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ed. In the conventional defrosting control method as The present invention
relates to a defrosting control  mentioned above, the defrosting of the
outdoor side heat method for a heat pump and more particularly to a meth-
exchanger is done on the condition that the temperature od of detecting
frost generated on an outdoor side heat  5  in the indoor side heat
exchanger is not higher than a exchanger of an air-conditioner.
predetermined level, so as to improve the accuracy of In general, when the
outdoor temperature lowers as  detecting the formation of frost on the
outdoor side heat in winter while a heat pump is driven for heating a room,
exchanger. Therefore, when the temperature in the in- frost is generated on
an outdoor side heat exchanger to  door side heat exchanger is high, i.e.,
when this heat ex- cause the decrease in the heat exchange capacity of the
10 changer is operated in its sufficient capacity and fully ex- outdoor
side heat exchanger. This results in waste of  hibits its functions, an
unnecessary defrosting operation electric power and a decrease in heating
power. Conse-  (non-load defrosting) is not carried out. However, if an-
quently, frost on the outdoor side heat exchanger pro-  other heater (for
example, a stove) is in operation in the vides a serious disadvantage to
the heat pump.     room in which this indoor side heat exchanger is in-
Under the circumstances, the refrigeration cycle is  15 stalled, the
temperature in this room becomes high due temporarily reversed to defrost
the outdoor side heat ex-  to the operation of the additional heater, so
that the tem- changer, and the defrosting cycle is then switched to the
perature in the indoorside heat exchanger also becomes heat pump to
re-start the heating, such operations being  high. Namely, even when frost
is formed on the outdoor carried out in repetition. There are known
apparatuses  side heat exchanger with the functions of the indoor side for
controlling such operations, which include a differen- 20 heat exchanger
not fully exhibited, the temperature in the tial temperature
detector-carrying defrosting apparatus  indoor side heat exchanger becomes
high, and the de- adapted to detect the gereration and nonexistence of
frosting is not started, so that the outdoor side heat ex- frost on the
basis of a difference between the tempera-  changer is covered with frost
thicker and thicker in some ture in the outdoor side heat exchanger and
that of the  cases. In such a case, the predetermined level referred
outside air, and a mechanical timer-carrying defrosting  25 to above may be
set high. However, when the additional apparatus adapted to detect the
temperature in the out-    room heater is not provided in the same room (or
when door side heat exchanger at predetermined time inter-    the heating
capacity of an additional room heater oper- vals.
ated in the room is small) with this predetermined level In the case of the
former apparatus, a differential  set high, the number of defrosting
operations for a unit temperature detector-carrying defrosting apparatus,
de- 30 time increases accordingly, so that the frequency of frosting is
necessarily carried out every time when the  non-load defrosting increases
to cause the heating by temperature of the outside air decreases, so that
the dif-    the air-conditioner to be interrupted. Therefore, the pre-
ference between the temperature in the outdoor side  determined level
cannot be set high. heat exchanger and that of the outside air reaches a
pre-  JP-A-57-198 939 discloses a defrosting control set level. Therefore,
even when the humidity of the out- 35 method wherein the control means is
started to defrost side air Is low with no frost generated on the outdoor
side  the outdoor side heat exchanger when the temparature heat exchanger,
the defrosting is started unnecessarily.  gradient calculated on basis of
the temperature of the In the case of the latter apparatus, a mechanical
tim-  indoor side heat exchanger is smaller than a predeter- er-carrying
defrosting apparatus, heating is continued  mined negative value. JP-A-58-1
48 333 teaches to de- with the outdoor side heat exchanger being left not
de- 40 tect defrosting based upon the temperature gradient of frosted when
this heat exchanger is in a nearly frosted  the outdoor side heat
exchanger, however, both methods state. Even when, in this case, frost
generation starts on  are not able to effectively prevent non-load
defrosting or the outdoor side heat exchanger with the temperature of
detection errors when an additional heater operated in the outside air
decreasing greatly, a defrosting operation  the same room. is not started
until a predetermined period of time has  45  An object of the present
invention is to provide a de- elapsed.
frosting control method, which can prevent non-load de- In order to
eliminate such problems, as disclosed in    frosting. Japanese Patent
Publication No. 60 4077411985, an at-  Another object of the present
invention is to provide tempt was made to start the defrosting when the
temper-  a defrosting control method, which can prevent defrost- ature in
an outdoor side heat exchanger is not higher 50 ing detection errors when
an additional heater is operat- than a preset level with a downward
gradient of the tem-     ed in the same room. perature in the indoor side
heat exchanger becoming    According to the present invention, there is
provided steeper than a preset gradient.                    a defrosting
control method for an outdoor side heat ex- If the defrosting is thus
started, the condition of grad-  changer of a heat pump having a control
means for de- ual formation of frost on the outdoor side heat exchanger 55
frosting said outdoor side heat exchanger and a refrig- in accordance with
a decrease of the temperature in the  eration circuit, said refrigeration
circuit having a com- indoor side heat exchanger is detected and,
therefore,  pressor, an indoor side heat exchanger, an expansion
theformation and nonexistence of frost has been detect-  device and said
outdoor side heat exchanger, compris- 2  
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in Fig. 2; Fig. 5 is a diagram of an electric circuit of an outdoor
detecting the temperature T of said indoor side heat  unit connected to the
electronic circuit shown in Fig. exchanger,
2; starting said control means to defrost said outdoor  5  Fig. 6 is a flow
chart showing the main operations of side heat exchanger when a temperature
gradient    a microcomputer shown in Fig. 2; and with respect to time
calculated on the basis of said  Fig. 7 is a timing chart for defrosting.
temperature T is smaller than a predetermined neg- ative value, and while
said temperature T of said  An embodiment of the present invention will now
be indoor side heat exchanger is lower than a threas-  10 described with
reference to the drawings. Fig. 1 is a re- hold temperature T1 for
preventing a non-load   frigerant circuit diagram showing the outline
(refrigera- defrosting, and                                 tion cycle) of
an air-conditioner consisting of an indoor changing said temperature T1 to
a higher tempera-  unit 16 and an outdoor unit 15. Referring to this
drawing, ture T2 when the temperature T of the indoor side  a reference
numeral 1 denotes a compressor and a heat exchanger is higher than a
predetermined tem-  15 four-way valve 2, an outdoor side heat exchanger 3,
cap- perature.                                      illary tubes 4, 6, and
an indoor side heat exchanger 8 and an accumulator 9 are connectedvia
refrigerant pipes According to another embodiment of the present in-    to
form a refrigerant cycle. This refrigeration cycle can vention, there is
provided a defrosting control method for  be selectively shifted to a
refrigeration cycle for cooling an outdoor side heat exchanger of a heat
pump having  20 and to a refrigeration cycle for heating by switching the a
control means for defrosting said outdoor side heat ex-  four-way valve 2.
