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(54) IMPROVED HYBRID MOTOR STARTER

(57) The present invention provides an improved hy-
brid motor starter that extends the expected life of the
main motor contacts of a standard contactor by reducing
arcing during opening and closing of the main motor con-
tacts and permits the use of physically smaller solid state
switching devices and secondary contacts that have

electrical ratings significantly lower than the standard
contactor. The use of smaller solid state switching device
and secondary contacts that have lower electrical ratings
is permitted by minimizing the time at which these devices
are exposed to full motor currents.
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Description

FIELD OF THE INVENTION

[0001] The invention is generally directed electric mo-
tor starters and particularly to three phase hybrid motor
starters.

BACKGROUND OF THE INVENTION

[0002] Hybrid motor starters of the present art are
known to increase electrical contact life. However, the
state-of-the-art hybrid motor starter is generally confined
to smaller motors of 10 horsepower or less because the
required electrical rating, physical size and component
cost of solid state switching devices for larger motors is
not practical. Typically, these hybrid starters require one
electronic switching device for each phase and those
electronic switching devices must be sized to withstand
the heat generated by the full starting current of the motor.
Therefore, it would be desirable to develop a hybrid motor
starter for larger (greater than 10 horsepower) three
phase motors that did not require three solid state switch-
ing devices, and/or was physically smaller and did not
need to withstand the full starting current of the motor.

SUMMARY OF THE INVENTION

[0003] The present invention provides an improved
three phase hybrid motor starter that can be used with
larger (greater than 10 horsepower) three phase motors.
The present invention incorporates synchronous switch-
ing with a hybrid starter design to reduce the number of
solid state switching devices required, reduce the phys-
ical size and reduce the motor starting current exposure
of the solid state switching devices such that smaller less
expensive solid state switching devices can be used in
hybrid motor starters for motors greater than 10 horse-
power. The present invention also provides retrofit de-
vices that can easily be added to existing motor starters
to increase their operational life. The present invention
comprises a controller having a microprocessor, and a
non-transitory memory, the non-transitory memory stor-
ing hybrid component data, standard contactor data and
algorithms to be implemented by the microprocessor;
a standard contactor having three main motor contacts,
the contactor having a known or determined time period
for opening after an open command from the controller
and a known or determined time period for closing after
a close command from the controller, the know opening
and closing time periods being stored in the standard
contactor data memory;
a small secondary contact being electrically in parallel
with one of the main motor contacts of the standard con-
tactor, the small secondary contact having a known or
determined time period for opening after an open com-
mand from the controller and a known or determined time
period for closing after a close command from the con-

troller, the know opening and closing times periods stored
in the hybrid component data memory;
a small solid state switching device being electrically in
series with one of the main motor contacts or the small
secondary contact, the small solid state switching device
receiving start and stop gating commands from the con-
troller, and;
a monitoring means for monitoring electrical character-
istics of the hybrid contactor, the monitored electrical
characteristics being used by the microprocessor with
the stored standard contact data and hybrid component
data to determine an optimum time for initiating open and
close commands to the standard contactor, small sec-
ondary contact and the start and stop gating commands
to the small solid state switching device to extend an
expected life of the main motor contacts.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

