CONTROLLER FOR AIR CONDITIONER

BACKGROUND OF THE INVENTION

“Field of the Invent1on

The present 1nvent10n relates to a controller for an air

: condrtmner and more partlcularly, to a controller for an air -

cond1t10ner which has a compressor of a constant speed drive type.
Descr1pt10n of the Related Art | |

Among air cond1t10ners for effectmg air- cond1t10n1ng of an
interior of aroom, what is_ called a con_st_ant—s'pee.d type clrculates
refrigerant:while- driving a _cornpre_ssor to ro'tate_"at .a constant
rotational frequency.. Further; one .t.y.pe of air conditioner is called a
separate type, which is divided into an interior unit installed inside
the room and an exterior unit installed outside the room.

In the COnstant-speed separate type air cond_itioner, a
compressor is controlled in such a manner that it is turned on or
off in accordance with necessity. In other words, the compressor is
run or stopped when a rnicrocomputer provided in the interior unit
turns a power relay for supplying electric power to the compressor
on or off, thereby controlling the compression of the refrigerant and
the circulation of the refrigerant in a refrigerating cycle.

However, in such. an air conditioner, if a cross flow fan is
run at the start of a heating, cold air is blown out in the interior of
the room because the temperature of a heat exchanger in the

interior unit is as low as the room temperature. In order to prevent



.. .- .cold air from being blown out at the start of the heatlng 11ke th1s
the temperature of the heat exchanger in the 1ntenor un1t is
measured, and after the temperature of the heat exchanger has

_rlsen to a certam degree (for example approx1mate1y 25C), the

: _cross ﬂow fan is rotated ﬁrstly at low speed so as to gently blow. out
air. Subsequently, When the temperature of the heat exchanger of
the_ interior unit has risen suff1c1ent1y_ and exceeds a

predetermined temp'eratu-re (for :examp_le"., approximately 35°C), the

process prot:eed.s to the heating with a set amount of air.

In this uray, ‘the air conditioner controls_ the amount of air
' to be blown out in accordance with t_h.e' rise of the temp'eratur-e of |
the heat exchanger during the heatin-g. Then,. after the temperature _
of the heat exchanger has exceeded the predetermined.
temperature, the air conditioner continues the heating while
always blowing out a set amount of the heated air.

On the other hand, in the exterior unit, a protection
running that forces the compressor to stop is effected when the
compressor is overloaded or the outside air temperature goes down
regardless of a power-on/off state of the power relay of the interior
unit.

However, constant-speed type air conditioners usually do
not have circuits which can detect in the interior unit a protective
running of the exterior unit. For th_is reason, the cross flow fan
continues to rotate with a set amount of air even when the

compressor has stopped running. Thus, for example, during the
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~ heating, the temperature of the heat exchanger goes down -

grad.u'a.ll'jr, thereby casing .a prohlem that cold air or air that is felt
to be cold is blown out into the interior of the room. -

~ In the meantime, in the exter1or umt the protectmn
rnnnmg that forces the compressor to stop 1s effected The forced |
_stop of the compressor is effected not only When the compressor
motor is overloaded but also When the outS1de air temperature
goes down durmg the heatmg as it becomes 1mp0331b1e to .
demonstrate a suff1c1ent heatlng capab111ty ThlS type of forced stop
of the compressor _1_nterrupts the _sn-pply._ of .the electnc power to the _
compr-ess'o_r motor regardless of an on/ off signal of the pow_er relay
from the microc.omputer' of the interior unit.

However, particularly among constant-speed type air

conditioners, there are some air conditioners that eliminate as

many functions as possible in order to reduce the price of the

" product. Further, some of them even simplify the connection

between the interior unit and the exterior unit and eliminate a
signal conductor for feeding the running conditions of the exterior
unit back to the interior unit. In that case, the forced stop of the

compressor in the exterior unit cannot be detected easily on the

- interior unit side. For this reason, for example, during the heating,

the cross flow fan of the interior unit is kept running although the
compressor of the exterior unit has been stopped by the protection
running, thereby raising problems such as cold air being blown out

from the interior unit.
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' SUMMARY OF THE INVENTION
The present invention was made in view of the

aforementioned, and an object of the present invention is to

| provrde a controller for an a1r condltloner in wh1ch an 1nter10r unit
can, W1th a s1mple structure detect the stopplng of a compressor

