-1- AN Al R CONDI TI ONI NG SYSTEM The present inventiongéli}é% E)
ai.r condi tioning system and nore particularly izgy
apparatus thereof having nmotori zed val ves designed’so that the syStem
is able to serve a plurality of roons S|nult%peously A type of control
apparatus- for - an air-10 condi ti oni Ng system desi gned to '
dQQtrO| the circulation of refrigerant to indoor units by

not ori zed val ves installed in tlﬁ\q rggg |&g{ﬁ%@¥n outdoor unit is
gescri bed in Japanese Lai d-ope y . 127055/ 1983.

The control 15 apparatus of said air conditioning systemis designed
so that the saturation tenggiedl YrasentS USHvRhtddEOYRelRidd I&idintand 4fye
t*enperature of suctiaon aseous refr er ant are det ect ed .hy tquégature

sensors to detect SORd he@Pd aMPLiehe ARG
signals arg 'feddamﬂrolthmm thereafenhaying mmtorized vatalasesand

adapt the cooling agﬁgﬁﬁ!e%gpfthggpokhgplgﬁg Qm varlatl éﬁ ééxugéyyg a

di fference of p|p

convent i onal cpﬂum@ui&wpaﬁamogms|gimnd&amsmm&@abus |n that its
production cost is relatively high because it requires a
conplicated control circuit tg enable the feed back control mﬁth PI.D

(proportional  integral * af¥P80 ©f GOPEEPIn: PRPRATAEHS r FOF 2@ on 21% of
exanpl e, apd a eehdigdoadhgcircsystemt h desdgnedat ute sewsmtroiccortdieng

to the present inxgghhggtggﬁreoks refrigerant to indoor units by
"motorized valves installed in the refrigerant circuit

AN of an outdoor unit is described in Japanese Laid-open
_ Patent Publication No. 127055/1983. ' The control
15 apparatus of said air cbnditioning system is designed

so that the saturation temperature of suction gaseous
refrigerant and the temperature of suction gaseocus
refrigerant are detected by temperature sensors to

. detect the quantity of superheat, and the detected
20 signals are fed back to control the opening of
motorized valves and adapt the cooling capacities of

indoor units to variation of load and difference of

pipe length.

o 25 However, such a conventional control

- apparatus is disadvantageous in that its production

cost is relativelyl high because it requires a

coﬁplicated control circuit to enable the feed back

" control with PID (proportional integral and

30 differential) control action, for example, and a
refrigerant circuit with a temperature sensor.

' : According to the present invention there is
_ provided an air conditioning system comprising an

35 ‘outdoor unit which has a compressor, a condenser to
receive refrigeran: transferred from said compressor,



prOV|ded an air conditioning system conprising an 35 out door unit which
‘has a. conpressor, a condenser to receive [err] transferred fromsaid

conprlessor, = - 2 - aliquid refrigerant pipe which is connected to said
condenser at one end thereof and is divided-into a plurality of branch
pi pes at the other end thereof, and a notorized val ve being di $posed in o e

each of the 5 branch pipes, the motorized val ves controtling a quantity oﬂ“h'ti
refrigerant flowing in said branch pipes; a plurality of indoor units- whieh*

have Tespect | yo, CYARAT SRALT oeRrYIEe WA IR Uhthddbddh gl b anch

pi pes through C I on p| §Ferat|on request signal
out put means €ondensgut atngnmeaﬁemra?fr @cﬁlﬁ’eéts %t3 ng whi ch of

the indoor Unbiﬁ a3 19U BeanehORdpRise atc e iothereansl fidtexsumy i ng t he
nunber of the 5

oor units re U|red t Q_oper.ate | ord ce with t he
request Ssi gnaPn#r Bniekryizsd: ﬁl&? P&d&@g?rlﬁpé’ﬁﬁ% caH]rreoafn;é‘
val ve- opesi ngbﬁ-aﬁbhOblpsasr)s tpueonod:ectmemvalnm e:qntmilsmg & val ve
openi ng data for ﬁgﬁgg ng of
each 20 val {82 ngggd?%g onrgﬁé n er o 1°n 5%F§ﬁﬁf?§§?§§ﬁ.red to operate
in such a manner that val \aepdp‘é'ﬁilﬁ-ﬁ @Lc dagoer pandts, WhiCh MaYRinher of
i ndoor units EEQBEEEQVEOeQBQEQEonQQF%&Eﬁﬁhﬂﬁuidﬂ&edﬁﬂnébted to

individual branch pipes through connection pipes;
10 _ operation request signal output means for
. outputtlng an. operatlon request signal 1nd1cat1ng. -
| which of the 1ndoor unlts is required to operate; \U
countlng means for counting the number of |
_ the indoor uhits.required to operate in accordance
15 | with the request signal from said operation request
slgnal output means; : _ :
o valve-opening control means provzded with
:a table which stores valve opening data for each of
the motorized valves, the degree of opening of each
20 valve dependlng on the number of indoor units .
requlred to operate in such a manner that valve
openings decrease in steps as the number of indoor
units required to operate increases, and the valve
openings increase in steps as the number of indoor
25 units reqelred to operate decreases, the valve-— _ ‘\J'
openinglyeans ‘being respon51ve to the operation
request signal and the count in the counting means,
said valve-openlnq control means outputting a signal
, representative of the degree of valve opening; and
30 drive circuit means for driving said