Figure 1 illustrates a block diagram of the improved
hybrid motor starter of the present invention.
Figure 2 illustrates an electrical wiring diagram of the
components in a first embodiment of the improved
hybrid motor starter of the present invention.
Figure 3 illustrates a timing diagram for shutting
down a three-phase motor using the first embodi-
ment of the present invention.
Figure 4 illustrates an electrical wiring diagram of the
components in a second embodiment of the im-
proved hybrid motor starter of the present invention.
Figure 5 illustrates a timing diagram for starting a
three-phase motor using the second embodiment of
the present invention.
Figure 6 illustrates a timing diagram for shutting
down a three-phase motor using the second embod-
iment of the present invention.
Figure 7 illustrates an electrical wiring diagram of the
components in a third embodiment of the improved
hybrid motor starter of the present invention.
Figure 8 illustrates a timing diagram for shutting
down a three-phase motor using the third embodi-
ment of the present invention.
Figure 9 illustrates an electrical wiring diagram of the
components in a fourth embodiment of the improved
hybrid motor starter of the present invention.
Figure 10 illustrates a timing diagram for starting a
three-phase motor using the fourth embodiment of
the present invention.
Figure 11 illustrates a timing diagram for shutting
down a three-phase motor using the fourth embod-
iment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0005] Referring now to Figure 1, a block diagram of
an improved hybrid motor starter, generally indicated by
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reference number 10, for controlling a three-phase mo-
tors 14, including those greater than 10 horsepower, is
illustrated. The improved hybrid motor starter 10 includes
a standard contactor 18 and a number of hybrid compo-
nents, collectively indicated by reference number 30. In
the embodiments disclosed herein, the hybrid compo-
nents 30 can be an integral part of the standard contactor
18 as manufactured or located in a separate housing 34
that can be added as an upgrade/retrofit to a standard
contactor 18 in the field. The hybrid components 30 in-
clude small (20% or less than the standard contactor 18
rating) secondary contacts 38, small (20% or less than
the standard contactor 18 rating) solid state switching
devices 42, such as a silicon controlled rectifiers (SCRs)
or components that function (controls current flow) in a
manner similar to an SCR, monitoring means 74, as
known in the art, for continuously monitoring current
and/or voltage in the improved hybrid motor starter 10
and a controller 46. The controller 46 includes a micro-
processor 50, a non-transitory memory 54 associated
with the microprocessor 50, for storing algorithms 58 to
be implemented by the microprocessor 50 and data re-
lated to the improved hybrid motor starter 10. The ele-
ments listed above are common to all embodiments of
the improved hybrid motor starter 10 disclosed herein.
However, the algorithms 58 for each embodiment define
a particular sequence of events to be implemented by
the microprocessor 50 for opening and closing the hybrid
components 30 and the main motor contacts 22 of a
standard contactor 18 incorporated in that embodiment.
The particular sequence of events is designed to in-
crease the expected life of the main motor contacts 22
by reducing the amount of arcing they are exposed to
during the starting and stopping of a three-phase motor
14 while using hybrid components 30 that are physically
smaller, have smaller electrical rating and lower cost than
those currently being used in state of the art hybrid con-
trollers. In the following disclosure of the invention, a wir-
ing diagram of the hybrid components 30 and a descrip-
tion of the particular sequence of events for starting and
stopping a three-phase motor 14 is provided for each of
the embodiments. The wiring diagrams will illustrate one
arrangement of the hybrid components 30 of an embod-
iment, although other arrangements of the hybrid com-
ponents 30 are possible, and the description of the par-
ticular sequence of events will be directed to all of the
arrangements of the hybrid components 30 of an embod-
iment. The particular sequence of events is generally in-
itiated by one of a human, an overload relay, a PLC or
an automated control system and can start on any one
of the three electrical phases usually after the next zero
crossing, which is used for timing the particular sequence
of events. Reference numbers used in the Figures and
description will reflect the phase (A, B or C) of the three-
phase power source 78 to which the hybrid components
30 and standard contactor 18 components are connect-
ed. When discussing the hybrid components 30 in gen-
eral only the reference number for the component will be

used.
[0006] Referring now to Figure 2, a wiring diagram for
a first embodiment of the improved hybrid motor starter
10 is shown. As in all of the embodiment disclosed herein,
the motor 14 is controlled by a standard contactor 18
which has three main motor contacts 22A, 22B and 22C
receiving three-phase power through conductors 26A,
26B and 26C, respectively. The hybrid components 30,
can be part of the standard contactor 18 as manufactured
or enclosed in a separate housing 34 that can be added
as an upgrade/retrofit to a standard contactor 18 in the
field. In this embodiment, the hybrid components 30 in-
clude three small secondary contacts 38A, 38B and 38C,
two small solid state switching devices 42A and 42B,
monitoring means 74 for monitoring current and/or volt-
age in the improved hybrid motor starter 10 and a con-
troller 46. The controller 46 includes a microprocessor
50, a non-transitory memory 54 for storing algorithms 58
to be implemented by the microprocessor 50 and data
related to the improved hybrid motor starter 10. The al-
gorithm 58 defines a particular sequence of events for
opening and closing the hybrid components 30 and the
main motor contacts 22A, 22B and 22C of standard con-
tactor 18 such that the expected life of the main motor
contacts 22A, 22B and 22C is extended. The three small
secondary contacts 38A, 38B and 38C are electrically in
parallel with the main motor contacts 22A, 22B and 22C,
respectively, and two small electronic switching devices
42A and 42B are electrically in series with small second-
ary contacts 38A and 38B, respectively. It is to be un-
derstood that the arrangement of hybrid components 30
described above is one example of three possible wiring
arrangements of the two small electronic switching de-
vices 42 for the first embodiment. Closing of the standard
contactor 18 to start the motor 14 is done in the normal
manner and does not use any of the hybrid components
30. During a shutdown (opening of the of main motor
contacts 22A, 22B and 22C) of motor 14, the controller
46 monitors the motor current and/or voltage and controls
the timing for a particular sequence of events defined in
algorithm 58 including the opening and closing the hybrid
components 30 and the main motor contacts 22A, 22B
and 22C in contactor 18. The particular sequence of
events is designed to minimize electrical wear of the main
motor contacts 22A, 22B and 22C and permit the use of
smaller electronic switching devices 42 and smaller sec-
ondary contacts 38A, 38B and 38C.
[0007] Referring now to Figure 3, a timing graph of cur-
rent illustrating the particular sequence of events defined
in the algorithm 58 for a normal shut down of motor 14
using the hybrid components 30 of Figure 2 is shown. At
time T0, the controller 46 initiates the following events:

1. initiate a command to gate the two small solid state
switching devices 42A and 42B, gating starts imme-
diately after the command is initiated;
2. initiate a command to close the three the small
secondary contacts 38A, 38B and 38C;
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3. initiate a command to open the three main motor
contacts 22A, 22B and 22C in contactor 18.

At time T1 the three small secondary contacts 38A, 38B
and 38C close after the time period TSSCC, permitting
current to flow through small secondary contacts 38A,
38B and 38C and small solid state switching devices 42A
and 42B to motor 14. Time period TSSCC is the known
time (or electrical degrees) required for the small sec-
ondary contacts 38A, 38B and 38C to close after the
CLOSE command is initiated by the controller 46. Time
period TSSCC can be determined by the manufacturer or
learned by monitoring the small secondary contacts 38A,
38B and 38C during several initial operations. These
manufacturer provided or learned characteristics can be
stored in memory 54 as hybrid component data 62. At
time T2, after time period TMMCO, the main motor contacts
22A, 22B and 22C of the standard contactor 18 open
and small secondary contacts 38A, 38B and 38C and
small solid state switching devices 42 begin to carry all
of the current to motor 14. Time period TMMCO is the
known time (or electrical degrees) required for the main
motor contacts 22A, 22B and 22C to open after the OPEN
command is initiated by the controller 46. Time period
TMMCO can be determined by the manufacturer or
learned by monitoring the main motor contacts 22A, 22B
and 22C during several initial operations and stored in
memory 54 as standard contactor data 66.
[0008] At time T3, the controller 46 initiates the follow-
ing events:

1. initiate a command to stop gating the two solid
state switching devices 42A and 42B,
2. initiate a command to open the three small sec-
ondary contacts 38A, 38B and 38C.

Time period TCGC, between time T2 and time T3, is the
known time required for the main motor contacts 22A,
22B and 22C to open sufficiently to prevent a re-strike
arc in the main motor contacts 22A, 22B and 22C. Time
period TCGC can be determined by the manufacturer or
learned by monitoring the main motor contacts 22A, 22B
and 22C during several initial operations and stored in
the memory 54 as hybrid component data 62. At time T3
gating of the two small solid state switching devices 42A
and 42B is stopped immediately after the command is
issued by the controller 46. At time T4, after time period
TSSSO (time between the command to stop gating and
the next zero crossing), current in conductor 26A has
reached its zero crossing, which causes the small solid
state switching device 42A, electrically in series with
closed small secondary contact 38A, to open and no
longer pass current from conductor 26A to the motor 14.
Small solid state switching device 42B will operate in the
same manner as current in conductor 26B passes
through its zero crossing. At time T5, the small secondary
contacts 38A, 38B and 38C are opened after time period
TSSCO, which is the known time required for the small