Referring to Fig. 1, during cooling, a changer and a refrigeration circuit,
said refrigeration cir-  compressed refrigerantdischarged from the
compressor cuit having a compressor, an indoor side heat exchanger,  1
flows as shown by solid arrows, and the outdoor side an expansion device
and said outdoor side heat ex-  heat exchanger and indoor side heat
exchanger work as changer, comprising the steps of:               25 a
condenser and an evaporator, respectively, the cooling being thus carried
out. During this time, a check valve 5 detecting the temperature T' of said
outdoor side  is used to cause the refrigerant to flow shunting the cap-
heat exchanger,                                illary tube 4 as shown by a
solid arrow. During heating, starting said control means to defrost said
outdoor  a compressed refrigerant discharged from the compres- side heat
exchanger when a temperature gradient 30 sor flows as shown by one-dot
chain arrows, and the in- with respect to time calculated on the basis of
said  door side heat exchanger and outdoor side heat ex- temperature T' is
larger than a predetermined posi-  changer work as a condenser and an
evaporator, re- tive value, and while a temperature of said indoor
spectively, and thus the heating operation is started. side heat exchanger
is lower than a threshold tem-  When such refrigeration cycles are used,
the capillary perature T1 for preventing a non-load defrosting, 35 tube
effectively operated during cooling is different from and
the capillary tube effectively operated during heating. changing said
temperature T1 to a higher tempera-  Namely, the expansion rates are
different. An outdoor ture T2 when the temperature T of the indoor side
unit 15 has constituent elements, such as the compres- heat exchanger is
higher than a predetermined tem-  sor 1 and outdoor side heat exchanger 3,
and an indoor perature.                                   40 unit 16 has
constituent elements, such as the indoor side heat exchanger 8. Service
valves 7, 10 are adapted to According to the method of the present
invention,  connect the refrigerant pipes, which extend from the in- when
an additional heater is opearated in the same  door unit 16, to the outdoor
unit 15. The refrigerant pipe room, the first temperature level becomes
high enough  connected to the service valve 7 is thinner than that con- to
continue reliable defrosting.                45 nected to the service valve
10. A reference numeral 11 denotes a propeller fan, and 12 an electric
motor for driv- BRIEF DESCRIPTION OF THE DRAWING                   ing the
propellerfan 11. When the propellerfan 11 is ro- tated, the air is sent
into the outdoor side heat exchanger Fig. 1 is a refrigerant circuit
diagram showing the  3, so that the heat exchange rate therein increases. A
refrigeration cycle of an air-conditioner used in the  50 cross flow fan 13
is connected to a shaft of an electric present invention and consisting of
indoor and out-  motor 14 and when the cross flow fan 13 is rotated, the
door units;                                     air is sent into the indoor
side heat exchanger 8, and the Fig. 2 is a diagram of an electronic circuit
used in the  air cooled or heated in the indoor side heat exchanger 8
air-conditioner shown in Fig. 1;               is supplied to the room.
Fig. 3 is a diagram of an electric circuit connected to  55  Figs. 2-5 are
diagrams of electronic circuits used for the electronic circuit shown in
Fig. 2;         controlling the air-conditioner shown in Fig. 1. Referring
Fig. 4 is a diagram of an electronic circuit of a remote  to these
drawings, connectors 21-23 shown in Fig. 2 are controller connected to the
electronic circuit shown  fitted in connectors 27-29 shown in Fig. 3 so
that the ter- 
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same numbers are connected together.  erating transistor, the operation of
which is controlled by The connectors 24,25 are fitted in the connectors
30, 31  a zener diode. An output from the transistor 43 is sup- of Fig. 4
so that the terminals of the same numbers are  plied to a power source
terminal VSS of the microcom- connected together and, similarly, the
connector 26 are  puter 33. A smoothing capacitor 45 is adapted to smooth
fitted in the connector 32 of Fig. 5 so that the terminals  5  a rectified
outputfroma rectifierbridge46. Outputbuffers of the same numbers are
connected together. Referring  47-51 for reversing outputs are connected to
the termi- first to Fig. 2, a microcomputer (TMS 2600)93 has a plu-  nals
[err] of the microcomputer 33. Asignal rality of input and output
terminals. The main operations  for operating the compressor 1 is outputted
from the ter- of the microcomputer 33 will be described presently by  minal
[err] a signal for switching the four-way valve 2 from using a flow chart.
The output terminals 00-05 are con-  10 the terminal [err] a singal for
operating the electric motor nected to the terminals of the connector 24
through re-  12 is the outdoor unit 15 from the terminal R10, and a
sistors. The input terminals K1, K2, K4, K8, J1, J2, RO-R3  signal for
changing over the speed of the electric motor are connected to the
terminals of the connector 25  14 in the unit 16 from the terminals R12,
R13. The output through resistors. A remote controller for the air-condi-
terminals of the output buffers 47-49 are connected to tioner is connected
to the connectors 24, 25 and the op-  15 the electronic circuit shown in
Fig. 5, through the termi- eration data set in the remote controller is
inputted by  nals of the connector 26. key scanning using the output and
input terminals there-  Relays 52, 53 are adapted to be excited by outputs
of.                                                from output buffers 50,
51, and the relay 52 has a The terminals A3, A4 are analog input terminals.
A  changeover contactor 54 and the relay 53 has temperature sensor 34
provided in the remote controller 20 change-over contactors 55, 56. The
change-over con- is connected to terminals 5, 6 of the connector 25 (Fig.
tactors 54-56 shown in Fig. 2 are in the condition with 4) so that the room
temperature can be detected, and  the relays 52, 53 in an OFF-state.
