1 T1 "SRl FAN CONTROL This invention relates to air conditioning
syst* and, specifically to a nethod and apparatus for cogEFe TR,
di scharge pressure of the conpressors in a unitary fan,
Control of conpressor discharge pressure by fan cooling f
condi tioning .systens to protect against |ow discharge levelsS is well known

inthe art, I adequate pressure i s not naintained at Iowa@ p
tenperatures, the evapor at orMUbTHEPATIFANGONTBRLel ow fre % oS d

days and cause condensation noisture to freeze on the evaporator coi |~ The
rezultlgg | ayer of ice tends to insulate the coil fromthe refrigeration
mode and causes a fuitifGIntiopdefitet bt cERaRIBAIPSterhY anBapecifical
conpressor di scharge pressure gé uEﬁtar fan cooli ng has not here%lofore
been used ito ametthad aaqilappaeatuswrmmnodjmgmesy%qmepﬁ%s%ﬂOéﬁ?ﬂroI i s used

on a mul ti It systemto, vent re of a fan coil when it is the
only one nmﬁnwg-ss in %ﬂ'ﬁgfygiﬂ-ﬂ{‘“ n‘m U@H‘ all fan coils are operating

the suction press%Snﬁ?é r@QS’oﬁdlﬁceﬁa’%QeWésshréﬂdy'faﬁ@oofmgmlr However,

when just one fan col n| ng, suction pressure and
conditioning systems to protect against low dlscharge levels is well known in

the art. If adequate pressure is not maintained at low amblent

: temperatures, the evaporator temperature may drop below fréezing on cold
days and cause condensétion moisture to freeze on the evaporator coil. |
The resulting layer of ice tends to insulate the coil from the refrigeration
mode and causes a further reduction in system capacity.

Control of compressor discharge pressure by unitary fan cooling
has not heretofore been used in a multi-split air conditioning system. The
fan control is used on a multi-split system to prevent freeze up of a fan coil
when it is the only one running. On a muIti-split unit, when all fan coils are
operating the suction pressure stays up and the fan coils will not freeze.
However, when just one fan coil is running, the suction pressure and'
temperature will drop and the cdil méy freeze. By properly controlling the
‘outdoor fan the discharge pressure may be kept up, keeping the suction
pressure up and preventing the coil from freezing. Difficulties arise,
however, when a single fan is used with multiple coils. This is because one
coil -fnay require its fan to be on while the other does not.

Itis therefore a primary object of the present invention to provide
control of compressor discharge pressures by fan cooling of multiple
condensers in a multi-split air cohditioning system.

This object is achieved in a method and apparatus according to
the preambles of the claims and by the features of the characterizing parts

thereof.
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tenperaturg will drop and the coil may freeze. By properly—eentretds

out door fan the discharge pressure may be kept up, keepilhgqHiheHEEEHASHBEEN
pressure up and preventing the coil fromfreezing. D ffijcul ti dREPMACEY
however, when a single fan is used with mgltiple coils. i eCauSe one
coil may require its fan to be on while the other does not. 2 SUMVARY OF
THE INVENTION It is an object of the present invention to aneljorate one or
nmore di sadvant ages ofThefe ippraided ﬁ.Comgﬁﬂrrﬂ;ﬁsqr@rgﬂ@r%t%sb’é%tcoﬂko{ﬁéa '

i nvention there.is provided. . ' I
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compressor discharge pressure signals with a plurality of signal levels

indicative of the maximum and minimum acceptable discharge pressures,
and circuitry for turning the fan on and off based on the resuits of these
comparisons, using a predetermined priority schedule.

‘For a better understanding of these and other objects of the
present invention, reference is made to the detailed 'description of the
invention which is to be read in conjunction with the following drawings,
wherein:

FIG. 1isa system diagram of a unitary outdoor fan, muiti-split air
conditioning system; ' _

FIG. 2 is a state table showing the state of the fan for various
combinations of compressor discharge pressures; and

-FIG. 3 is a logic schematic of diagram control circuitry for use in
controlling the fan of FIG. 1 in accordance with the state table of FIG. 2.