. without an increase in an amount of wiring between an interior

unit and an exterior unit._
A first aspect of the present invention in order to solve the -
above problem is an air condltloner wh1ch not only constructs

refrigeratmg cycle by ut111z1ng at least a constant- speed type

_ compressor, a heat exchanger on the s1de of users, an expans1on

device, a heat exchanger on the side of a heat source but also
mounts said devices, which constructs the refrigerating cycle, by
dividing said devices into an exterior unit and an interior unit so
that it is constructed in such a manner that the"

stopping/ running of s_aid compressor mounted on said exterior
unit is run by opening or closing of a contact .point of a power
relay mounted on said exterior unit, said interior unit
comprising: compressor control means for carrying out the
opening and closing of said contact point by controlling an
electric current to an exciting coil of said power relay; electric
current detecting means for detecting the electric current
passing said exciting coil; a control circuit for determining if

there is an abnormality of the exterior unit by a comparison



I -'b'.etween a déf@ttéd'-value_ of t'h;e _éfeétrié_cqrrenf detecting means . -
énd a predefermiﬁed v.alu'el; and sa1d .exteﬁor. unit cd‘mprisihg
protecting means for interrupting an electric current péssage to,
said exciting coil when it is determined that there is an
abn_brm’élity '(.)f the exterior unit. |

| Ac_cOrding fo the pre_s"erit _.i'n.ventio.n, the ¢6mpres_$qr control
means drives the power relaj so that the COmpreséor is run. The
protecting means forces the cdmpr'essb_r to stop by interruinting the
electric current to the_-eXcitihg éoil of the power reléy.

.- When the running of the protecting means interrupts the

“electric curreﬁt to the excitin'g-"coil_ of the power relay, the value
détected by the electric current detectihg means varies. Tﬁe
control circuit dgtermines whether or not the compressor has been
stopped by the running of the protecting means on the basis of th'e
change in fhe value of fhe electric currenf from the electric current
detecting means. |

Thus, the stopping of the compressor can be detected by a
simple structure without specially providing vriﬁng and the like for
detecting the stopping of the compressor between the interior unit

and the exterior unit.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic structural view of an air conditioner

applied to the present embodiment.



~Fig. 2 is a schematic structural view illustrating’ a

"_st
refriger'at'ing-c'yc'le of an air "t':on.(li.i.t.ito“ner'ap:p'lied_to' the presént'
embodiment.
Fig. 3 is a schematic view illustrating an example __of an
interior stifiiéture of_lan-inter'io'r unit of an 'air'c'onditi_On:er.-
| Fig; 4 is .é-_siéhé.lln‘at.ic:',s't.r_l:ié'tural_:_v:i-ew illus'.ﬁ'étipg_ a cdﬁtrol |
béard of én intefior unit.
.Fig. -5 isa .scher'natic. 'strﬁci:ur'al V_ie_W ii_lu-strating _a- control
board of an exterior unit.. .
Fig. 6 is a flow chart_ illustrating an example in which an .
abnofmality of an éXterior umt is defected in an intérior uhit._
Fig. 7 is a flow chart illusi:ratin-"gr an example of -pfeventiﬁg
cold air being blown out during a heating.
Fig. 8 is a chart illustrat'in;g set stages of air amounfs for

temperatures of a heat exchanger according to the present

invention.

DESCRIPTION OF THE PREFERRED -EMEODIMENTS

An embodiment of the present invention will be d.eséribed
hereinafter with reference to the accompanying drawings.

As shown in Fig. 1, an air conditioner 10 applied to the
present embodiment is a separate type that is divided .into an
interior unit 12 installed inside a room to be air—conditioned and
an exterior unit 14 installed outside the room. An air-

conditioning is effected while the interior unit 12 controls the



extermr unit 14 1naccordance v:xththe runmng condltlons such :
" as a running mode, a set tem'p:erature, and the like set by
operation of a renﬁote.control sﬁtch 36.

Fig. 2 shows an outhne of a refngeratlng cycle formed
__between the 1nter1or umt 12 and the extermr un1t 14 of the aJr
condltloner 10 Between the 1nter10r umt 12 and the extenor umt .
14 a Wlde refngerant p1pe 16A and anarrow refngerant p1pe 16B
are prov1ded as a pa1r for c1rcu1at1ng refngerant Respect1ve one
ends of the refrigerant p1pes 16A and 16B are connected to a heat
exchanger 18 prov1ded in the 1nter1or un1t 12

The other end of the refr1gerant pipe 16A 1s connected to
a valve 20A of the extenor umt 14. The valve 20A is connected to
a four-way valve 24 via a muffler 22A. An accumulator 28 and a
muffler 22B, each of which is connected to a comnressor 26; are
' _connected to the four-way _valve 24. Further, a heat exchanger 30
is provided in the exterior unit 14. One e.nd of the heat exchanger
30 is connected to the four-way valve 24, and the other end is
connected to a valve 20B via a capillary tube 32, a strainer 34,
and a modulator 38. The other end of the refrigerant pipe 16B is
connected to the valve 20B. In this way, a closed refrigerant
circulating. path forming a refrigerating cycle between the interior
unit 12 and the exterior unit 14 1s formed.

