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‘UTILITY STENAL IN AN AC MACHINE DRIVE SYSTEM

BACKGROUND OF TH= INVENTION

The invention relates to switching of an AC machine between power from
different sources, such as power from supply mains of a power utility and power from
a machine drive, such as 2 variable frequency AC motor drive. More specifically, the
invention relates to a method and apparatus for deriving a line transfer reference
signal to determine characteristics, such as the phase and magnitude, of the wzility or
other power supply for synchronizing the phase and magnitude of the two power
supplies without the need for an external sensor.

‘In many applicaticrs, it is desirable to switch an AC machine receiving power
directly from supply mairs to receive power from a drive, or vice versa. The phrase
“supply mains”, as used herein, refers to any source of AC electric power having a
frequency that is determiced by the power utility. The term “drive” as used herein
refers to any source of AC electric power having a frequency that is generated by a
mechanism other than the power utility, such as a three phase AC variable frequency
motor drive, a smart motor starter, or the like. The phrase "AC machine", as used
herein refers to any AC ro: tmg machine, such as an inductance motor, a synchrenous
motor, a generator, a dynar-o or the like,

For example, in gas turbine static starters, a variable frequency motor d-ive is
often used to bring a gererator motor up to a self-sustaining speed at which the
generator motor can subsecuently be switchec to supply mains. In other applications,
such as variable speed fars and pumps, it is desirable to achieve variable speed with a
variable frequency drive and subsequently switch the motor to supply mains for
sustained operation at a constant high speed. Also, in the event of failure of the motor
drive, it is desirable to switch the motor to the supply mains to continue operation.
Similarly, it is often desirable to switch a motor from supply mains back to a motor
drive for slowing the motor down or otherwise varying the speed or torque of the
motor,

It is well known t synchronize the phase and magnitude of signals from
supply mains and a drive to accomplish a “bumpless” transfer. However, krown
techniques for synchronizadion require an external sensor for detecting zero crossings
or magnitude and phase of the utility. Of course, the use of an external sensor
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increases the cost and complexity of the system. Also, the external sensor may itself
contribute to phase differences further complicating the system.  U.S. patent
5,587,474 discloses a control system in which the phase difference of an input PLL
and an output PLL of an inverter is driven to zero to synchronize output of the inverter
to output of supply mains. However, this system is extremely complex. Also, there
are applications in which synchronization should be accomplished between a motor
drive output and sources other than the supply mains powering the motor drive. The
system disclosed in U.S. Patent 5,587,474 is not readily adapted to such
synchronization. Switching of a motor from a motor drive to supply mains is referred
to “transfer” herein and switching of a motor from supply mains to a motor drive is
referred to as a “capture™ herein.

BRIEF SUMMARY OF THE INVENTION

A first aspect of the invention is 2 method for deriving characteristics of a
signal from a utility in an AC machine drive system comprising the steps of providing
an input signal to a drive while the drive is idle, providing a signal from a utility to a
an AC machine coupled to an output of the drive, detecting a characteristic of a signal
at the output of the drive while the drive is idle, detecting a characteristic of the signal
from the utility, comparing the characteristic of the signal at the output of the drive to
the characteristic of the signal from the utility to determine a characteristic
adjustment, and applying the characteristic adjustment to the characteristic of the
signal from the utility to derive a characteristic of a signal at the AC machine due to
the utility.

A second aspect of the invention is a drive system capable of switching an AC
machine between power from a drive and power from a utility comprising 2 utility, a
drive, a n AC machine, a utility contactor coupled between the utility and the AC
machine to selectively couple an output of the utility to the AC machine, a drive
contactor coupled between the drive and the AC machine to selectively couple an
output of the drive to the AC machine, a controller operative to detect a characteristic
of a signal at the output of the drive due to power from the utility when the drive is
idle and the utility contactor and the drive contactor are closed, the controller also
being operative to detect a characteristic of the utility feed to the AC machine and
compare the characteristic of the signal at the output of the drive to the characteristic
of the signal from the utility to determine a characteristic adjustment.