Referring to Fig. 2 a the temperature sensor 34 and resistors 35, 36 are
se-  reference numeral 57 denotes a power source line of DC
ries-connectedtoa DC powersource. Since this temper-  + 24V, and 58, 59
power source lines AC10OV, the ature sensor 34 uses a thermistor having
negative char- 25 AC100V being supplied through the connector 26. Ac-
acteristics in which the resistance value therein varies  cordingly, (1)
when the relays 52,53 are in an OFF-state, according to the temperature,
the level of a voltage ap-  the AC power source current is not supplied to
the con- pliedtotheterminal A3varies in accordance with thevar-  nector 21,
(2) when the relay 52 is in an OFF-state with iation of the room
temperature. Since the terminal A3 of  the relay 53 in an On-state, the AC
power is supplied to the microcomputer 33 has an A/D converter (analog/dig-
30 the terminal 3 of the connector 21, (3) when the relay 52 ital
converter) therein, a digital temperature value can be  is in an ON-state
with the relay 53 in an OFF-state, the obtained on the basis of an analog
voltage correspond-  AC power is supplied to the terminal 4 of the
connector ing to this temperature. This temperature value is stored  21,
and (4) when the relays 52, 53 are in an ON-state, in a memory in the
microcomputer 33. A voltage which  the AC power is suppliedtothe terminal 5
of the connec- varies according to the temperature detected by a tem- 35
tor 21. perature sensor 37 is applied to the terminal A4 of the  Fig. 3
shows an electric circuit connected through microcomputer 33 in the same
manner as in the terminal    the connectors 21-23 shown in Fig. 2 and
connectors A3. The temperature sensor 37 is fixed so that the tem-  27-29
corresponding to these connectors, and a power perature in the indoor side
heat exchanger 8 can be de-  source terminal of the electric motor 14 is
connected to tected. Accordingly, the microcomputer 33 is capable of 40 the
connector 27. The terminal 2 of the connector 27 is obtaining the
temperature in the indoor side heat ex-  a common terminal. Accordingly,
when AC power is sup- changer8viathe terminal A4and storing it in the
memory  plied to the terminal 3 of the connector 27, the electric therein.
motor is rotated at low rotation speed, and an air current A terminal I NIT
of the microcomputer 33 is an initial  of a low flow rate is sent out from
the fan 13. When AC terminal, and, when a negative edge trigger is applied
to  45 power is supplied to the terminal 4 of the connector 27, this
terminal, the microcomputer 33 is reset. This trigger  the motor 14 is
driven at an intermediate rotation speed, is outputted after the voltage of
a capacitor 39 and a pre-  and an air current of an intermediate flow rate
is sent out determined voltage have been compared with each oth-  from the
fan 13. When AC power is supplied to the ter- er in a comparator 38. A
resistance value and a value of  minal 5 of the connector 27, the motor 14
is driven at a the capacitor are set so that this edge trigger is outputted
50 high rotation speed, and an air current of a high flow rate when about
0.5 second has elapsed after the starting of  is sent out from the fan 13.
A capacitor 60 is provided for the supplying of a power source current. An
inversion  operating the motor 14, and a stepdown transformer 61 amplifier
40 is used as a voltage follower by a full feed-  is adapted to convert the
AC power which is obtained back thereof. Therefore, two kinds of reference
voltages  through the connector 28 into an alternating current of a can be
obtained by using resistors 41, 42. These refer- 55  low voltage, and then
supply this alternating current to ence voltages are supplied to the
comparator 38 as well    the rectifier bridge 46 of Fig. 2 through the
connector 29 



as to terminals VREF, VASS of the microcomputer 33. A  and the connector 23
of Fig. 2. reference numeral 43 denotes a constant voltage gen-   Fig. 4 is
a diagram of an electronic circuit of a remote 4    7
EP0462624B1                       8 controller, in which the connectors 30,
31 are connected  lect bar is in the fourth position from the right, that
is, a tothe connectors 24,25 sothatthe terminals of the same  left end, the
connector 31 is in an opened state in which numbers are joined together.
The remote controller is  no terminals thereof are connected. If the
connected separated from the electronic circuit of Fig. 2 and provid-
condition of these terminals is inputted by key scanning, ed in a suitable
position so that a user can operate it eas-  5  the microcomputer can
receive the set condition of this ily. Referring to Fig. 4, light-emitting
diodes 62-75 are  switch. Regarding the other switches, the set condition
driven in accordance with contents of display, and output  thereof can be
inputted in the same manner into the mi- reversing output buffers 74-77 are
used as buffers for  crocomputer 33. lighting the light-emitting diodes
62-73. For example, in  Fig. 5 is a diagram of an electric circuit in which
the order to light the light-emitting diode 62, the voltage at  10
terminals of the connector 32 are connected to those of the terminal 10 of
the connector 30 may be set to H-level,    the connector 26 shown in Fig.
2, in such a manner that and the voltage at the terminal 10 of the
connector 31  the terminal numbers agree with each other, this electric
also to H-level. Namely, an output from one of the termi-  circuit being
provided in the outdoor unit 15 (Fig. 1). In nals 02-05 of the
microcomputer 33 and an output from  Fig. 5, a relay 85 is connected to the
terminals 1, 3 of the the terminal RO thereof may be set to an H-level
voltage.  15 connector 32. Accordingly, when an output from the ter- In
order to light other light-emitting diodes, the terminal  minal R9 of the
microcomputer 33 shown in Fig. 2 be- of the microcomputer is selected
suitably in the same  comes H-level, the relay 85 is turned on to close a
nor- manner, and an H-level voltage is outputted, whereby a  mally-open
contactor 86. A relay 90 is adapted to be desired light-emitting diode can
be lit. Since the outputs  turned on when an output voltage from the
terminal R8 from the terminals 7-10 of the connector 31 (terminals 20 of
the microcomputer 33 has become H-level, to close a R0-R3 of the
microcomputer 35) are key scanning out-  normally-open contactor 91, and a
relay 87 is connected puts, the terminal from which an H-level voltage is
out-    to the terminals 1, 4 of the connector 32 through a tran- putted
varies periodically. Accordingly, the light-emitting  sistor 89. When an
output voltage from the terminal R10 diodes 62-73 are not continuously lit,
but dynamically in  of the microcomputer 53 has become H-level, the tran-
accordance with a scanning period.              25 sistor 89 is turned on
first. If the relay 90 is turned on Reference numerals 78-84 denote
switches for set-  (compressor operation condition) at this time, the relay
ting the operational condition of the air-conditioner. The  87 is turned
on, a normally-open contactor 88 is closed. switch 78 is adapted to set
operational modes (a mode  Therefore, when there is no compressor operating
sig- of circulating operation in which the ventilating only is  nal, the
electric motor 12 is not operated. done by the indoor unit, a mode of
cooling, a mode of 30  A terminal 96 is connected to an AC power source,
heating and a mode of operation with cooling/heating  and a terminal G is
an earth terminal. A single-phase AC modes automatically switched).