In the air conditioner 10, the running mode can be
switched to a cooling mode (including a dry mode) or a heating

mode by switching the four-way valve 24. The flow of the



refr1gerant in. the coohng mode (cgohng) and the ﬂow of the
heatmg mode (heatmg) are mdlcated by sohd arrows and dotted
arrows, respectlvely, in Fig. 2.
Fig. 3 sho_ws a scherqatic Seetional view of the interior

unit 12. The iﬁferior 'portiofi_.oﬁf the 'inte_l:’ior umt 12 is ,e.overed.by .
a cesing 42 which 1s .ee'eur'edf:to_ :t-h'e. upper port10n and ﬂ:i_e_.lower
porﬁon of a mounting base 40 (the porfioos at the top and bottom:
in F1g 3) rﬁounted lon ao ﬁnilllietfafe"d .-.wall of the'interiof of the .
room. A cross. flow fan44 is dispoSed. at the central portion of the
_casi_rigi 42. The heat eXch’anger 18 is disposed stretching from the
front _side'to the top side of the cross._lﬂow'fan 44. A filter 4.6. is
'disjpo.sed between thell_leat exchanger 18 and inlet opeﬁin-g—s‘48
which are formed from the front side to the top side of the casing
42. Further, a blowout opening 50 is formed at the lower portion
of the casing 42. |

' Thus, in the interior unit 12, the rotation of the cross flow
fan 44 ceuses the interior air to be drawn into the inlet openings
48, to pass the filter 46 and the heaf exchanger 18, and to be
blown out from the blowout opening 50 to the interior of the
room. -When the air passes the heat exchanger 18 in the
refrigefating cycle, it is heated or cooled by exchanging heat with
the refrigerant. Then, the air is blown out as air-conditioned air
from the blowout opening 50, thereby effecting air-conditioning

of the interior of the room.



Vert1ca1 ﬂaps 52 and horrgzontal ﬂaps 54 are prov1ded 1n
the blowout opening 50 so that the d1rect1on in Whlch the air-
conditioned air is blown out can he adjusted by the vertical flaps
52 and the hor1zontal ﬂaps 54 |

As shown in F1g 2 a fan 56 1s prov1ded in the exterlor
unit 14 so that the heat exchange runnmg between outS1de air
and the heat exchanger 30 is accelerated |

. As shown in Flg 4, in the 1nter1or unit 12, a control
- circuit 64 equlpped with a m1crocomputer 62 is prov1ded.on a
control bo'ard 60 Alternating_'cnrrent p'owe‘r.is supplied to the
.control hoar_d'60' via terminais 66A and 66B. After being
transformed hy-'a pov_ver t-ransformer'6-8, the alternating current
power is rectified by a diode 70 so that a predetermined voltage of
direct current (for example, DC 24V) is supplied to the control
circuit 64.

A louver motor 72 for adjusting the direction of the
horizontal ﬂaps 54 and a fan motor 74 for driving the cross flow
fan 44 are connected to the control board 60. A relay 76A for
turning the louver motor 72 on and off and relays 76B, 76C and
76D for driving the fan motor 74 are connected to the control
circuit 64. | |

The microcomputer 62 of the control circuit 64 adjusts
the direction of the horizontal flaps 54 and swings the horizontal
flaps 54 by driving the louver motor 72 using the on/off of the

relay 76A. The microcomputer 62 of the control circuit 64 also



.. --c.ontrols the on /off of the cross ﬂgw fan 44 and the rotatlonal
frequency thereof 1n stages by sw1tch1ng on or off the relays 7 6B
through 76D. Thus, the rotational frequency of the cross flow fan
44 1s controlled in accordance Wlth the four levels LL (famt wind), |
L (hght w1nd), M (med1um w1nd), and H (strong w1nd)

| On the other hand a heat exchanger temperature sensor
7 8 for detectmg the temperature of the heat exchanger 18 and a
room temperature sensor 80 for detectlng the temperature of the
air drawn in from the 1nlet openmgs 48 as the room temperature.
are provided in the 1nter10r unit 12 The heat exchanger |
temperature sensor 78 and_th_-e r_oom; t_emp‘erat'ure se'ns.o‘r_ 80 are
connected to the control 01rcu1t64 o

Further, a display portion 86 equipped with a receiving
board 82, for receiving an running signal from the remote
controller 36, and a switch board- 84 is provided in the interior
unit 12. The switch board 84 of the display portion 86 is
connected to the control circuit 64.

As shown in Fig. 1, the display portion 86 is provided in
the casing 42 of the interior unit 12. By running the remote
controller 36 with it pointed toward the display portion 86, the
running signal transmitted from the remote controller 36 as an
infrared signal is received by a receiving circuit 82. A run
switching switch and varlous indication landps using LED and the

like are provided on the switch board 84, thereby giving



~ indications such as the indi_catio'n of the running (illustration

. omitted).

On '_che other. hang, as showzi in Fig. 5, a coﬁtrol board 90
on which a control circuit 88 (prc;'tecting me_ans) is provided, a
co'mpreSsor moltor 92 for dfi&ing_thé compressor 26, a fan motor
94 for driying th-e_ fan 56 to ;oté_fé, a'uid.a .s_ol'eno"id 96 for SWitéhing .
the four-way valvé 24 afe pfovided .in .the exferior unit 14.