secondary contacts 38A, 38B and 38C to open after an
OPEN command is initiated by controller 46. Time period
TSSCO can be determined by the manufacturer or learned
by monitoring the motor current and stored in the memory
54 as hybrid component data 62. The duty cycle of the
small solid state switching devices 42A and 42B and
small secondary contacts 38A, 38B and 38C, during
which they must carry the full motor current, is the sum
of time periods TCGC and TSSSO. At time T5 the particular
sequence of events for opening main motor contacts
22A, 22B and 22C is completed when the three small
secondary contacts 38A, 38B and 38C open.
[0009] Referring now Figure 4, a wiring diagram for a
second embodiment of the improved hybrid motor starter
10 is shown. In this embodiment, the hybrid components
30 include one standard (having the same rating as the
standard contactor 18) secondary contact 70, one small
solid state switching device 42A and a controller 46. The
small solid state switching device 42A is electrically in
series with main motor contact 22A, and the standard
secondary contact 70 is electrically in parallel with the
small solid state switching device 42 and its series con-
nected main motor contact 22A. It is to be understood
that the arrangement of hybrid components 30 described
above is one example of three possible wiring arrange-
ments of the small electronic switching device 42 and
standard secondary contact 70 for the second embodi-
ment. In this embodiment, since the small solid state
switching device 42 is electrically in series with main mo-
tor contact 22A, the hybrid components 30 are opera-
tional during the closing of standard contactor 18 for start-
ing motor 14.
[0010] Referring now Figure 5, a timing graph of volt-
age between phase A and phase B illustrating the par-
ticular sequence of events defined in the algorithm 58 for
starting motor 14 using the hybrid components 30 of Fig-
ure 4 is shown. When starting the motor 14, at time T0,
the controller 46 initiates a command to close the three
main motor contacts 22A, 22B and 22C in standard con-
tactor 18 when the voltage between conductors 26B and
26C = 0. At time T1, the three main motor contacts 22A,
22B and 22C in standard contactor 18 close. At time T2,
90 electrical degrees after main motor contacts 22A, 22B
and 22C close, the controller 46 initiates commands to
close standard secondary contact 70A and gate the small
solid state switching device 42A, gating is completed im-
mediately after initiating the command. At time T3, after
time period TSTSCC, the standard secondary contact 70A
closes. At time T4, the controller 46 initiates a command
to stop gating the small solid state switching device 42A.
At time T5, phase A passes through its zero crossing,
causing small solid state switching device 42A to stop
conducting current to the motor 14, while the standard
secondary contact 70A continues to conduct current to
motor 14.
[0011] Referring now Figure 6, is a timing graph of cur-
rent illustrating the particular sequence of events defined
in the algorithm 58 for a normal shut down of motor 14
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using the hybrid components 30 of Figure 4 is shown.
When shutting down the motor 14, at time T0 the control-
ler 46 initiates the following events:

1. initiate a command to gate the small solid state
switching device 42A, gating is completed immedi-
ately after initiating the command;
2. initiate a command to open the standard second-
ary contacts 70A;

At time T1 the controller 46 initiates a command to open
the three main motor contacts 22A, 22B and 22C in con-
tactor 18.
At time T2, after time period TSTSCO, the standard sec-
ondary contact 70A opens.
At time T3 the controller 46 initiates a command to stop
gating solid state switching device 42A.
At time T4 the current in conductor 26A passes through
a zero crossing, causing solid state switching device 42A
to stop conducting.
At time T5, 90 electrical degrees after time T4, the three
main motor contacts 22A, 22B and 22C in contactor 18
open and the particular sequence of events for opening
main motor contacts 22A, 22B and 22C is completed.
The duty cycle of the solid state switching device 42A is
between time T2 and time T4 and is less than two half
cycles.
[0012] Referring now Figure 7, a wiring diagram for a
third embodiment of the improved hybrid motor starter
10 is shown. In this embodiment, the hybrid components
30 include three small secondary contacts 38A, 38B and
38C, one small solid state switching device 42A and a
controller 46. The three small secondary contacts 38A,
38B and 38C are electrically in parallel with the three
main motor contacts 22A, 22B and 22C, respectively,
and the small electronic switching device 42A is electri-
cally in series with small secondary contact 38A. It is to
be understood that in this embodiment of the hybrid motor
starter 10, the small electronic switching device 42 could
be in series with any one of the three small secondary
contacts 38A, 38B and 38C. As in the first embodiment,
closing of the main motor contacts 22A, 22B and 22C in
the standard contactor 18 to start the motor 14 is done
in the normal manner and none of the hybrid components
30 are used. Therefore, this embodiment can also be
used as an upgrade/retrofit for an existing standard con-
tactor 18. During a normal shut down of motor 14 the
controller 46 monitors the motor currents and controls
the timing for a particular sequence of events including
the opening and closing the hybrid components 30 and
the main motor contacts 22A, 22B and 22C in contactor
18. The particular sequence of events is designed to min-
imize electrical wear of the main motor contacts 22A,
22B and 22C and minimize the size of the electronic
switching devices 42 and secondary contacts 38.
[0013] Referring now Figure 8, a timing graph of cur-
rent illustrating the particular sequence of events defined
in the algorithm 58 for a normal shut down of motor 14

using the hybrid components 30 of Figure 7 is shown. At
time T0, which can occur at any point on the sine wave,
the controller 46 initiates the following events:

1. initiate a command to gate the small solid state
switching device 42A, gating is completed immedi-
ately after initiating the command;
2. initiate a command to close the three small sec-
ondary contacts 38A, 38B and 38C;
3. initiate a command to open the three main motor
contacts 22A, 22B and 22C in contactor 18.