Similarly, the switch 79  power source is connected to terminals U, V. A
part of sets the number of revolutions per minute (high, inter-    the
electriccurrentfromthisAC powersource issupplied mediate and low thereof
and the automatic switching of  to the terminals 5, 6 of the connector
shown in Fig. 2, high, intermediate and low thereof) of the motor 14 in the
35 through the terminals 5, 6 of the connector 32. The elec- indoor unit,
the switch 80 carries out a test run, and the  tric current from the AC
power source is also supplied to switch 81 changes over a set operation (ON
timer oper-  the motor 12 through the normally-open contactor 86, to ation,
OFF timer operation, night setback operation, en-  the four-way valve 2
through the normally-open contac- ergy-saving operation and a regular
operation). The  tor88, and to the compressor 1 through a normally-open
switch 82 is provided to run/stop the air-conditioner, the  40 contactor
91. A capacitor 92 is provided for operating the switch 83 to set the
timer-effective time during an  motor 12, and capacitor 93 is provided for
operating the ON/OFF timer-set operation, and the switch 83to set the
compressor 1. A compressor starting thermistor 94 of temperature in the
room. The operational condition of  positive characteristics is connected
to the capacitor 93. these switches is judged from the condition of
scanning  When the compressor 1 is started, the temperature of outputs from
the terminals RO-R3 of the microcomputer 45 the thermistor 94 is low, and
the inner resistance thereof 33 and that of voltages applied to the
terminals K1, K2,  is small, so that a large current flows to the
compressor 4, K8, J1, J2 of the same microcomputer 33. The posi-  1 to
enable an auxiliary winding of the compressor to be tions in which the
switches 78, 79, 81, 83, 84 are  used for starting the compressor. When an
electric cur- short-circuited varies with the position of a select bar. Re-
rent flows through the thermistor 94 of positive charac- garding this, a
description will be given with the switch  50 teristics, it is self-heated,
and the temperature thereof in- 78 taken as an example. When the select bar
which   creaseswiththe inner resistancethereof becominghigh. moves
laterally is positioned at the right end, the termi-  Consequently, the
electric current stops flowing through nals 9, 11 of the connector 31 are
connected together,    the thermistor 94, andtheauxiliary winding works
toform and, when the select bar is in the second position from  a rotating
magnetic field by a capacitor 93. An overload 



the right, the terminal 9 of the connector 31 is connected  55 relay 95 is
adapted to open its contactor to cut off the to the termials 11, 12
thereof. When the select bar is in  current flowing to the compressor 1
when the tempera- the third position from the right, the terminals 9, 12 of
the  ture of the compressor 1 becomes abnormally high or connector 31 are
connected together, and, when the se-  when an abnormal current flows to
the compressor 1. 5    9                 EP 0 462 524 B1
10 In the air-conditioner thus constructed, an air-condi-    is not sent to
the indoor side heat exchanger 8 due to the tioning operation is carried
out by controllirig the com-  failure of the motor 14 in the indoor unit to
cause the heat pressor 1, motor 12 and four-way valve 2 on the basis of
exchange rate of the heat exchanger 8 to lower. At such conditions set by
the switches 78-84.               time, the high-load preventing operation
is started by in- Fig. 6 is a flow chart showing main operations of the  5
creasing the number of revolutions per minute of the mo- microcomputer 33
(main operations of the air-condition-  tor 14 in the indoor unit, stopping
the operation of the er) shown in Fig. 2. First, in Step S1 in this flow
chart, a  motor 12 in the outdoor unit, reducing the operational ca-
starting process (the initialization of the microcomputer  pacity of the
compressor 1 when this capacity is and the initial setting of operational
condition of the  changed, and stopping the operation of the air-condition-
air-conditioner) is carried out. In Step S2, the key scan-  10 er in the
worst case. The temperature TO at which such ning is then donetojudge the
set condition andoperating  a high-load preventing operation is carried out
is set to condition of the switches 78-84 and store the results in  60 -
80C. Thistemperature TO issettoan optinum level an internal memory after
updating the data therein. In    in each type of air-conditioner in
accordance with the ca- Step S3, the set condition of the switch 78 is read
out  pacities of the compressor 1, indoor side heat exchanger from this
memory, and, in Step S4, the set condition is  15 8 and outdoor side heat
exchanger 3. After the operation judged whether it indicates a heating
operation or not.    in Step 8 has been carried out, a subsequent procedure
When the switch 78 is set to a mode of automatically  in Step 9 is taken to
judge whether or not T1 = T2. The switchable cooling/heating operation, the
operation is  T1 and T2 are values which were initialized in Step S1, set
automatically on the basis of the room temperature  and these values have a
relation, TO > T2 > T1, in an at which the operatingswitch is set to an
operation mode, 20  initial condition. When T1 = T2 is not satisfied, the
flow and the cooling/heating is thereafter switched automati-    shifts to
Step S10, and T1 is replaced with T2. Namely, cally on the basis of a
varying difference between the set  if a high-load preventing operation is
carried out even temperature and room temperature. When the heating  once
after the starting of the operation of the air-condi- is not carried out,
i.e., when the cooling orthe circulating  tioner, the value of T1 is
necessarily replaced with that operation is desired to be carried out, the
next procedure  25 of T2 by proceeding through these Steps S9 and S10. in
Step S5 is taken, and the cooling or the circulating is  When occurrence of
a high-load operation is not de- carried out. The cooling is carried out by
controlling the  tected in Step S7, the flow shifts to Step S11. In Step
operation of the compressor 1 with a cooling refrigeration  S11, a
judgement as to whether defrosting is being car- circuit of Fig. 1 used, in
such a manner that a room tem-  ried out or not is made first. The
defrosting will be de- perature becomes equal to set level. During this
time, 30 scribed presently. When a judgement that the defrosting the motor
14 provided in the indoor unit 16 is driven at a  is not carried out is
made in Step S11, the flow shifts to rotation speed set by the switch 79.