35



openrngs I ncrease in steps as the nunber of indoor 25 units required to
operat ¢ decreases, the valve- opening central neans being responsive to the
operatilon request signal and the count in the counting nmeans, said

val ve- openi ng control neans outputting a signal representative of the
degree of -val ve' opening; "and 30 drive circuit neans for driving said 35
JV-JnDtorized val ves for the indoor units required to operate in response
to the val ve opening signal and for controlling the notorized val ves
corresponding to 5 the indicated i ndoor units to open to the degree

deci ded by the val ve-opening control means. By way of exanple an

embodi ment of t harhBYGRL GA1Vek! £ARVHE dRNBRDGMINE! heifiFhdts Lo the 10

atconpanyi ng draw ngs emat | leM/of an air
condi t i oni ng, sy§P§ﬁ?5écéPdFﬁ§PPBS&n BnﬁbﬁrNéﬂ?eoPPFﬁénﬂhﬁéﬁﬂa&na

Fig. 1b :s a SCBeﬁabbfﬁttﬁewmi; &hel ROGOrideUl valives &om&eeﬂlan@cilﬁgglwram of
a control a par us,of .t yst plain the opening
of notorize gslngbca%ea 1nsgk§sugét§n§°48p§ %PI%% ﬁ&ﬂ?? Cof the

control apparatdeclded by the valve-opening control means.

By way df'example, an embodiment of the
invention will now be described with :eferén;e'to the
10 accompanying drawings, in which: '

N\ ' Fig. la is a schematic view of an air
conditioning system accordlng to an embodiment of the
invention.

15 ' Fig. 1b is a schematic view of an indoor unit;
' Fig, 2 is a block diagram of a control apparatus
of the system,' : '
Fig. 3 is a graph to explain the opening of
‘motorized valves:
20 - Figs 4a and 4b are flow charts of the control
apparatus, '
Fig. 5 is a diagram explaining the operation of.
motorized valves. |

A 25 In the refrigerant circuit of outdoor unit F in
Fig. la, a discharge outlet of compressor 1 is
connected to a condenser 3. A filter 4, a stop valve
5 and a filter 6 are installed in a liquid
refrigerant piping 2 that extends from said condenser -

30 3. The refrigerant piping 2 is divided into a
plurality of branch pipes 7a, 7b, 7c, 7d and 7e
corresponding to the indoor units A, B, C, D and E
connected respectively to connecting ports 9a, 9b,
9¢c, 9d and 9e. Each of these branch pipes 7a, 7b,

35 7c, 7d and 7e has a respective motorized valve 8a,
8b, 8c, 8d or 8e installed thereon. Each motorized



Fig. 5 is a diagramexplaining the operation of notorized val ves. 25

In the refrigerant circuit of outdoor unit F in Fig. la, a discharge outlet
of cdnpressor’'1 is connected to a condenser 3. Afilter 4, a stop valve 5
and a filter 6 are installed in a liquid refrigerant piping 2 that extends
fromsaid condenser 30 3. The refrigecaht piping 2 is divided into a g
plurality of branch pipes 7a, 7b, 7c, 7d and 7e corresponding to the |ndoonso -
units A, B, C, D and E connected respectlvely to- connecting ports 9a, 9b,«"%
9¢c, 9d and 9ga1RRL BDSf é&e%brmcdirm@e:BS?apei’hteGSby,7fpr7d and 7e has a * -

t t d | 8 | L ed Each
ot or | zed. | SKARRLGn & EeRRIng BofSy, " AChHLRRRE] 1T1aRRCRSTT: SO0N
st eppi ng not ](cznd /tcslmp atanme 3 aaxe linstalbedt in aaQaeeqelBSare i nst al Ihed in
t
a gaseous re “ﬁﬁ_g&gseoglé%f“ OIS ECE LS t@%ﬁé’%h&ﬁébg ¢hiet of e

conpr essor erant .prpe 10 1s divi tnto a pIurallfy
of brancls plmme:ponpngssonAb The gaseqes | refrigeraptppipendfcdsd

respectively Q, @dghlétﬁﬁ,_sallﬁey aﬁt}aréﬁ@h §§e§ngj4§5e14b'[he i nI. et of

condenser 3 o d.theinlet of

refrigerant
accunul at or ﬂ$Qﬁ kﬁﬁmﬁﬂ% 148 (in o p?%ébgog%PﬂeEgﬁﬁected by a bypass .
pi pe 16 vmtr1gégpa%nggmywtbrcnnnetttngvpbrts115ansiabLed5cn aBd m ddl e of

said bypass md§315-nﬁarhe inlet of condenser 3 of. the liquid
10 refrigerant pipe 2 and the 1nlet of accumnlator 12 ofd
gaseous refrigerant pipe 10 are connected by a bypass |
pipe 16 with a low pressure regulating valve 17 k)
installed in the middle of said bypass pipe. The
' connecting ports 9a, 9b, 9c, 94 and %e on the side of
15 said liquid refrigerant pipe 2 and the connecting
:'ports 15a, 15b, 15c, 154 and 15e on the side of said
gaseous refrigerant pipe 10 are connected to each
other through indoor units A, B, C, D and E. As
shown in Fig. 1b, said indoor unit A is provided with
20 an evaporator 41 and a fan 42. Said indoor units B,
c, D