At time T1 the three small secondary contacts 38A, 38B
and 38C close after the time period TSSCC, which is the
known time required for the small secondary contacts
38A, 38B and 38C to close after the CLOSE command
is initiated by the controller 46. At time T2 the controller
46 initiates a command to open the small secondary con-
tacts 38A, 38B and 38C. At time T3 the three main motor
contacts 22A, 22B and 22C in contactor 18 open after
the time period TMMCO, which is the known time required
for the main motor contacts 22A, 22B and 22C to open
after the OPEN command is initiated by the controller 46.
At time T4 the controller 46 initiate a command to stop
gating the small solid state switching device 42A. At time
T5 current in phase a conductor 26A passes through its
zero-crossing causing current through small secondary
contact 38A to stop. At time T6, 90 electrical degrees
after time T5, the three small secondary contacts 38A,
38B and 38C open, thereby causing current to the motor
14 through conductors 26B and 26C to stop. At time T6
the particular sequence of events for opening main motor
contacts 22A, 22B and 22C is completed when the three
small secondary contacts 38 open. The duty cycle for the
small solid state switching device 42A is about three half
cycles
[0014] Referring now Figure 9, a wiring diagram for a
fourth embodiment of the improved hybrid motor starter
10 is shown. In this embodiment, the hybrid components
30 include two small secondary contacts 38A and 38B,
two small solid state switching devices 42A and 42B and
a controller 46. The two small secondary contacts 38A
and 38B are electrically in series with the two small elec-
tronic switching devices 42A and 42B, respectively, and
small secondary contacts 38A and 38B and their series
connected small electronic switching devices 42A and
42B, respectively, are electrically in parallel with main
motor contacts 22A and 22B, respectively. It is to be un-
derstood that in this embodiment of the improved hybrid
motor starter 10, the two small electronic switching de-
vice 42A and 42B could be in series with any two of the
three small secondary contacts 38A, 38B and 38C. Dur-
ing a normal motor starting and stopping the controller
46 monitors the motor currents and controls the timing
for a particular sequence of events including the opening
and closing the hybrid components 30 and the main mo-
tor contacts 22A, 22B and 22C in standard contactor 18.
The particular sequence of events is designed to mini-
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mize electrical wear of the main motor contacts 22A, 22B
and 22C and minimize the physical size and electrical
rating of the electronic switching devices 42.
[0015] Referring now Figure 10, a timing graph of volt-
age between phase A and phase B illustrating the par-
ticular sequence of events defined in the algorithm 58 for
starting motor 14 using the hybrid components 30 of Fig-
ure 9 is shown. At time T0 the controller 46 initiates a
command to close the three main motor contacts 22A,
22B and 22C. At time T1 the controller 46 initiates a com-
mand to close two small secondary contacts 38A and
38B. At time T2 the two small secondary contacts 38A
and 38B close. At time T3 the controller 46 initiates a
command to gate the two small solid state switching de-
vices 42A and 42B at zero voltage between phases A
and B, gating is completed immediately after initiating
the command. At time T4 the controller 46 initiates com-
mands to stop gating the two small solid state switching
devices 42A and 42B and to open the two small second-
ary contacts 38A and 38B. Also at time T4, 90 electrical
degrees after time T3, the three main motor contacts 22A,
22B and 22C close. At time T5, after time period TSSSO,
the two small solid state switching devices 42A and 42B.
At time T5, after time period TSSCO, the two small sec-
ondary contacts 38A and 38B open, which completes
the particular sequence of events for closing the main
motor contacts 22A, 22B and 22C in standard contactor
18 and starting motor 14. The duty cycle for the two small
secondary contacts 38A and 38B is equal to sum of time
period TSSSO and 90 electrical degrees. The equation for
timing the closing point of the three main motor contacts
22A, 22B and 22C from the reference zero crossing is
TW3 + TMMCC or an integer number of half cycles + 90
electrical degrees. The equation for timing the closing
point of the small secondary contacts 38A and 38B from
the command to close the three main motor contacts 22A,
22B and 22C is TW1 + TSSCC or an integer number of
half cycles - 20 electrical degrees.
[0016] Referring now to Figure 11, a timing graph of
current illustrating the particular sequence of events de-
fined in the algorithm 58 for a normal shut down of motor
14 using the hybrid components 30 of Figure 9 is shown.
At time T0 the controller 46 initiates the following com-
mands:

1. initiate a command to gate the small solid state
switching devices 42A and 42B, gating is completed
immediately after initiating the command; and

2. initiate a command to close the two small second-
ary contacts 38A and 38B;

3. initiate a command to open the three main motor
contacts 22A, 22B and 22C in contactor 18 at the
phase C zero crossing.

At time T1, after time period TSSCC, the small secondary
contacts 38A and 38B close. At time T2, after time period

TMMCO, the three main motor contacts 22A, 22B and 22C
open at the phase C zero crossing. At time T3 the con-
troller 46 initiates a command to stop gating the small
solid state switching devices 42A and 42B, current stops
passing through small solid state switching devices 42A
and 42B at the next zero crossing. The duty cycle of small
solid state switching devices 42A and 42B being between
time T3 and the next zero crossing. At time T4 the con-
troller 46 initiates a command to open the small second-
ary contacts 38A and 38B. At time T5, after time period
TSSCO, the small secondary contacts 38A and 38B open.
At time T6 after time period TSSSO, the duty cycle of the
small solid state switching devices 42A and 42B ends,
concluding the shut down of motor 14.

Claims

1. An improved hybrid three phase motor starter com-
prising:

A controller having a microprocessor, and a non-
transitory memory, the non-transitory memory
storing hybrid component data, standard con-
tactor data and algorithms to be implemented
by the microprocessor;
a standard contactor having three main motor
contacts, the contactor having a known or de-
termined time period for opening after an open
command from the controller and a known or
determined time period for closing after a close
command from the controller, the know opening
and closing time periods being stored in the
standard contactor data memory;
a small secondary contact being electrically in
parallel with one of the main motor contacts of
the standard contactor, the small secondary
contact having a known or determined time pe-
riod for opening after an open command from
the controller and a known or determined time
period for closing after a close command from
the controller, the know opening and closing
times periods stored in the hybrid component
data memory;
a small solid state switching device being elec-
trically in series with one of the main motor con-
tacts or the small secondary contact, the small
solid state switching device receiving start and
stop gating commands from the controller, and;
a monitoring means for monitoring electrical
characteristics of the hybrid contactor, the mon-
itored electrical characteristics being used by
the microprocessor with the stored standard
contact data and hybrid component data to de-
termine an optimum time for initiating open and
close commands to the standard contactor,
small secondary contact and the start and stop
gating commands to the small solid state switch-
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ing device to extend an expected life of the main
motor contacts.

2. The improved hybrid three phase motor starter of
claim 1, wherein the small secondary contact and
small solid state switching device have an electrical
rating up to 20% lower than the standard contactor’s
electrical rating.

3. The improved hybrid three phase motor starter of
claim 1, wherein the monitored electrical character-
istics include current, voltage.

4. The improved hybrid three phase motor starter of
claim 1, wherein a duty cycle of the small solid state
switching device is minimized by a particular se-
quence of events determined by the algorithm im-
plemented by the microprocessor.

5. The improved hybrid three phase motor starter of
claim 4, wherein the particular sequence of events
includes timing the opening and closing times of the
main motor contacts and small secondary contacts
and the gating times of the small solid state switching
device to minimize the duty cycle of the small solid
state switching device.

6. The improved hybrid three phase motor starter of
claim 1, wherein the small solid state switching de-
vice can be electrically in parallel with one of the
main motor contacts of the standard contactor and
electrically in series with one of three small second-
ary contacts, each being electrically in parallel with
one of the three main motor contacts.

7. The improved hybrid three phase motor starter of
claim 1, wherein there are two small solid state
switching devices, each being electrically in parallel
with one of the three main motor contacts of the
standard contactor and electrically in series with one
of the three small secondary contacts.

8. The improved hybrid three phase motor starter of
claim 1, wherein there are two small solid state
switching devices, each being electrically in parallel
with one of the three main motor contacts of the
standard contactor and electrically in series with one
of two small secondary contact.
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