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(54) Electronic startup device for airtight compressors

(57) "ELECTRONIC STARTUP DEVICE FOR AIR-
TIGHT COMPRESSORS", based on the use of unidirec-
tional electronic keys in series with a PTC type chip. In
its essence, it includes an electronic startup device (DP)
for monophasic induction motors (M), with cage type rotor
and a stator with a gear winding (RW) and a startup wind-
ing (SW), applied to the startup control of airtight com-
pressors. The startup device (DP) includes a unidirec-
tional electronic key (S1), which connects the startup
winding (SW) of motor (M) to the alternating voltage

source (V1), through a solid state chip with positive tem-
perature coefficient (PTC), which defines the startup time
(TP) of the referred motor (M), and of the complete wave
rectifier (B1); the timing circuit (Timer), which activates
the electronic key (S1) defines the moment in which the
chip (PTC) is turned off from the circuit (turning off time
- TD). The turning off time (TD) can be adjusted according
to the application, such that the following adjustments
are possible: TD<TP; TD=TP and TD> TP. This electron-
ic startup device also can be applied to motors with per-
manent capacitor.
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Description

[0001] This invention is related with monophasic in-
duction motors and, more specifically, with the startup of
this type of motors, principally when applied in airtight
compressors.
[0002] As it is of common knowledge, airtight compres-
sors applied in refrigeration use, in majority of the cases,
monophasic induction motors, due to the fact that they
are of easy construction, as well as robust.
[0003] In low capacity applications, typically residential
applications, these motors are formed basically by a rotor
and a stator, wherein the latter is composed of a startup
winding, or an auxiliary (SW) and a gear winding (RW).
[0004] Taking as an example a refrigerator, its com-
pressor is activated periodically by a thermostat (T1), de-
pending on the internal temperature of the respective
hood. Thus, when the compressor is activated, its startup
(SW) and gear (RW) windings are connected to a power
source, normally the electric network, during a deter-
mined period of time (startup time - TP).
[0005] During this period of time, the currents that cir-
culate through the startup (SW) and gear (RW) windings
are electrically dephased, which assures the generation
of electromagnetic torque during the startup. After this
period, the startup winding (SW) is disconnected from
the power source, maintaining connected only the gear
winding (RW).
[0006] However in the case of permanent capacitor
motors, the startup winding (SW) remains connected to
the electrical network through the permanent capacitor.
To perform the disconnection of the startup winding
(SW), after the startup time (TP), it is common the use
of startup devices based on thermistors, with positive
temperature characteristic (PTC or PTC relay).
[0007] In this case, the PTC is placed in series with
the startup winding (SW), and the electric current that
then circulates through the PTC makes its electrical re-
sistance increase, until the current that circulates through
the startup winding (SW) is very small, practically turning
it off.
[0008] The devices described above have, as an ad-
vantage, the constructive and working simplicity, howev-
er, they have as principal disadvantage the electrical en-
ergy consumption during the permanent system (of ap-
proximately 2W), that is, after the startup time (TP) there
is permanent electrical energy consumption as long as
the motor is in operation. This represents a serious prob-
lem for systems development with major energy efficien-
cy.
[0009] Thus before the above circumstances and with
the purpose of overcoming them, that the electronic star-
tup device for airtight compressors was designed, which
constitutes the object of this invention.
[0010] Thus, the principal objective of this invention is
to present an electronic startup circuit for monophasic
induction motors.
[0011] Another objective of this invention is the elab-

oration of an electronic startup device for monophasic
induction motors with permanent capacitor.
[0012] Still another objective of this invention is to
present an electronic startup circuit with low energy con-
sumption, after the startup period of the motor, eliminat-
ing PTC consumption.
[0013] One more objective of this invention is to
present the use of a unidirectional electronic key as PTC
interconnection element to the monophasic motor.
[0014] Now, moving on to a brief description of this
invention, it consists of essentially an electronic startup
device for monophasic induction motors, which has an
electronic key connecting the startup winding to the pow-
er source during a determined period of time, where this
period id defined by an electronic control circuit, which
turns on and turns off the referred electronic key.
[0015] One primary advantage of the electronic device
of the present invention is related with the energy con-
sumption in permanent system, that is, after the startup
time, the energy consumption of the electronic device is
a lot smaller than that of the actual devices that use only
the solid state chip with positive temperature coefficient
PTC.
[0016] Another advantage of the electronic device of
this invention is that the PTC disconnection time is small-
er the greater the supply voltage is and vice versa, that
is, in situations where the supply voltage is smaller, the
disconnection time is greater, since the PTC takes more
time to warm up. With this, the startup of the compressor
is assured, since the PTC is only disconnected after the
startup.
[0017] One important characteristic of the electronic
startup device, object of this invention, is the use of a
unidirectional electronic key, like for example, although
not limited to these, an SCR, a bipolar transistor, a MOS-
FET type transistor, an IGBT type transistor, and others,
for the turning on and off control of the PTC chip and,
consequently, of the startup circuit.
[0018] It is still worth adding that the possibility of use
of these electronic devices of this invention with startup
capacitor and with permanent capacitor constitutes an-
other appreciable advantage.
[0019] Lastly, besides the abovementioned character-
istics, the electronic startup device, object of this inven-
tion, uses few components, thus facilitating its produc-
tion, and assuring also reduced dimensions.
[0020] The attached drawings illustrate this invention,
wherein:

Fig. 1 shows, in a simplified form, the intercon-
nection of the electronic startup device
with the compressor motor;

Fig. 2 illustrates the electrical layout of the
electronic startup device and its inter-
connection with the compressor motor;
and
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Figs. 3 and 4 present some typical waveforms related
to the electronic circuit, showing the be-
havior during the startup time and after
this time (permanent system).

[0021] In accordance with what the above related fig-
ures illustrate, the electronic startup device DP for airtight
compressors, object of this invention, includes essential-
ly an electronic circuit for startup of monophasic induction
motors, operating only during the startup period of the
referred motor, and composed of:

a) a rectifier circuit (B1) composed of diodes D1 to
D4, which transforms a alternate electrical signal into
a continuous electrical signal, creating a continuous
current bus;
b) a solid state chip with positive temperature coef-
ficient PTC in series with a unidirectional electronic
key S1, connected in parallel with the continuous
current bus, where such PTC chip and the unidirec-
tional key S1 are in series with the startup winding
SW of motor M;
c) a polarization circuit, which turns on the unidirec-
tional electronic key S1; and
d) an electronic timing circuit (Timer), which turns off
the unidirectional electronic key S1, disconnecting
the series circuit composed of the PTC chip and the
startup winding SW of motor M.

[0022] Still, referring to the unidirectional electronic
key, it can have a multiplicity of constructive forms, such
as: SCR, bipolar transistor, MOSFET transistor, IGBT
transistor, or any type of semiconductor key that has as
characteristic of conducting electric current in just one
direction, and that has a control terminal.
[0023] At the same time, in the referred electronic cir-
cuit above, the polarization circuit of key S1 is formed by
resistors R3 and R2, which maintain the unidirectional
electronic key in conduction, making the PTC chip main-
tained connected to the startup winding SW of motor M,
during the startup time.
[0024] On the other hand, the electronic timing circuit
is formed by resistor R4, diodes D6 and D7, capacitor
C1 and transistor Q1, which turns off the unidirectional
electronic key S1 after a determined period of time (TD).
[0025] Now in reference, and more particularly, with
the Figures, which illustrate the object of this invention,
Fig. 1 shows the contact of thermostat T1, the alternating
voltage source V1 that feeds the gear winding RW and
the startup winding SW of motor M of the airtight com-
pressor, through the electronic key S1.
[0026] During the startup, after the contact of thermo-
stat T1 closes, the unidirectional electronic key S1 is
closed, turning on the startup winding SW of motor M to
the alternating voltage source V1.
[0027] After the startup time, defined by the PTC chip,
the timing circuit activates the unidirectional electronic
key S1, disconnecting the startup winding SW of the al-