25
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connecting ports 9a, 9b, 9c¢c, 9d and 9e on the side of 15 said liquid
refrigerant pipe 2 and the connecting ports 15a, 15b, 15c, 15d and 15e on
the gi de of said gaseous refrigerant pipe 10 are connected to edch ot her
through indoor units A, B, C, Dand E. As sffoWn =i n Fig. |Ib, said indoor
unit A is-provi-ded with 20 an evaporator 41 and a fan 42. Said indoor
aQikts B, C, _D.25 30 35 - and E have the sane construction as that of the
i ndoor unit:A The construction of a control apparatus to control the
opening of said notorized val ves 8a, 8b, Sc, 8d and 8e 5 will be

expl ained with L to Fh%. 2. The ogenin for each of_ said notorized
val ves 8a, 8b, 8@R%EF Dayesthessapf: FOPEETUFsipac sy ERRtLPE, the dadeozcui t
21 that is opera ﬁd béﬂa val ve signal V to determne the notorized valve to
be actuated and 5b ing signal S to determne 10 t he openi ng of each

of the ot or 26 val veo, el BLReRURLLS ol 7L 3rA 8 oSRIREL 20 oSl
[eaucst 1 AnaLS Snaboptnls®8} Sl ABLALEILA JELGCE B3, BB, U8 olHR o
e LA b e d e A o F402°011 | B’ R o
each of said motorized valves 8a, 8b, 8c, 8d and 8e is
controlled respectively by a drive circuit 21 that is
ot opéfated by a valve signal V to determine the motorized
valve to be actuated and an opening signal S to determine
10 ©  the opening of each of the motorized valves which are outputted
from a microcomputer 20. Said microcomputer 20 is designed
to receive not only the input of operation request signais
a, b, ¢, d and e which are to determine the units to be
gperated”ott of indoor units A, B, C, D and E and outputted
15 from indcor thermoswitches 22a, 22b, 22c, 22d and 22e as
. operation request signal output means but also the setting
signals set by selection switches SWa, SWb, SWc,- SWd and
SWe which are provided corresponding to indoor units A,
B, C, D and E. The selection switches SWa, SWb, SWc,
20 SWd and SWe are scanned by the microéomputer 20. In
this-émbodiment, the operating conditions of air
conditioning system are determined by said thermoswitches

- i.e. sensors 22a, 22b, 22¢, 224 and 22e and selection

-

switches SWa,ISWb, SWe, SWd and SWe. Said selection switchqs

25 ' swa, SWb, SWc, SWA and SWe include capacity setting

means and pipe -length setting_means and are designed so



signal s set by selection switches SWa, SW, SW, SWI and SW which are
provi ded corresponding to indoor units A, B, C, D and E. The selection
swigt ches SWa, 'SWb, Sw, 20 SWi and SWe are écanned by the m cr.oconputer
20. In this enbodinent, the operating conditidrs of air conditioning
system are determnmined by said thernoswi tches i.e. sensors 22a, '22b,. 22c,

- 22d and 22e and sel ection switches SWa, SW, SwW, SWI and SW. Sajd N C}Fﬁ
sel ection sw tches 25 SWa, SWh, SW, SWI and SWe include capacity —
setting neans and pipe -length setting neans and are desi gned so -6 :

TR PR 5 58 B e B L i
pornts & out SoREMTAL G, o A ARAGHALAS O the HRNE | Wt Aysherts
ot 21 5 G e R S of B A U 0
kcal 1 a0 4500 sild 'k, 39 4% B, poP sl B M R B A 503 B8
sel oot 1o COMLIal g s SeHIRLAL PR AR, 08 PSRN D e
Phehace Do Fpo et ro tapia -t e gL,
combi nations, SYeteh9s Abanie’ 6% bpathatityTatlshy of three different
capécities:such as 2200 kcal/h, 3500 kcal/h and 4500 kcal/{~)
and the pipes - of more than 15 m and less than 15 m are
10  available, each cf said selection switches is designed to
select the-combination of the operating capaciiy and pip
~length. Such ccmbination can be selected at the time of the
installation of indoor units A, B, C, D and E. 1In this
- case, there are six selectable combinations. :In the case
15 shown in Fig. 2, however, there are eight séiectablé
‘combinations, since there are three input terrminals.

The n=icrocomputer 20 stores the data A (j, k) o
~concerninc the cgening of motorized valvescorresponding to\‘/
combinations of aumber of indoor units in operation,

20 capacities of indoor units and pipe ‘- lengths as shown in
the following table. That is, said”micrécompﬁter stores the
data listed in the following table and includes an opening:
control means for setting the openings of the motorized
valves according to the data of the table. Said
. 25 microcomputer also includes a counting means £6r counting

the number of indoor units which are required to be operated



The mcroconputer 20 stores the data A (j, k) concerning the opening of ---
mot ori zed val ves corresponding to conbinations of number . of indoor units in
oper.atfon, 20 capacities of i ndoor units and pipe - lengths as shown in
theffollomnng table. That is, said mcroconpujerL stores the data listed in
the follow ng, t'abl'e and |ncludes an opening control neans for setting the
oqgnlngs of the notorized val ves according to the data of the table. Said
25 m croconput er al so includes a counting nmeans for countlng t he nunber
af indoor units which are required to be operated -7 - according to the
outputs fromthe sensors 22a, 22b, 22c, 22d and 22e. 5 .

Table 1 Nunber g&cbPdoRg H8i the'Sutbuesd £RRRM @4 eksdrd 22a, Ezb, 228, 224
4 - 5 Short - A(1.0) A{2.0) A(3.0) A(4.0) A(5.0) 10 Smal | ong

A(1.1) A(2.1) A4mal22é(4.1) A(5.1) Medium Long A(1l.3) A(2. 3) A(3. 3)
A(4.3) A(5.3) Short A(1.4) A(2.4) A(3.4) A(4.4) A(5. 4) Large - Long
A(1l.5) A(2.5) A(3.5) A(4.5) A(5.5) 15 The - openi ng contr ol
means for notorized val vesis designed so that the opening of notorized

val ves 8a, 8b, 8c, 8d and 8e can respectively be controlled to the
predet erm ned opening A (j, k) by steps, according to the nunber of i ndoor
units in op®ration detected by the inputs Table 1 _