A third aspect of the invention is an apparatus for deriving characteristics of a
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signal from a utility in an AC machine drive system comprising, means for providing
a signal from a utility to an AC machme coupled to an output of the drive, means for
detecting the characteristic of a signal at the output of the dnve due to the power from
the utility, means for detectmg a characteristic of the signal ﬁ'om the utility, means for

5 comparing the characteristic- of the sxgnal at the output of the drive to the
characteristic of the 51gnal from the unhty to determine a charactensuc adjustment,
and means for applylng the charactensuc adgustment to the charactenstlc of the signal
from the utility to denve a charactenstlc of a signal at the AC machine due to the
utility.

BRIEF DESCRIPTION OF THE DRAWINGS

10 The invention is described herein through a preferred embodiment and the
drawing in which:

Fig. 1 is a schematic illustration of a drive sw1tch1ng system in accordance
with a preferred embodunent of the invention; : :

Fig. 2 is a flow cha_rt of the procedure for determinigg a scaling factor and -
15 phase shift for synchronization of the preferred embodiment;

Fig. 3 is a flow chart of the phase shift determinatibn sub-procedure and the
scaling factor determination sub-procedure of the preferred embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 illustrates a drive switching system in accordance with a preferred

embodiment. System 10 includes supply mains 12 (i.e., a utility), a source of three

20 phase AC power at frequency £, variable frequency AC motor drive 14, drive output
contactor 16 (serving as a switching mechanism), utility contactor 18 (also serving as

a switching mechanism), and motor 20 as an AC machine. It can be seen that
operation of contactors 18 and 16 can be controlled to selectively couple motor 20 to a

utility, to motor drive 14, or to both. Controller 21 is operatively coupled to

25 contactors 16 and 18 to control the state of contactors 16 and 18 in a desired manner.
Controller 21 can be a microprocessor based device programmed in a desired manner,

a hardwired analog logic circuit, or any other mechanism for controlling contactors 16

and 18 in the manner described below. The preferred embodiment also includes
transformers 22 and 24, and generator 26, as an alternative utility. Switch 28

30 selectively couples motor 20 to supply mains 12 or generator 26 as the utility.
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Controller 21 is illustrated as a component separate from motor drive 14. However,
controller 21 can be: infegral to motor drive 14 and #ahbe used to accomplish
switching of the bridges of an inverter in motor drive 14 as well as the control
disclosed herein.

The preferred embodiment utilizes existing instrumentation of motor drive 140
to derive characteristics, e.g. the magnitude and phase, of the utility at contactor 18 by
determining a scaling factor and phase shift of the utility with respect to motor drive
18. The term “utility” as used herein refers to any power supply, such as supply
mains 12, generator 26, another supply mains, or the like. In this manner, motor drive
14 can be controlled to have an output of the same magnitude and phase as the utility.
Fig. 2 isa flow chart of the procedure for determining a scaling factor and phase shift
for synchronization.

In step A, the utility is selected to which synchronization is to be
accomplished for transfer or capture. For example, supply mains 12 or generator 26
can be selected by operating switch 28 under control of controtler 21 or manually.
Assuming that supply mains 12 is selected, switch 28 will be placed in the state
illustrated by the solid line in Fig. 1. In step B it is determined if motor drive 14 is
idle, i.e. is not generating an output signal, and if motor drive 14 has input, i.e. source,
voltage from supply mains 12. Step B can be accomplished using existing
conventional  instrumentation in drive 14. For example, voltage detection
instrumentation is often provided to monitor the voltage and frequency of the supply
mains. Of course, the drive must be idle and must have source voltage at its input to
begin the procedure. Therefore, if the answer is step B is “No”, the procedure retums
to step A to reselect the utility and correct any other anomalies.