When this switch is  Step S12. In Step S12, a temperature gradient AT is
cal- set in an automatically high, intermediate and low speed  culated. The
detection of the temperature in the indoor switchable mode, the switching
of the rotational speed  side heat exchanger 8 is done constantly at a
predeter- of the motor 14 is done so that the number of revolutions  35
mined cycle (every one cycle of a program in the micro- per minute
increases in proportion to the difference be-  computer 33) by the
temperature sensor 37. Noise and tween the set temperature and room
temperature. When  erroneously detected temperatures are removed from the
heating is decided in Step S4, the flow shifts to Step  the temperature
data thus obtained, and correct temper- S6.
ature data are stored in the memory. These temperature In Step S6, the
temperature T in the heat exchanger, 40 data are read out from the memory
at a predetermined i.e. the temperature T in the indoor side heat exchanger
cycle to calculate periodic temperature gradients. The 13 in the indoor
unit 16 is inputted. This temperature T  predetermined cycle for reading
these temperatures dif- is a temperature detected by the temperature sensor
37,  fers according to the capacity of an air-conditioner, and, received at
the terminal A4 of the microcomputer 33 and  in this embodiment, such a
cycle is determined as fol- stored in the memory therein. This temperature
T is then  45  lows. First, the temperature data are read out from the
judged whether T [err] TO or not. Namely, the air-conditioner  memory every
one minute, and a temperature gradient is judged whether it is a high-load
condition or not. When  AT is calculated on the basis of the difference
between T > TO is satisfied, the flow shifts to Step S8 to carry out  these
temperature data and the temperature data ob- a high-load preventing
operation. The high-load prevent-    tained six minutes earlier. Namely, a
six-minute cycle ing operation is a protective action made when the tem- 50
temperature gradient is calculated every one minute. perature in the indoor
side heat exchanger 8 becomes    In Step S13, a judgement is made as to
whether this abnormally high. The temperature in this heat exchanger
gradient AT satisfies -AT > K three times in repetition or 



8 becomes abnormally high when the heating is carried  not. Namely, a
judgement as to whether the temperature out at a high room temperature,
when the room temper-  has changed in a decreasing direction or not is
made. ature becomes high due to an additional heater is oper- 55 The
variation range K is represented by a positive ated in the same room, when
the temperature of the out-  number, and this number is set to K =
[err]/min in this side air is abnormally high to cause the refrigerant con-
embodiment. After the condition in Step S13 have been densation temperature
to become high, and when the air    satisfied, the flowshifts to step S14.
In Step S14, ajudge- 6    11                EP 0 462 524 B1
12 ment is made as to whether the temperature data T ac-  When the
conditions in Step S14 are satisfied, the tually stored in the memory
satisfies T [err] T1 or not. The  flow shifts to Step S15. In Step S15, a
judgement as to T1 represents athresholdtemperature value for prevent-
whetherthe masking time has terminated ornot is made, ing non-load
defrosting. If the T1 is set, the erroneous  and, if the masking time has
terminated, the defrosting starting of the defrosting can be prevented, for
example,  5  is started in Step S16. The masking time represents the when a
load in a room varies (when the dborforthe room  time for a continuous
operation of the compressor, and, is opened to cause the cold air to blow
thereinto) when  while acompressoroperation signal isoutputted, the de- the
condensation temperature in the indoor side heat ex-  frosting is not
started until the masking time has passed. changer is sufficiently high
with the outdoor side heat ex-  The masking time is set to 20 minutes in
this embodi- changer not yet frosted, to cause the temperature in the  10
ment. When the compressor is stopped, or, when a com- indoor side heat
exchanger to lower. The T1 is set to be  pressor stopping signal is
outputted (when the room tem- T1 = [err] in this embodiment. This value is
varied ac-  perature has agreed with a set level), the masking time cording
to the capacity and design of the air-conditioner  is considered to have
terminated, and the flow shifts to in the same manner as the value of TO.
When the con-  Step S16, S18, S19tostartthe defrosting. When thecon-
densation temperature (the temperature at which the air  15 ditions in
Steps S13 - S15 are not satisfied, the flowshifts is discharged into the
room) in the indoor side heat ex-  to Step S17 to continue the regular
heating. changer is set high, the value of T1 is preferably set high  Fig.
7 is a timing chart of the defrosting. Referring to as well. When the
condensation temperature is set to  this timing chart, the defrosting is
started at XO. When around [err], T1 is equal to 40 (T1 = 40). When the
the defrosting is started, the compressor 1 is stopped, condensation
temperature is set to around [err] it is 20 and the outdoor fan (motor 12
in the outdoor unit) at the preferable that T1 be set to about 50 (T1 =
50). When a  same time. At X1, which is somewhat later than XO, the
compressor of a larger capacity is used with the conden-  four-way valve is
turned off, and the refrigeration cycle sation temperature unchanged, the
value of T1 can be  is switched from the heating cycle to the cooling
cycle, set higher.                                        and at the same
time the indoor fan (motor 14 in the in- The value of T1 is replaced with
that of T2 by pro- 25 door unit) is stopped. The display (lighting of a
light-emit- ceeding through Step S10. Namely, when a high-load  ting diode)
of the necessity of the defrosting operation is preventing operation is
started once, the value of T1 is  done at X1 at once. At X2, the operation
of the compres- reset to a higher level. The value of an increase of T1 is
sor is started. Accordingly, an operation using the cooling set to about +
[err] in this embodiment. Increasing the  refrigeration cycle is started
with the motors 12, 14 value of T1 in this manner means that the threshold
value  30 stopped. Consequently, theoutdoor side heat exchanger forthe
non-load defrosting mentioned above is set high-  works as a condenser, and
the frost formed on the same er. In general, when an additional heater
besides the  heat exchanger is melted with the resultant condensa-
air-conditioner of the present invention is being operated  tion heat. This
operation is continued until X3. The X3 is in the same room, the room
temperature increases due  an instant at which the defrosting finishies.