Referring initially to FIG. 1, there is shown a simplified system
diagram ofa unitary outdoor fan, multi-split air conditioning system 100.
The system 100 includes multiple evaporator coils 110, and muitiple indoor
fans 115, each coil and fan being located in a respective conditioned space.
System 100 also includes two compressors 120A and 120B, two
compressor discharge pressure sensors 125A and 125 B, two condensers
130A and 130B, one outdoor fan 140, and one fan control circuit 200.
Evaporator coils 110 boil liquid refrigerant into gas by extracting heat from
the conditioned space. The high temperature, low pressure gas is
suctioned to compressors 120A and 120B through respective suction lines
160A and 160B. The compressors compress the gas and discharge it
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generating a plurality of pressure state signals; means for generating a
pIyFaIit§ of conpressor state signals indicative of the running state of
sai d conpressors; and control neans for turning said fan on and off in
accordance with said pressure control signals and said conpressor state
signals. According to another aspect of the invention there is provided a
met hod for regulating a conpressor di scharge pressure in

g}JL ? ; |_ ist)l i E) f &r:lrﬁ;gb rlelz?/?ﬂve 'Zfr;asg_e lﬂiﬂﬁa\i 7RG 3Nl (PB 9 f%ﬁnﬂc?iﬁé %ﬁéééﬁfr?” a
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sensing the i fddbias 140 FeEtaS réthovéd frofrier gussand transfepad togheai d
di scharge pressures with a plurality of predeterm ned pressure |levels to
generate a ploutsitie air. dSondensers $30Aand KIQFhtRasfogaae ot @gs NBIlAWal ity of
comor essor s; et a1 Riessile Iigief il o o PBRofioFdai 110
Wi th said prepsrdspestiné fiq@iadine@MBozsand 180B! Distliargepressure sensors
125A and 125B monitor the discharge pressures of compressors 120A and
120B. Fan control circuit 200 controls the compressor discharge pressure
by controlling the power cycling of outdoor fan 140. It will be understood
" that a number of the components of the system shown in FIG. 1, such as
solenoid valves, which are not directly related to the subject matter of the
| present invention have been omitted from FIG. 1 for the sake of clarity.
In operation fan 140 is used to keep the compressor discharge
pressure within predetermined minimum and maximum values. If this
pressure is too low, indidating that one or more of evaporator coils 110 is
operating in a light or underloaded condition, it is desirable to turn off fan
140 to raise the pressure and temperature of the refrigerant and thereby
prevent the lightly loaded coil from freezing. [f this pressure attempts to rise
to too high a value, it is necessary to turn on fan 140 to prevent an
‘excessive pressure from being reached. Fan control circuits capable of
switching a fan on and off to meet these requirements for a single
condenser coil are known in the art.
Difficulties arise, however, if an attempt is made to us'e a single fan
to perform the above-described function with two compressors that operate
with different respective groups of conditioned spaces. The discharge
pressure for one compressor may call for its fan to be on while the
discharge pressure of the other may call for its fan to be off. Because of
these difficulties, it has, prior to the present invention, not been possible to

use a single fan to control the discharge pressures of two compressors.



REPLACEMENT SHEET 2a DETAI LED DESCRI PTI ON OF THE DRAW NGS For a better
under st andi ng of the present invention, reference is made to the detailed
description of the invention which is to be read in conjunction with the
foll owing drawi ngs, wherein: FIG 1 is a systemdiagramof a unitary
outdoor fan, multi-split air conditioning system FIG 2 is a state table
showing the state of the fan for various conbi nati ons of conpressor

di scharge pressures; laratcprdance with the ipyeotier Hbee isprevidedafaaeadial r ol

State tabi e orSTRPEWhiER R feiponiefi The BkcPares Hestuldt EBLARERG ") "°
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condi tioning system 100.. The system 100 includes nmultiple evaporator coils
110, and nul t ipeet thedequiremestsiaffhoth sompressors agcoeding o apredeterminedn a

espect Ve, COngid o T8t RRAGE acBY SR WAh (leSRv D s doRTRABATY o 1207
creating a state table that indicates the state which the fanistobe infor
each possib'le'combination of compreséor discharge pressures, and by
providing circuitry that generates a fan control signal which turns the fan on
and off in accordance with the requirements of that state table.

Referring to FIG. 2, there is shown a state table which is suitable
for use in controlling fan 140 of the multi-split air conditioning system of FIG.
1. This state table defines the thirteen combinations of states that can exist
in an air conditioning system"that inciudes two compressors, either of which
can be on or off, and each of which 'is to have a discharge pressure that is
within an exemplary pressure range of from 250 to 375 psi. This table also
includes the desired state of the fan for each of these combinations of
compressor states and pressure states. In accordance with the invention
the fan states shown in the table are based in part on a priority scheme
which reflects the judgement that it is more important to prevent the _
discﬁarge pressure of a compressor from exceeding its maximum pressure
of 375 psi than it_ is to prevent it from falling below its minimum pressure of
250 psi.