Alter:iating cur’renf power 'for.running the C-bmpressor
motor 92 is supﬁlied té the exferior unit 14 by connecting
terminals 98A and 98B to the terminals 66A and 66B of the
interior unit 12. The cbmpi—essor mot‘of 92 (single-phase
in'ductioﬁ motor) drives th_e'cor.npréss'or 26 at a cénstant speed
with the alternative current power.

Further, é relay 100A for driving the fan-motor 94 and a
relay 100B for driving'th'e solenoid 96 are provided in the control
circuit 88, and a power relay 102 for driving the compressor
motor 92 is connected to the control circuit 88. The compressor
motor 92 is driven when a contact point 102A is closed ‘by
carrying an eiectric current to the exciting coil of the power relay |
102, and the fan motor 94 is driven when an electric current is
supplied to the exciting coil of the relay 100A by the control
circuit 88. The solenoid 96 switches the four-way valve 24 in
accordance with the on/off of the relay 100B (ih accordance with

whether electric current is or is not being conducted).



The extermr un.1.t 14 is C(1)121nected to the control board 60 |
| of the 1nter1or umt 12 via termmals 104A 104B, 106 and 108 As
shown in Fig. 4, terminals 1 10A, 1 10B,. 1 12 and 114, to which the
te.rminals 104A, 104B, 106 and 108 of the exterior unit 14 are
'connected .' are conne:cted:to the int.eri_or. _un_it 12, and afe-
connected to the control board 60 o | |

D1rect current voltage (for example DC 24V) is apphed
between the termmals 110A and 1 10B. Thus, as shown in Fig. 5,
- electric po'wer' for running-il.'s. supphed 'froni the'-.colntr'oll board'6.0
.-of the intertor unit 12 to the control board 90 of the exterior unit
.14. | . | | |

Further, as shown in Fig. 4, the terminals 1 12.and 1 14
are connected to the control., circuit 64, respectively. As shown in
Fig. 5, the te\rnainal 112 is connected to the power relay 102 and
the control citcu-it 88 via the terminal 106 of the exterior unit 14,
and the terminal 114 is connected to the relay 100B and the
control circuit 88 via the terminal 108.

Thus, the control circuit 64 of the interior unit 12 not
only controls opening or closing of contact points of the power
relajr 102 and the relay 100B of the enterior unit 14, in other
words, the on/off of the compressor motor 92 and the switching
of the four-way valve 24 but also inputs the control state to the
control circuit 88.

The microcomputer 62 of the interior unit 12 not only

controls the electric current to the exciting coil of the solenoid 96



in accordance with the runsing mode of the "air.c.d;f;(i.zi_zti.b.l’iél‘._:_'l' o
' .b.ut cohtrol-é the oﬁ / Off of the é.t)mpre-'éshr .rhof(.)r. 92 .in' ac.c.t)r(:i-ancé
with the difference between the room tempéfature and the set
temp_e'fature so that desired air-cohditioned air is bloWn out from
the bl'o_lwhu't opening 50 of the 'inte':i'dr unit "1”2--for e_ffec.tjhg_aif- -
| cdhdiﬁ'pnin-g of themterlor f)__f theroom ) | |
Oh the other hand, a..s shown ih'Fig; 5, contaé‘t .'p'oints

- 116A and '1'15'13-are_ .co'_nn-et:t:ed between 't‘_hé contact lﬁsoi_nf 102A of
the pbwér relay 102 and the .cohnjir'eé'so'r'motor 92 in t'he'exte,rior
unit 14. These contact points 1 16A and 116B are opehe_d and
closed b.y.an.uhilluSt.réted relay p.;bvlide'd in fhe controi circuit
88. These c_:Ontacﬁt pointé 116A and 116B are usu-élly closed so
that electric current can be carried to the compressoij motor 92.
When the contrel circuit 88 detecté an overload of thc. compressor
motor 92 by unillustrafed deteCting means (the temperature of
the comprcsshr 26 or the current passing th;ough the
compl;essor motor 92), the hohtact point 116A is opened. When
the control circuit 88 detects a decrease larger than the set value,
at which sufficient heating cannot be carried out and which is set
suitably in.accordance with the capabilifcy of the compressor 26,
in the outside air temperature by an unillustrated outside air
temperature sensor during the heating, the contact point 116B is
opened. When the contact point 116A or the contact poi_nt-l 16B
is opened, the compresshr motor 92 stops driving even if the

power relay 102 is in a power-on state, thereby effecting



| protection..of the compressor26:1§1dthe like in the exte_rior.unit i
. S . _ . : :

Further a c'ontact point 118 is provided as protecting |
~ means between the term1nal 104A and the power relay 102. The |
contact pomt 1 18 is usually closed However when the control '-
c1rcu1t 88 opens either one of the termmals 1 16A and 1 16B the _
control c1rcu1t 88 also opens the contact pomt 1 18 Thus the
power relay 102 is turned off. The over;load of the compressor
motor 92 and the outsid.e air température can be detected by
utilizing conventional techn1ques of the prior art, whose deta11ed.
descr1pt1on wﬂl be om1tted in the present embod1ment
' Add1t10nally, instead of the contact pomts 116A and 1 16B, the
contact point 118 may be used for effecting protection of the
compresso'r 26 and the like.