The time be- to the heat generated by this additional heater, and the  35
tween XO and X3 is set to 12 minutes at most. When 12 outdoor side heat
exchanger is frosted. Even when the  minutes have passed, the defrosting
ceases even if frost f unction of the indoor side heat exchanger is not
fully ex-  remains on the outdoor side heat exchanger. The de- hibited, the
temperature of a room, especially, the tem-  frosting may be terminated
when thetemperature detect- perature of the upper portion of the interior
of a room in  ed by a temperature sensor, which is provided in the out-
which the indoor side heat exchanger is provided be- 40 door side heat
exchanger, has become as high as a pre- comes high, so that the temperature
in the idoor side  determined level. When the defrosting has terminated at
heat exchanger also becomes high (not lower than T1).  X3, the four-way
valve is turned on to switch the refrig- Consequently, the defrosting is
not started in some cas-  eration cycle to the heating cycle, and the
operations of es. In order to prevent such a phenomenon, the value of  the
compressor, indoor fan (motor 14) and outdoor fan T1 is increased. A
judgement as to whether an additional 45 (motor 12) are started again. The
time between X5 and heater is being operated or not in the room is made in
X6 is acoldairpreventingperiod. This coldairpreventing Step S7. Namely,
when both the heating of an air-condi-  period can prevent the cold air in
the room from blowing tioner and that of an additional heater are utilized
at a  out, by delaying the time at which the indoor fan (motor time, the
condensation capacity of the indoor side heat  14) attains a preset number
of revolutions per minute in exchanger becomes large if frost is not formed
in the out- 50 accordance with the temperature rise in the indoor heat 



door side heat exchanger, and the temperature in the in-  exchanger. The
displaying of a defrosting operation con- door side heat exchanger becomes
high with the room  tinues until the time X6. temperature increasing due to
the heat generated by the  When such defrosting as the above has been com-
additional heater. This causes the air-conditioner to be  pleted, the
regular heating is stated again. put in a high-load condition. Accordingly,
if a judgement 55    In the above embodiment, although the temperature that
the air- conditioner is in a high-load condition is  of the indoor side
heat exchanger is measured by a sin- made in Step S7, a conclusion that
there is an additional  gle temperature sensor, more than one temperature
sen- heater in operation in the same room can be made.  sor may be
provided. In such a case, the temperature 7    13
EP0462524B1                      14 sensors are preferably set at separate
portions, for ex-  The temperature sensor means has a first temper- ample,
the inlet and outlet portions of the indoor side heat  ature sensor for
measuring temperatures on the basis of exchanger.
which a downward gradient of the temperature of the in- A temperature
sensor may also be provided in the  door side heat exchanger is calculated,
and a second outdoor side heat exchanger sothat frosting on the same  5
temperature sensor for detecting the first and second heat exchanger can be
judged with reference to the gra-  temperature levels. Accordingly, the
temperature sen- dient of the temperatures measured by this temperature
sors can be provided in a suitable position for detecting sensor. When the
outdoor side heat exchanger is frost-    speedily the variation of the
temperature of the indoor ed, the evaporation pressure of the refrigeration
circuit    side heat exchanger. Therefore, the detection of the generally
lowers, so that the heat exchanging capacity  10 frosting on the outdoor
side heat exchanger can be done thereof also lowers. Accordingly, a
comparison between  speedily. the temperature of the non-frosted outdoor
side heat ex-  A temperature, at which a judgement is made that changer and
that of the frosted outdoor side heat ex-  the air-conditioner protects
from an overload operation, changer shows that the temperature of the
frosted one  is used as the second temperature, and this makes it un- is
higher. The frosting can be determined by detecting a  15 necessary to
provide any special temperature sensor for variation of the temperature
(temperature rise) of theout-    judging whether there isan additional
heater in operation door side heat exchanger. Therefore, if the way of
"cal-    in the same room. Therefore, the temperature sensor for culating
temperature gradient" in Step S12 in the flow  determining an overload
condition of the air-conditioner chart of Fig. 6 is changed to the same way
of calculating  can be used for this purposes as well. a gradient of
temperature of the outdoor side heat ex- 20    In another embodiment of the
invention, an indoor changer with Step S14 changed to "gradient (AT) > K",
side temperature sensor capable of detecting the tem- the other steps can
be used in a similar manner. The val-  perature of the indoor side heat
exchanger, and the out- ue of K' may be set in optimum on the basis of the
ca-  door side temperature sensor capable of detecting the pacities of the
compressorand the outdoor side heat ex-  temperature of the outdoor side
heat exchanger are pro- changer in the same manner as that of the K
mentioned  25 vided, and a defrosting operation is started while thetem-
previously.                                        perature detected by the
indoor side temperature sensor When the outdoor side heat exchanger is
frosted to  is not higher than the first temperature level with an up-
cause the indoor side heat exchanger temperature to  ward gradient, which
is calculated on the basis of the lower during the heating as mentioned
above, a judge-  temperature detected by the outdoor side temperature ment
that a gradient of decreasing temperature occurs  30 sensor, of the same
temperature becoming sharper than in the indoor side heat exchanger is
made, and the de-  a predetermined gradient, the first temperature level
be- frosting is started. When a room heater, which is other  ing changed to
a higher level after the temperature de- than the air-conditioner, is
operated in the air-condi-    tected by the indoor side temperature sensor
has tioned room, the load on the air-conditioner increases  reached a level
not lower than the second predetermined correspondingly to the heat
generated by this additional 35 temperature (second temperature [err] first
temperature). room heater and by heating the same room therewith,
Accordingly, the frosting on the outdoor side heat ex- so that the
air-conditioner is placed in an overload con-  changer can be detected on
the basis of the variation of dition. If this overload condition is
detected, the presence  the temperature therein, this making it possible to
con- or absence of such the additional heater can be deter-  duct the
detection of frosting with a high accuracy. More- mined. When the heater is
operated, a threshold temper- 40 over, the frosting can be judged by the
outdoor unit, so ature value for starting the defrosting is set higher to
en-  that the air-conditioner control responsibility can be able the
defrosting to be started reliably.        shared between the indoor unit
and outdoor unit. As described above, according to the present inven- tion,
temperature sensor means is provided so that the temperature of the indoor
side heat exchanger can be  45 Claims detected, and the defrosting is
started when the temper- ature is not higher than a first predetermined
level with  1. A defrosting control method for an outdoor side heat a
downward gradient, which is calculated on the basis of  exchanger of a heat
pump having a control means 



the detected temperature, of the same temperature be-  for defrosting said
