the air conditioning means comprises a

plurality of air conditioning units (91-94) associated with

respective ones of said plurality of zones (11-14) for supplying

conditioned air for the associated zones, the control system being

characterised in that the command means comprises air conditioning

unit switching means (95-98) coupled in use to the plurality of air

conditioning wunits and operative to control the air conditioning

units in response to the operation of the logic circuit (32) so as to

control the supply of conditioned air to the associated zones (11-14)
and thereby control the temperature in the zones,

15. An air conditioning system including a central air conditioning
unit (10) for supplying conditioned air for a plurality of zones

(11-14), a ducting system (15) for conveying the conditioned air from

the central air conditioning unit (10) to the plurality of zones

(11-14), the ducting system (15) including a plurality of flow
controllers for controlling (16-19) the flow of

through the ducting system (15) to the zones (11-14)

conditioned air

, each one of the
zones having a respective associated one of the flow controllers
(16-19); and a control system (25) as claimed in any one of Claims 1
to 12 and operative to control operation of the air conditioning

(10} and the flow controllers (16-19),

unit

16. An air conditioning system as claimed in Claim 15 wherein each

flow controller (16-19) comprises a damper which is movable between

two operable positions comprising a fully open position in which

conditioned air flow through ducting system (15) past the damper is
allowed and a closed position in which conditioned air flow
therethrough is substantially prevented, the flow command means (33)
causing the respective dampers to move between their fully open and
closed positions without remaining in any intermediate positions,
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