- s
T e ] ; )
>= f; § sumber of indoor units j
s g - required operation (j) '
U ST = . ; —
~ S £ 11 i s |4 s
 Short | AC1.2) | 4€2.0) 7 4€3.0) | AC4.0) " 4(3.9) :
10 : Small {Lomg ¥ ACL.D - 4€2.1) 7 431 | ACA. 1) - 4G5.1)
0 Pshort PACL2):AC2.2) 1 AC3.2) | AGH.2) I AG.D)
Mediua  Long | AC1.3); AC2.3) ! A(3.3) | 4¢4.3) : 4G5.3)
| Short } A3} 4C2.9) | AG.4) | 4¢4.4) 1 4G !
Large |{Llong ' ACL.3)!AC2.5)4(3.5) ] 4(4.5) : 4(5.5) .
15 The opening control means for mctorized valves is
designed so that the opening of motorized valves 8a, 3b, 8c,
L;) 8d and 8e can réspéétively be'cbntrclled to the

predetermined opening A (j, k) by steps, according to the
number of indocr units in operation detected by the inputs

20 a, b, c, d,.é from said_sensors.ZZa, 22b, 22c¢, 224 ané 22e,
‘the capacities of indoor units A, B, C, D and E and the
lengths of pipes = reaching said indoor units respectively
which are detected by the input'signals from said selection
switches SWa, SWb, SWc, SWd and SWe.

25 ' The opening data A (j, k) generally shows the

tendencies as‘éhown in Fig. 3. That is, as the number of



20 a, b, c, d, e fromsaid sensors 22a, 22b, 22c, 22d and 22e, the
capacities of indoor units A, B, C, D and E and the | engt hs of pipes
reachihg sai d'indoor units respectively which are detected by the input
signals fromsaid selection switches S\Wa, SwW, SW, SWi and . Swe. 25

~The opening data A (j,. k) generally shows«t h& Lendencies as shown I.n*Fi g.

3. That is, as the nunber of -8 - indoor units in operation increases, |\ /"
the circulation quantity of refrigerant per an indoor unit decreases; as ~ ¢

t he capacity CEndoorrmhitsuﬁntopermtronlﬁngreases,ctheubarbuﬂaqdontity of- v

o e e e iEELy of PEEFRIEant Mok EndiAGEEE LTy 8R8ERARLH PO (e
friction. Theras cthe ¢¢Ea©§€ﬁ|0§ *n)in§°ﬂ§eﬁsltob9§°§eﬁ ﬁérsenekhﬁlvely
| ar ge val ue. r 10 - is snal

e mffl > d%%t%aﬂéitf‘déf réfﬂaefanepea:amaa

t he capacity o In operation IS relatjvély | arge, and the

| ength of Bi pelnereasesi ang the greakerchhe; hengERnPigPiBe} fhPs set to a
relatively SmQArQE&L%herté@@if@debpenﬁﬁgeof1ﬁotorized valbiext, the

A% 9b. “Undrecaee [ F ARBCFDNE, dhbeong PRaREfoth) Ch&l MeTEE O IO
operation requaseningnkd (i) abeeds tohbeceaprtesarrel'ativalxnlefrg%tate and
motori zed val (g8 w0 whéfe e ﬁ&mbéf' 8Bdif8o8kCuhithy iAPEREZatibR tNis
10 is small, the capacity of indoor units in operation
is relatiVe1§'Iarge; and the length of pipe is
relatively great,'wnereas the opening KD (i) is set W
to a relatively”small value in:tne reverse case.

15 | . Next, the operation of the control apparatus
will be explained with reference to Fig. 4a and 4b.
When all the indoor units A, B,_c, D and E stop, and
the operation request s1gna1 is’ absent the
compressor 1 is in an off-state and motorized valves
20 8a, 8b, 8c, 8d and 8e are fully opened. ‘In this
condition, when the operation request signal is
outputted from any one of the indoor units, scan
output will be generated from the microcomputer-zo at
step S; so that the data concerning the capacity of
25 each indoor unit and pipe length will be read through o/
' switches SWa, SWb, SWc, SWd ‘and SWe. Next, at step
S3, the data concerning the number offindoor units
to be operated will be read through sensors 22a, 22b,1'
22¢, 22d and 22e. Then, in order to discriminateiif
30 any one of the indoor units is in operation, it will
be determined whether the number Np of indoor units
required for operation was 0 or not. This operation
is judged at step 83, and, when it is Judged that
. the number Np has been 0, the program proceeds to
35 step S4 and the prev1ously set opening KD (i) =
in order to fully close the motorized valves 8a, 8b,



condi tion, when the operation request signal is outputted fromany one of
the ingoor units, scan output will be generated fromthe m croconputer 20
at step [err] so that the data concerning the capacity of 25 éach i ndoor
unit and pipe length will be read through switches S\Wa, SW, Sw, SWi and
SV‘é Next , at, 'step [err], the data concernidng £ he nunber of |ndoor units
mbe operat ed will be read t hrough sensors 22a, 22b, 22c, 22d and 22e.
Then, in order to discrimnate if 30 any one of the indoor units is in
oper ation, it 8, sdeahd @eriontd Yretthezexite therizattings ohdky thets

ired f Thi
rau red Tor OREALI9RA00-Y dlo! apllek OB YAPA.S g RS0 am
proceeds to 35handt,eprh[ee1r rtpearicudgleuqmtewtowep §@ isd¥Q heaoamge) = Ao in