On the other hand, as shown in Fig. 4, an electric current
" detection circuit 120 is connected to the control board 60. ACT
122 for detecting the electric current that is flowing between the
control circuit 64 and the terminal 112, in other wor_ds, the
electric current that is passing through the power relay 102, is
connected to the electric current detection circuit 120.

By turning on the power relay 102, an electric current
with a predetermined value passes through an unillustrated coil
of the power relay 102, and is detected by the CT 122. (A CT
which detects DC or a shunt resistor may be used for the CT 122.)

On the other hand, when the contact point 118 is opened, the



elé_ctric current is unab.le ‘tcz) pas;:;:hrough the cb’izl_.of. t_he powér__
relay 102, tﬁefeby déci‘easing' thle current value defécted by'the |
CT 122. The electric current detection circuit 120 6utputs to the
control circuit 64 as to -Wﬁether_ or not the current value being

. detected by the CT 122. is e(ju'al to or less tha'.n'the_ p’redetérmined

- value.

The microcomp_ut.er.62 of the control circuit 64 runs the
power relay 102. The electric current _d_etectibn ciréuif 120
determines that fhe power relaj 102isin a poWer-off state when
the electr_ic current being detected by the CT 122 ié equal to or
less than the predetermined value It is at this point that the
microcomputer 62 determine‘é that the corﬁpressor motor 92 is
stopped due to the occurrence of the abﬁormality in the exterior
unit 14.

In the meantime, the microcomputer 62 of the control
circuit 64 provided in the interior unit 12 firstly turns on the
compressor 26 when the start of the heating is instructed. Then,.
ﬁrhile detecting fhe temperature of the heat exchanger. 18 by the
heat exchanger temperature sensor 78, the microcomputer 62
controls the cross flow fan 44 on the basis of the detection result.
When the temperature of the heat exchanger 18 is less than a
predetermined temperature (fo_r example, 35C), the cross flow
fan 44 is rotated at a low rotational frequency. Affer the
temperature has reached the predetermined temperature, the

microcomputer 62 subsequently controls the rotational



. ' ' 16 Lo '
frequency of the cross ﬂow fan 44 on the bas1s of the d1fference |

between the room temperature and the set temperature

~ On the other hand, when the temperature of the heat
exchanger 18 goes down the mlcrocomputer 62 agaln decreases
the rotat10nal frequency of the cross ﬂow fan 44 in accordance
w1th the temperature of the heat exchanger 18 SO that cold air or
air that is felt to be cold is prevented from bemg blown out from :
the interior un1t 12 during the heatmg |

Running of the present embodiment will be described
' hereinafter | | |

| When the air- cond1t10n1ng is mstructed by the runn1ng of
the remote controller 36, the constant-speed type air. cond1t10ner
10 which runs the compressor 26 at a constant speed effects an
air-conditioning firstly by energizin_g the exciting coil of the
solenoid 96 with the running of either the cooling mode or the
heating mode. so that th'e'four-way valve 24 is switched in
accordance with the running mode set by the remote controller
36 and secondly by turning the compressor 26 on and off in
accordance with the set temperature, the room temperature, and .
the like.

In the meantime, the control circuit 88 provided in the
exterior unit 14 detects the load of the compressor motor 92 (for
example, the driving electric current), the outside air
temperature and the like when the electric power for running is

inputted from the control board 60 of the interior unit 12. Then,



for example when the temperat&r’e of the heat exchanger 30 has
risen durmg the cooling, the control c1rcu1t 88 runs the fan motor
94 so as to cool down the heat exchanger 30.

Further, the control circuit 88 opens the contact points
1 16A and 118 when the compressor motor 92 is loaded more than
' requ1red and opens the contact pomts 1 16B and 1 18 When it is
detected that the outsrde air temperature is greatly decreased
during the heating and thus the he.ating capability can-not be
performed'sufﬁcientl'y. In other W'ords, the control circuit 88
opens the contact point(s) 1 16A' and/or 116B so as to stop the
compressor motor 92 when an abnormahty occurs in the exterior
unit 14 or an abnormahty occurs in the running environment of
the exterior unit 14. At this point, the contact point 118 is opened
together with the contact point(s) 116A and/or 116B.

On the other hand, by utilizing the CT 122 and the
electric current detection circuit 120, the microcomputer I62
provided in the control circuit 64 of the interior unit 12 is
detecting whether or not the running of the compressor 26 is
stopped due to the occurrence of abnormality in the exterior unit
14.