Assuming the answer in step B is “Yes™, the procedure proceeds to step C in
which internal instrumentation of motor drive 14 is used to detect if the DC bus of
drive 14 is fully charged. If the DC bus is not fully charged, closure of contactors 16
and 18 could damage motor drive 14. Accordingly, if the DC bus is not fully charged,
the procedure returns to step A to reselect the utility and correct any other anomalies.
Assuming the DC bus is fully charged, the procedure proceeds to step D in which
drive contactor 16 is closed, if it is not already closed. In step E, it is determined if
the motor can be line started, i.e. started with utility voltage, without damage. This
determination is made based on motor ratings and load in a known manner. If the
motor cannot be line started, the motor leads are disconnected and this is verified in
step F. If the motor leads cannot be disconnected for some reason, the procedure
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proceeds to step K in which drive contactor 16 is opened and the procedure ends to
avoid motor damage. If the motor leads are disconnected, the procedure continues to
step G. Similarly, if in stepE, 1txsdetennmedthatthemotor canbelmestm-ted,the
procedure continues to step G.

In step G, utility_cqx;tactor_ 18 is closed. In step H, it is determined if feedback
is being received at the output of motor drive 14 by using existing output
instrumentation in motor drive 14. The feed back is the signal from supply mains 12
after passing through transformer 24, contactor 18, contactor 16, and any other
components in the circuit. The determination in step H can merely be detection of a
voltage or can include parameters such as minimum and maximum values of the
voltage that will be deemed to be acceptable as a valid feed back.

If an acceptable feedback is not being received at the output of motor drive 14,
the procedure proceeds to step J in which utility contactor 18 'is'opened and step K in
which drive contactor 16 is opened. At this time diagnostics can be accomplished to
determine why acceptable feedback was not received. Assuming that an acceptable
feedback is received in step H, the utility scaling factor and phase shift are determined
in step I and the procedure ends by opening utility contactor 14 in step J and drive
contactor 16 instep K. = _ : ‘

Fig. 3 illustrates sub-procedures I1 and I2 of step I for determining the phase
shift and scaling factor respectively. In step A of sub-procedure J1, the phase of the
input signal of motor drive' 14 is’ detected as a t:hafacténstxc using existing
instrumentation of drive 14. For example, the source phase locked loop (PLL) can be
used to determine the phase of the source signal in a known manner. The source
signal to drive 14 is the slgnal from the utility, supply mains 12 in this case, after
having passed through transformer 22 and any other components in the circuit. In
step B, the phase at the ourtput of motor drive 14 is detected as a characteristic using
existing instrumentation of drive 14." For example, the motor flux phase locked loop
(PLL) can be used to determine the phase at the outputin a known manner. Note that
motor drive 14 is idle, i.e. not producing an output signal, and thus the signal at the
output of motor drive 14 is the signal from the utility, supply mains 12 in this case,
after having passed through transformer 24, contactor 18, and any other components
in the circuit. In step C, the phase difference between the phase angles determined in
steps A and B is calculated by the controller of motor drive 14 and the resulting phase
shift value is stored in 2 memory register of the controller in step D.
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In step A of sub-procedure J2, the voltage of the input signal of motor drive 14
is detected as a charactgristic using existing instrumentationi of drive 14. For example,
the input protection circuitry can be used to determine the phase of the input signal in
a known manner. The input signal to drive 14 is the signal from the utility, supply
mains 12 in this case, after having passed through transformer 22 and any other
components in the circuit. In step B, the voltage at the output of motor drive 14 is
detécted as a characteristic using existing instrumentation of drive 14. For example,
the output voltage monitoring circuitry can be used to determine the phase at the
output in a known manner. Note that motor drive 14 is idle, ie. not producing an
output signal, and thus the signal at the output of motor drive 14 is the signal from the
utility, supply mains 12 in this case, after having passed through transformer 24,
contactor 18, and any other components in the circuit. In step C, the ratio between the
voltages determined in steps A and B is calculated by the controller of motor drive 14
and the resulting scaling factor is stored in a memory register of the controller in step
D.