order to fullyag ?i'é“l"ﬂd%%@ Ries J.%aungl%peratl%n 8Gyhtheéy d 8e once
or to- zerothesttln t.he notorized val ves 8a, 8’b, 8c, 8d and 8e.
On the oth8r hkhe, ofddadeer &P%ﬁ%@ﬂ?%%éﬁj%one of

t he i ndoor uni &g tﬁatn@pagatmn,ln\alw&@rnlis ftdiemlmﬁrtﬂ\dc of indoor units
in operation is_e to,.tha of the door unl for_which the
“operation has 8?5%"% §F§di’ﬁ.ﬁ2\, tﬁ% FeViIousiYy &F A%tk s5. wien
the result of tadgeduatestep S NOWhmnm sesmldf afhehimloor units are 10
in oper ation, 3ydqehentuthe ko'\l%engautsge gotilOY¥r ¥le Sndoor units are
10 in operation, and the number Nc of the indoor units
_ o in operation is not equal to that Np at the time of
k/- the previous _operation , the program proceeds to step
S¢ in order to judge if the operations of all the
indoor units are to be stopped or not at this stage,
15 whether the number Nc of indoor units which are in
dperation at this stage is zero or not is judged.
When the result of this judgement is YES because all
' the indoor units are stopped, the program proceeds to
step S;7 and the openings KD (i) of the motorized
20 valves 8a, 8b, 8c, 8d and 8e for all the rooms are
' set as KD (i) = A; or the fully opened position.
Following said judgement and processing,, at step
Sg, the data KD (i) = .'
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~in opefation is not equal to that Np at the tine of the previous operation,
t he program proceeds to step S6 in order to judge if the operations of all
t e indoor uni'ts are to be stopped or not at this stage, 15 whether the
er Nc of indoor units which are in operatign at this stage,is zero or
not i s judged. Wien the result of this Judge'n%Qt %s YES because€ .all, the s
i ndoor” units are stopped, the programproceeds to step [err] and the * . &
openings KD (i) of the m)torl.zed 20 val ves 8a, 8b, 8c, 8d and 8e for all— "
the rooms are set as KD (i) = [err] or the fully opened position. Follow ng
sai d judgenent and processi ng, at step [err], the data KD (i). = 25 30 35
-10- A (j, k) concernl ng the openingof the notorized valves 8a, 8b;, 8c, 8d°
and 8e as are sé& (in di Fongeraing CReRgnGef the Jmterized ‘f?el‘@fpeﬁﬁttl%'%
pi pe | engt hs %nd t he nunber of driven i.ndoor unlsa are read for indoor

units A, B, C,_B%nd%b and: 8e- &5 2%, SoF in saif g ot §F993nT (39 i §he
E?e\(/: 2)u-sl ;ste'E' )éﬁgihe |fference l%)%t%\gge%d-f Ee& gtemg dat H'S' (I%ﬂ%ﬁﬁ £
proceeds Lo f@%@%@%&%@% b A s s S'&ﬂ%—gzremso
according tg thL‘Srestp%cQJ.Qe)ly are. Then, a.t step 59, D (1) = \D {i) - KD'
(1) ' the dlf‘ere 1ce between the opening data KD (1) anu
- previously set openz.ng data KD' (i) is calculated. Then, the
_progi‘em proceeds _"i':o""l:step S;g 28 | shown in F;.g ub and the U
- nulse" -signals cc::e,sponding'-ﬁo th_e.-op..en_ing -f.o _be varied for
io0 various indoor units accc*o,lng to this data D f:L) are
ox.tputteq secmenually to motor:.zed valves 8a, 8b 8¢, 8d-.
.and 8e from a drive circuit 21 and the open-:.ng . of tnese_
valves is adjushed to the necessary degree. 'Ihen."-the program

'proceeu o_ste? 3-11 in order to judge if the ..umber of

12 indoor units for which the operation requests save been made
is zero cr not, and, when said number is zero.’tbepmgram
returns t¢c step s2 to read the data cencerning the number o&J '
indoor units recu.sred for ope*at:.on. and this rrocessing
will be repeateé thereafter.

20 On the other hand, when the number of indoor units

required for operation is found not to be zerc at steb 8'11'
the program proceedsto step 512 to judge if the settings of the
opening for the indoor units required for operation are |
completed or not. When said settings are found not to ‘have

25  been completed at step S,;,, the program returns to step S,.