The thirteen combinations of states or cases shown in FIG. 2
naturally divide themselves into four subgroups or subsets of states A
through D. Subgroup A, which encompasses only case no. 1, includes
those corhbinations of states in which both compressors are off. Subgroups
B and D, which encompass cases 2-4 and 11-13, respectively include those
combinations of states in which one compressor is cff while the other
compressor is on. Subgroup C, which encompasses cases 5-10, includes

those combinations of states in which both compressors are on.



pressure ;sensors 125A and 125B, two condensers 130A and 130B, one outdoor
fan 140, and one fan control circuit 200. Evaporator coils 110 boil liquid
refrigerant into gas by extracting heat fromthe conditioned space. The

hi gh tenperature, |ow pressure gas is sugfioned to conpressors 120A and
120B t hrough respective suction |lines 160A and 160B. the conpressors
conpress the gas and discharge it 3 through respective discharge |ines
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wi || be underfah@eftrol signal is dependent solely upon the discharge pressure of the
compressor that is on, as indicated by the “X" or “don't care"” entries in the
boxes for the compressor that is off. For the compressor that is on, the
state of the fan control signal will depend on how the discharge pressure of
that compressor is related to the pressure criteria embodied in the table.
More particularly, the fan control signal will be in its on state either if the
discharge pressure of the compressor is between 250 and 375 psi, or if the
discharge pressure is greater than 375 psi, and will be off under all other
conditions. Because none of subgroups A, B, or D includes a state in which
both compressors are on, none of these subgroups requires the resolution
of conflicting fan réquirements under a priority scheme.

When the requirements of subgroup C are met, i.e., both
compressors are on, the state of the fan control signal depends not only on
how the discharge pressure of each éompressor is related to its own
pressure criteria, but also on how that discharge pressure is related to the
pressure criteria of the other compréssor under the priority scheme of the
system. More particularly, if the discharge pressure of either compressor
exceeds 375 psi, the fan control signal will be in its on state without regard
to the discharge pressure of the other. For all other sets of conditions of
subgroup C, the fan control signal will be in its on state unless the discharge
pressures of one compressor islless than 250 psi. In other words, an
overpressure condition in either compressor is given unconditional priority,
and the requirement of either compressor for fan operation is given the next
highest priority.



that a nunber of the conponents of the systemshown in FIG 1, such as

sol &noi d* val ves, which are not directly related to the subj ect matt er of
the present invention have been omtted fromFIG 1 for the sake of
clarity. In operation fan 140 is used to geep t he conpressor discharge
pressure w thin predeterm ned m ni mum and” nexi num val ues. If this pressure
is too low, indicating that one or nore of evaporator coils 110 is
operating in-a |ight Rafemm@dolﬁi@dédthanaab shown aj |0910§Qh7@§13t@tﬂ'§9ﬁ5“96r n of f

fan 140 to ralsethe sure erat.u nd

t her eby preveﬁf‘etfﬂécp fq"gpq"cﬁggﬂh@gpﬁ sf“'rtaﬁlneffg'éﬂ%ﬁb{"?él |'§Bgréelssure
attenpts to rbﬁﬁtrolqséﬂé?né‘é%oﬁ%é@ih%ﬁe thbleicF FIGC2S Tuntrd @irtuit 200thdsawol40 t o
prevent an excessive pressure from being reached. Fan control circuits
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of conditi oned spaces. e di scharge pressure or one conpressor may call
for its fan td26B, cespmtﬂ/dyt tmereaewemg@elsm@ggmofdhetctl&flﬂrﬁerpfﬂ%ﬁuf@ﬁl| for

'ts fan to beo?]oompl?eescs%l#ss (‘?282\ and 120B. Finally, control circuit 200 has an output
230 which controls fan 140 via a suitable fan driver device 145 such as a
relay or triac.