Fig. 6 shows an example in which abnormality of the
exterior unit is detected by the control circuit 64 (the |
microcomputer 62) of the interior unit 12.‘ The processing

represented by the flow chart is carried out when the air



'condi1.:i_0ner. 10 sté_u‘"ts the_éir;cona?fion.ihg, ahd is teﬁninated
when the air conditioner 10 Stop's. |

In the flow chart shown in Fig. 6, when the air conditioner
10 starts to operate, the first step, i.e. sfep 200 determines
whether or not the instruction to turn .on the cétn-pre-_'ssor 26 is N
given. N N

In turning on the compressor 26, the control circuit 64
applies a predetermined voltage between the terminals 110A
(104A) and 112 (106). Thus, in the exterior unit 14, the power |
relay 102 is turned on and the contact point 102A is closed so
that the electric power for driving is supplied to the compressor .
motof 92. By turning on the power relay 102, the answer to the
determination in step 200 is “Yes” and fhe routine moves to step
202.

In step 202, the..electric current passing through the coil
of the power relay 102 is detected by the CT 122. In subsequent
step 204, a determination is made as to whether the current
value being detected by the CT 122 is equal to or larger than the
predetermined value in the electric current detection circuit 120.

At this point, as the power relay 102 is run by the voltage
outputted from the control circuit 64, the current value detected
by the CT 122 is equa_l to or larger than the predetermined value.
Therefore, the answer to the determination in step 204 is “Yes”.

In the subseqﬁent step, i.e. step 206, a determination is

made as to whether the instruction to turn off the compressor 26



is give-n. ﬁntil the ins.tructionlto'lt%rn off :the compressor 26 is
given (the_a'n.s-wer to the determincﬁon in step 206 is “No”), the
electric current is repeatedly detected by the CT 122. When the
power relay 102 is turned off so as to turn off the compressor 26,
the answer to the determmatmn in step 206 is “Yes and the
routme returns to the ﬁrst step, 1 e step 200

At this point, When an abnormahty occurs 1n- the extermr'
unit 14, the control -c1rcu1t 88 of the exterior unit 14 opens at
least one of the termi'nalsl 16A andl 16B. Thus, the compressor
motor 92 is stopped so that the compressor 26, the heat- |
exchanger 30,”ant1 ‘the like are prOtect'e_d.. |

On the other hand, in openrng the contact point(s) 116A
~and/or 116B, the control circuit 88 also opens the contact point
118 so that the power relay 102 is turned off. When the power
relay 102 is turned off the value of the electrlc current detected
by the CT 122 is lowered to a value equal to or less than the
'predetermined one. |

Thus, in the flow chart illustrated in Fig. 6, the answer to
the determination in step 204 is “No”, and the routine moves to
step 208 where the abnormality detection processing is carried
out.

In other words, the microcomputer 62 provided in the
interior unit 12 determines that the occurrence of an abnormality

in the exterior unit 14 has forced the power relay 102 to be



turned “off regérdléss 'oi.'- the in'strlzltc):tion to turn on.the'powe.r reléy
102. |

In this way, when the compressor 26 is turned on or off by
the power relay 102 provided in the exteriof unit 14 being turned
| on"or off so thé’_c t.h.e Compress_df 26 is stjo'p.pe'd for prqtection of
- equipment in the exterior u.n.it. 1-4, the stopping of the :running of
the compressor 26 can be detected easily and cer-ta_linly by
prdviding protecting means for turning off the power relay 102
and by detecting the electric current during the powér—on state of
the power relay 102.

Subsequently, as running of the present":;lémb_odiment,
pr‘évent’ion of cold éir from being blown out during the heating-
will be described with reference to a flow chart shown in Fig. 7. In
the following description, as shown in Fig. 8, when the -
temperature of the heat exchanger 18 is rising, the stopped state
of the cross flow fan 44 is snvitched to the running with faint wind
(LL) at a temperature T1 (for example, 25°¢). The running with
faint wind is switched to the running with a set air at a
temperature T2 (for example, 35'C). On the other hand, when
temperature t of the heat exchanger 18 is decreasing in spite of
the instruction to operate the compressor 26., the running with
the set air amount is switched to the running with faint wind at a
témperature T3 (for example, 25C, in the present embodiment,
for example, t=T1=T3). Further, when the temperature t goes

down below T4 (for example, 20°C), blowing is stopped.



: The processmg represente%l by the ﬂow chart shown in
Fig. 7 is carned out When the air conditioner 10 starts to operate
after the air conditioner 10 is set to a heating mode by the
running of the remote controller 36 and the processing stops
when the running at the heating mode is terminated

| In the flow chart the ﬁrst step, i.e. step 300 determines_ :
whether or not a signal for turnmg on the power relay 102 is
outputted so as to operate'the compreSSOr 26, and when the
power relay 102 is in a power-on state (the answer to the
| d.etermination in step 300 is “Yes”), the routine moves to step 302 |
Where the temperatu'r'e t oi‘ the heat e"x_changer_ls is detected by
" the heat exchanger temperature sensor 78 at a predetermined
timing. |