When the settings for the opening for the indoor units



outputted sequentially to notorized valves 8a, 8b, 8c, 8d and 8e from a
drefve circuit 21 and the opening of these valves is adjusted to the
netesshry degree. Then, the program proceeds to step [err] .in order to
judge if the nunber of indoor units for which the operation requests have
beel made |s zero or not’, and, when said nunbedis zero, the program
teglurns to step [err] to read the data concerning the nunber of indoor
~units required for operation, and this processing will be repeated
thereafter.- 20 On the ot her hand, when the nunber of indoor
units required for operation is found not to be zero at step [err], the
_program proceeds to stexiéeﬁr] to judge if the settings of the opening for
the i ndoor unitsTPEH&FREL L oppERBiPBNatecfound| techave heen vemplesed at
settlngs are found not to have 25 been conpl eted at steg [err], the
program returns £5eRt8pap &8 |Progyrh proceedst tongtePof 1 ghe Eeﬁ#ﬁgssﬁ g the
I ndoor units  required for operation are found to have been co eted at
Step [err]; the B?SFPSH?EFBEEe ¢ PBtRRED thersignal Sexpd féVFTg
m croconput er 20 outguts thﬁ signal for driving the conpressor 1 to a_rel ay
131 and al so out pGPEP ﬁﬁngg aF°f6rr313Y i 3Rd 2 h9P cRREBBES T BRe 0P 18024 0EPT
unit F not shown,in the d gﬁ $ ﬁ %9ran1retu ns to ste err
The af orenghtion ﬁlﬁfﬁgeggegu ??rb a%x% FVECPR WRLE F\PPR FRPERenBetES
Fig. 5. Wen onl nwhile all_ofher indoor units
are stopped, -al Iaﬁ%wggg %%QAHIE gﬁ@éﬁgﬁ&%s %% %%Ip %21 8e V\:hi ch have
been in a fuIIy opened Sta*ﬁévﬁ£or$ﬁhﬁéqoﬂé§|éﬁgéksseé“&lilaﬂe exolalnea in
\~j o - detailwith reference to Fig. 5. When only indoor unit a is
turned on while all other 1ndoor units. are stopped, all
10 motorizeé valves 8a, 8b, 8c, 8d and 8e whlch have been ina
fully opened state will be fully closed.. .. =~ After all the
motorized valves 8a, 8b, 8c, 84 and 8e are fully closed,
only the motorized valve Sa'corresponding to the indcor unit
A will be opened to the set opening in the case where
13 "Number of indcer units required operation = 1" while the
other motorized valves 8b, 8c, 84 and 8e are kept fully
K_/ _ - closed. 1In this case, in order to prevent the erroneous
‘operation of the valve owing to the noise from the
compressor 1, said compressor i is driven on after the
20 opening of motcrized valve 8a corresponding to the indoor
unit A is completed. When the number of indoor units
required for operation has become two, for example, as
indoor unit C is turned on while the indoor unit A is on,
the opening of motorized valve 8a is altered to the set -
25 opening in the case where "Number of indoor units required

operation = 2", and then the opening of motorized valve 8c



notorized valves 8a, 8b, 8c, 8d and 8e are fully closed, only the notorized
vaIve 8a corresponding to the i ndoor unit A wll be opened to the set

opéni g in the case where 15 "Nunber of indoor units required.operation

= 1" ile the ofher notorized valves 8b, 8c, 8d and 8e are - kept fully

cldsed. In this case, in order to preventJﬂyae&roneous operation-of the =
valve owing to the noise fromthe conpressor 1, said conpressor 14s drlvenw’
on after the 20 openi ng of notorized val ve 8a corresponding to the .

i ndoor -unit A is conpleted. Wen the nunber of indoor units required for = *
operation has becone two, for exanple, as indoor unit Cis turned on while
t he i ndoor unit A is on, the opening of notorized valve 8a is altered to.
the set 25 bRaike €8senehpidooMuahet ©f willoalsonbesseeqtor etlat -
operation = 2", and en the openi ng of notorized val ve Sc -12-
correspondi ng t@% i‘fcé.ﬁﬂé’oﬁoufmé &agé | wheteothe natbép bfaindppki ualits t o
the case where the nunber of indoor units required operation 2.

Furt her nore, ifed noperativh £ 2s tFmrthermorejhewheanthg éndoba unit =
notori zed valves 8a and 8c 5 corresponding to indoor units A and Cw |
sequenti-al |y beisetuined honp the| opening tof t the castonksed vhdvesnBer aph Sc
ndoor units in operation = 3, and then the opening of notorized valve 8e
correspondiﬁg-tcorfespuuﬁhnguuotiiﬁowtIuaito beangtCtﬂllhaﬁeaﬁﬁﬂﬁééﬂﬂy 8
the case where the nunber 10 of indoor units in operation = 3. \Wen

i ndoor units A sew fbathoserﬂ@ﬂle¢4blete¢ theccase ovhers #Bﬁvégmbaraﬁé 8c

indoor unlts in ooeratlon“= 3, and then the openlng of QJ
motorized valve 8e corresponding to the Lndoor unxt E wil -

also be set to that applzcable to the case where the number

-~

10 of indoor units in operation = 3. When indoor units A and C
are turned off later, the motorized valves 8a'énd 8c |
corresponding to these indoor units A and C will be:fully
‘closed sequentially, and then'the opening of motorized valve
se corresponding to the indoor unit E will also be altered

15 to that applicable to the case where the number oi indoor
unit in operation = 1. When the'operatione of all indoor

&/

nits are stopped, the compressor 1 is turned off, and all
‘+the motorized valves B8a, 8b, 8c, 84 and 8e will be fully
opened seguentially.
20 | " - Therefore, in this embodiment, the opening of
motorized valves 8a, 8b, 8c, 8d and 8e:are controlled by B
steps according to the number of indoor units A, B, C, D and
E of the air cmditiming system in operation, the ‘¢apacities of .
indoor unite A, B, C, D and E and ‘the lengths of the pipes so -
25 that a complicated control system such as a feedback control |

‘with PID control action is not requj_:ed Thus, the control system -



corresponding to these indoor units A and Cwll be fully closed

sequentially, and then the opening of notorized valve 8e corresponding to
the indoor unit Ewill also be altered 15 to that applicable to the case '~
where the nunber of indoor unit in operation = 1. Wen the operations of
al | ¢i ndoor ,units are stopped, the conpressor é3is turned off, and all the

ﬁglorized val ves 8a, -8b, 8c, 8d and 8e w Il ~be~fally opened sequentially.
20

Therefore, in this enbodi ment, the opening of notorized
val ves 8a, 8b, 8c, 8d and 8e are-controlled by steps according to the
nunber of indoor units A, B, C, D and E of the air conditioning systemin
operation, the capacities of indoor units A . B, C D and E and the | engths

-6f the pipes so 25 . that g.cqnplicated control system such as a feedback
control with PISaEOFFréﬁmEgﬁi&ﬁ“rsaﬁéttF@qBPFéHPmTﬂb§Frﬁhété8ﬁtPGI system

i e Do, S oS S A Sl DML S L PO 1 LA
pLurar LY o 1 URY AR i80S b L0 X aodBoy BT B BESt e
cantrol SYoLem dgRRthere LYo SRR LORERN BOEKG'nHLY, LERSL U8
compact ) s uasiedad BISCNTELR a\gy 80Rks dheone, morsqeFosbICEIREES)
I's judged accorgdy@gdehOcoes not require the refrigerant circuit with

U temperature sensors. Thus, the control apparatus accorcing
to this embodimén: can be campactly designed and prcduced at
low cost.