It can be seen that the scaling factor is characteristic adjustment comprising a
multiplier which can be used to determine the voltage of the input of motor 20 from
the utility based on the voltage at the input of motor drive 14 as long as components in
the circuit are not changed. Similarly, the phase difference is 2 characteristic
adjustment that can be used to determine the phase angle of the input of motor 20
from the utility based on the phase angle at the input of motor drive 14 as long as
components in the circuit are not changed. Accordingly, once the scaling factor and
phase difference for a particular system are determined and saved in memory, the
switching bridges of motor drive 14 can be controlled to provide an output signal that
matches the voltage and phase of motor input due to the utility merely by measuring
the voltage and phase of the input of motor drive 14 using existing drive
instrumentation and adjusting characteristics of the input to derive characteristics of
the utility. The drive source voltage can be multiplied by the scaling factor and the
drive source phase angle can be added to the phase shift to determine the voltage and
phase at the motor due to the signal from the utility. This permits the output voltage
and phase of the motor drive 14 to be matched to those of utility 12. The phase shift
and scaling factor need only be determined once for any particular system. However,
these values can be recalculated at any time if a change is made to the system or under
any other circumstances.

In the event that the utility to be transferred to is other than the supply mains
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supplying the input to the motor drive, such as generator 26, the determination
procedure can be conducted with switch 28 in-the position illustrated by the dotted
line in Fig. 1 by selecting generator 26 in step A of Fig. 1. It may be necessary to use
an external sensor to detect the voltage and phase of generator 26 instead of
measuring the voltage and:phase of the input of motor drive’ 14. Otherwise the
procedure is similar to that described in detall above. All procedures can be
accomplished in response to software instructions programmed into the controlier of
the motor drive or an external device. Also, the procedures can be accomplished in
response to manual prompts and actions. The invention can be applied to any type of
drive, any type of utility, and any type of AC'z'nachine Any type of switching
mechanisms can be used. Any synchromzauon method or apparatus can be used in
connection with the invention.

While the foregoing description includes many details and specificities, it is to
be understood that these have been included for purposes of explanation only, and are
not to be interpreted as limitations of the present invention. Many modifications to
the embodiments described above can be made without deparﬁﬂg from the spirit and
scope of the invention, as is intended to be encompassed by the followmg claims and
their legal equivalents.
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1. A method for deriving characteristics of a sxgnal from a utility in an
AC machine drive system, said method comprising the steps of:

providing an input signal to a drive while the drive is idle;

providing a signal from a wutility to an AC machine coupled to an
5 output of the drive;

detecting a characteristic of a signal at the output of the drive while the
drive is idle;

detecting a characteristic of the signal from the utility;

comparing the characteristic of the signal at the output of the drive to
10 the characteristic of the signal from the utility to determine a characteristic
adjustment; and '

applying the characteristic adjustment to the characteristic of the signal
from the utility to derive a characteristic of a signal at the AC machinery due to the
utility.

15 2, A method as recited in claim 1, further comprising the step of
synchronizing the output of the drive wheh not in an idle mode with the signal from
the utility by adjusting the output of the drive to match the characteristic of the signal
at the AC machine obtained during said applying step.

3. A method as recited in claim 1, wherein said step of detecting a
20 characteristic of the signal from the utility comprises detecting the voltage and the
phase angle at the output of the drive and said step of detecting a characteristic of the

input signal comprises detecting the voltage and phase angle of the utility.

4, A method as recited in claim 3, wherein said step of comparing
comprises calculating the ratio between the voltage at the output of the drive and the
25 voltage of the utility to determine a scaling factor as the characteristic adjustment.

5. A method as recited in claim 3, wherein said step of comparing
comprises calculating the difference bétween the phase angle at the output of the drive
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and the phase angle of the wtility to é__ietermine' 2 phase angle  difference as the
characteristic adjustment. '

6. A method as recited in claim 4, wherem sa1d step of comparing
comprises calculating the difference between the phase angle at the output of the drive
and the phase angle of the unhty to detenmne a phase angle difference as the
characteristic adjustment. :

7. A method as recited in claim 6, wherein the inpt'i_t signal originates at
the utility and said step of detecting a characteristic of the signal from the utility
comprises detecting a characteristic of the mput signal with lnput instrumentation of
the drive.

8. A method as recited in claim 7, wherein the characteristic of the input
signal is different from a characteristic of the utility due to components between the
utility and the input of the drive.