Subsequently, in the steps 304 and 306, the temperature
tis compared"with- the predetermined temperatures T1 and T2.
As the temperature T1 and the temperature T2 are set relatively
 high, the temperature t of the heat exchanger 18 at the start of
the heating is naturally lower than the'temperature T2 and is
often lower than the temperature T1. In that case, the answer to
the determination in step 304 is “Yes”, and the routine moves to
step 308 where the fan motor 74 is kept stopped.
On the other hand, when the compressor 26 (a

compressor motor 92) of the exterior unit 14 is running normally,
the temperature of the heat exchanger 18 is increased by the

refrigerant circulated in the refrigerating cycle. Thus, when the



tenrp'eratIire tof the he'at: excha?éerw '_(lioes_.n:o_t'. rea(__':h to the
teinpera_tﬁre T2 but exceeds the ternperature Ti, the answer to
the determination in step 304 is “No”, but the answer to the
determination in step 306 is “Yes”, and the routlne moves to step
310. In step 310, the dr1v1ng of the fan motor 74 1s set in such a.
'manner that the amount of air blown by the Cross ﬂow fan 44 1s
faint wind (LL). | |

Fnrther, -Wh‘en the ternperature t of the he;at exchanger 18
goes up and exceeds the temper‘ature T2 (the answers to the
determination in steps 304 and 306 are .“No”),..the routine moves
to step 312-Where the fan- motor 74 is driven'in such a mann:er
that the air amount is, for example the one set by the remote
control switch 36

Thus, at the start of the heating, the fan motor 74 is
stopped until the temperature t of the heat exchanger 18 reaches
to the temperature T1. Then; the fan motor 74 is driven in such a
manner that the air amount is faint wind (LL) while the
temperature t of the heat-exchanger 18 is higher than the
temperature T1 but not higher than the temperature ’1‘2. It is not
until the temperature t of the heat exchanger 18 exceeds the
temperature T2 that the air-conditioning with an air amount set
by the remote control switch 36 is started.

On the other hand, when the air amount to be blown |
reaches the set air amount, the routine moves to step 314 where

a determination is made as to whether the power-on state of the



' power relay 102 is maintained If the power relay 102 is

maintained in the power—on state (the answer to the
determination in step 314 is “Yes”), the routine subsequently
moves to.step 316 iﬂhere the temperature t of the heat exchanger
18 is detected so that the temperature tis compared Wlth the
predetermmed temperatures i.e. T3 (in the present embodiment
T3=T1) and T4. When the _compressor 26 is turned off (the power
| relay 102 is tu-_rned'ofﬂ, the-rurining_ of the crOSs flow fan 44 is
controlled, for example, by the control routine which is set
in-d_ependently, such as the control r”orl de'tecting the appropriate
room temperature .by the te’mperatiire sensor 80.

At this point, if the 'templerature t is kept.equal to or
higher than the temperature T3, the answer to the determination
in step 318 is “No”, and the blowing with a set amount of air is
continued. |

Contrary to this, if the running of the compressor 26 is
stopped by the running of the protecting means of the exterior
unit 14 though the microcomputer 62 of the interior unit 12 tries
to turn on the power relay so as to operate the compressor 26, the
refrigerant stops circulating in the heat exchanger 18. Then, if
the blowing is continued, the temperature t of the heat exchanger
18 goes down. -

Thus, when the temperature t of the heat exchanger 18
goes down to be lower than the temperature T3, the answer to the

determination in step 318 is “Yes™. At this point, when the



teihperéture t is.equél t.o'..or_. h1ghgg than _thc :te'hip_e.rafure T4 X _the
aﬁswér to the deter.miri.at'io.ri 1n stei) 32'-0 ié “No”, and thé routine
moves to step 322 where the rotational frequency of the fan motor
74 is set in such a manner that the air amount.is faint wind.

In other Wofd.é., the .t'émp'ér'atu_re of the hjéat ekchangér 18
gbé-s_ down Whén the e':.gterjor. umt 14 si:op.s :the:.r_uiiri.'ih-g- of thé
compressor 26 ('the. compressor motor 92) even if the interior unit
12 tries to operate the compressor 26 Thus, if the bio'wi_rig is
contihued; not only does the temperatﬁré t of the heat exchaﬁger
18 .drop further but coi‘d air is also blown 6ut from the blowout
opening 50 of the interior unit 12. |

Contrary to this, by running the cross flow fan 44 in such
a manner that the air amount blown therefrom is restrained, not.
only can.th'e lowering of the temperature t of the heat exchanger
18 be restrained but can the air-conditioned air that is not vs;'arm
(air that feels cold) can be prevented from being blown out from
the blowout opening 50.