ternating voltage source V1, leaving just the gear winding
RW of motor M connected to the supply source V1. In
permanent system (after the startup), the unidirectional
electronic key S1 is maintained open, waiting for a new
command from the thermostat T1.
[0028] At the same time, Fig. 2 shows the detailed lay-
out of the electronic timing circuit and the interconnection
of the startup device DP with the compressor motor M.
[0029] The circuit possesses basically a complete
wave rectifier B1, a trigger circuit of the electronic key S1
and a timing circuit.
[0030] The startup time TP is given by the PTC chip;
also, the turning off time TD from the PTC chip, that is,
the moment in which the PTC is turned off from the circuit,
is given by the timing circuit.
[0031] Diodes D1, D2, D3 and D4 form a complete
wave type rectifier B1, having, in one input, the startup
winding SW of motor M and, in the other, a supply source
terminal V1.
[0032] At the same time, the output of rectifier B1 feeds
the trigger circuit of the electronic key S1 and the timing
circuit.
[0033] At the moment in which the circuit is energized,
through the closing of the contact T1 of the thermostat,
capacitor C1 is discharged and, with this, transistor Q1
is cut, the condition in which resistors R3 and R2 form a
voltage divisor. Thus, the voltage over resistor R2 makes
the electronic key S1 to close (enters in conduction).
[0034] From this moment, the startup winding SW cur-
rent of motor M flows through the rectifier, PTC chip and
electronic key S1.
[0035] With the current flowing through the PTC chip,
this will warm up, and its electrical resistance will in-
crease, thus reducing the current through the startup
winding SW of motor M. The electrical resistance of the
PTC chip will increase until the current through the startup
winding SW of motor M is very low, flowing just the main-
tenance current of the PTC, that is, the necessary current
to maintain it warmed up.
[0036] During the startup time, capacitor C1 initiates
its load through resistor R4 and diode D7. The constant
of circuit RC is given by resistor R4 and capacitor C1,
such that diode D7 has the function of not allowing ca-
pacitor C1 to discharge through diode D6. This is the
turning off time (TD) of the PTC chip. The turning off time
(TD) can be adjusted in accordance with the application,
wherein the following adjustments are possible: TD<TP;
TD=TP and TD>TP;
[0037] Capacitor C1 will be loading until it reaches the
zener voltage of diode D6. When this occurs, a current
will be flowing through resistor R4, diode D6 and transis-
tor base Q1, the moment in which transistor Q1 enters
into saturation. With transistor Q1 saturated, the voltage
over resistor R2 is practically zero, thus turning off elec-
tronic key S1.
[0038] When electronic key S1 is turned off, it makes
the maintenance current of the PTC chip be eliminated,
and with this it begins to cool down, necessary condition
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for a new startup of motor M, together with a new com-
mand of thermostat T1.
[0039] When the circuit is de-energized through the
opening of thermostat T1, capacitor C1 is discharged
through resistor R5. The re-startup time of the compres-
sor remains linked to the necessary time for capacitor
C1 to discharge.
[0040] It is important to point out that the unidirectional
electronic key S1 can be any semiconductor that has a
characteristic to conduct electric current in just one di-
rection and has a control terminal.
[0041] Figs. 3 and 4 are typical waveforms of this cir-
cuit, where it is possible to identify its basic operation.

Claims

1. "ELECTRONIC STARTUP DEVICE FOR AIRTIGHT
COMPRESSORS", bearing essentially an electronic
circuit for startup of monophasic induction motors,
operating only during the startup period of the re-
ferred motor, characterized by comprising:

a) a rectifier circuit (B1) that transforms a alter-
nate electral signal into a continuous electrical
signal, creating a continuous current bus;
b) a solid state chip with positive temperature
coefficient (PTC) in series with a unidirectional
electronic key (S1), connected in parallel with
the continuous current bus, where such chip
(PTC) and the unidirectional key (S1) are in se-
ries with the startup winding (SW) of motor (M);
c) a polarization circuit, which turns on the uni-
directional electronic key (S1); and
d) an electronic timing circuit (Timer), which
turns off the unidirectional electronic key (S1),
disconnecting the series circuit composed of the
chip (PTC) and the startup winding (SW) of mo-
tor (M).

2. "ELECTRONIC STARTUP DEVICE FOR AIRTIGHT
COMPRESSORS", as claimed in 1, characterized
by the fact that the polarization circuit is formed by
resistors (R3 and R2), which maintains the unidirec-
tional electronic key in conduction, keeping the chip
(PTC) connected to the startup winding (SW) of mo-
tor (M), during the startup time.

3. "ELECTRONIC STARTUP DEVICE FOR AIRTIGHT
COMPRESSORS", as claimed in 1, characterized
by the fact that the electronic polarization circuit is
formed by resistor (R4), diodes (D6 and D7), capac-
itor (C1) and transistor (Q1), which turns off the uni-
directional electronic key (S1) after a determined pe-
riod of time.

4. "ELECTRONIC STARTUP DEVICE FOR AIRTIGHT
COMPRESSORS", as claimed in 1, characterized

by the fact that the unidirectional electronic key (S1)
can have a multiplicity of constructive forms, such
as: SCR, bipolar transistor, MOSFET transistor, IG-
BT transistor, or any type of semiconductor key that
has a characteristic to conduct electric current in just
one direction, and that has a control terminal.
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