To the end that the discharge pressures of compressors 120A and
120B may be compared to the pressure values set out in Table 2, fan
control circuit 200 includes a first pair of comparators 240A1 and 240A2 _
each having an input connected to pressure input 220A and a second pair
of comparators 240B1 and 240B2, each having an input connected to
pressure input 220B. The remairring inputs of each pair of comparators are
connected to voltage dividers which are adjusted to provide reference
voltages that correspond to the maximum and minimumpressures values of
Table 2. More particularly, voltage dividers 245A1 and 240B1 establish
reference voltages which correspond to the maximum discharge pressure of

- 375 psi, and voltage dividers 245A2 and 245B2 establish reference voltages
which correspond to the minimum discharge pressure of 250 psi. As a

~ result, comparators 240A1 and 240B1 produce two state output voltages
which indicate whether the discharge pressures of the respective
compressors are or are not greater than 375 psi, and comparators 240A2
and 240B2 produce two state output voltages which indicate whether the
discharge pressures of the respective compressors are or are not less than
250 psi. These four output voltages will hereinafter be referred to as -
pressure state signals. Because the operation of comparators is well known



t hese dlfflcultles it has, prior to the present invention, not been
posdible'to use a S|ngle fan to control the discharge pressures of two
conpr essors. 4 In accordance with the invention, there is provided a fan
control circuit which is responsive to t di scharge pressures of. two
different conpressors, and which produces a fan control signal that allows
the fan to neet the requirenents of both conPressors accardi ng
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acconpl i shed b a state that indicates the state which the
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whi ch turns the fan on an in accordance with the requi t hat
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states that cRRnR&#sd interfacing circuits 250A and 250B. Each of these momtorlng
circuits includes a voltage divider (252A, 252B) for scaling the input
voltages at inputs 210A and 210B, a rectifier-filter network (254A, 254B) for
converting the scaled input voltéges to a filtered DC voltage and a gate
(256A, 256B) for converting the filtered DC voltage to a two state signal
having voltage values compatible with those used by the remaining circuitry
of FIG. 3. The latter signals appear at gate outputs 260A and 260B and will
hereinafter be referred to as compressor state signals.

Together, the four pressure state signals and the two compressor
state signals are the electrical counterparts of the six leftmost columns of
compressor and pressure data shown in the table of FIG. 2. It is the
function of the digital logic circuitry of FIG. 3 to combine these six signals,
on the basis of the priority scheme embodied in the table of FIG. 2, so as to
produce the fan control signal shown in the rightmost column of the table of
FIG. 2.

' As explained previously, the highest priority is accorded to the
presence of a discharge pressure higher than 375 psi in either compressor.
In the circuit of FIG. 3 this priority is implemented by two AN_D gates 270A

and 270B and an OR gate 280. Together these elements implement the
following logical statement: If either compressor is on, and has a discharge
pressure greater than 375 psi, the fan is to be on without regard to the state
of any other signals.

Similarly, the next highest priority is accorded to the turn on of the
fan if the discharge pressure of either compressor indicates that fan

operation is called for, without regard to whether the other compressor is on



in an air, conditioning systemthat includes two conpressors, either of

whi ch can be on or of f, and each of which is to have a di scharge pressure
that is within an exerrpl ary pressure range of from 250 to 375 psi. This
table also includes the desired state of fhe fan for each of these

conbi nati ons of conpressor states and preSsure states. |In accordance with
the invention the fan states shown in the table are based in part on a
priority scheoeoffranchdoes hetreguiredan opgeration. Intthe cirtuit of FiB 3, tijsoprianity t o
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FIG 2 naturally divi em;e |nto r su groups or sets of states
A through D. Prgouslp dhcuabedlﬁ)l%gata@%&sBecamqtmamnner lnlwhlchdhedhahert hose

combi nati ons of state n whic ressors are off B and
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conpressor is on enconpasses cases
conbi nati ons abt bé &irtiser desshibed Hamelh conpressors are on.

In view of the foregoing it will be seen that the present invention
comprises circuitry which controls the on/off state of a fan on the basis of
compressor state and pressure state signals for two separate and
independent compressors, and which provides for the resolution of
conflicting compressor requirements according to a predetermined priority
scheme. As a result, the circuitry of the invention is able to meet the

requirements of both cbmpressors by means of a single fan. .