outdoor side heat exchanger and coming sharper than a predetermined
gradient, the first 50  a refrigeration circuit, said refrigeration circuit
having temperature level being increased after the detected   a compressor,
an indoor side heat exchanger, an temperature has become higher than a
second prede-     expansion device and said outdoor side heat termined
level (second level [err] first level). Consequently,  exchanger,
comprising the steps of: when the temperature of the room being heated be-
comes high due to energizing of the additional heater in  55  detecting the
temperature T of said indoor side the room, the level of the first
temperature is changed to  heat exchanger, be higher to enable the
defrosting to be started easily,  starting said control means to defrost
said out- and therefore the defrosting can be started reliably.     door
side heat exchanger when a temperature    13                EP0462524B1
14 sensors are preferably set at separate portions, for ex-  The
temperature sensor means has a first temper- ample, the inlet and outlet
portions of the indoor side heat  ature sensor for measuring temperatures
on the basis of exchanger.                                         which a
downward gradient of the temperature of the in- A temperature sensor may
also be provided in the  door side heat exchanger is calculated, and a
second outdoor side heat exchangersothat frosting on the same  5
temperature sensor for detecting the first and second heat exchanger can be
judged with reference to the gra-  temperature levels. Accordingly, the
temperature sen- dient of the temperatures measured by this temperature
sors can be provided in a suitable position for detecting sensor. When the
outdoor side heat exchanger is frost-    speedily the variation of the
temperature of the indoor ed, the evaporation pressure of the refrigeration
circuit .    side heat exchanger. Therefore, the detection of the generally
lowers, so that the heat exchanging capacity  10 frosting on the outdoor
side heat exchanger can be done thereof also lowers. Accordingly, a
comparison between  speedily. the temperature of the non-frosted outdoor
side heat ex-  A temperature, at which a judgement is made that changer and
that of the frosted outdoor side heat ex-    the air-conditioner protects
from an overload operation, changer shows that the temperature of the
frosted one  is used as the second temperature, and this makes it un- is
higher. The frosting can be determined by detecting a  15 necessary to
provide any special temperature sensor for variation of the temperature
(temperature rise) of the out-    judging whether there is an additional
heater in operation door side heat exchanger. Therefore, if the way of
'cal-    in the same room. Therefore, the temperature sensor for culating
temperature gradient" in Step S12 in the flow  determining an overload
condition of the air-conditioner chart of Fig. 6 is changed to the same way
of calculating  can be used for this purposes as well. a gradient of
temperature of the outdoor side heat ex- 20    In another embodiment of the
invention, an indoor changer with Step S14 changed to "gradient (AT) > K",
side temperature sensor capable of detecting the tem- the other steps can
be used in a similar manner. The val-    perature of the indoor side heat
exchanger, and the out- ue of K' may be set in optimum on the basis of the
ca-  door side temperature sensor capable of detecting the pacities of the
compressor and the outdoor side heat ex-  temperature of the outdoor side
heat exchanger are pro- changer in the same manner as that of the K
mentioned  25 vided, and a defrosting operation is started whilethe tem-
previously.                                        perature detected bythe
indoor side temperature sensor When the outdoor side heat exchanger is
frosted to  is not higher than the first temperature level with an up-
cause the indoor side heat exchanger temperature to  ward gradient, which
is calculated on the basis of the lower during the heating as mentioned
above, a judge-  temperature detected by the outdoor side temperature ment
that a gradient of decreasing temperature occurs  30 sensor, of the same
temperature becoming sharper than in the indoor side heat exchanger is
made, and the de-  a predetermined gradient, the first temperature level
be- frosting is started. When a room heater, which is other  ing changed to
a higher level after the temperature de- than the air-conditioner, is
operated in the air-condi-    tected by the indoor side temperature sensor
has tioned room, the load on the air-conditioner increases  reacheda level
not lowerthanthe second predetermined correspondingly to the heat generated
by this additional 35 temperature (second temperature [err] first
temperature). room heater and by heating the same room therewith,
Accordingly, the frosting on the outdoor side heat ex- so that the
air-conditioner is placed in an overload con-  changer can be detected on
the basis of the variation of dition. If this overload condition is
detected, the presence  the temperature therein, this making it possible to
con- or absence of such the additional heater can be deter-  duct the
detection of frosting with a high accuracy. More- mined. When the heater is
operated, a threshold temper- 40 over, the frosting can be judged by the
outdoor unit, so ature value for starting the defrosting is set higher to
en-  that the air-conditioner control responsibility can be able the
defrosting to be started reliably.        shared between the indoor unit
and outdoor unit. As described above, according to the present inven- tion,
temperature sensor means is provided so that the temperature of the indoor
side heat exchanger can be  45 Claims detected, and the defrosting is
started when the temper- ature is not higher than a first predetermined
level with  1. A defrosting control method for an outdoor side heat 



a downward gradient, which is calculated on the basis of  exchanger of a
heat pump having a control means the detected temperature, of the same
temperature be-  for defrosting said outdoor side heat exchanger and coming
sharper than a predetermined gradient, the first 50  a refrigeration
circuit, said refrigeration circuit having temperature level being
increased after the detected  a compressor, an indoor side heat exchanger,
an temperature has become higher than a second prede-    expansion device
and said outdoor side heat termined level (second level > first level).
Consequently,  exchanger, comprising the steps of: when the temperature of
the room being heated be- comes high due to energizing of the additional
heater in  55  detecting the temperature T of said indoor side the room,
the level of the first temperature is changed to  heat exchanger, be higher
to enable the defrosting to be started easily,  starting said control means
to defrost said out- and therefore the defrosting can be started reliably.
door side heat exchanger when a temperature    15                 EP 0 462
524 B1                 16 gradient with respect to time calculated on the
geringer ist als sine Schwelltemperatur T1 zum basis of said temperature T
is smaller than a      Verhindern eines nichtbelasteten Abtauens,
predetermined negative value, and while said       und temperature T of
said indoor side heat             Andern der Temperatur T1 auf eine h6here
exchanger is lower than a threshold tempera-  5    Temperatur T2, wenn die
Temperatur T des ture T1 for preventing a non-load defrosting,
Innen-Warmetauschers hbher ale eine vorge- and
gebene Temperatur ist. changing said temperature T1 to a higher tem-
perature T2 when said temperature T of said  2. Verfahren nach Anspruch 1,
wobel dievorgogebene indoor side heat exchanger is higherthan a pre-  10
Temperatur gleich der Temperatur T2 ist. determined temperature. 3.