On the other hand, if the temperature t of the heat
exchanger 18 goes down further to be equal to or lower than the
temperature T4 in spite of the running with the restrained air
amount, the answer to the determination in step 320 is “Yes” and
the routine moves to step 324. The step 324 stops the fan motor
74 and prevents cold air from being blown out frdm the blowout

opening 50.
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In thls way, when the temperature t of the heat exchanger

18 wh1ch had prev1ously risen reaches a temperature that is
impossible for the heating, the blowmg is stopped. Therefore,
prevention of cold air from being blown out from the blowout
opemng 50 is ensured even when the temperature t of the heat
exchanger 18 drops due to the stoppmg of the runnmg of the
compressor 26 without the stoppl-ng o_f the compressor being
directly detected by the prot'._ecti'n'g means

| Further, When the fan motor 74 has been, the routine
returns to step 300 where the same _proces_sin_g is effected as at
the start of the heating._Thus, when_jthe running of the
compressor 26 is resumed, prevention of cold air from being
blown out from the blowout opening is ensured. Otherwise, cold
air will be blown out as the air amount to be blown is not
restrained despite the relatively low temperature t of the heat
exchanger 18. |

The structure of the present invention is not limited to
the air conditioner 10 applied to the present. embodiment. The
present invention can be applied to an a.1r conditioner with any
structure, and can be applied to what is called a separate type air
conditioner which is divided into the interior unit and the
exterior unit and a constant-speed type air conditioner which
drives the compressor at a constant speed.

Further, any temperatures can be used for the

temperatures T1, T2, T3, and T4 that are applied to the present



. 26 .
embodrment 1f they are set'in such a manner that cold air W111 not

be blown out from the 1nter10r unit 12. In addition, in the present
embodiment, the temperature T1 and the temperature T3 are the
same temperature, yet the temperature T1 and the temperature
. T3 may be different temperatures

As -d-escribe_d _a;bove,‘ acCording to the preseht"in:vention,
an excellent effect can be obtarned in that an abnormality of the
exterior unit can be detected with'out fail with a simple structure
which not only detects the electric current on the interior unit
side when the electric current is carried to the poyver relay but
also interrupts the electric current carried to the power relay

when the protecting means is run on the exterior unit side.
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WHAT IS CLAIMED IS: AN

1. An air édnditibner wh1ch no.t'.onlly constructs refrigeratiﬁg
cycle by utilizing at least a éoﬁstant-speed type compressor, a
heat exchanger on'th_e sid_¢ of users, a pressure reducing d¢_vice,
~aheat e:xcl";ang'e.'r_.bn the side of a héat _Sou.fcé;_butl'a_l.s:o 'rﬁOu_nt_s :
sa1d deViées; thchconstructsthe ’refrige-fatiﬁg' cycle, by&_divid'in'g_
said devices into an exterior ur_1it_and. aﬁ interior unit so that it is
conétructed in such a mai;nef that the stdpping /running of said
'c0mpre's.sor mounted on said exterior unit -is'ruﬁ by oﬁening and
closing of é co'ntact point of a_. power i-'ela'y mounted on said
exterior unit, .
said interior unit c_o'mpfisirig‘: 'éompressor f:ontrol meané
for carrying out the opening and closing of said contact point by
controlling an electric current to aﬁ exciting coil of said power
relay; electric current detectihg means for detecting fhe electric
current passing said exciting coil; a control circuit for |
determining if there is an abnormality of the exterior unit by a
comparison between a detected value of the electric current
detecting means and a predetermined value; and
said exterior unit comprising protecting means for
interrupting an electric current passage to said éxci_ting coil
when it is determined that there is an abnormality of the exterior

unit.
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2. . A controller for an air conditioner according to claim 1,
wherein said protecting means includes load detecting means for

detecting a load of said compressor.

3. A controller for an air con_ditioner acéqrding to claim 1,
wherein said protecting means includes outsidé air temperature

detecting means for detecting outside air te'mperafure.

4, A controller for an air conditioner acco'rdin-g to claim 2,
wherein said protecting means includes outside air temperature

de.teéting means for detecting outside air temperature..

5. A controller for an air conditioner according to claim 2 or 4,
wherein said load detecting means detects whether the load of said

compressor is an overload or not.

6. A controller for an air conditioner according to claim 3 or 4,
wherein said outside air temperature detecting means detects
whether or not the outside air temperature went down by a

predetermined value or more during a heating.

7. A controller for an air conditioner according to claim 5,
wherein said control circuit determines that there is an
abnormality in said exterior unit when said load detecting means

detects the overload of said compressor.
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. 8. . A cohtroller for an a1r condltloher aecordtng to c1a1m 6,
wherem sa1d control circuit determmes that there is an ..
abnormality in said exterior unit when said outside air .
temperature detectmg means detects that the out31de air
-temperature went down by the predetermmed value or more durmg

| the heatmg

9. A controller for an air conditioner according to claim 1,
wherein said electri_c current detecting means detects whether or
not the electric c-urrent is eqﬁ-al' to or less than a predetermined

value. .

10. | A centroller for an air conditioner according to claim 9,
wherein said eontrol circuit determines that there is an
abhormality in said exteriot unit when the electric current that
said electrie current detecting means is detecting is equal to or less

than the predetertnined value.