The fan co Hteria and priority scheme enbodied jn the state fabhl

rized as follows. Wen the requi rd RN A
areqm,mmm@m mwgnpressors are off, the fan controllf si g\ﬁ%ﬂsgf nge I'n
ts dOff cst fan will be off. V\hgnthe requi r enegts—o6 ber-oups—t
D are net, i.e., only one conpressor the state of the fan “control
S|gnal S dependent sol ely upon the di scharge pressure of the conpressor
that is on, as indicated K’Vhathé claimegris” don' t care" entries in the boxes
for the conpressor that is off. For the conpressor that is on, the state of
the fan control signal will depend on how the di scharge pressure of that
conpressor isqrelateg é&nwzeesaf a&&ué@eqsrekweacoemappdrams fdrea LUAkary. More
particularly, the fan control gnal will be inits on state either if the
di scharge pr emrreulbfspjlhelrmgrtmsyssemeqf\ﬁetynemlnmapbmhimf or if the
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condenser coils cooled by a single outdoor fan, characterized by:

- discharge pressure comparison means for comparing a plurality of
compressor discharge bressure measurements with a plurality of
- predetermined pressure levels and generating a plurality of pressure state
signals; |
- means for generating a plurality of compressor state signals
indicative of the running state of said compressors; and
o * control means for turning said fan on and off in accordance with

said pressure control signals and said compressor state signals.

2. The compressor discharge control apparatus of claim 1 in which
said predetermined pressure levels includes a minimum pressure level
indicative of a compressor operating in an underloaded condition, and a

- maximum pressure level indicative of a compressor operating in an

over_loaded condition.

3. The compressor discharg'é control apparatus of claim 1 in which
said control means combines said pressure state and compressor state
signals in accordance with a predetermined priority scheme.

4. The compressor discharge control apparatus of claim 2 in which
~ said control means turns on said fan when either of said compressors is
running and produces a discharge pressure in excess of said predetermined

maximum pressure.

Sheet Has Been RTlaced

IIIIIIH L




both conpressors a none of these subgroups requires
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conflicti r/ I/m I rements under a priority schene. We

of subgrou #7M IM ¢ both conpressors are on, thelstate

control si g_naf dep W/only on how ié;e di scharge presstre of each
conpressor is related to*its own pressu criteria, but also on how that
di scharge pressure is related to the pressure criteria of the other
conpressor @nder t emethad fdryegulating actonpressgrdisahangerprressyneing arly, | f

t he di scharge pre f ejth y '
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fan control "SI Its on state unless the discharge pressures
of one conproensenserscdilsscodléd by 26¢inglei qutdeornianceharactearizedPytnereeS sur e
condition in either conpressor is given unconditional priority, and the
requi r ement b either conpressor for fan operation is given the next

hi ghest priority. continuously sensing the discharge pressures of said

compressors;

comparing said discharge pressures with a plurality of
predetermined pressure levels to generate a plurality of pressure state
signals; _

generating a plurality of compressor state signals indicative of the
on/off states of said compressors; and

controlling the on/off state of said fan in accordance with said

pressure state and compressor state signals.

6. The method of claim 5 in which said predetermined pressure
levels includes a minimum pressure level indicative of a compressor
operating in an underloaded condition, and a maximum pressure level

indicative of a compressor operating in an overloaded condition.

7. The method of claim 6 in which said controlling step comprises the
step of combining the pressure state and compressor state signals in

accordance with a predetermined priority scheme.

8. The method of claim 7 in which said priority scheme calls for said
fan to be on if either of the compressors is in its on state and is producing a

discharge pressure in excess of said maximum pressure level.
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6 Referring to FIG 3, there is shown a |ogic-schematic diagram of one fan
control circuit 200 which is suitable for use in inplenenting the control
schenme enbodied in the table of FIG 2. Control circuit 200 has two inputs
210A and 210B which receive signals indicative of the on/off states of
conpressors 120A and 120B, respectively. Control circuit 200 al so has two

i nputs 220A and 220B which are coupled to pressure sensors 125A and 125B,
respectively, to receive signals indicatjve of the di scharge pressures of
conpressors 120A and 120B. Finally, control circuit 200 has an output 230
which controls fan 140 via a suitable fan driver device 145 such as a rel ay
or triac. To the end that the di scharge pressures of conpressors 120A and
120B may be conpared to the pressure values set out in Table 2, fan control
circuit 200 includes a first pair of conparators 240A1 and 240A2, each
havi ng an i nput connected to preéessure input 220A and a second pair of
conparat ors 240B1 and 240B2, each having an input connected to pressure

i nput 220B. The renmining i nputs of each pair of conparators are connect ed
to vol tage dividers which ar e MULI3SPLIT FAN SONEROES er ence

ABSTRACT

A compressor discharge pressure control for a unitary outdoor fan, multi-split air
condition system (100) having multiple compressors (120A, 120B), multiple evaporator coils
(110), multiple condenser coils and a single outdoor fan (140). Pressure comparison circuitry
compares the discharge pressures of the compressors (120A, 120B) to predetermined pressure
levels to generate a plurality of pressure state signals. On/off monitoring circuitry monitors
the on/off states of the compressors (120A, 120B) to generate a plurality of compressor state
signals. Control circuitry (200) controls the fan in accordance with both sets of signals under
a predetermined priority scheme.