Abtausteuerverfahren fOr einen AuBen-Warmetau- 2. A method according to
claim 1, wherein said prede-  scher einer Warmepumpe mit einer
Steuereinrich- termined temperature is equal to said temperature  tung zum
Abtauen des AuBen-Warmetauschers und T2.
15      einer KOhl schaltung, wobei die KOhischaltung einen Kompressor,
einen Innen-Warmetauscher, eine 3. A defrosting control method for an
outdoor side heat  Expansionsvorrichtung und den AuBen-Warmetau- exchanger
of a heat pump having a control means    scher umfaBt, mit den Schritten:
for defrosting said outdoor side heat exchanger and a refrigeration
circuit, said refrigeration circuit having  20  Erfassen der Temperatur T'
des AuBen-Warme- a compressor, an indoor side heat exchanger, an
tauschers, Starten der Steuereinrichtung zum expansion device and said
outdoor side heat            Abtauen des AuBen-Warmetauschers, wenn
exchanger, comprising the steps of:                    ein
Temperaturgradient bezfglich der Zeit, der aufgrund der Temperatur T'
ermittelt wird, gro- detecting the temperature T' of said outdoor 25    Ber
ist als ein vorgegebener positiver Wert, side heat exchanger,
wahrend die Temperatur des Innen-Warmetau- starting said control means to
defrost said out-   schers kleiner istals eine SchwelltemperaturT1 door
side heat exchanger when a temperature        zum Verhindem eines
nichtbelasteten Abtau- gradient with respect to time calculated on the
ens, und Andem der Temperatur T1 aut eine basis of said temperature T'is
larger than a pre- 30  hohere Temperatur T2, wenn die Temperatur determined
positive value, and while a temper-     des Innen-Warmtauschers h6her ist
als eine ature of said indoor side heat exchanger is lower  vorgegebene
Temperatur. than a threshold temperature T1 for preventing a non-load
defrosting, and changing said temperature T1 to a higher tem- 35
Revendicatlons perature T2 when said temperature of said indoor side heat
exchanger is higher than a pre-  1. Procede de commande de degivrage pour
un determined temperature.                         echangeur de chaleur du
cote exterieur d'une pompe a chaleur possedant un moyen de com- 40
mande pour le degivrage dudit echangeur de cha- PatentansprOuhe
leur du cotd exterieur et d'un circuit de refrig6ration, ledit circuit de
refrigeration possedant un compres- 1. Abtausteuerverfahren fOr einen
Aul3en-Wfrmetau-     seur, un 6changeur de chaleur du cote irterieur, un
scher elner Warmepumpe mit einer Steuereinrich-    dispositif d'expansion
et ledit schangeur de chaleur tung zum Abtauen des AuBen-Wirmetauschers und
45   du cots exterieur, proc6d6 comprenant lee etapes einer KOhischaftung,
wobei die KOhIschaltung einen  suivantes: 



Kompressor, einen Innen-Warmetauscher, eine Expansionsvorrichtung und den
AuBen-Warmetau-      -  la detection de la temperature T dudit echan- scher
umfaBt, mit den Schritten:                       geur de chaleur du cot6
interieur; 50     -  le demarrage dudit moyen de commande pour Erfassen der
Temperatur T des Innen-Warme-         degivrer ledit echangeur de chaleur
du cote ex- tauschers,                                         terieur
lorsqu'un gradient de temperature par Starten der Steuereinrichtung zum
Abtauen des      rapport au temps, calcule sur la base de ladite
Aul3en-Warmetauschers, wenn ein Tempera-            temperature T, est
inferieur a une valeur nega- turgradient bezlglich der Zeit, der aufgrund
der 55  tive preddteminde et tandis que ladite tempera- Temperatur T
berechnet wird, kleiner ist als ein   ture T dudit echangeur de chaleur du
cote inte- vorgegebener negativer Wert und wahrend die        rdeur est
inferieure a une temperature de seuil Temperatur T  des
Innen-Warmetauschers             T1 pour empecher un d6givrage sans charge;
et 9    1 1111111111111111111O 11 1 iii *   C   L   M   S   *    17
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-  la modification de ladite tempdrature T1 A une
*c    L          S   * temperature plus haute T2 lorsque ladite tem-
p6rature T dudit 6changeur de chaleur du cot6 interieur est supdrieure a
une temperature pre- determin6e.                              5 2. Procdde
selon la revendication 1, selon loquel ladite temperature predeterminee est
egale A ladite tem- p6rature T2. 10 3. Procdde de commande de d6givrage
pour un schangeur de chaleur du cots exterieur d'une pompe A chaleur
possedant un moyen de com- mando pour le d6givrage dudit echangeur de cha-
leur du c8te ext6rieur et d'un circuit de refrigeration,  15 ledit circuit
de refrigeration possedant un compres- sour, un echangeur de chalour du
cote interieur, un dispositif d'expansion et ledit echangeur de chaleur du
cote exteriour, proced6 comprenant les etapes suivantes:
20 - la d6toction de la temperature T' dudit echan- geur de chaleur du cbt6
ext6riour; -  le d6marrage dudit moyen de commande pour d6givror ledit
echangeur de chalour du c~te ex- 25 teriour lorsqu'un gradient do
tomperature par rapport au temps, calcule sur la base do ladite temperature
r, est superieure a une valeur po- sitive predeterminee, et tandis qu'une
temp6ra- ture dudit echangeur do chaleur du cbAW intO- 30 rieur est
inferisure A une temperature do seuil Ti pour empbcher un degivrage sans
charge; et -  la modification do ladite tsmperature Ti en une temperature
plus haute T2 lorsque ladite tem- perature dudit echangeur de chaleurdu
cote in- 35 terieur est supsrieure A une temperature prede- termin~e. 40 46
50 55 10    