9. A method as recited in claim 7, wherein the characteristic of the signal
of the output of the drive is different from a characteristic of the unhty due to
components between the utility and the output of the drive. ' :

10. A method as recited in claim 1, wherem the AC machine is a motor.

11. A drive system eapable of switching an AC machine between i:ower
from a drive and power from a utility, said system comprising: -

a utility;
a drive;
an AC machme,

a utility contactor coupled between said utility and saxd AC machine to
selectively couple an output of said utlhty to said AC machine;

a drive contactor conpled between said dnve and saxd AC machine to
selectively couple an output of said drive to said AC machme,

a controller operative to detect a characteristic ofa 51gna1 at the output
of said drive due to power from said utility when said drive is idle and said utility
contactor and said motor drive contactor are closed, said controller also being
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12. A system as recited in claim 11, wherein said controller is operative to

5 synchronize an output of said drive when not in an idle mode with a signal at said AC

machine from said utility by adjusting the output of said drive to match the
characteristic of said utility adjusted by the characteristic adjustment.

13. A system as recited in claim 12, wherein the characteristic of the signal

at the output of the drive comprises the voltage and the phase angle of the signal at the

10 output of said drive and the characteristic of the utility comprises the voltage and
phase angle of the utility.

14. A system as recited in claim 13, wherein the characteristic adjustment
comprises a scaling factor and a phase angle difference.

15. A system as recited in claim 14, wherein the scaling factor is the ratio
15 between the voltage of the signal at the output of said drive and the voltage of said
utility.

16. A system as recited in claim 14, wherein the phase angle difference is
the difference between the phase angle of the signal at the output of said drive and the
phase angle of said utility.

20 17. A system as recited in claim 16, wherein said utility is coupled to the
input of said drive and said controller is coupled to input instrumentation of said drive
to detect a characteristic of said utility at the input of said drive.

18. A system as recited in claim 10, further comprising power converting
components between said utility and the output of said drive.

25 19. A system as recited in claim 16, further comprising power converting
components between said utility and the input of said drive,

20.  An apparatus for deriving characteristics of a signal from a utility in an
AC machine drive system, said apparatus comprising:

means for providing a signal from a utility to an AC machine coupled
30 to an output of the drive;
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means for detectmg the characteristic of a 51gnal at the output of the
drive due to the power from the utility; RENY :

means for detecting a characteristic of the signal.from the utility;

means for comparing the characteristic of the slgnal at the output of the
drive to the charactensuc of the signal from the utility to determme a characteristic
adjustment; and :

means for applying the characteristic adjustment to the characteristic of
the signal from the utlhty to derive a charactenstxc ofa sxgnal at the AC machme due
to the utility. '

21.  An apparatus as recited in claim 20, further comprising means for
synchronizing the output of the drive when not in an idle mode with the signal from
the utility by adjusting the output of the drive to match the charactenstxc of the signal
of the AC machine derived by said means for applying.

22.  Anapparatus as recited in claim 20, wherein said means for detecting a
characteristic at the output of the rive comprises means for detectmg the voltage and
the phase angle at the output of the drive and said means for detecting a characteristic
of the signal from the utility comprises means for detecting the- voltage and the phase
angle of the utility.-

23.  An apparatus as recited in claim 22, wherein ;aid:means for comparing
comprises means for calculating the ratio between the voltage at the output of the
drive and the voltage of the utility to determine a scaling factor. :

24.  An apparatus as recited in claim 22, wherein said means for comparing
comprises means for calculating the difference between the phase angle at the output
of the drive and the phase angle of the utility to determine a phase angle difference.

25. An apparatus as recited in claim 23, wherein said means for
comparing comprises means for calculating the difference between the phase angle at
the output of the drive and the phase angle of the utility to determine a phase angle
difference.

26.  An apparatus as recited in claim 19, wherein said means for providing
a signal from a utility is coupled to an input of the drive and said means for detecting
a characteristic signal from the utility comprises input instrumentation of the drive.
-11- '
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27.‘ An apparatus as recited in claim 26, further comprising power
converting componeits between the utility and the input of the drive,

28.  An apparatus as recited in claim 20, further comprising power
concerning components between the utility and the output of the drive.
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