10 Furthermore, in said embodiment, the cperating
cendition of the air conditioning system is j':udged according to -
the number of indoor units required for operation, the
capacities oithe:uﬁbcrtxﬁtsand tﬁe pipe lengths, but it is
also possible tc judge the operating condition cf the air

15 conditioning system according to any one of then.

As explained ia the foregoing, accoréing to the
present inventicn, the crening of motorized valves
cofresponding tc indoor uvnits can be controclled respectively
to the predetermined degree according to the number of

20 indoor units to be operated, So that the present contfql

~apparatus _ can dispense with the
complicated control system such as a feedback ccntrol with
PID control acticn. Therefore, the contrql apparatus
cannot énly be extremely simplified because -of the simple control

25 but also the refrigerant circuit with temperature sensor is

not required.” As a result, the system - - . according



t he nunber of indoor units required for operation, the capacities of the

i ndoor unitsand the pipe -lengths, but it is also possible to j “udge the
opemilr@ condition of the air 15 condi tioni ng'system accordi ng to any

one of them As explained in the foregoing, jgccording to the present

i,nvention, the opening of notorized val ves corresponding to indeor-units e
can be controlled respectively to the predeterm ned degrée according to thé¢
nunber of 20 i ndoor units to be operated, so that the present control

appar at us can di spense with the conplicated
control system such as a feedback control with PID control action.

because of tnctQi TR FRORSE TBRANELLE EFLEGag” X PoRPRRERES RnfPip °0 °

t enperature senso t uired. - As aresult, the system --
accordi ng - éu#%;@% éggsent i nvention features a conpactness and | ow

pr oducti-on cost 5 10 20 25 . An air conditioning system conprising
an 5 outdoor unit which has a conpressor a condenser to . . _

I
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receive refrigerant transferred from said conpressor, a liquid refrige
pi pe which is connected to said condenser at one end thereof
into a pluraljty of branch pipes at the other end thereof, 10 and a

nmot ori zed val ve. bei ng di sposed in each of t?g branch pi \&“ﬁ‘“ﬂﬁ n
val ves controlling a quantity of refrigerant™fl ow ng i “!u‘

e;glurallty of
connected to 15 individual branch pipes through connection pipes;

i ndoor units which have respective evaporatdrs’ and mh

operation request signal output neans for outputting an operation req

si gnal

I ndi cati ng which of the indoor units is required to operate;

counting neans for coQDAIM8:the nunber of 20 the i ndoor units requ
operate in accordance with the request signal from said operation req

si gnal

out put neans; val ve-opening control neans provided with a tab

whi ch stores val ve opbnlng Antairorondibioning systemnsowprisdngapies,
degrees of SHN”EﬁEHG$reﬁﬁﬂtVﬁhYthSQQnQ'BgmﬁfesQSrnuﬂbebnaénsaéoﬁb units

erant

B
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st eps

rGQU|red to Operate In S a hannhe t ha va e ecrease I n

e e uner P FeC RS CHEF L GeFatE, s betret s fEoPER 1. COTRRABERE v al vo
openi ngs iaclbquidi restigeranttpipeuwhicholsi cdnnectedt sor egidred to
operate decreasgs,3iiife) ¥ CandPERS %&f&&%aénaﬁfgsai“émea into a
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plurality of branch pipes at the other end thereof,
and a motorized valve being disposed in each of the
branch pipes, the motorized valves controlling a
quantity of refrigerant flowxng in said branch pipes:;
a plurality of indoor units which have
respective evaporators, and which are connected to
individual branch pipes through connection pipes;
operation request signal output means for
outputting an operation'request signal indioating '
which of the indoor units is required to operate:;
counting means for counting the number of
the indoordunits required to operate in accordance
with the request signal from said operation request

signal output means;

valve-opening control means provided with
a table which stores valve opening data for each of
the motoriZed_valves, the degrees of opening of each
valve depending on the number of indoor units
required to_operate in such a manner that valve
openings decrease in steps as the number of indoor
units required to operate increases and the valve
openings increase in steps as the number of indoor
units rquired to operate decreases, the valve-
openinglueans



-16 being responsive to the operation request signal and the count in the
¢ounting nmeans, said val ve-opening control ngans outputting a signal

representative’ of 5 t he degree of valve opening; drive circuit .means for
driving said not or'i zed val ves for the indoor units required .to.operate in

response to the val ve opening signal and I8 <ontrolling the nmotorized i
val ves corresponding to 10 the i ndicated |ndoo o] the : gﬁf”
degree decided by the val ve-openi ng control maan lmg”"i"lmtmﬂllm S
conditioning systemas claimed in Claiml1, er comprissi Rg cap 4