Fig. 1.
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varfagés,that‘correspond to the maxi mum and m ni mum pressures val ues of
Tabl e 2." More particularly, voltage dividers 245A1 and 240B1 establish
reference voltages which correspond to the maxi mum di scharge pressure of
375 psi, and voltage dividers 245A2 and 245B2 establish reference voltages
whi ch correspond to the m ni num di scharge pressure of 250 psi. As a result,
conparators 240A1 and 240Bl1 produce two state output voltages which
~indicate whether the discharge pressure§4ﬁ the respective conpressors are
or are not greater than 375 psi, and conparators 240A2 and 240B2 produce
two state output voltages which indicate whether the discharge pressures of

the respective[conpressors are or Jare not |ess than 250 psi. These four
out put voltagep will[ hereinafter be referred to as pressure state signals.
Because the opgr at jen-af conparAt rs is well known 7 to those skilled in
the art, the opefr=e he ccn?arator circuits of FIG 3 wi %0t be
further describe .
110 _
- 308




Th ther end that the AC voltages at inputs 210A and 210B may be converted to
two state digital signals which indicate the on and off states of '
conpressors 120A and 120B, fan control circuit 200 includes state
nonitoring interfacing circuits 250A and 250B. Each of these nonitoring
circuits includes a voltage divider (252A, 252B) for scaling the input

vol tages at inputs 210A and 210B, a r éfﬁer-filter networ k (254A, 254B)
for converting the scal ed i nput voltaggé to a filtered DC voltage and a
gate (256A, 256B) for converting the filtered DC voltage to a two state

si gnal having voltage val ues conpatible with those used by the renaining
circuitry of FIG 3. The latter signals appear at gate outputs 260A and
260B and will hereinafter be referred to as conpressor state signals.

Toget her, the four pressure state signals and the two conpressor state
signals are the electrical counterparts of the six |eftnost | umms of
conpressor and pressure data shown in the table of FIG 2. I&is the
function of the digital logic circuitry of FIG 3 to combine These six
signals, on the basis of the priority scheme enbodied in thedfable of FIG
2, so as to produce the fan control signal shown in the righErost col um of

the table of FI.G_.2 Lt
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Aé‘e%pfained previously, the highest priority is accorded to the presence
of a discharge pressure higher than 375 psi in either conpressor. In the
circuit of FIG 3 this priority is inplenented by two AND gates 270A and
270B and an OR gate 280. Together these elenents inplenment the foll ow ng

| ogical statenent: If either conpressor is on, and has a di scharge pressure
greater than 375 psi, the fan is to be g thout regard to the state of
any other signals. Simlarly, the next hi'ghest priority is accorded to the
turn on of the fanlf 08 ﬂréﬁﬁ&rge pressure of either conpressor indicates
that fan operatti = I-d 0 médpout regard to whether the other

conpressor is o 3 gd 1s: 1. A conpressor discharge
pressure contr ol ﬁ%vgj or ynitary fan, nulti-split air conditioning
system of a type2bZi ny Iu2§ﬁ$ty of conpressors, a plurality of indoor
evaporator coils, and a pI 4py {of outdoor condenser coils cooled by a
si ngl e outdoor fan conpr|5|ng :
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| gvel s and generating a plurality of pressure state S|gnls
gfener ating a plurality of conpressor state signals indi il
running state of said conpressors; and control neans for5
on and off in accordance with said pressure control signals and sai d
conpressor state signals. 2. The conpressor di scharge control
apparatus of claiml in whi cMEETHSPLEUEASI CONTROLessure | evel s includes a
m ni mrum pressure | evel indicative of a conpressor operating in an

under | oaded condition, and a maxi mum pressure | evel indicative of a

i sohar go. contr ol ARpaPYEONSHPEERE P B fio B stotems apAaPRERRIGECTL e

sai d pressufea phethed aind @mﬁ?éﬁfssm cohitbiiing itise dlsthiangepragslipa ot thie t h a
predeterm ned priority scheme. 4. The conpressor di scharge control
appar at us 0ofOMPE#SAOPS ifha\Mﬂ'ilféW%'l adtrsPlibsysteEns turns on said fan when

either of said Conﬁronﬂ%?o? cbl%pressor discharge pressure by fan cooling for air

conditioning systems to protect against low discharge levels is well known in
the art. If adequate pressure is not maintained at low ambient

temperatures, the evaporator temperature may drop below freezing on cold
days and cause condensation moisture to freeze on the evaporator coil.

The resulting layer of ice tends to insulate the coil from the refrigeration
mode and causes a further reduction in system capacity.

Control of compressor discharge pressure by unitary fan cooling
has not heretofore been used in a multi-split air conditioning system. The
fan control is used on a multi-split system to prevent freeze up of a fan coil
when it is the only one running. On a multi-split unit, when all fan coils are
operating the suction pressure s;ays up and the fan coils will not freeze.
However, when just one fan coilis running, the suction pressure and
temperature will drop and the coil may freeze. By properly controlling the
outdoor fan the discharge bressure may be kept up, keeping the suction '
pressuré up and preventing the coil from freezing. Difficulties arise,
however, when a single fan is used with multiple coils. This is because one

coil may require its fan to be on while the other does not.



runni ng and produces a di scharge pressure in excess of said predeternined
maxi mum pr essure. *¢ L M 5 * 10 LII()J
regul ating a conpressor discharge pressure in a unitar RERMQEMWT?ﬁ
ai'r conditioning systemhaving a plurality of conpress{rs, ?%f@sw

I ndoor evaporator coils, and a plurality »f outdoor co d@ﬁgé at
by a single outdoor fan, conprising the steps of: contTmaously Sensi ng
t he di scharge pressures of said conpressors; conparing said discharge
pressures with a plurality of predeterm ned pressure |evels to generate a
plurality of pressure state signals; generating a plurality of conpressor
state signals indicative of tSEMMARYfOBHEINVENIION conpressors; and

It is an object of the present invention to ameliorate one or more disadvantages of the
prior art.

According to one aspect of the invention there is provided a compressor discharge
pressure control apparatus for a unitary fan, multi-split air conditioning system of a type
having a plurality of compressors, a plurality of indoor evaporator coils, and a plurality of
outdoor condenser coils cooled by only one motor driven outdoor fan, comprising:

discharge pressure comparison means for comparing a plurality of compressor
discharge pressure measurements with a plurality of predetermined pressure levels and
generating a plurality of pressure state signals;

means for generating a plurality of compressor state signals indicative of the running
state of said compressors; and

control means for turning said fan on and off in accordance with said pressure control
signals and said compressor state signals.

According to another aspect of the invention there is provided a method for regulating
a compressor discharge pressure in a unitary fan, multi-split air conditioning system having
a plurality of compressors, a plurality of indoor evaporator coils, and a plurality of outdoor
condenser coils cooled by a single outdoor fan, comprising the steps of:

continuously sensing the discharge pressures of said compressors;

comparing said dischargé pressures with a plurality of predetermined pressure levels
to generate a plurality of pressure state signals; _

generating a plurality of compressor state signals indicative of the on/off states of said
compressors; and

controlling the on/off state of said fan in accordance with said pressure state and
compressor state signals.



cohtrol ling the on/off state of said fan in accordance with said pressure
state and conpressor state signals. 6. The net hod of:
S%Id predet erm ned pressure |evels includes a m ni num pr
i ndi cative of a conpressor operating in:an underl| oaded c
maxi mum pressure |evel indicative of a conpressor operati
over| oaded condition. 7. The nethod2af claim6 in wh
controlling step conprises the step of conbining the pressure state and
conpressor state signals in accordance with a predeterm ned priority
schene. 8. The method of claim7 in which said priority schene calls
for said fan to be on if elther of the conpressors is_in its on state and

i s producing a dischar QgEOEngEiWNﬁﬁn pressure | evel.
1 0 5. A et hod for regulatlng a conpressor discharge pressure in a
unitary fan, multi-split air conditioning systemhaving a plurality of

FEPEACEMENT SHEET
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-----------------------

For a better understanding of the present invention, reference is made to the detailed
description of the invention which is to be read in conjunction with the following drawings,
wherein:

FIG. 1 is a system diagram of a unitary outdoor fan, multi-split air conditioning
system; _

FIG. 2 is a state table showing the state of the fan for various combinations of
compressor discharge pressures; and

FIG. 3 is a logic schematic of diagram control circuitry for use in controlling the fan
of FIG. 1 in accordance with the state table of FIG. 2.