I ndi cating 15 means for selecting one value out of predeterm ned,
di screte nunerical values tq set a capacity for each .of sajd indoor units
and for out put PREBIaresgeasiveditoathey operation insquestesignahandy e

rﬁprgsent S dggtﬁéscaﬁg‘tahhetﬁléeWtfi@Ig wahasﬁ,f sdiﬁlb manfe-?@ie_ dr?:_&xg val ves,

t he degrees being eterni ne lative'tq t nunber i ndoor units

required to opEPE tgo nePRE CHYRS tﬂ‘ntgh&' gggqaﬁ fﬁ%ﬁ?ﬁnﬁiﬁt the

capacity is cotheadEgrebeofawaévepewﬁmgngscreases in steps as the nunber of

i ndoor units required to 23.,.i,@P84 ?balgnﬁe%%?%o@%\vﬁggtéﬁ &al ve opening
Q0 Ire

i ncreases in steps as the nunber uni t's requ t 0. operate
decreases and MAEArizZadn¥aives ﬁHEbGPeuﬁPF§°Fé@ﬁ is
constant, the gpepate &h &eeéoﬁeeotbztdev&la\ma ldimﬁaﬂ;asﬂgnﬂtcmd?»o as

~ the capaC|ty 'Pgéeééﬁéroiiingh%ﬂ ﬂ%to@i@% W?TJE% corresponding to'
i0 the 1ndicated indoor units to open to the degree
decided by the valve—opening control means. _ \;)

agy

2. An air conditioning system as claimed in
Claim 1, and further comprising capacity 1nd1cat1ng H
15 means for selecting one value out of predetermined,
discrete numerical values to set a capacity for each
of said 1ndoor units and for outputting a signal
1nd1cating the capacity, wherein the table represents.
degrees of valve opening for each of the motorized
20 valves, the degrees being predetermined relative to
the number of said indoor units required to operate
'and the capacity thereof in a manner “that when the
capacity is constant, the valve opening decreases in .
steps as the number of 1ndoor units required to W
25 operate 1ncreases, and when the valve opening
increases in steps as the number of 1ndoor units
_required to operate decreases and when a number of
indoor units reguired to operate 1s constant, the
opening of said motorized valves 1ncreases in steps.
30 as the. capac1ty 1ncreases, and when the valve opening .
decreases in steps as the capacity 1ncreases, |
said valve-opening control means looks up
within the table the degree of valve opening
corresponding to a combination of the number of indoor
35



decreases in steps as the capacity increases; said val ve-opening-control—

nmeans {ooks up within the table the degree of val ve openin corresEﬁﬁding

to a conbination of the nunber of indbeor-35 -17- uni‘ﬂ" &uﬂﬂ uu"
* * g

operate and capacity deci ded based on the gigpnal out put
means and the signal output fromthe capacity indicating neans with respect
{0, each of the indoor units required to 5 operate, and outputs a signal

indi cative of tigi€80Fequotedatycopeatatand. capacitndatideansaseani ng
systemas clained jn cla|n1% or,cl |g12 agg furthgr con§r|3|nﬁ$p e length
10 indicati nPheshe Phynal; Surpuh Brim the COMTIRY FeanE Al LS

di screte nunerisignalhl oetput fromathe peapacity ihdicabhing meansowithti on
pipes and Tor QULEbLLt 'dodathinat 1! £RGEY LRELD! PEMERGENEovherei n t e
tabl e represent’s grees of val ve opening . tor eaCh of the notorized
val ves, whiZh epexatearangreutpets) acyigrakhtindicativie afinbhe of said

i ndoor units regaygr&d &P PRBiE Spéinge pipe length of the connection
pi pes in a manner’ t hat when the pipe Tength of the connection pipe is
constant, the valve 20 openi ng decreases in steps as the nunber of indoor

units required 3,0 oper atdniair exsedi t tonlind csysbem vas velajimed nini ncr eases
in steps as theyuyibe] & claim 2 and further comprising pipe length
10 indicating means for selecting one value out of
predetermined, discrete numerical values to set a
pipe length of each of the connection pipes and for
U outputting a signal indicating the pipe length,
wherein the table represents degrees,of valve opening
15 for each of the motorized valves, which degrees are
predetermined relative to the number of said indoor
units required to operate and the pipe length of the
connection pipes in a manner that when the pipe
length of the connection pipe is constant, the valve
20 opening decreases in steps as the number of indoor
units required to operate increases, and when the
valve opening increases in steps as the number of
indoor units required to operate decreases, and when
the number of indoor units required to operate is
_ 25 constant, the valve opening increases in steps as the
\VJ_ length of the connection pipes increases in steps,
and when the valve opening decreases in steps as the
length of connection pipe decreases;
said valve-opening control means looks up
30 within the table the degree of valve opening for a
combination of the number of indoor units required to
: operate and pipe length of the connection pipes
' decided based on the signals from the counting means
and length indicating means with respect to each of
35 the indoor units required to operate, and outputs a
signal indicative of the degree of valve opening.




i ndoor units required to operate decreases, and when the nunber of indoor
units'gequired to operate is 25 constant, the valve opening increases in
st eps s the Iength of the connection picpes i ncreases i n st eps, and when

t he val ve opening decreases in steps as the n th of connectign pipe

decr eases; said Vae”mmﬂ“l !M(““ﬂ'ﬁ rrean§ oIZs up 30 withi’'n the table ...
t he degree of valv mbi nation of the nunmber of indpor units,2
required to operate “and plpe Iength of the connection pipes decided based -
on the signals:-fromthe counting neans and | ength indicating means with S
respect to eachgpf 35 Aheaindoondmhmbnlngqsystémtsubpenaﬂealéwdaautputs a
signal indicatiye_of_t a n 4

condi ti oni ng sy2?£ﬁ+2 §§§ ?Bgﬁlgitﬁ é?g?ﬁﬁ gsgflggg ﬁftﬁhfgﬁgrence to and
as shown in thetnecmpanpanglm mgénqs-lo 15 20 25 30 35 .
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