Referring initially to FIG. 1, there is shown a simplified system diagram of a unitary
outdoor fan, multi-split air conditioning system 100.

The system 100 includes multiple evaporator coils 110, and multiple indoor fans 115,
each coil and fan being located in a respective conditioned space.

System 100 also includes two compressors 120A and 120B, two compressor discharge
pressure sensors 125A and 125B, two condensers 130A and 130B, one outdoor fan 140,
and one fan control circuit 200. Evaporator coils 110 boil liquid refrigerant into gas by
extracting heat from the conditioned space. The high temperature, low pressure gas is
suctioned to compressors 120A and 120B through respective suction lines 160A and 160B
the compressors compress the gas and discharge it



conpressors, a plurality of indoor evapor at or coils, an ar g

ou?goor condeﬁser—eor¥s—eeeked by a 'si'ngl e outdoor fan &695“#9&5% T
t he steps of;: sen5|ng t he di scharge pressur of ¢
gonpr essor s; Eiﬂm w E i scharge pressures with a pjl &
predetern1n to generatg a plurality of—pressure state
signals; generating a pIurallty of conpréssor state signals indicative of
the on/off states of said conpressors; and controlling the on/off state of
said fan in accordance mWVha%@Hdamﬁﬁh@ure state and conpressor state
signals. 6. The nmethod of claim5 in which said predeterm ned pressure
| evel s includes a mninum pressure |evel indicative of a conpressor
operating inqan undardsiagessepadichafde preidur mrm;ﬂmﬁ@%edm@w

i ndicative of a conpressor operating in an overl oaded condition.

The met hod ofarcinltsplit gingeingitioning sysanrefia typg @@\épQ@cﬁngalélé§fthe step of

combi ning the, BLESIALE ébEFrSht@'Bq GO SRpdFatsh Bbffs, Urfl'8 phurallty of outdoor

condenser caoils cooled by a single outdoor fan, comprising:

discharge pressure comparison means for comparing a plurali't'y of
compressor discharge pressure measurements with a plurality of
predetermined pressure levels and generating a plurality of pressure state
signals; '

means for generating a plurality of compressor state signals
indicative of the running state of said compressors; and

control means for turning said fan on and off in accordance with

said pressure control signals and said compressor state signals.

2. . The compressor discharge control apparatus of claim 1 in which
said predetermined pressure levels includes a minimum pressure level
indicative of a compressor operating in an underioaded condition, and a
maximum pressure level indicative of a compressor operating in an

overloaded condition.

3. The compressor discharge control apparatus of claim 1 in which
said control means combines said pressure state and compressor state

signals in accordance with a predeterminad priority scheme.

4, The compressor discharge control apparatus of claim 2 in which
said control means turns on said fan when either of said compressors is
running and produces a discharge pressure in excess of said predetermined

maximum pressure.



‘agcordance Wi th a predetermned priority scheme. 8. - t hod of
¢laim7 inwhichsaid priority scheme calls for said fan gepOfceMENT SREET

of t he conp on state and is producing d| scharge pressur
o = i
10-
5. A method for regulating a compressor discharge pressure ina

unitary fan, multi-splif air conditioning system having a plurality of
compressors, a plurality of indoor evaporator coils, and a plurality of outdoor
condenser coils cooled by a single outdoor fan, 'comprising the steps
of: .

continuously sensing the discharge pressures of said
COmpressors;

comparing said discharge pressures with a plurality of
predetermined pressure levels to generate a plurality of pressure state
signais; .

generating a plurality of compressor state signals indicative of the
on/off states of said compressors; and

controlling the on/off state of said fan in accordance with said

pressure state and compressor state signals.

6. The method of claim 5 in which said predetermined pressure
levels includes a minimum pressure level indicative of a compressor
operating in‘an underloaded condition, and a maximum pressure level

indicative of a compressor operating in an overloaded condition.

7. The method of claim 6 in which said controlling steb comprises the
step of combining the pressure state and compressor state signals in

accordance with a predétermined priority scheme.

8. The method of claim 7 in which said priority scheme calls for said
fan to be on if either of the compressors is in its on state and is producing a

discharge pressure in excess of said maximum pressure level.



